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ABSTRACT

The rapid rise in energy demand of over 10Z per year during the
last decade and the stable production of oil have sharply reduced net
earnings from oil exports and contributed to the shortage of foreign
exchange and to the slowdown in economic growth. Urgent action is
required to increase energy supplies and slow the growth of demand. On
the supply side action is required to accelerate the development of gas,
maintain oil production in the oil fields, redirect exploration efforts,
and change the pattern of refined product output to produce more middle
distillates. In the electric power sector, prices should be increased,
time of day pricing implemented, losses reduced and least cost devel-
opment plans prepared and impLemented with emphasis on gas for power
generation. There is scope to. increase efficiency in energy use,
particularily in the domestic and industrial sectors. Two of the most
important issues are accelerated gas development and action on
electricity prices.

An accelerated program of gas development could increase gas
utilization (for use primarily as a substitute for fuel oil in power and
industry) to one-third of the country's annual energy consumption by the
early 1990s. Refinery modifications which would allow them to utilize
surplus fuel oil for conversion into more valuable products, along with
more flexibility in crude oil intake, would improve the overall
profitability of refinery operations. In addition, substantial oil
resources are present in the northeast oil fields and oil production
could be maintained or even increased with technical inputs. The
benefits of an accelerated program of gas development and efficiency
improvements could amount to an estimated annual increase in the GDP
growth rate of 1-2% over the next decade.

Growth in electric power generation has been extraordinarily
rapid, 18-21% per year over the last decade. This rapid growth is
largely due to unusually low electricity prices, high commercial and
technical losses and rapid growth in the number of new connections under
the rural electrification program. Electricity prices have fallen in
real terms and do not even cover operating costs, much less capital
costs. Electricity prices need to be raised by an average of about 75%
above inflation to cover short run costs as a first step toward economic
pricing, then additional sales revenues of about SL 7.0 billion plus
further savings of SL 3 to 4 billion could be expected through reduced
investment and fuel requirements because of the likely impact of higher
prices on electricity demand. The net government contribution to the
sector's finances would drop to a much more manageable level.
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tOUVERSIOE FACTORS

Fuel TOE/Metric Tonne Million Kcal/Metric Tonne

LPG 1.0588 10.8
Gasoline/Naphtha 1.0294 10.5
Kerosene 1.0098 10.3
Gas Oil 1.000 10.2
Fuel Oil 0.96 9.6 to 9.9
Gas 0.81
Other Petroleum
Fuels 0.96

1 Kcal = 3.968 Btu
1 Kcal = 4.19 Kilojoules
1 toe = 10.2 million Kcal = 40.5 million Btu = 42.7 million Kilojoules
1 toe = 4,000 KWh on a thermal replacement basis

PARTICULAR CONVERSION FACTORS FMR CAS

1 TCF (trillion cubic feet) gas = 28.3 billion m3
1 kg LPG = 1.829 liters
5CM wet gas x 0.873 = 1 Thousand toe
SCM dry gas x 0.814 = 1 Thousand toe

Gas use in:

Cement - 0.24 BC0/yr for 5000 tonne per day plant (320 days/yr)
Fertilizer - 1 tonne naphtha = 0.92 tonnes gas = 920 CM
Power - SteAm - 34% efficiency, 10,000 Btu/kWh, 304 CM/kWh

- Gas Turbine - 24U efficiency, 12,000 Btu/kWh, 365 CM/kWh
- Combined Cycle - 43Z efficiency, 8,500 Btu/tkWh,

258 CM/kWh

MMBTU - million Btu
MCF = thousand cubic feet
BCM = billion cubic meter

This report is based on the findings of an energy assessment mission which
visited Syria in February/March 1985. The members were N. Prasad (Consultant,
Mission Leader), Dale Gray (Economist, Deputy Mission Leader), A. El-Mekkawy
(Petroleum Engineer), J. Schweighauser (Geologist), W. Kupper (Consultant,
Power Engineer), D. Spottiswood (Consultant, Gas Specialist), J. Wood (Con-
sultant,- Engineer), J. Freidliffson (Consultant, Geothermal Specialist),
A. Hunter (Consultant Refinery Specialist). Secretarial assistance was
provided by Holly Mensing.
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SUNKAY AND I5TIO

Introduction

1. Energy consumption in Syria consists almost entirely of oil,
with 5.52 supplied by hydro and a negligible amount from biomass. Rapid
growth in energy consumption of over 1OZ per year during the last decade
has caused the trade balance in petroleum to recently turn negative.
Future growtb in consumption will be primarily oil and gas based, as most
of the hydro resources already have been developed and shale oil is
unprofitable to develop at present.

2. Gross commercial energy consumption (including conversion and
distribution losses) between 1974 and 1983 has grown at an annual rate of
10.9Z to 7.7 million tonnes of oil equivalent (toe). This decade has
been a period of rapid GDP growth averaging almost 1OZ, so the energy
elasticity to GDP has been about one, which is slightly lower than for
most developing countries. Petroleum product consumption during the same
period has grown at an average annual rate of 9.62, of which fuel oil has
grown at 302. The growth rate of petroleum products for power generation
has been 15.42 p.a. while for other sectors it has been 8.6Z p.a. The
high demand for fuel oil is due primarily to the rapid growth in
electricity generation of 21Z p.a. This high rate is due partly to
unusually high losses, which peaked at 312 in 1983, and the rapid growth
in electricity sales (18.72 per year from 1974 to 1983) caused by a rapid
increase in the number of new connections and low electricity prices.

3. Syria is reasonably well endowed with energy resources. par-
ticularly oil and gas. Oil production peaked at 10 million tonnes in
1976 and has gradually declined since then. Current production is
8.5 million tonnes (165,000 bpd). Syria has two refineries with a total
throughput capacity of 12 million tonnes. Oil imports are 6.3 million
tonnes of Iranian light crude a year (under concessional terms) and
exports are about 5.8 million tonnes of domestic heavy crude and 1.6 mil-
lion tonnes of products. The oil and oil product trade balance turned
from a positive US$600 million in 1980 to negative US$40 million in
1983. In volume, the net trade balance in oil and oil products has also
dropped, from net exports of 3.4 million tonnes in 1980 to 0.9 million
tonnes in 1983.

4. Recently there have been significant oil and gas discoveries
which are likely to lead to higher levels of total production. The
recoverabLe reserves of oil in the presently producing oil fields are
estimated at over 200 million tonnes. The discovery of a large field at
Thayyem in 1984 by Shell-Pecten, a foreign contractor, opens up an impor-
tant new oil province and this discovery alone may add about 90 million
tonnes to reserves and may allow for the additional production of four
million tonnes by 1990. However, attention is needed to prevent a
decline in the production of the older oil fields.
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5. The potential for natural gas as a low cost substitute for
valuable oil has not been fully recognized. Official proved natural gas
reserves are 104 billion m . The Palmyra Basin (in Central Syria), where
at least four gas fields have been discovered, may increase these
reserves by a factor of two or more. Natural gas is likely to be as
important as oil in the next decade. An accelerated program of gas
development could increase gas utilization from zero in 1983 to 30Z of
all energy consumed by 1995. Substantial amounts of LPG will be produced
along with the gas. These supplies will satisfy the rapidly rising
demand (18Z p.a.) and cut costly imports.

6. The current level of petroleum product prices in Syria, com-
pared to international border prices, depends on which of the three
exchange rates are used for comparison. The Syrian government has taken
positive steps by substantially increasing the prices of most petroleum
products in September 1985. Fuel oil prices and LPG prices are slightly
(10-15Z) below international prices in 1985 when compared using the
parallel exchange rate. There are however, serious problems with the
level of electricity prices, which need to be increased at leasqt 75X to
cover short-run costs as a first step toward economic pricing. Such a
price increase is expected to reduce electricity demand and save SL 3 to
4 billion over the next five years in reduced investment and fuel savings
as well as ease the power sector's financial situation.

Major Problems and Recommendations

7. The rapid rise in energy demand of over 10X per year during the
last decade and the stable production of oil have sharply reduced net
earnings from oil exports and contributed to the shortage of foreign
exchange and to the slowdown in economic growth. Urgent action is
required to increase ener.y supplies and slow the growth demand. On the
supply side action is required to accelerate the development of gas,
maintain oil production in the old oil fields, redirect exploration
efforts, and change the pattern of refined product output to produce more
middle distillates. In the electric power sector, prices should be
increased, time of day pricing implemented, losses reduced and least cost
development plans prepared and implemented with emphasis on gas for power
generation. There is scope to increase efficiency in energy use,
particularly in the domestic and industrial sectors.

8. If an appropriate integrated energy sector investment and
pricing strategy can be carried out it will convey substantial benefits
to the economy. Total petroleum and power sector investment requirements
during the next five years are estimated to be a minimum of SL 15 billion
in constant 1985 prices.

9. The highest priority for new investment is in the petroleum
sector where a minimum of SL 9.2 billion would be required during the
next five years. A major emphasis should be to develop low cost natural
gas and LPG which could substitute for more valuable oil products and
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reduce import costs. An accelerated program of gas development could
increase gas utilization (for use primarily as a substitute for fuel oil
in power and industry) to one-third of the country's annual energy con-
sumption by the early 1990s. Refinery modifications to utilize surplus
fuel oil for conversion into more valuable products, along with more
flexibility in crnJ oil intake, would improve the overall profitability
of refinery operations. In addition, substantial oil resources are
present in the northeast oil fields and oil production could be main-
tained or even increased with technical inputs. The benefits of an
accelerated program of gas development and efficiency improvements could
amount to an estimated annual increase in the GDP growth rate of 1Z to 2Z
over the next decade.

10. The power sector investment over the next five years is
estimated to be about SL 8 billion, but only if electricity prices are
increased substantially. Investment requirements would be higher, about
SL 11 billion, if prices are iot increased. Because electricity tariffs
have not risen in proportion since 1980, the electricity sector has
received increasing subsidies from general public resources to cover
operating costs and to provide funds for investment in a new plant to
meet the ever growing demand for electric po-dcr. If electricity prices
are not increased now, the electricity sector during the next five years
will require SL 10.5 to 11 billion for capital expenditure and a further
SL 4 to 5 billion for operating subsidies from the Government. If these
funds cannot be mobilized, as appears likely because of macroeconomic
constraints, then the result will be worsening shortages of power and the
accompanying economic disruption. On the other hand, if prices were
raised by an average of about 75Z above inflation to cover short run cost
as a first step toward economic pricing, then additional sales revenues
of about SL 7.0 billion plus further savings of SL 3 to 4 billion could
be expected through reduced investment and fuel requirements because of
the likely impact of higher prices on electricity demand. The net
government contribution to the sector's finances would drop to a much
more manageable level of about SL 5 billion over the five-year period
1986-90.

11. A sunmary of the major recommendations is given below. A con-
cise summary in tabular form is given at the end of this section.

Gas Utilization

12. Present gas utilization is much too low compared to potential.
An acceleraced program of gas development could increase gas production
to 2.8 BCM (2.5 million toe) by 1990 and 5.3 BCM (4.7 million toe) by
1995. Demand for gas for use in power, in fertilizer manufacture and in
cement is estimated to be 4.3 million toe by 1990 and 6.5 million toe by
1995, or greater than even this expanded supply.

13. Several years ago two gas projects were started, one to accu-
mulate associated gas for power generation in the northeast oil fields,
the other to pipe a small amount of non-associated gas from the northeast
to Homs for fertilizer. Total gas utilization from these two ongoing
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projects is expected to grow to 0.63 BCM/Y (66 MMCF/D) in 1987. There is
tremendous scope for increasing gas production from other gas fields,
particularily in the Palnyra Basin, the potential of which has not been
adequately assessed so far. Gas reserves near Palmyra are likely to be
60 to 230 BCM (2-8 TCF). A program to develop this new gas province
quickly could lead to production of at least 2.0 BCM per year
(200 MMCF/D) produced by the early 1990. and possibly another 2.0 BCM by
the mid-1990s. There is scops to expand the production from the Jebisse
area by *5out 0.5 billion m per year. There may be associated gas
produced from the new Shell-Pecten oil discovery at Der-el-Zor, and
potential supply if non-associated gas in the Souedie area is estimated
at 0.5 billion m per year. The cost of gas from the Palmyra Basin
delivcred to Damascus is estimated to be less than US$1/MCF, or one
fo:irth of the cost of fuel oil. These large quantities of gas, at low
cost, can beneficially be utilized in power generation and industry.

14. Developing gas has important benefits in the form of financial
savings from additional oil exports, reduced LPG imports and its impact
on more efficient investment in power using combined cycle gas turbine
technology. Using an estimated production profile for new gas and
approximate investment figures, based on international costs, the mission
has estimated the benefits of gas development. For capital investments
of US$640 million from 1985 until 1990 and US$313 million until 1995 the
net present value is US$2.6 billion. The internal rate of return is over
43Z and payback time is five years using a gas value of US$3.S0/MCF and
LPG value of US$200/ton. Cumulative net earnings over 10 years until
1995 (revenues minus costs) are US$2 billion (1985 dollars), or an
addition of 1.0% to the annual CDP growth rate. The gas development
program would cut LPG imports substantially and Syria may even become an
LPG exporter. Another benefit will be more efficient electricity
generation from combined cycle plants using gas. Syria urgently needs to
accelerate the development of gas from the Palmyra region. Each year of
delay is a loss of US$150 to US$250 million dollars, measured by present
value cost.

Recommendations on Natural Gas Development and Utilization

15. Main recommendations are below, details are in Chapter IV.

(a) Given the high cost of delaying the development of Palmyra
Basin gas, considerable exploration, delineation and evaluation
work should be done immediately. If possible, an agreement
should be reached expeditiousLy with the foreign companies who
made some of the above discoveries, so that these companies may
solely or jointly [with Syrian Petroleum Company (SPC)] exploit
these fields. Agreements with the foreign rompanies might be
mutually beneficial due to the high cost of investment and
managerial and technical expertise required.

(b) Develop and evaluate least cost plans for utilizing large
quantities of gas with a comprehensive gas utilization study,
particularly for gas from the Palmyra area. Emphasis should be



placed on plans to pipe this gas to Damascus for use primarily
in power generation and secondarily in industry. Development
plans may be designed for production and transport in two
stages, the first for Damascus and the second for gas piped to
Homs, Tartous, Banias and possibly other cities. Primary use
of this gas should be for power generation.

(c) Use the Jebisse gas for the fertilizer plant in Hons as
planned. If the supply of gas is not fully utilized in the
near-term, utilize the extra gas for electricity generation and
study the possibility of cogeneration using *process steam for
the fertilizer plant.

(d) Enlarge the supply of gas to Homs to as large a throughput as
possible given the pipeline in place. Supplement the present
supply with additional gas from Jebisse and/or Souedie. At
times this pipeline may also be able to take associe!ed gas
from Der-el-Zor. Develop plans to utilize this gas in power
generation in gas turbines that can be retrofitted to combined
cycle power plants.

(e) Initially gas should be priced marginally (10-20Z) below fuel
oil such as to encourage its efficient substitution for fuel
oil and other more valuable oil products.

Oil Production

16. While total oil production is expected to increase through the
1980s as new discoveries come on stream, attention is needed to reverse
the decline in production from the older fields, which now stands at
8.5 million tons per year. The old northeast oil fields operated by SPC
have been producing for 15 years. They are past their peak and pro-
ductivity per well has decreased substantially. However, considerable
reserves still could be produced from these fields but if sharply
declining production in these old fields is to be avoided, an accelerated
drilling effort along with new equipment, studies and laboratories is
needed. Oil production from the major reservoirs in Souedie and
Karatchok is a difficult operation due to the complexity of the fields.
The density of the producing wells has been low. Maintaining production
in the old oil fields should be a top priority. SPC has launched a
program of development drilling during the last four years. The sixth
five-year plan calls for drilling some 300 development wells. Con-
sidering the wide spacing (particularly in Souedie and Karatcaok, Masif
and Jbeseh Jeribe) this development effort is not sufficient to address
reservoir complexities. An accelerated program with an approximate
investment cost of $800-900 million over the next five years could result
in additions to proved reserves and additional production with a present
value of $2,000 million or more.
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Recommendations on Oil Production

(a) The planned development drilling effort should. be doubled if
the SPC objective is to increase production, and improve
recovery from the old fields.

(b) Numerous studies are srequired to support this development
effort. These are studies on -performance of various reser-
voirs, optimization of recovery mechanism, enhanced recovery
for heavy oil, surface facilities design, and restructuring,
etc. SPC has included all these studies in its plan. Priority
should be placed on increasing the recovery from larger fields,
vis-a-vis the smaller fields, where returns are likely to be
higher.

(c) An intensive training program and the provision of supportinv.
modern technology is required.

Hydrocarbon Exploration

17. At present, about 50Z of the country is covered by production
sharing contracts. A recent discovery by the Shell-Pecten will probably
lead to increased interest in other parts of Syria. Given the pragmatic
attitude of the Government of Syria, additional production sharing con-
tracts may well be concluded in the near future.

18. SPC explores in practically all areas not covered by service
contracts. Drilling remains concentrated in the northeast with inter-
mittent operations in the Aleppo/Palmyra areas. Its operations include
two seismic parties. SPC operates 10 exploration drilling units which
are completing about 20 wells per year. This slow progress is due to
lack of modern equipment and spare parts.

19. SPC needs to update its seismic and drilling equipment. Up-
dated -^ ipment will result in faster drilling progress which will allow
for additional ezploration and delineation drilling in the producing
areas and also drilling for key tests in geologically prospective areas.
The size and scope of these programs is the maximum SPC can undertake
efficiently. Additional exploration operations in Syria should be
ezecuted by means of joint ventures with foreign companies as operators.

Recommendations on Hydrocarbon Exploration

(a) Given the increasing complexity of prospects in the northeast,
SPC needs to increase seismic acquisition from a planned level
of 800 km to at least 4,000 km over the next five years.

(b) It is recommended that, for optimum planning of seismic
operations, a regional resource appraisal be undertaken; the
results would assist in a realignment of the seismic
acquisition programs.
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(c) SPC's study/evaluation effort should be increased to include
geologic studies, regional geochemical studies, evaluation of
Paleozoic prospects, etc.

Cd) Exploration drilling provisions are made for ten drilling rigs
to drill 100 exploration weLls under the five-year plan. With
provision of new equipment, drilling time could be reduced and
at least half of the additional capacity should be used for
additional exploration/delineation deilling in the producing
areas and drilling of key wells for Paleozoic prospects.

Refining Sector

20. Several changes in the refinery sector would improve profit-
ability and operations. It is estimated that US$10 to US$50 million
could be saved annually by optimizing refinery operations. Improved
profitability would result by establishing more flexible crude inputs to
minimize cost and holding down the throughput level in order to increase
the combined value of crude and product exports. There is an urgent need
to evaluate the benefits of installing some type of cracking facilities
at the Banias refinery to increase the output of high value middle dis-
tillate (diesel and kerosene) by utilizing low value surplus fuel oil.
Rough calculations show a rapid payback on about a US$100 million
investment. There are also several low cost operational efficiency
improvements and debottlenecking options which could reduce losses and
improve yields. These improvements would result in immediate savings of
around $50 million per year. These improvements shouLd be implemented
immediately.

21. While modifications to the present refineries are likely to
result in substantial benefits, there is clearly no need now to consider
a third refinery for several reasons. First, there is currently excess
capacity. Second, it appears more economically beneficial to run the two
existing refineries at less than full throughput and export heavy
crude. Third, refineries in the region (such as Italy) cannot even cover
operating costs, which implies that a new refinery could not begin to
cover interest, depreciation or operating cost. Interest cost alone
would be US$2-4/bbl. Fourth, the export refineries in the Persian Gulf
are likely to export products much more cheaply than Syria. Fifth, large
gas reserves in Syria will produce large quantities of LPG and provide
gas for power generation, thereby reducing demand for fuel oil in power
generation and industry. The combination of accelerated gas invest-mnt
plus cracking facilities at the refinery should allow fuel oil supply to
roughly match demand by 1990.

Recommendations in the Refining Sector

22. The mission has the following recommendations for the refining
sector.

(a) Postpone consideration of a third refinery.



- viii -

(b) A detailed study of the Banias refinery configuration should be
made and the benefits of installing cracking facilities (FCCU
or hydrocracker) should be evaluated for early implementation.

(c) In the Syrian context refinery throughput and crude mix need to
be evaluated on a continuous basis to ensure maximum gain to
the economy. For this purpose a refinery economic model should
be developed for management to take appropriate decisions.
Given the prevailing world prices of crude and petroleum
products, it would be advantageous to restrict refinery
throughput to a level near where fuel oil production meets
demand so that exports are minimal. This would result in more
exports of higher value crudes while reducing exports of lower
value products.

(d) Until cracking facilities are installed at the Banias refinery,
it should process only light crude (not Souedie crude).

(e) Present plans under study to improve efficiency and debottle-
neck Homs and Banias refineries should proceed as soon as
possible. The potential benefits in increased throughput,
reduced operating expense and increased yield could easily
amount to US$50 million per year and capital investment
requirements are unlikely to exceed US$25 million. The total
cost of the feasibility study would probably be less than
US$500,000. Modifications of the visbreaker at Banias should
be completed imediately. The cost is not likely to exceed
several hundred thousand dollars and benefits could be as high
as $7 million per year.

Electric Power

23. Growth in electric power generation has been extraordinarily
rapid, 18 to 21Z per year over the last decade. This rapid growth is
largely due to unusually low electricity prices, high couercial and
technical losses and rapid growth in the number of new connections under
the rural electrification program. Electricity prices have fallen in
real terms and do not even cover operating costs, much less capital
costs. Losses are very hi7h, in 1983 they were 31% of gross genera-
tion. In 1984, they have teen reduced to 28%, but an efficiently run
system should not have losses exceeding 15 to 17% of gross generation.
In spite of the rapidly growing demand, investment has been unbalanced.
Investment in generation and transmission facilities has been decreasing,
resulting in current power shortages. Expenditures on the rural
electrification program however, have been increasing, leading to rapid
growth in the number of new connections but a simultaneous decline in the
quaLity and reliability of supply. Power sector planning has not been
well integrated into national planning and investment is less than
required.

24. Demand forecasts -prepared by the Public Establishment for
Electricity (PEE) result in demand projections which are too high; the
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forecast is for generation to increase from 6,218 GWh in 1983 to
15,917 GWh by 1990 and 27,469 CWh by 1995. The mission estimates that
due to slower economic growth and saturation effects in rural elec-
trification, the highest growth which can be expected would lead to
demand of only 14,000 GWh by 1990 and 21,900 CWh by 1995 (Alternative
1). Still, this rate of demand growth indicates deficits of around
200 KW in 1985-86 and energy shortfalls of 8-0I in a dry year. Invest-
ment requirements would need to be SL 11.0 (excluding investment on
nuclear) over the next five years to meet this demand. These investment
levels are much too high given available resources. If serious power
shortages are to be avoided, losses must be reduced, electricity prices
must be raised substantially, availability improved and a shift of
iniyst-ent emphasis away from transmission and distribution to
generation. Success in achieving these goals could reduce the growth
rate for generation. A lower scenario for power demand is 12,200 CGh by
1990 and 18,000 GWb by 1995. Investment requirements for the next five
years to meet this demand are still substantial (SL 8.0 billion) but
manageable.

Recomuendations in the Power Sector

25. Losses and Availability. The benefits of reducing losses are
large - SL 14 million per year or more. For this reason, it is obvious
that the engagement of consultants for a loss reduction study would be
highly profitable. Their tasks would be:

(a) to clarify the losses according to type i.e. technical and com-
mercial (PEE estimates are 23.7% and 7.3Z for 1983);

(b) to prepare a comprehensive action-oriented program for reducing
non-technical loss including improvements in metering, billing
and commercial operations;

(c) to prepare a comprehensive program for reducing technical
losses including optimizing real and reactive power dispatch,
adding capacitors if required, changing design criteria,
changeout of transformers, etc.; and

(d) PEE should commission an experienced firm to design a compre-
hensive maintenance management system. The firm should also be
responsible for introducing the enhanced maintenance procedures
to PEE operations and for the associated training of PEE's
staff.

26. Electricity Pricing. The following immediate actions are
required.

(a) Increase tariffs to generate sufficient revenues to achieve
short-term cost recovery. To reach this target at present
requires an average tariff increase of about 75%. This could
be achieved in one single step or in several annual
installments and need not be uniform for all categories of



consumers (see paras. 6.21 and 9.9). Such an increase would
have the effect of reducing demand growth by some 1 to 2X
p.a. In that case, benefits would include savings over the
next five years of about SL 1.0 billion in fuel cost, savings
in delayed investment of SL 2.7 billion, and increased revenues
to PEE of about SL 7 billion.

(b) Adjust the rates for various consumer categories to the proper
level of the economic cost in the medium-term. In order to
ensure equity a social rate could be established for the poor-
est consumers of perhaps up to 50 kWh/month, cross-subsidized
by all other consumer categories, but particularly domestic.
The impact of the price increase on middle to higher income
households would be small, no more than a few percent of
income. For these consumers, the first 100 kVh of consumption
amounts to only about US$5/month (SL 20/mo), or less than 21 of
household income.

(c) Introduce effective time of day electricity pricing. By elimi-
nating peak demand in the cement sector alone (if necessary, by
installing additional grinding capacity of 100 MS SL 300
million could be saved. In all sectors, including large
agricultural pumping, up to 300 MS may be saved.

27. Study Least Cost Development. Appoint consultants to assess
the immediate short-term development requirements for power. The study
should be completed in three to five months at a relatively low cost.
Subsequently, a more comprehensive longer-term least cost development
plan should be prepared. Short-term requirements are to:

(a) determine the capacity, timing and location of gas turbines
needed to fill the capacity and energy gap until new plants are
operational;

(b) determine physical and financial requirements for fueling of
gas-turbines by gas and for their operation ilocation, type of
gas, gas cleaning, supply lines, possible gas compression,
substations, transmission, stability, logistics, etc.);

(c) provide a preliminary plan and cost estimates for locating and
constructing the next generation of power stations;

(d) evaluate options for further expansion of Banias and Rabil,
assuring least cost to the extent possible within the time
frame of availability of gas; and

(e) prepare terms of reference for a comprehensive least-cost
development study for power until the year 2000, including
assessment of supplies and phasing through time of gas supplies
for power in the context of the priorities to 'he set for the
use of gas at least cost to the economy as well as other
options such as possibilities for using imported coal.
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Petroleum, Product Pricing and Energy Conservation

28. It is difficult to provide an accurate comparison of inter-
national border prices of oiL products and the Syrian prices because of
the three different exchange rates.

29. Note that since the green cover version of this report was
prepared in August 1985, the Syrian Government has taken very positive
steps with major increases in the prices of most petroleum products on
September 20, 1985. The price increases announced in September were a
27Z increase for super gasoline (SL 2.8/1), a 30% increase for regular
gasoline (SL 2.65/1), a 47Z increase for kerosene (SL 1.55/1), a 50Z
increase for gas oil (SL 1.5/1), and a 63X increase for LPG (SL 18/12 kg
bottle). At these new prices only LPG and fuel oil are about 202 below
internationaL prices when comparisons are made at the parallel exchange
rate. (These new prices and price ratios are given in Table 3.1 along
with the previous prices.)

30. A full detailed study of energy conservation options was not in
the terms of reference of the mission. The mission did, however, visit a
cement and fertilizer plant. It appears that there may be significant
scope for improving energy efficiency in the industrial sector, parti-
cularly in the fertilizer industry, certain manufacturing enterprises,
and some cement factories. The improvement of energy efficiency must be
seen in the broader context of improving industrial capacity utilization
as well as options for substituting natural gas for oil products. Given
the large share of energy used in transport and in households, even small
efficiency improvements would yield large financial savings.

Recomendations on Pricing of Petroleum Products and Energy Conservation

31. Petroleum Product Prices

(a) The recent increases in petroleum product prices result in a
substantial improvement in the level of petroleum product
prices; however, LEG and fuel oil are still below international
prices (in 1985) when compared at the parallel exchange rate.
All petroleum product prices should be set to reflect average
international border prices at an exchange rate which reflects
the economic cost of foreign exchange.

32. Energy Conservation

(a) A detailed energy rationalization activity should be undertaken
for the fertilizer industry. The interrelationship of improved
capacity utilization, switching to natural gas, cogeneration
opportunities and improved efficiency needs to be analyzed.
This activity should proceed as soon as possible since gas is
expected to arrive in 1986.
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(b) Detailed energy audits and energy rationalization activities
should be undertaken for the cement industry and energy
intensive manufacturing industries. This should be done in the
bro&der context of improving capacity utilization and
efficiency. In the cement sector particular emphasis should
focus on options for gas and coke fuel use.

Cc) Given the large share of energy used in transport a detailed
study of energy conservation options in this sector should be
undertaken. Potential savings may be 5-10Z, or about $20 mil-
lion/year.

(d) Surveys should be undertaken of household electricity and
energy consumption patterns in urban and rural areas. The
possibility of increased use of solar energy for water and
space heating should be examined and appropriate policy
decisions taken. An evaluation of the efficiency of domestic
appliances, particularly gas oil heaters, and their standard-
ization should be undertaken.

Energy Development Expenditure Requirements

33. Energy development forms part of the government's five-year
plan. The current fifth plan ends in 1985. Planning for the sixth plan
C1986 to 1990) is ongoing. Major emphasis for energy investment in the
next five-year plan should be placed on the high priority and high rate
of return investment options in the petroleum sector, particularly
accelerated gas development, maintaining oil production in northeast oil
fields, and some modifications to present refineries. The minimum new
investment for this sector is estimated to be SL 9.2 billion. Of this
about 40% is for oil production in the northeast oil fields, 30% for gas
development, 16% for exploration and 14% for refining and distribution.
Oil production from the new Der-el-Zor oil discovery is of course not
included since development is undertaken by the foreign contractor.
Given the importance of these petroleum sector investments, the large
investment requirements and the technical nature of these investments, it
may be very beneficial to explore Ci) ways in which joint ventures with
foreign companies may be undertaken (particularly for gas development),
and (ii) options for financing and technological upgrading of the other
activities.

34. In the electric power sector the primary emphasis should be on
poiicies and investment choices which reduce losses, improve efficiency,
increase prices and efficiently supply power to meet demand at higher
tariff levels. An analysis of the investment necessary to meet the
rapidly increasing electricity demand scenario with continued low elec-
tricity prices indicates that SL 11 billion (excluding nuclear) would be
required for investment. Since it is unlikely that such large investment
resources solely for power are available, urgent measures are required to
raise prices, cut losses, improve efficiency and reduce demand growth, if
serious power shortages are to be avoided. Investment requirements to
meet the resulting lower demand (Alternative 2) are estimated to be
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SL 8.0 billion. Investment should focus on meeting imuediate generation
and transmission needs even if this entails less emphasis on investment
in distribution in rural electrification. Details on investment in power
and petroleum are given in Chapter IX.

35. In the petroleum sector certain technical inputs and new
equipment are urgently required to improve the quality and efficiency of
operations. Making foreign exchange available for these inputs would
have a rapid payback in terms of improved operations.

Other Issues and Options

36. Renewable Energy. Among renewable sources, solar energy seems
the most attractive. Solar energy for water heating is already cost
effective and only needs suitable governmentaL policies to be more widely
used. Solar energy for space heating requires more detailed studies and
demonstration projects to assess the costs, risks and benefits more
fully. Biomass and geothermal are likely to have little application in
meeting energy needs of the domestic and comuercial sector.

37. Institutional. There is a need to strengthen the institutional
framework in overall energy planning, planning and coordination in
refining, the capability to handle large integrated gas development
projects, and planning in the power sector. Incentives for state
enterprises which stress profitability as the target would lead to
improved efficiency. Institutions in the energy sector have an immediate
need for better training and more information on modern techniques and
inputs.

Impact of Recent Lover International Oil Prices

38. This report was prepared in 1985 and its analysis is based on
1985 prices and price forecasts of crude oil and petroleum products.
During the first two months of 1986 alone, spot prices of crude declined
by almost 50Z. Continued price volatility is expected over the short
term. While some forecasters are projecting that oil prices in real
terms will remain 50Z below the 1985 level for a decade or longer, the
majority of experts foresee oil prices rebounding over the next several
years or even in the next year to around two-thirds of the 1985 level.
The price projection the World Bank is currently using is a price of
$13.50/bbl (average FOB) in 1986, increasing to $17/bbl in 1987 and up to
$22/bbl in 1990 (which is equivalent to about a constant real price of
$15/bbl, in 1985 prices).

39. Notwithstanding the precise future evolution of international
oil prices, it is clear that the expectation is for a substantially lower
price forecast for the immediate term. Therefore the validity and
robustness of the Assessment Report's main recommendations need to be
established in the light of lover oil prices and with a view to the
increased degree of uncertainty of future oil price development. The
approach adopted in this section is to briefly reassess the impact of
lower oil prices on the report's key recommendations and, where possible,
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to estimate the oil price switch-over point that would substantially
alter the respective recommendation or set of recommendations.

Accelerated Gas Development

40. The principal energy supply-related recommendation of the
report is to embark upon an accelerated program of natural gas
development. This reconuendation does not change even if oil prices
remain at half the 1985 level. If one assumes oil prices drop to the new
level currently being used by the Bank the rate of return on the overall
gas and LPC development program drops to about 302 from the previous
estimate of 43Z and net present value is still over one-half billion
dollars. In fact, the development of gas described in the report would
be viable even if oil prices were to remain at $8.50/bbl (real 1985
prices) for the next two decades. It is at this price level that the
overall rate of return drops to 15x. The pattern of gas substitution is
not ezpected to change; the majority of the gas will substitute for fuel
oil. Cas prices, as recomended. should still be pegged marginally below
fuel oil, the principal alternative fuel.

Oil Production

41. There are two aspects to the problem: the impact of lower oil
prices on the activities of foreign contractors and the impact on the
recommendations for oil-related activities of SPC. Lower oil prices have
already had a major impact on the budgets of major international oil
companies who announced cuts of 20-30% in annual exploration and
development expenditure plans. However, these reductions in activity do
not appear to have affected activity in Syria. The new discoveries by
Shell-Pecten seem to be highly profitable in view of the high well
productivity and relatively shallow depth of the fields. In fact, Shell-
Pecten has doubled the number of rigs and Marathon is negotiating an
extension of its contract. Moreover, there are indications that ocher
oil companies continue to be interested.

42. The recommendations outlined in the report on oil production
are of course sensitive to oil price forecasts, but probably remain valid
under the new lower oil price scenario currently used by the Bank.
However, at even lower oil prices, the profitability of drilling plans
would need to be carefully evaluated on a well by well and case by case
basis. The nature of oil development is a series of small investments
which cannot be evaluated in detail in chis report. However, the
sequencing and phasing of such drilling investments can be adjusted to
fit variations in the profitability of oil development. Lower oil prices
would not affect the need for urgently required technical inputs, studies
and training.

Refining

43. Lower oil prices do not affect the report's recomendation to
improve operational efficiency in the refining sector and to adopt a
flexible operating policy for the refinery subsector so as to optimize
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the country's crude and petroleum product trade balance. In fact, the
expected increased volatility of fucure crude and product prices on the
world market provides a stronger incentive to adopt a more flexible
refining/product trade strategy, rather than operating on a predetermined
policy of refining as much Syrian crude as technically possible and
maximizing middle distillate output.

44. The report recommends that the benefits of installing some type
of cracking facilities should be studied immediately since such an
investment could have a rapid payback of a couple of years ($77 million
annual benefit on an investment of $90-120 million). It is not clear yet
how the drop in crude prices will affect the structure of product prices
which influence the economics of cracking, but this investment is likely
to remain profitable. For example, even assuming that the benefits are
halved, this would only stretch out the payback period to four years,
assuming little change in the structure of product/crude prices. In
studying the economics of installing cracking facilities emphasis needs
to be given to evaluating the risks involved. The report also identifies
refinery efficiency improvements which would cost $25 million but have a
payback time of less than one year. These improvements are still highly
profitable at any oil price above $5/bbl.

Ene-:.y Pricing

45. Petroleum Products. The table below shows the ratios of retail
to import/export parity prices - the latter indicatively based on
international oil prices at 50X of their 1985 levels. The comparison is
made at two exchange rates, and be^ause of the divergence in these rates,
the outcome is very different. However, using the tourist exchange rate
as a guide to the shadow price of foreign exchange in the country, the
table shows that the interuational price fall has eliminated the implicit
price subsidy that petroleum products previously received in the
country. Indeed, the resulting ratios of international to domestic
prices are now much more i. line with those prevailing in most other
deveLoping countries. Whether these new ratios should be maintained is a
function of a number of factors including the fiscal requirements of the
Government, the price structure for alternative fuels, and the
expectation of the duration of the current international price levels.
Although these questions are ultimately for the Government to resolve, in
the view of the mission given the high degree of uncertainty about
international price changes even in the short term and the fact that, at
the shadow exchange rate, retail prices are not out of line with other
countries, there does not appear to be a strong case for reducing
domestic petroleum prices at this time.
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RATIO OF RETAIL TO IMPORT/EXPORT PARiTY PRICES OF PETROLEUM PROCWCT

Parallel Exchange Rate Tourist Exchange Rate

Fuel (5.45 SL/S) (9.75 SL/S)

one half of one half of

Nov, '85 Nov, '85 Nov. '85 Nov. '85

int'l orices intl prices int'l prices int'l prices

LPG 0.80 1.60 0.46 0.95

Gasoline 2.47 4.94 1.39 2.78

Kerosene/Jet 1.32 2.64 0.75 1.49

Gasall 1.28 2.56 0.72 1.45

Fuel Oil 0.91 1.82 0.52 1.03

Note: Domestic prices are those In effect after September 20, 1985.

Tourist rate as of March 1986.

46. Electricity. The electricity price recommendations also do not
change with lower oil prices. The proposed electricity price increase of

75% is to begin the process of the financial recovery of the power

subsector. This is a minimum increase designed to cover operating costs

and possibly also a portion of depreciation or interest costs which the

tariff should eventually fully recover. Moreover, given the financial
burden future investment requirements in the power sector are likely to
pose on the Public Electricity Establishment, the report's

recommendations concerning power tariff increases is considered valid.

Energy Conservation

47. Since oil prices directly determine the benefits of oil-related

energy conservation, lower oil prices adversely affect conservation

benefits. However, analyses show that even if petroleum and petroleum

product prices remained for a long period at half of their respective

1985 levels, the specific energy efficiency improvement programs

identified in the report would remain of high priority.

48. Improvement of Power System Efficiency. Lower international

oil prices would affect the economic benefits of reducing technical power

losses and improving the efficiency of power generation. However, even
with oil prices 50% below their 1985 levels, the energy efficiency

investments would result in favorable economic payback periods of about

two years. Moreover, power system efficiency improvements are expected

to yield additional indirect benefits by alleviating power supply

shortfalls, and the financial benefits accruing to PEE from reduced

losses would remain unaltered.
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49. Industrial Energy Efficiency. Although some energy
conservation measures that could have been proposed at 1985 oil price
levels may not be justified at lower oil prices there appears to be scope
for more than US$10 million in annual energy savings in the cement
industry even at oil prices 50 below their 1985 levels. A similar
quantitative assessment for the fertilizer industry cannot be derived at
the present stage. However, there is evidence that even after successful
conversion of the country's major ammonia plant to gas and with energy
prices at half of the 1985 levels there would still be room for energy
efficiency improvement that couLd be realized through measures with
economic payback periods of less than 3-4 years.

50. Renewables. What seems to be obvious is that promoting the use
of some renewable energy forms is less attractive as international prices
of competing petroleum products get lower. In fact, the use of solar
energy may prove to be uneconomic if international gas-oil prices remain
at or below 552 of the 1985 price level.

conclusion

51. In sum, the above outline shows that the assessment report's
key recommendations appear in general robust to a 50 decline of inter-
national oil prices below 1985 price levels. In macroeconomic terms,
the recent oil price drop is unlikely to have a major impact in the near
future - given Syria's present approximate balance in oil trade and
assuming that lower international oil prices are not allowed to affect
domestic petroleum product prices. However, to the extent that the
country becomes a net oil exporter in the medium term, lower inter-
national oil prices will, of course, result in poorer terms of trade than
would otherwise have prevailed.



ISSUES OBJECTIVES RECOMMENDATIONS COSTS/BENEFITS

I. GAS UTILIZATION

Rapid growth in the Accelerate the For Palmyra Gas: Approximate invest-ent of
consumption of fuel oil development of natural US$650 sillion 1985-90
(302 paea) and imported gas and extraction of 1) Delineate and and US$320 million 1990-
LPG (182 p.a.) while LPG. Particular emphasis evaluate gas in Palmyra 95. Internal rate of
substantial gas resources un gas from Palmyra Basin. return over 40Z, cumu-
remain undeveloped. BLsin, primarily for 2) Prepare least cost lative net cash flow of

electric power development plan for gas US$2 billion (US$ 1985)
generation. utilization in present by 1995.

power plants, ln new LPG production would
power plants using elimiate costly LPG
combined cycle, and .'n imports.
fertilizer and cement Improve efficiency of
factories. power generation through M
3) Agreement should be the use of combined cycle
expeditiously reached power plants.
with foreign companies
(who made some of the gas
discoveries) on their
role in development.

For Jebisse Gas:

1) Utilize any surplus
gas from the recently
developed Jebisse field
(which will bu piped to
HRos for fertilizer) in
power generation.
2) Expand supply to Homs
with additional gas from
the northeast.



ISSUES OBJECTIVES RECOMMENDATIONS COSTS/BENSFITS

II, OIL PRODUCrION

Declining well produc- Maintain, or possibly 1) Substantially Cost may be about US$850
tivity may lead to re- increase, oil production increase development million for next 5
duced oil production if from northeast oil drilling with emphasis on years. Benefits include
urgently needed technical fields. Improve quality increasing the amount of stable or possibly
inputs are not provided. of technical inputs and oil recoverable from the increasing production

optimize field larger oil fields. from the N.E. oil fields
development. 2) Provide new equipment as opposed to declining

for selsamlc data production of 4-5% per
acquisition and year for Lnvestment at
processing, drilling, half that level. Present
geochemical and reservoir value of additions to
engineering laboratories, proved oil reserves and
and training of staff. additional production may
3) Studies on enhanced be $2 billion or more.
oil recovery.

III. HYDROCARBON EXPLORATION

Information on hydro- Improve information on 1) Increase seismic data High potential for
carbon resource potential overall hydrocarbon acquisition in N,E. increasing oil and gas
in SPC areas could be resource potential, on 2) Undertake resource reserves in SPC areas.
Improved. oil fields in N.E. and appraisal, surveys and

improve efficiency of evaluation of Paleozoic
drilling. prospects.



ISSUES OBJECTIVES RECOMMENDATIONS COSTS/BENEFITS

IV. REFINING

Surplus of low value Increase the output of 1) Postpone A third refinery wouldproducts and deficit of high value products consideration of building produce low, if nothigh value products. (primarily middle dis- a third refinery. negative, returns and
tillates, like diesel) 2) Undertake a detailed would be costly.
from present refineries. evaluation of the costs Cracking facilities would

and benefits of cost around US$100
installing cracking million and would have a
facilitLes at the Banias rapid payback (2-3 years)
Refinery. in the context of the

current world oil product
market. Savings in the
next 5 years could be
US$200-300 million.

Refining system not Increase flexibility of 1) The Banias Refinery Optimization of crudeoperating In a flexible crude input mix and pro- should process only input and product outputmanner to maximize duct output pattern to lighter crude (not heavy to maximize exportoverall gains from crude ensure maximum economic Souedie crude). earnings could result inand product exports. gain to the economy. 2) Restrict refinery savings from US$25
throughput level when it million to US$100 million
is more profitable to in the r.ext 5 years,
export heavy crude than depending on market price
to export the product variations. Cost is
output. minimal.
3) Develop a refinery
economic model for
managers to take
appropriate decisions to
ensure maximum profit-
ability of refinery
operations.



ISSUES OBJECTIVES RECOMMENDATIONS COSTS/BENEFITS

The output of more Improve efficiency of 1) Undertake plans to Cost of improving
valuable products could operation of many units improve the operation of vilbreaker operation is
be increased and oper- in the present the viabreaker. US$0.2 million with
ating costs reduced. refineries. 2) Undertake a study to benefits of US$28 million

improve efficiency and ib next 5 years. Cost of
debottleneck both refin- US$25 to US$40 million
eries to improve yields for debottlenecking could

) and reduce lo.oses. result in benefits of
US$200 milllon or more In
the next five years.

V. ELECTRIC POWER

Prices do not cover Reduce growth rate of 1) Increase prices at Benefits over next 5
operating costs, much demand, improve PEE least 75l to achieve years are about SL 7
less capital expendi financial position, short-term cost billion in increased
tures. Demand increasing improve load management. recovery. Eventually revenues for PER and .
over 18% per year. move to economically reduced growth in demand

efficient pricing. with savings by 1990 of
SL I billion In fuel and

2) Introduce changes in delayed investment saving
peak pricing, particu- SL 2.7 billion.
larily for certain
industries. Peak pricing may reduce

Investment requirements
In peak capacity and save
up to SL 300 million (100
MW). Total benefits for
all sectors, industry and
agriculture may be three
times these savings.



ISSUES OBJECTIVES RECOMMENDATIONS COSTS/BENEFITS

Losses are much too high Reduce losses, to around Expand present loss Losa reduction could
(28X of gross generation 102 of net generation, reduction efforts to a Increase revenues up to
in 1984). (or about 162 including full scale program to SL 14 million and

station losses). reduce technical and non- possibly more.
technical losses.

Poor quality of Improve availability of Commission a comprehen- Increased utilization of
electricity supply. electricity plants, sive maintenance program existing plants and fewer

reduce outage rates and and tralning, disruptions to consumers.
improve reliability.

Poor planning. Immediately improve 1) Undertake detailed Large benefits and cost
planning of least cost power demand forecast savings through efficient
development, the study. planning.
utilization of gas in 2) Prepare least cost
power and detailed demand development study for
forecasting. power with primary

emphasis on gas I
utilization.
3) Improve data
collection and increase
staff In PEE planning
directorate.



ISSUES OBJECTIVES RECOMMENDATIONS COSTS/BENEFITS

VI. OTHER

Some distortions in Set certain petroleum Consider increasing LPG Increased revetues and
petroleum product product prices to the fuel oil prices about 10- improved efficiency of
prices. These distortions equivalent border price. 20X. fuel consumption.
are much smaller after the
price increases on Sept.
20, 1985.

Inefficient energy Improve energy Undertake detailed energy Potential savings of $10
utilization in some conservation in industry rationalization programs to $20 million per year.
sectors. and transport. with emphasis on

fertilizers, cement,
manufacturing and
transport.

Consideration of shale oil Reduce emphasis on ihale Postpone any consideration Savings on studies and a
development. oil development, gas and of shale oil development. pilot plants which can be ^

oil are much cheaper much more profitably
alternatives. applied elsewhere.

Underutilized energy from Promote solar hot water 1) Promote manufacture of Reduction in the high
solar radiation. heating, which is cost more solar hot water consumption of oil (mainly

effective hut not widely heating systems. gas oil) in the household.
used. Obtain more 2) Study and provide
information on viability demonstration plants for
of solar space heating. solar space heating.



ISSUES OBJECTIVES RECOMMENDATIONS COSTS/BENEFITS

Too little emphasis on Improve profitability of 1) Reduce emphasis on Improve cost

quality of output from enterprises. Quantity targets. effectiveness.

state-owned enterprises. 2 Intr'oduce more
incentives based on
profitability targets and
quality of results.

Poor training. Improve quality and speed 1) Improve salaries of Improved quallty of output
of work completed. most highly qualified and cost savings.

Managers and technical
staff.
2) Improve communication
from other countrles on
latest technical
developments with
international seminars and
training.



I. ENERGY AND THE ECOICKY OF SYRI

The Economy and the Current Economic Situation

1.1 Syria is a medium-sized country (population 9.9 million) with a
relatively well-balanced sectoral structure. Urban growth of about 4%
slightly exceeds the rapid population growth of 3.4Z p.a. GDP per capita
is estimated at $US1,680 (at the official exchange rate) in 1983 and the
social indicators compare favorably with those of other middle income
countries. Employment is relatively evenly spread between agriculture,
industry and services, and unemployment has been maintained at a very low
3.5Z of the labor force. The relatively balanced structure of the
economy reflects a diversified resource base, with 0.6 million hectares
of irrigated land, stable oil production of about 8.5 million tons p.a.,
gas and phosphate reserves, and relatively developed manufacturing, con-
struction, and trade sectors. In the past, the country has had a trade
surplus in agriculture and oil, but with the rapid increase in domestic
demand for energy and food, the oil surplus has all but disappeared and
there is also now a deficit in food.

1.2 Under Syria's socialist system, the government directly owns
and manages public enterprises in the mining, large manufacturing, energy
and banking sectors. It also controls prices, credit, international
trade, exchange, and all major investments. Public investments represent
about two-thirds of total investments and over three-quarters of invest-
ments excluding dwellings. The dynamic private sector functions in a
controlled environment in agriculture, small and medium scale industry,
building and housing, and domestic trade. The social orientation of
government policy is reflected in its near full employment policy (at
relatively low wage levels), subsidized basic consumer goods and
services, free or subsidized education and health services, and attention
to rural and regional development.

1.3 The Syrian economy experienced rapid growth between 1970 to
1981, averaging almost 10% per year. The sources of this growth were
revenues from oil, following the price rises of 1972/73 and 1979/80 and
grants from several Arab oil-exporting countries, particularly following
the 1978 Baghdad sucmit. After very rapid growth between 1970-1981, GDP
growth fell to 3.2Z in 1982 and 3.1% in 1983, or less than the rate of
growth of population. This compares with the Fifth Plan (1981-85)
objective of 7.2Z p.a. growth. The slowdown in 1982 and 1983 was mainly
due to a 2.5Z drop in value added Ly agriculture in 1982 and to stag-
nation in petroleum and mining. The major growth sectors in 1982 and
1983 were manufacturing (where gross production grew at 17.9Z and 9.41,
respectively), electricity (26% and 24%), construction (10% and 10%) and
government services (9% and 7%). All these sectors are predominantly or
wholly influenced by government investment and current expenditure
policies.

1.4 A major factor in the economic slowdown is a worsening of the
oil trade balance over the last few years. Oil exports declined



- 2 -

gradually from $1.6 billion in 1981 to $1.3 billion in 1983, and were
about the same level in 1984, as world prices declined and production
continued to stagnate at about 8.5 million tons. In. addition, oil
imports soared in value in 1979-81 because of rapidly rising imports of
light crude (which is mixed with heavy Syrian crude oil for domestic
refining). Oil imports stabilized after 1981 at about 6.5 million tons
and their value eased as international prices dropped. As-a result, the
oil trade balance turned from a positive $600 million in 1980 to negative
$80 million in 1981 and negative $40 million in 1983 (Annex 1). In
volume, the net trade balance in oil and oil products also dropped, from
net exports of 3.4 million tons in 1980 to 0.9 million tons in 1983. The
greater decline in value reflects the increasing share of higher priced
imported light crude and exports of lower quality crude and fuel oil.

1.5 Another major factor behind the overall resource and budgetary
constraints in 1982 and 1983 was the drop in the level of external grants
to the public sector. These grants dropped from $1.8 billion in 1981
(10.8Z of CDP) to $1.3 billion in 1983 (6.52 of GDP). They were expected
to have remained at that level in 1984. On average, one-half of the
overall budget deficit in 1980-83 has been financed by grants from neigh-
boring oil exporting countries (mainly Saudi Arabia, but also Kuvait,
United Arab Emirates (UAE), Qatar, Libya and Iran). The other half was
financed largely by domestic borrowing, and to a lesser extent (except in
1981) by net borrowing from external sources. In attempting to contain
the persistently large overall deficits since 1980, the Government has
taken a series of measures to increase revenues and contain the rise in
expenditures. A major action in 1981 was the freezing of nominal
salaries and wage scales of government employees and those of public
enterprises, though the cost of living rose by 54% between the end of
1980 and August 1984. Tax revenues also increased at an average of 20Z
p.a. compared with 18.5Z p.a. growth of nominal GDP. Non-tax revenues
have increased more rapidly than tax revenues, their growth averaging 26Z
p.a. during 1980-83.

1.6 The bulk of these revenues represented the "surpluses" of
public enterprises. Most of these surpluses were transferred by the
petroleum sector (which has, in effect, financed investment in the other
sectors) and the banking and financial enterprises. The main measures
taken by the government to achieve this result were the 1982 price
adjustment of petroleum products, cement, unrationed rice and sugar. The
sharp increases in the prices of petroleum products in August 1981 and in
July 1982, together with the decline in international prices reduced the
price subsidy on oil products accounts from SL 2.5 billion in 1980 to SL
0.8 billion in 1983.. The remaining fuel subsidy applies mainly to LPG
which is sold to households at 502 of cost. A major remaining subsidy is
that on electricity, where tariffs, unchanged since 1981, cover only
about two-thirds of electricity's operating costs. In early 1985 the
government raised tariffs on larger household and commercial consumers,
which is expected to raise revenues by 7%. Larger price increases are
needed in all categories to slow consumption and cover costs. Economic
subsidies to fertilizers, paper and some agriculturaL producers remain a
heavy burden on the government and public enterprise accounts. An
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appropriate pricing policy in Syria is clearly needed to narrow the
budget deficit and to narrow the current account deficit of the balance
of payments by shifting demand for available tradeable resources from
domestic consumption to exports. In particular, restraining the rate of
growth in demand for energy (oil products and electricity) at a rate far
above the rate of growth of CDP (9.42 p.a. for oil products and 152 for
electricity compared with 5.5Z p.a. for GDP during 1980-83) can be
achieved by raising the price of certain energy products in relation to
that of other domestic goods and services. Such restraint in domestic
demand for energy could translate into increased net exports of oil and
oil products.

Overview of the Energy Sector

1.7 Syria is reasonably well endowed with energy resources and has
identified and developed these resources in a well planned manner in the
last two decades. During this period, Syria has become a net exporter of
energy, and also managed to meet the escalating domestic needs of com-
mercial energy for a rapidly expanding economy. Exploitation of commer-
cial energy resources began with petroleum production in 1967168 at a
modest level of about one million tons of crude; production peaked at
10 million tons in 1976, and gradually declined thereafter. Current
production is 8.5 million tons. Two refineries have been built, the
first at Homs, in 1959 and the second at Banias in 1980. Their total
throughput capacity is 12 million tons. Syria imports annually 6.3 mil-
lion tons of Iranian light crude (under concessional terms) and exports
about 5.5 million tons of domestic heavy crude. Syria is also a net
exporter of petroleum products, estimated at 2.15 million tonnes of oil
equivalent (toe) in 1983. Recently there have been significant oil and
gas discoveries which are likely to lead to not only higher levels of
production but also to provide Syria with a number of options for meeting
domestic energy requirements. With the commissioning of the hydro
facilities on Euphrates (800 MW) at Thawra in 1974 and thermal plants at
Mehardeh (300 MW) and Banias (340 MW), significant additions have been
made to generating capacity. The medium term outlook for energy in Syria
appears bright if appropriate decisions are taken to develop available
resources and manage the growth of energy demand more effectively than in
the past.

1.8 Net commercial energy consumption has risen from an estimated
2.7 million toe in 1974 to 5.9 million toe in 1983, at an average annual
growth rate of 9.2X. Gross commercial energy consumption (including
conversion and distribution losses) has risen from 3.0 million toe in
1974 to 7.8 million toe in 1983 at an annual g:owth rate of 10.92. The
difference between the two growth rates is due to the larger contribution
of electricity and associated transformation losses. GDP has grown
rapidly during this decade, averaging almost 102, and the ratio of energy
elasticity to GDP (at about 1.0) has been relatively low compared to most
developing countries. In Syria this has been partially due to rapid
growth in the service sector, which is not as energy intensive. The per
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capita commercial energy consumption at 629 kilograms oil equivalent
compares favorably with other middle income developing countries.
Petroleum product consumption has grown from 2.95 million-toe in 1974 to
6.7 in 1983, at an annual growth rate of 9.6Z. Petroleum product
consumption (net of usage for electricity generation), has grown at a
slower rate of 8.6Z p.a. (from 2.60 million toe to 5.48 million toe)
reflecting the higher growth rate of petroleum products for power
generation of 15.4Z p.a. (from 0.350 million toe to 1.270 million toe).
Petroleum product consumption for power generation as a percentage of
total consumption may grow as hydro potential has largely been exploited
and most future power generation has to be hydrocarbon based.
Electricity generation has grown from 1,133 CWh in 1974 to 6,128 GIh in
1983 at an annual growth rate of 21Z, as shown in Table 1.1.

Table 1.1: HISTORICAL GROWTH OF ELECTRICITY OEMAtO

Year Sales Losses Generation Maximur Demand

(GWh) (GWh) C%) (GWh) (MW)

1974 935 198 17.5 1,133 214
1975 1,107 246 18.2 1,353 245
1976 1,320 308 18.9 1,626 340
1977 1,578 431 21.5 2.009 409
1978 1,792 647 26,5 2,439 511
1979 2,389 825 26.5 3,114 635
1980 2,739 898 24.7 3,637 768
1981 3,121 1,257 28.7 4,378 876
1982 3,649 1,651 31.2 5,300 1,070
1983 4,213 2,007 32.3 6,220 1,174
1984 4,678 2,168 31.7 6,847 1,324

Average Growth
1974-83 17.5 27.1 19.7 20.0

1.9 Petroleum product consumption for the period 1974 to 1983 is
shown in Table 1.2.

Table 1.2: CONSUMPTION OF PETROLEUM PROOUCTS IN SYRIA
(Thousand Tons)

Year LPG Gasoline Kerosene Diesel Fuel Oil

1974 34 332 407 1,563 561
1975 39 399 468 1,758 544
1976 51 456 515 1,944 487
1977 59 482 477 1,981 603
1978 76 534 529 2,097 710
1979 96 582 569 2,260 782
1980 119 527 558 2,526 924
1981 141 556 514 2,441 1,346
1982 172 599 469 2,592 1,587
1983 198 690 456 2,738 2,032
1984 (est.) 227 740 451 2,818 2,287

Source: Ministry of Mines and Energy (excludes naphtha for fertilizer3.



II. E ERGY RESOURCES

Introduction

2.1 Syria is reasonably well endowed with energy resources, par-
ticularly hydrocarbons. The recoverabLe reserves of oil in the presently
producing oil fields in the northeast is estimated at over 200 million
tonnes. The discovery of a large field at Thayyem in central Syria in
1984 by Shell-Pecten, a foreign contractor, opens up an important new oil
province and this discovery alone may add about 90 million tonnes So
reserves. Official proved natural gas reserves are 104 billion m>,
largely in northeast Syria. However, in the Palayra Basin in central
Syria gas has been discovered, and this may increase reserves by a factor
of two or three in the medium term. Natural gas is likely to be as
important as oil. Exploration expenditures have been low compared to the
potential and further discoveries are likely with an accelerated explo-
ration program.

2.2 The hydropower resource is limited to the Euphrates, a large
part of which already has been developed. The additional hydro potential
that can be developed may be no more than 1,000-1,500 Clh per annum.
There are large reserves of oil shale estimated at about 13 billion
tonnes, but likely to be of use only in the distant future.

2.3 Among the renewable sources of energy, solar energy has great
potential because insolation is high throughout the year. The wind
regime is favorable in many parts of Syria and it could play a limited
role in meeting energy demand. Biomass resources are negligible and
could play an insignificant role in Syria's economy. There is some low
temperature geothermal potential, which has not been adequately assessed
but is likely to have only a Limited application.

Petroleum and Gas Resources

2.4 Syria is located on the western edge of the Midd..e East oil
province. The surface area of the country measures some 180,000 km4,
most of which is underlaid by sedimentary rocks which are fa-orable for
the generation of oil and gas. There are wide variations in the pros-
pectivity of the different areas, which can be explained by variations in
the geological processes affecting the various regions. The eastern part
of Syria is particularly favorable to the development of oil and gas, but
an adequate appraisal of these resources has not been carried out. Also,
the absence of consistent classification of known oil and gas reserves
makes it difficult to accurately estimate reserves. Petroleum is found
in two regions, the producing fields in northeastern Syria and the new
discovery in central Syria near Der-el-Zor which wilL begin production in
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1986/87. Gas resources are located in northeastern Syria and in several
fields near Palmyra in central Syria.

Producing Fields in Northeastern Syria

2.5 Syria's known producing oil resources are located in seven
major fields in the northeastern part of the country and are being
expluited by the Syrian Petroleum Company. There is some uncertainty
about the reserves of the old northeast oil fields. There are clearly at
least 800 million barrels (115 million tonnes) of proved reserves.
Official figures are 1,400 to 1,600 million barrels (200 to 230 million
tonnes), but these official figures for proved reserves must also include
some probable and possible reserves. This crude is of high viscosity and
high in sulfur. Oil production from the seven fields peaked in 1976 and
then declined, but the decline has been arrested in recent years. The
Souedie field continues to provide two-thirds of all production since its
discovery by a West German firm in 1959, as shown below:

Table 2.1: CRUDE OiL PRODUCTION BY FIELD

Percent of
Cumulative

Year of Crude Percent of 1 9 C Production 
Field Discovery API Production - up to 6/82 -

* ) (s)

Souedie 1959 24-25 66 76
Karatchok 1968 22 16 16
RumlIan 1962 23 4 S
Jobisse 1968 19 5 2
Others __ - 9 1

a/ 1983 production was 8.49 million tons.
b/ Cumulative production was 110 million tons.

The two largest fields, Souedie and Karatchok, have produced about 12Z of
the original oil in place over the last 15 years. Since it is possible
that the ultimate recovery factor could be as high as 30Z, there may be
large amounts of oil which still could be produced.

2.6 Many of Syria's oil fields are heavy oil deposits (see
Annex 3). Besides Souedie and Rumeilan, most of the oil reservea are
considered heavy oil deposits. Reserves in the Karatchok field a'one
account for 163 million m3 (22X) of the total heavy oil reserves in the
country. The rest of the heavy oil reserves are distributed among twelve
other fiel3ds with oil in place, ranging in size from 2 million ml to 256
million m for each field in the undeveloped Zouraba and Said struc-
tures. The oil gravity ranges from 12 to 20 API and the depth of the
producing horizon ranges from 600 to 2,500 meters. The recovery factor
for primary production is estimated to average about 11%. In some cases,
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the oil concentration per unit rock volume is too low (Tichrin field) or
the oil zone is too deep for economic thermal recovery processes. In
addition, many of the accumulations are small and scattered in isolated
areas where little or no infrastructure is available. However, the
volume of reserves, particularly in the large oil fields, would justify
conducting an extensive study of possible enhanced oil recovery (EOR)
processes. The prospects for improving the recovery efficiency from
heavy oil accumulations is encouraging, but the lead time before field-
wide applications could take place may extend to five years and the
increase in production would not take effect until after seven years.

New Oil Discovery in Central Syria

2.7 The discovery of a new oil field (light oil) in 1984 at Thyayem
near Der-el-Zor will increase the reserve and production level substan-
tially. The discovery was made by a foreign contractor, Shell-Pecten.
The oil is light and low in sulfur. Reserves are not yet proved but are
roughly estimated to be around 90 million tonnes (greater than a 5OZ
increase over present reserves).

Gas in Northeast and Central Syria

2.8 Official proved natural gas reserves are 104 billion m3.1/
This represents a substantial increase from 1979 proved reserves of 36
billion m (one-fourth of which were associated gas in the northeast oil
fields and the rest ion-associated). Official probable reserves in 1979
were 60 billion ml (primarily non-associated gas in the Jebisse
region). Much of these have now been reclassified as proved reserves and
some new reserves have been added from the Palmyra area. However, gas
reserves in the country are larger than official figures indicate. In
particular, gas in the Palmyra area in Central Syria comprises a fraction
of the proved reserves, but a closer analysis of the records by mission
members indicates that there is a 'nod chance that there is 2 to 8 TCF
(50 to 210 bilLion m3 ). This i5 very important because this large
quantity of gas could be used for power and industry and is located
within about 100 km from Homs and Damascus compared to a distance of
400-500 km to the gas fields in the northeast, from where gas will be
piped starting in 1986. Gas was discovered in the Palmyra area by SPC
and by both foreign contractors, Marathon and Shell-Pecten. Additional
associated gas has ieen recently discovered with oil by Shell-Pecten.
All together, tote pSoved and probable gas reserves are in the range of
200 to 300 billion m . This level of reserves implies that annual3 gas
production could increase to a production level of 5 to 9 billion m (4
to 8 million tonnes oil equivalent per annum) for over 25 years. This is
equal to 501 to 90X of current oil production. Current gas production of
0.2 billion m is insignificant compared to potential production.

1/ Cedigas, 1985.
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2.9 Although the geological parameters of Syria are not as
favorable as those in Iraq and the Gulf countries further south, there
remains potential for important future discoveries of oil and gas. In
the northeast there are good prospects for finding additional reserves
which could well maintain the production of old oil fields at present
levels for several years to come.

2.10 The Palmyra area may develop into an important gas province.
Discoveries so far are of dry gas, but the oil -otential cannot be dis-
regarded with the information available at present. The Euphrates embay-
ment may develop into an important oil province, and expectations could
be a multiple of the preliminary reserve estimate established at Thayyem
(600 million barrels or 90 million tonnes). The Aleppo uplift and the
Jebel Arab area are in the early stages of exploration. Several geologic
regions have been evaluated only in the most rudimentary fashion. Paleo-
zoic rock sequences have been mapped over much of the country, but there
has been no systematic exploration. The large amount of data from pre-
vious surveys has never been properly evaluated. Therefore, a regional
resource evaluation is needed before formulating an exploration strategy.

Shale Oil

2.11 The Yarmouk Valley in the south of the country appears to have
the largest reserves of oil shale, about 13 billion tonnes with an oil
content of 7.4-11.7Z and a caloric value of 1380-1810 kcal/kg. The
average depth of the deposits is 150 meters below the surface. The
surveys are the responsibility of the Ministry of Petroleum, which is
expected to submit in due time a feasibility study showing whether or not
the deposits could be economically exploited for power generation.

2.12 The Government should be aware that the implementation of a
pilot program to determine the potential for commercially exploiting the
shale involves substantial risks, both technical and financial. Shale
oil has not proved economically viable anywhere in the world (including
the U.S., Jordan, Morocco, etc.). The risks prevail irrespective of the
strategy adopted and the technology selected. In view of the recent gas
and oil discoveries, shale oil development should be regarded only as a
future long-term proposition.

Petroleum and Gas Exploration Activities

2.13 The Syrian- Petroleum Company abandoned its concession in 1951
after drilling several dry holes. In 1956 the Menhall Company discovered
heavy sulfurous oil at Karachuk in northeast Syria but its license was
withdrawn in 1958. The West German firm Concordia struck oil at Souedie
in the same area in 1959. After protracted negotiations with several
companies for joint exploitation of the fields, the Government prohibited
by decree in December 1964 the grant of concessions and conferred a mono-
poly of oil operations on the General Petroleum Authority (GPA).
Drilling on its own account with Soviet rigs, GPA found small quantities
of oil at Rumeilan and Hamzah.



2.14 In 1975 Syria opened its territory to production sharing
contracts. Since then a number of groups have conducted exploration
under these contracts incLuding Rompetrol, the Rumanian state agency,
Shell-Pecten group, ChalLenger Oil of Canada in association with Chevron,
a consortium (Samoco) headed by Coastal States and, most recently,
Marathon.

2.15 Hydrocarbon exploration is carried out by both the SPC and by
foreign contractors. SPC operates ten exploration and eight production
rigs. In 1983 the SPC drilled 28 exploratory wells, totaling about
50,000 meters. As the cost of drilling is about US$1,000/meter, this is
an annual expenditure of US$50 million per year. Geophysical operations
include two seismic parties. Progress over the last six years
(1979-1984) averaged 1,100 km/year or (90 km/month). Over 80% of SPC's
exploration drilling activity is carried out in the northeast. Work
focuses on field extensions and drilling/testing of structures on or near
producing trends. SPC also continues exploring in the western and
southwestern part of the country.

2.16 The Government's attitude towards oil and gas operations has
been pragmatic. It has adopted an open door policy towards exploration
by international oil companies. While SPC continues exploration in its
reserved areas in the northeast, practically all of the remainder of the
country is open to foreign oil companies under production sharing con-
tracts. At present the only active foreign operators are Shell-Pecten
and Marathon. The Pecten Syria Petroleum Company is owned by Pecten
International which is a wholly owned subsidiary of Shell USA, which has
a 50/50 share with Royal Dutch Shell in Syrian exploration. Arrangements
with foreign oil companies are governed by production sharing contracts
basically tailored after the Egyptian model, as described in Chapter IV.

2.17 Marathon's contract area is located northeast of Homs. A
second gas discovery was made in 1985. Two previous wells discovered gas
and condensate. Shell-Pecten has drilled five wells in the Rasafa block
in central Syria where some heavy oil and gas was discovered. Recently
the consortium joined Deminex in the Der-el-Zor service contract area.
The discovery in 1984 of a large oil field at Thayyem in the area is a
major discovery and will lead to a sharp increase in the consortium's
exploration program in its contract area. It is believed that the
Thayyem structure may contain as much as 600 million barrels of reserves
(90 million tonnes). The total potential in the area may be many times
this figure. This recent discovery has opened up an important new oil
province. Eventual production from the Thayyem structure could be three
to six million tonnes per year. The crude is light and low in sulfur.

Petroleum Production

2.18 Oil production reached a peak of 10.04 milLion tonnes in 1976,
which declined at over 4% per year to 8.32 million connes in 1980 in
spite of a substantial increase in production drilling activity, as shown
below.
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Table 2.2: OIL PRODUCTION AND DEVELOPMENT DRILLING

Productive Productive

Year Oil Production Drilling Drilling

(thousand tonnes) (no. of wells) (moters)

1975 9,572 31 79,166

1976 10,039 29 53,556

1977 9,117 23 39,005
1978 8,932 48 69,421

1979 8,760 44 62,235

1980 8,324 37 60.58
1981 8,592 63 89,530
1982 8,191 74 105,775
1983 8,489 101 172.256
1984 8,489 -

a/ Preliminary figure.

2.19 The natural decline of oil production during 1980-1984 has been

stabilized, at least temporarily, by drilling an increasing number of

production wells (up to 101 wells in 1983 compared to 37 in 1980. This
indicates that the marginal cost of oil production has at least doubled
from 1981 to 1983. SPC engineers stated that the current level of
stabilized production can be held only until 1986, at which point
production could fall off at a rate of 3.5% per year or faster. With
additional effort and badly ieeded technical inputs, the production from

these oil fields could be maintained at 8.5 million tonnes per year.

Thus, old and new oil production together is likely to be in excess of
11.5 million tonnes by 1990 and 13.5 million tonnes by 1995.

2.20 Based on current plans, gas production is expected to increase
from 0.2 BCM per year in 1984 to 0.7 BCM per year in 1986. However, the

mission believes that a substantial increase in gas production to
2.77 BCH (2.2 million toe) by 1990 and 5.31 BCH (4.3 million toe) by 1995
is feasible. This increase would come primarily from the Palmyra Basin

but also from additional associated gas from the new Der-el-Zor oil
discovery and from the Jebisse and Souedie areas. LPC production from
the gas would be approximately 250,000 tonnes in 1990 and near 400,000
tonnes in 1995 This surge in available LPG would be enough to satisfy
the rapidly growing demand and possibly allow for exports.

Hydroelectricity

2.21 The Euphrates is Syria's most important resource for hydropower
and irrigation, accounting for 88% of the country's water resources. The

Thawra hydro plant and Assad reservoir started operating in 1974. Its
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installed capacity is 800 MW, with an average annual energy capability a
about 2,360 CWh. The reservoir has a live storage 3 capacity of 7.4 Cm
compared with an annual river flow of 28 Cm3 (890 m /s). The dam height
(60 m) is being increased by 4m, which would increase average generation
by about 10X. A regulating dam at Baath with a generating plant of 3 x
25.5 MW will increase generating capability by another 12Z. Both works
are expected to be completed in early 1986. Three small hydro stations,
aggregating about 15 NW, operate largely as run of the river stations,
and the total energy capability does not exceed 50 GWh/year.

2.22 Turkey completed the Keban hydro plant and reservoir (31 Cm3 )
on the Euphrates at about the same time 3as Syria completed its Thawra
plant. A further reservoir of about 10 Cm at Karakaya is expected to be
closed at the end of 1986, which may temporarily decrease inflow to Syria
by 3 to 5 Cm per year, depending on the time required for gradual fil-
ling. Except for the dead volume (some 4 Cm3 ), however, the retained
water would become available again after the comissionning of Karakaya
in 1917/88. A further large hydro scheme (Ataturk) with a reservoir of
48 Gm would be completed in Turkey in the first half of the next decade,
at the time Syria expects to complete a 4 x 100 MW plant downstream from
Thawra at Tichreen (the size of the reservoir is not known yet). The
total live volume of the Euphrates reservoirs would then be in the order
of some 55 Gm or 2bout double average flow (at Thawra) assuring more
than full regulation of the Euphrates.

2.23 Syria's irrigation projects were seriously delayed and the
amounts of water used for this purpose upstream from Thawra (as welL as
the use of electricity for irrigation pumping of Euphrates waters) has
been small until now. However, as of 1985 the Public Sstablishment for
Electricity (PEE) expects that Thawra generation will decrease at an
average of 40-50 GWh annually due to irrigation tapping of Euphrates
waters and that some 100-150 MW of capacity would be required for
pumping. No water is diverted in Turkey for irrigation, and irrigation
projects associated with the Ataturk project are not expected to require
substantial amounts of water before the next century, when for Syria
hydro generation would constitute less than lOX of requirements.

2.24 A recent Romanian study identified a large number of multi-
purpose hydroresources (irrigation, potable water, and power), aggre-
gating some 250 MW in small units (10-30 MW). Some development scheme
has been prepared by the Irrigation Ministry and details are being
studied, but execution is expected to be slow in view of the high cost of
various individual projects.

2.25 In summary, except for the construction of a further plant
on the Euphrates at Tichreen, which would generate between 1,000-
1,500 GWh/a, no further hydro sources of reasonabLe substance can be
developed in Syria. Numerous small sites may be developed in the longer
term from which secondary energy can be obtained, but the quantities
generated are expected to be neither large nor cheap.
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Renewable Energy Resources

2.26 The most important renewable source of energy available to
Syria is solar energy. The coyntry enjoys high solar insolation with
yearly averages of 4,500 kcal/m per day or nearly 1,350 kcal x 103/mi
per year. The second most important renewable source is wind energy.
The wind regime in Syria is moderately high and shows steady flow charac-
teristics with average speeds ranging from 3 to 5 meters/second. The
biomass resource of Syria is negligible except for possible use of agri-
'xaltural wastes. Official estimates of charcoal and fuelwood are 0.2X of
energy use. The potential role of these renewable energy sources is
discussed in Chapter VII.
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III. SUPPLY AND DKKMD FORECASTS

Introduction

3.1 This chapter describes the evolution of past demand for petro-
leum products and electricity as well as the energy balance for 1983.
Demand for oil products and for electricity is projected for 1990 and
1995. These projections are combined with projections of supply (oil,
gas, and refinery output assumptions) to give the overall energy balances
for 1990 and 1995. Since the pricing policies regarding these fuels have
had a major impact on demand, issues relating to the level and structure
of prices are also discussed.

1983 Energy Balance

3.2 Based on available data, the mission has prepared an energy
balance for 1983 (Table 3.12). (The mission has also prepared an energy
balance for 1981 which is given in Annex 2.) As indicated earlier,
almost all of the primary energy supply was provided by oil, with hydro
accounting for a mere 5.5Z. The contribution of biomass is negligible
and has not been taken into account. There is a net import of crude of
about 0.8 million toe, which is offset by product export of 2.073 million
toe (with a net deficit of US$40 million in terms of foreign exchange due
to lower value realized for product export). The gross primary energy
supply less product exports is estimated at 7.766 million toe. The con-
version losees are estimated at 1.557 million toe and include refinery
losses and transformation losses in electricity generation. In addition
transmission and distribution losses in the electricity sector are
estimated at 0.164 million toe. These losses amount to 17.5% of primary
energy input to the economy. The net energy available for domestic
consumption is 6.045 million toe. The consumption of energy by sectors
is 30.4% for domestic and commercial, 34.4% for transportation, 27.5Z for
industry and 7.7Z for agriculture. The consumption of energy in the
domestic and commercial sector appears high but this is partly because
nearly 1.2 million toe of gasoil is used for water and space heating.
Most of the electricity consumption is in the domestic and industrial
sectors. Agriculture accounts for only a little over 1.0% of electricity
consumption but about 8.0Z of petroleum products.

3.3 Energy consumption in the domestic sector is likely to grow
somewhat faster than the overall population, similar to the growth in
energy usage by middle income country standards. Energy demand by the
agriculture sector is likely to grow faster because of increased lift
irrigation and farm mechanization over the next decade. Energy
consumption in industry is likely to grow at a slower rate than in the
past as the energy intensive industries like cement, fertilizer a-d
refining have already been established. Energy consumption in the
transport sector is expected to grow faster than CDP with an elasticity
of 1.70, somewhat lower than past trends.
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Petroleum Product Demand

3.4 The rate of growth in demand for the different petroleum
products depends on their use in the different sectors of the economy and
the sectoral growth rates. Between 1974 and 1984 fuel oil used in the
industrial and power sectors grew an average of 242 p.a. while LPC used
largely in the domestic sector has grown at 212 p.a. Other products have
been growing at a more modest rate, such as gasoil, used in the domestic
and transport sectors, at 6% p.a. and gasoline at 8Z p.a. Household
kerosene grew at 7Z p.a. until 1979, but declined (-5Z p.a.) from 1979 to
1984 as LPG was substituted for kerosene in the household sector. In
order to understand the evolution of demai.d it is important to analyse
the growth of GDP, sectoral growth rates and effect of petroleum product
prices on interfuel substitution. The following section outlines the
structure and level of petroleum product prices. This is followed by an
analysis of how demand has been affected by prices and by economic sector
growth rates. Based on anticipated GDP growth and sectoral growth rates,
the mission has prepared demand forecasts for the years 1990 and 1995 and
suggests a suppLy scenario.

Level and Structure of Petroleum Product Prices

3.5 The current level of petroleum product prices in Syria, com-
pared to international border prices, depends on which exchange rate is
used, either the official rate of 3.95 SL/S, the parallel rate 5.45 SL/$
or the tourist rate of 8 SL/$. Price comparisons were made using both
the official rate and the parallel rate. (It is assumed here that the
parallel rate represents a closer guide to the average cost of foreign
exchange than the official rate).

3.6 Note that since the green cover version of this report was
prepared in August 1985 the Syrian Government has taken very positive
steps with major increases in prices of most petroleum products on
September 20, 1985. The price increases announced in September were a
27% increase for super gasoline (SL 2.8/1), a 30Z increase for regular
gasoline (SL 2.65/1), a 47% increase for kerosene (SL 1.55/1), a 50%
increase for gas oil (SL 1.5/1) and a 63% increase for LPG (SL 18/12 kg
bottle). At these new prices only LPG and fuel oil are about 20% below
international prices when comparisons are made at the parallel exchange
rate. These new prices and price ratios are given in Table 3.1 along
with the previous prices. Note that the sections in the rest of this
chapter on petroleum product pricing, sectoral demand, and energy con-
servation refer to the prices prevailing before the increase on
September 20, 1985.

3.7 The structure of domestic prices is compared to that of
international prices in Table 3.2. As can be seen the price of LPG is
much lower than the price of kerosene in Syria compared with the inter-
national price ratio. The gasoline diesel ratio is about twice that in
the international market. This structure of prices encourages the
consumption of LPG at the expense of kerosene and encourages the use of
diesel in transport compared to gasoLine.



Table 3.1: COOPARISON Of DOMESTIC AND IMPORT/EXPORT PARITY PRICES
OF PETROLEUM PROOUCTS d/

S/ton SL/ton Ratio of Domestic to
Average Spot Trans- Approximate Economic Cost of Domestic Import/Export Parity Prices
Product Prices port Border Distribution Supply Retall at 3.95 at 5.45 at 8

Product In Italy (FOB) Cost Price Cost 3.95 SL/S 5,45 SL/S Price b SL/S SL/S -/ SL/S

LPG 262 62 324 100 1,380 1,866 916 (1,500) 0,66 0.49 (0.80) 0.34 (0.56)
Gasoline 277 9 268 28 1,087 1,489 2,849 (3,675) 2,62 1.91 (2.47) 1.31 (1.69)
Kerosene/Jet 265 9 274 31 1,113 1,524 1,371 (2,015) 1.23 0.90 (1.32) 0.62 (0.91)
Gasoll 245 9 254 33 1,036 1,417 1,212 (1,818) 1,17 0.86 (1.28) 0.59 (0.88)
Fuel Ol (3.5C ) 163 9 154 21 629 860 785 ( 785) 1.29 0.91 (0.91) 0.63 (0.63)

Lfl

a/ Product prices are average for the first half of 1985. I
b/ Domestic prices which are not In parenthesis are those provailing up to September 20, 1985. Those prices In parenthesis are those

prevailing after the Increase on September 20, 1985.
c/ Price ratios In parenthesis reflect those provailing after the Increase of Spetember 20, 1985.
d/ Not exporter for gasoline and LPG, while for other petroleum products net Importer,
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Table 3.2: PETROLEUM PROOUCT PRICE RATIOS

Domestic Price International
Fuel Ratios Price Ratios

Gasoline/Gasoll 2.05 1.13
Kerosene/Gasoil 1.05 1.08
GasolIne/Kerosene 1.95 1.04
Kerosene/LPG 1.50 1.00 -

Gasoil/LPG 1.30 0.94

a/ Bpsed on prices for the first half of the year.
b/ International prices are average Italian product prices in

USS/ton (F.O.B.), from Table 3.1
c/ Since LPG has high transport costs, the ratio varies from 0.81

for imported LPG to 1.3 for exported LPG.

3.8 Between 1979 and 1982 petroleum product prices increased
substantially. The nominal prices of diesel and kerosene increased
fourfold while fuel oil and gasoline prices were tripled. All these fuel
prices have increased in real terms at several percent per year during
the past decade. LPG prices, however, have increased only slightly in
nominal terms and have fallen in real terms by about 50X in the last
decade.

Petroleum Product Demand by Sector

3.9 Detailed data on the consumption of petroleum products by
sector are not available, except for 1981 and 1983, which makes analysis
of past consumption difficult but some simple equations for projecting
the demand for individual petroleum products were developed using time
series regressions which explain consumption using real income (GDP) and
real prices. (The data series was for 1970 to 1984). For those sectors
which have a large number of consumers, such as transport and household,
statistically significant price and income elasticities were estimated.

3.10 These elasticities are important because the income effect is
separated out from the price effect so that future demand projections can
be made for different GDP growth rate scenarios and different price sce-
narios. Many projections are based only on energy/GDP ratios and the
future demand forecasts are overstated because the increase in consump-
tion caused by past declines in real prices are left out. For those
sectors such as industry, price elasticities were not significant or
sufficiently detailed data was not available to make an accurate ana-
lysis. The mission's forecast of consumption uses the simple regression
equations where they are appropriate and in the other sectors simple
relationships between sectoral growth rate and consumption were developed
and used for projection.
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3.11 For projection purposes future CDP is expected to grow by 4.7Z
p.a. from 1983 to 1990 and 5.1% p.a. from 1990 to 1995 (this projection
is based on the 1985 World Bank Country Economic Memoranda).

Transport Sector

3.12 The transport and communications sector has been growing at
12.5Z per year from 1979 to 1983 (transportation consists of 90X of this
category). This growth rate is about twice that of GDP over the sAme
period. Transport fuel consumption in 1983 is as follows:

FUEL UNIT
('000 TOE) S

Gasol ine 714 (43%)
Aviation Kerosene 274 (16%)
Diesel 669 (40%)
Fuel Oi l 6 ( 1S)

Tota l 1,663 (100%)

3.13 Cverall, the consumption of transport fuel is projected to grow
at 6% per year between 1983 and 1995. 43% of transport sector
consumption is provided by gasoline. Using a regression equation, the
income elasticity of gasoline was calculated to be 1.26 (percent change
in gasoline consumption/percent change in CDP) and the price elasticity
-0.33. Assuming no change in real gasoline prices, consumption is
expected to grow at about 6% in the future. Aviation fuel is expected to
continue to follow the growth at 6Z.

3.14 The income elasticity for total gasoil demand was estimated at
1.0 with a price elasticity of -0.06. This low price elasticity for
gasoil is consistent with other countries. However, gasoil use,
specifically in transport, most likely has an elasticity greater than
1.0. Future demand has been estimated to grow at the forecasted rate for
the road transport sector (8Z as stated by the State Planning Commission)
which is consistent with an elasticity of 1.5. Annex 5 gives the
eLasticity results from the energy demand regression equations.

Domestic and Commercial Sector

3.15 Energy use in the domestic and commercial sectors consists pri-
marily of gasoil (for water and space heating) and roughl' equal amounts
of LPG and kerosene used for cooking. The consumption for k

9 8 3 was:
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FUEL UNIT
('000 TOE) S

Gasoi1 1.205 (67%)
LPG 211 (12%)
Kerosene 239 (13%)
Electricity 152 ( 8%)

Total 1,807 (100%)

Data is not available to show detailed breakdown of consumption over
time. What data is available shows inconsistencies, particularly with
regard to gasoil. Gasoil consumption (from BIECIP LPC report) was
490,000 toe in 1981 for space heating but the report states this as low
since it was a warm year. The mission estimates the gasoil consumption
in the domestic sector at 0.737 million toe for 1983, the balance of
0.428 million toe being consumed in the commercial se-ctor. Base case
assumptions on the growth of domestic and comuercial gasoil use are 4Z
p.a. or about equal to the anticipated household growth rate. This
assumes that there is no major fuel substitution effort and no major
change in structure of petroleum prices. The impact of solar energy use
and price changes on the base case demand are discussed in Chapter VII.

3.16 LPG use for domestic cooking is increasing rapidly at the
expense of kerosene, which is declining at about 52 per year. The
decline in consumption of kerosene started when the real price of kero-
sene increased sharply to a price above the LPG price (as shown in the
following table). The relative costs of fuel for cooking indicate that
LPC is cheaper than kerosene or electricity as shown below:

Table 3.3: COOKING FUEL END USE PRICES

SL/10f kcals
Current Price Efficiency End Use Price

Electricity 0.41 60% to 80% .68
Kerosene 0.13 40% .3?
UPGI 0.09 50% .18

The wholesale price of LPG is 11.45 SL/12.5 kg. The official retail
price is slightly higher but shortages of LPG, particularly in winter,
have driven the actual retail price that consumers pay up to 20 SL. The
elasticity of total LPG plus household kerosene consumption to GDP was
estimated to be 0.75. Several equations were used to estimate LPC demand
and the best fit was found when only the price ratio of kerosene to LPG
was used (1.0 was the elasticity of demand with respect to this ratio of
fuel prices). This indicates that LPG is a pure substitute for kerosene
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and most all consumers would switch from kerosene to LPC, if it were made
available, until the market is totally saturated with LPG. The demand
for total LPG plus kerosene is expected to grow at about 4X p.a. (.75
elasticity times GDP) and LPG is expected to constitute most of the
market by the early 1990s. If the LPG price continues to be subsidized
LPC could penetrate into uneconomic use in space heating and transport.

Agriculture

3.17 At present an estimated 0.454 million toe of gasoil is used in
agriculture for pumping and farm mechanization. The number of pumpsets
in use for irrigation in 1983 is estimated to be about 65,000; only a
small portion are electrically operated (approximately 4,000) and the
balance are gasoil operated (approximately 60,000). As electricity is
extended to rural areas, substitution of gasoil sets by electric sets
will take place and over time gasoil consumption for pumping may
decrease. In addition, several large pumping schemes are being planned
in the Euphrates and Tigris, but they are likely to be electrically
operated and will not result in any increase in gasoil consumption for
pumping. On the other hand, electricity consumption in the agricultural
sector is likely to increase substantially. Currently there are 38,000
tractors in Syria. There is a tractor plant producing 4,000 tractors per
year, all of which are sold in the domestic market. This 10 growth is
expected to continue and gasoil consumption for farm operations may be
expected to increase. Overall energy consumption in agriculture is
estimated to grow at about 5% p.a.

Industry

3.18 Gross industrial sales from 1979 to 1983 grew 29Z p.a. at cur-
rent prices. Industry is expected to grow at 6Z during the 6th and 7th
plan periods, with major emphasis on higher productivity and profit-
ability and less on energy intensive industry. The consumption of
petroleum products by industry in 1983 is estimated to consist of 1.069
million toe of fuel oil, 0.212 million toe of naphtha and 0.146 million
toe of gas oil, presumably for captive power generation. Energy
consumption by industry is expected to grow at a lower elasticity. A
major interfuel substitution is anticipated in industry as gas becomes
available at Homs as feedstock for the fertilizer plant and subsequently
at other locations as fuel for cement and other industries. In fact,
petroleum product consumption in industry is expected to increase only
marginally from 1.31 mi'lion toe in 1983 to 1.515 million toe in 1990 as
0.69 million toe of gas is expected to be used in industry by 1990 both
as feedstock and as fuel. For the year 1995, petroleum product
consumption in industry is estimated at 1.818 million toe, out of a total
of 3.484 million toe (balance 1.666 toe being gas), or about 52Z of
industry's requirement of feedstock and energy.
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3.19 The anticipated sectoral consumption of gas/petroleum products
for the years 1990 to 1995 is given in Table 3.4.

Table 3.4: PETROLEUM CONSUMPTION

(Thousand too, annual percentage growth In parenthesis)

Sector 1963 199i 1995

Domestic and

Commercial 1,655 (4.1) 2,207 (4.0) 2,693

Industrial 1,321 (7.6) 2,201 (9.6) 3,596

Agricultural 454 (3.8) 590 (4.9) 749

Transportetlon 2,049 (6.0) 3,080 (6.0) 4,118

5,479 (5.7) 8,078 (6.6) 11,156

Petroleum Product Pricing and Energy Conservation

3.20 This is a summary of petroleum product pricing recommendations
which discusses prices prevailing before the increase on September 20,
1985. Table 3.1 provides the prices prevailing after September 20,
1985. Electricity prices are discussed in the power chapter (VI) and gas
pricing recommendations are presented in the oil and gas chapter (IV).

3.21 The prices of petroleum products in the first half of 19'5 were
above border prices at the official exchange rate except for LPG. At the
parallel exchange rate, kerosene, gasoil and fuel oil prices are 1OZ, 14Z
and 9% beLow border prices respectively. At the tourist rate (8 SL/$)
gasoil, kerosene and fuel oil are all about 40% below the border price.

Table 3.5: RAT:O OF DOIESTIC TO IMPORT/EXPORT PARITY
PRICES AT VARIOUS EXCHANGE RATES

Official Parallel Tourist
Product (3.95 SL/S) (5.45 SL/S) (8 SL/S)

LPG 0.66 0.49 0.34
GasolIne 2.62 1.91 1.31
Kerosene 1.23 0.90 0.62
Gas Oil 1.17 0.86 0.59
Fuel 011 1.25 0.91 0.63

Product prices are those prevailing the first half of 1985.
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3.22 Prices which reflect parity with border prices depend on the
exchange rate and on the international average spot prices for petroleum
products. If the relevant exchange rate is between the parallel rate and
the tourist rate, the prices of kerosene, gas oil and fuel oil need to be
raised to achieve parity with current border prices. For every 1OZ real
increase in specific fuel prices (i.e. above inflation), the impact on
future demand can be estimated from price elasticities calculated in
Chapter III. The results are as follows:

Table 3.6: IWPACT OF PRICE CHANGES OF GASOLINE, KEROSENE
AND GAS OIL

Approximato Foreign
Percent Real Reduction Exchange

Product Increase in Price in Demand Savings

(tonnes) (millon S)

GasoI ine 10% 16,000 4.6
Kerosene 10% 24,000 6.5
Gasoll 10% 17,000 4.4

3.23 About $12 million per year in foreign exchange savings would be
achieved by reductions in demand from bringing prices of kerosene and
diesel prices up to equivalence with border prices at the parallel rate.
These savings would increase to about $50 million at the tourist rate.

3.24 The price of LPG should be increased in any case because the
LPG price is too low at any of the three exchange rates compared to
border nrices. LPG is currently imported with a CIF price of
$324/tonne. LPG prices need to be increased at least 502 to match the
current import cost. if gas development proceeds rapidly Syria may even
become a marginal LPG exporter. Given the high transport cost of LPG,
the relevant F.O.B. price is then $200/tonne. Even with this situation,
LPG prices would need to be increased 50% to reach the F.O.B. price, at
an exchange rate between the parallel and tourist rate.

3.25 The current wholesale price of LPG is 11.45 SLI12.5 kg
container and the retail price should be about SL 13. However, due to
shortages, actual retail prices paid by consumers are frequently near
SL 20. In addition, LPG bottles are hoarded by consumers which creates
uneconomically large stocks of containers. In addition, LPG bottles are
hoarded which creates uneconomically large stocks of LPC bottles. If
customers are frequently paying a price 502 or more than the official
retail price, then increasing the price would have little affect on
consumers or on demand but would transfer the high profit margin from LPG
retailers to the government.
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3.26 In summary, the overall structure of Syrian petroleum product
prices are superior to many developing countries. It is clear, however
that wholesale LPG prices should be increased at least 50Z and possibly
up to 1002. Smaller increases in the prices of kerosene and gasoil
(imported) to bring these prices up to the level of border prices (at the
parallel exchange rate) would slow demand growth. These changes would
improve the overall structure of prices by reducing the gasoline/gasoil
price ratio and reducing the kerosene/LPG price ratio and make them
closer to the international price structure. This would encourage more
efficient use of LPG and diesel in the domestic sector and more efficient
use of diesel in the transport sector.

Energy Conservation

3.27 A lesson drawn from experience in many countries is that sub-
stantial benefits can be achieved by energy conservation programs in
industry and that the rate of return on investment for energy efficiency
improvements is very high. Depending on the subsector, scope for energy
savings of 10-25Z could be identified. In order to evaluate these
savings, many countries have found it useful to energy audits and to
implement vigorous and comprehensive energy conservation programs
supported by specific policy measures. In Syria, potential areas for
energy conservation include the industrial, transport and household
sectors. A detailed study of energy conservation was not in the terms of
reference of the mission. This mission, however, visited the fertilizer
pLant at Homs and the cement plant at Tartous.

3.28 Industrial Sector. The total use of energy in the industrial
sector in 1983 was 1,597 toe, with 34Z in cement industry, 19% in
fertilizer and 44% in manufacturing.

3.29 Cement. Between 1979 and 1983, cement production increased
from 1.8 million tons to 3.7 million tons and is presently over 5 million
tons. Capacity utilization in this subsector ranges from 70Z to 100%.
The new plants use the dry process, while the older factories use the wet
process. Consequently, energy requirements vary greatly, ranging from
0.10 toe per ton of cement in the new Tartous factory to 0.18 toe per ton
of output in the older Latakia factory -- a difference of 80%. This com-
pares to .095 toe per ton of cement achieved in other countries in plants
using the dry-process, and 0.14 toe per ton of cement in plants using the
wet process. This indicates that the Syrian cement industry has signif-
icant scope for rationalizing output and conserving energy primarily in
the older-wet process plants with savings of up to US$25 million per
year. Experience shows that savings of 10-15Z in energy consumption in
the cement industry in developing countries can be achiev^d through
improvements in operating procedures attainable in the short-term without
major investments. Further savings usually require subscantial invest-
ments involving plant modifications or replacement of specific opera-
tional units. It is recommended that the options for improving the
energy efficiency as well as an eventual substitution of fuel oil with
gas and possibly coke (in the Kiln charge) in the cement industry be
studied.
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3.30 Fertilizer. The fertilizer industry is another area with scope
for substantial energy savings. Savings of up to 25% can be achieved
through improved housekeeping and maintenance systems and retrofitting
investments. However, with the fertilizer industry in Syria which is
reported to operate at about 31% of its technical capacity, efforts
should be made to improve the economics of energy utilization by
realizing substantially higher production levels. The details and
economics of converting the Homs Fertilizer Plant to natural gas have
been discussed in Chapter IV. Based on full capacity utilization the
value of fuel savings by switching to gas are estimated at about
US$19 million per year. It is recommended that in the context of
studying in detail the possibility of using gas in the fertilizer
industry, thorough plant audits be conducted focusing on improving the
plant's capacity utilization and on the potential for energy efficiency
through co-generation and energy conservation measures.

3.31 Manufacturing. The manufacturing sector in Syria comprises
over 100 major public enterprises and about 55,000 small private firms.
Major energy consumers are the sugar, food processing, textile, glass,
brick and pottery industries. Generally, as the manufacturing sector
accounts for a high proportion of the country's total energy consumption,
energy audits should be conducted in all major public enterprises in
order to determine the scope and means for implementing energy efficiency
improvement measures. At the present stage, plant operators should be
made aware of available technologies to improve energy efficiency, while
also undertaking an energy audit program for those industries with the
highest energy consumption.

3.32 Transport. With an estimated 2.049 million toe energy
consumption in 1983, the transport sector in Syria accounted for about
34% of the country's total energy consumption. However, to date, only
very limited data is available that could be used to determine how
efficiently fuel is used in this sector. Drawing upon the experience of
other countries, where improvement of energy efficiency of 5-10% in the
transport sector could be identified, it is reasonable to assume that
similar scope for improvement exists in Syria. Even marginal improve-
ments would yield substantial savings, on the order of roughly US$10
million per year. The large magnitude of these savings indicate that
detailed investigation of energy conservation options and interfuel
substitution are warranted.

3.33 Household Sector. The household sector accounts for nearly 30%
of all commercial energy consumption in 1983. Electricity accounts for
only 8.4% of this total, the balance (9l.6Z) being accounted for by LPG,
kerosene for cooking, and gas oil for space/water heating. Demand is
expected to grow at about 5% per year (a higher rate than population
growth). The share of household consumption will decline only marginally
to 28% by 1980 and to 26% by 1995.

3.34 Detailed household surveys in rural and urban areas and at
different income levels would help to develop basic data that can oe used
for energy planning and conservation. These surveys should study current
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energy consumption patterns and also establish the efficiency of energy
use for cooking and heating. If the growth of energy consumption vith
household sector could be limited to the rate of growth of the
population, the savings would be substantial.

3.35 Recommendations on Energy Conservation

(a) A detailed energy audit should be undertaken for the fertilizer
industry. The inter-relationship of improved capacity
utilization, switch to natural gas, cogeneration opportunities
and efficiency improvements needs to be analyzed. This
activity should proceed as soon as possible since gas is
expected to arrive in 1986.

(b) Detailed energy audits and energy rationalization activities
should be undertaken for the cement industry and other energy
intensive manufacturing industries. This should be done in the
broader context of improving capacity utilization and
efficiency. In the cement sector, particular emphasis should
be placed on options for using gas and cooking fuel.

(c) Given the la--!e share of energy used in transport, a detailed
stuly of energy conservation options in this sector should be
urd!rtaken.

(d) Surveys of the household sector should be carried out to
determine energy consumption patterns and the efficiency of
appliances used.

Electric Power Demand

3.36 Electricity generation increased from 1133 GWh in 1974 to 6887
GUh in 1984 at an annual growth rate of 19.8Z. Per capita generation
increased from 157 kWh in 1974 to 696 kWh in 1984 while per capita con-
sumption increased from 130 kWh to 501 kWh in 1984, reflec:ting a higher
percentage of generation and distribution losses.

Table 3.7: ELECTRICITY SALES

Domestic & Commercial Small Industry Large Industry Government b_

GWh % p.a. GWh S p.a. GWh S p.a. GWh S p.a.

1974 352 270 238 75
1980 1,078 20.5 703 17.3 722 20.3 - 236 21.1
1984 - 1,995 16.6 1,059 10.8 1,321 16.3 586 25.5

a/ Preliminary.
b/ Includes street lighting.
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3.37 Several factors explain this extraordinary rate of growth.
During the 1970s, CDP grew at an annual rate of about 10% and an
elasticity of 2.0, which is normal for most developing countries. There
has been rapid growth in the number of domestic consumers :onnected to
the grid though real prices of electricity declined, which lead to very
high growth rates.

Previous Forecasts of Electricity

3.38 Various electricity forecasts have been prepared in the past,
including one prepared in 1978 by consultants. 2I The consultants
investigated trends using an analytical method and tried to match elec-
trical consumption with economic factors such as industrial production
and GDP. However, previous forecasts were based on a simple exponential
model that was somewhat modified to account for large industrial loads.
Its minimum forecast of generation was close to actual generation (Annex
6). However, early econometric models all showed a slower growth which
gave a generation requirement that was about half of what actually was
generated in 1984.

3.39 In early 1984, the Ministry of Electricity and PEE prepared a
new forecast using the exponential model. The forecasts used average
growth rates, which in 1983 were still high and considered generation
only, which was distorted by the high growth rate of losses. The fore-
casts assumed (1) a continued growth rate of 19Z for its "high forecast";
(2) a decrease by 1% annually, starting in 1983, under its "medium"
assumption until it reached 9S in 1993; and (3) a decrease by 2% annually
under its "minimum" assumption until 7% is reached in 1989. The study
then concentrated on the medium forecast for defining a development
scheme in generation. This forecast is shown in Annex 6 for the period
until 1990. PEE has prepared a revised forecast in 1985 with lower
figures for 1990 (shown in Table 3.10).

Analysis of Electricity Demand

3.40 Two electricity demand alternative forecasts will be developed
and analyzed in this section. Both take saturation effects into consi-
deration, which exponential models do not. Alternative 1, or the "high"
forecast, is based on a moderate reduction of losses, no significant
price increases and steady growth in consumption per consumer and
significant additions to demand from large pumping schemes. Alterna-
tive 2, the "low" forecast, assumes slower growth in the household,
commercial and industrial sectors due to major price increases. The
forecasts are discussed and analyzed by consumer category.

2/ Etude G4n4rale du developpement de la puissance electrique et de
l'interconnexion avec les pays voisin; Sofrelec Janvier 1978. The
study, which also comprises a gas study, constitutes a combination
of various studies financed under IBRD Loan 1194-SYR.
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3.41 Access to electricity in Syria, according to PEE, has grown
rapidly from 58X to 88X in the last 10 years, as shown in TabLe 3.6.
These figures indicate both those who have connections and those who
could connect but the actuaL percent of the population that is connected
is somewhat lower (possibly 10-15Z).

Table 3.8: ACCESS TO cLECTRICITY
(S of population which has connected

or which could be connected)

Year Urban Rural Total

1970 100 6 53
1975 100 16 58
1980 100 50 75
1985 100 76 88

3.42 PEE has about 1.6 million connections in 1984 compared with
0.56 million in 1974. The average growth rate of consumers of 11.1Z is
impressive and must be due in part to the rural electrification pro-
gram. No statistics, however, are available to assess the contribution
of the rural areas to the increase. Unfortunately, because domestic and
comaercial consumers form one tariff class, no information is available
on their separate levels of consumption.

3.43 The number of domestic and commercial consumers has also been
growing rapidly, at a rate of 6Z between 1980 and 1984. This means that
out of the 16.6Z growth rate in consumption, a large fraction was due to
the addition of new consumers. The remaining growth of about 5.6Z has
come from increases in consumption per consumer due to rising incomes and
falling real electricity prices.

3.44 The trend in consumption per consumer is likely to continue in
the absence of major changes in electricity prices. Since fewer small
consumers are expected to be added in the future, compared with the past,
this growth rate may be higher in the future. On the other hand, income
growth in the future may be lower. The growth of electricity consumption
per consumer is estimated to be around 5-7Z (similar to PEE projec-
tions). Income elasticities of consumption per consumer with respect to
GDP per capita are estimated to be greater than one (see Annex 5). If
electricity prices are increased significantly in real terms (e.g. a 75Z
increase above the rate of inflation), consumption per consumer is
expected to reduce growth 1-3% per year. This is based on price elas-
ticities of between -0.1 to -0.3. Thus, the overall growth in con-
sumption per consumer, combining income and price effects, indicates a
growth of 4Z per year if prices are increased. The income and price
relationships discussed here illustrate the approximate impact of price
and income changes. Clearly, more detailed investigation of these
relationships is warranted.
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3.45 To project consumption in GWh for the country, the next step is
to forecast the growth in the number of consumers. Lack of detailed data
makes this difficult, but the rate of electrification has been high and
it must slow down in the next decade. The rate of growth in number of
consumers is estimated by assuming that about three-fourths of the
1.413 million consumers within the class are domestic (as stated by PEE),
or about 1.06 million out of a total of about 1.53 million occupied
households in 1983. The number of domestic consumers presumably refers
to registered consumers. Since losses are partly due to unregistered
consumers the number of registered consumers may rise significantly in
the next few years as the number of unregistered consumers are reduced.

3.46 By combining the forecasts of growth in consumption per con-
sumer with the forecasts in the growth in the number of consumers the
total demand for Alternative 1 (high) forecast and Alternative 2 (low)
forecast for the domestic and commercial category is obtained. The
results are shown in Table 3.7. Both forecasts assume 95Z electrifica-
tion of households by 1995. Alternative 1 assumes that consumption per
consumer will grow at 6% p.a., households will grow at 4Z p.a., commer-
cial consumers will grow at 6Z p.a., and has a rapid growth in the number
of registered consumers as losses are reduced. Alternative 2 assumes
that higher prices and possibly slower income growth will lead to a 4Z
p.a. growth in consumption per consumer, while the number of household
and commercial consumers will grow at the same rate as in Alter-
native 1. Alternative 2 demand is lower only due to assumed affect of
price increases and doesn't take into account policy factors such as
Lower household or lower income growth. These forecasts provide a range
of uncertainty regarding demand growth. Alternative 1 (high scenario)
has an average growth of about 13% and the Alternative 2 (low scenario)
has a growth of about 10% between 1983 and 1995.

3.47 Analysis of the growth of electricity demand in the large
industrial sector indicates that there is low price elasticity, at least
when relatively small electricity price changes, such as those in the
past, are considered. There are very few large industry consumers (the
total number for 1984 is low, only 28), but they account for nearly 27%
of all electricity sales. Consumption by larger industries has grown at
an average rate of 18.7Z for the period 1974-84, although its
contribution to GDP over this period has declined from 23.6% to 16.5Z.
The elasticity of GDP to manufacturing is estimated at 2.4 and electri-
city consumption to manufacturing at 4.0, indicating the power intensity
of present manufacturing activity. Plans for large industrial projects
in the future indicate a slower growth than the past but an increase is
projected in the growth of smaller manufacturing industries. Assuming
some improvements in efficiency of electricity use by existing industry
and a slower elasticity of large industrial consumption to GDP, the
growth rate of electricity consumption by the industrial sector is
expected to decline.
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Table 3.9: DOMESTIC AND CCMERCIAL ELECTRICITY DEMAND GROWTH

1983 1990 1995

I. Alternative 1 - High Demand
A. Number of Households,

4% p.a. (millIon) 1.525 2.0 2.43
B. S Households

with Electricity 69% 90% 95%
C. Number of Oom + rCa

Consumers (million) 1.413 2.34 3.03
D. Consumption per

Consumer, 6-6.5%
p.a. growth (kWh/yr) 1,155 1,736 2,324

E. Total Consumption (GWh) 1,632 4,491 7,809

II. Alternatlv 2 - Low Oemand
A. Number of Households,

4% p.a. (million) 1.525 2.0 2.43
D. S Households

with Electricity 69S 89% 95%
C. Number of Dom + Cor

Consumers (million) 1.413 2.34 3.03
D. Consumption per

Consumer, 4% p.a.
growth (kWh/yr) 1,155 1,520 1,850

E. Total Consumption (GWh) 1,632 3,930 5,977

3.48 Consumption of electricity in the agriculture sector is very
low as most of the lift irrigation pumps are diesel operated. As rural
electrification programs cover wider areas, there will be a shift from
diesel engines to electric motors. In addition, if the large pumping
schemes being planned are carried out on the Euphrates and Tigris (for
irrigation of nearly 640,000 hectares) then the agricultural pumping load
may be as high as 300 MW (about 1,000 GWh) over the next five years.
This load is combined in the industrial consumption category. This
industrial and agricuLture growth is estimated to be 13.6X to 1990 and 9X
between 1990 and 1995. Government electricity consumption is assumed to
grow at a rate of 9.3% p.a.

3.49 When the projections of the four categories are combined the
forecasts are obtained. Both forecasts assume GDP will grow at 4.7% p.a.
from 1983 until 1990 and 5.12 p.a. until 1995. Alternative 1 (high
forecast) assumes that there will be no change in real electricity
prices, i.e., that prices will only be increased with inflation. Because
of the distortions that have been caused by the losses, sales trends were
established instead of generation trends and a gradual decline in the
growth rate was assumed; until 1991, an average total growth rate of 9.5%
is projected. Losses were assumed to decrease moderately from the
present 29% to 23% by 1990 and 20% by 1995. Alternative 1 assumes some
of these "losses" are unregistered consumers who became registered
consumers; it also assumes a steady growth in consumption per consumer,
industrial consumption and electricity for large pumping schemes. This
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forecast was designated the base case (shown in Annez 7). The
Alternative 2 Forecast assumes losses (non-technical) are further reduced
to 22Z by 1990, that prices are increased substantially (75Z in real
terms) resulting in lower consumption per consumer. It also assumes that
due to energy conservation measures and higher tariffs, specific energy
consumption in the industrial sector would be lower. The forecasts in
GWh are:

Table 3.10: ELECTRICITY FORECASTS
(GWh)

SaleOs
Dom b Com Industry Govt. Total Losses Generation

1983 1,632 2,211 432 4,275 1,943 6,218

Alternative 1 - High

1m90 4,491 5,523 793 10,807 3,228 14,035
1995 7,809 8,350 1,249 17,408 4,461 21,869

Alternative 2 - Low

990 3,930 4,789 793 9,413 2,781 12,194
1995 6,213 7,036 1,249 14,495 3,623 18,118

PEE Forecast
1990 5,017 6,485 913 12,415 3,502 15,917
1995 9,914 11,257 1,804 21,975 5,494 27,469

3.50 Much work remains to be done on power demand forecasting in
Syria. PEE should have consultants to overcome its present lack of in-
depth forecasting efforts and improve statistical data collection. It is
extremely important to improve forecasting accuracy since the power
sector requires substantial financial resources. Policies and options in
the power sector are discussed in Chapter VI.

Energy Supply and Demand Forecasts for 1990 and 1995

3.51 Based on the sectoral growth rates and elasticities as dis-
cussed above, energy balances have been prepared for the years 1990 and
1995. For both these forecasts, it has been assumed that Syria will
undertake an accelerated program to develop gas reserves, that gas will
play an important role in meeting Syria's energy needs and that gas
production will be at a rate of 2.0 to 2.525 million toe by 1990 and 4.4
to 4.7 million toe by 1995 (discussed in Chapter IV). In addition, oil
production is expected to go up to 12.00 million tonnes by 1990 and to
13.5 million tonnes by 1995 as a result of steps taken to sustain pro-
duction in the Northeast oil fields, the new discoveries at Thayyem and a
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larger exploration effort. Net crude exports are estimated at 1.7 mil-
lion toe in 1990 and 2.2 million toe in 1995. Refinery throughputs have
been restricted to 10.3 million toe in 1990 and 11.3 million toe in 1995
for optimization of foreign exchange earnings from crude import/ezport
and product import/export. It is also assumed that cracking facilities
are installed at Banias to optimize middle distillate output- This is
discussed in detail in Chapter V.

3.52 On the demand side, Table 3.10 summarizes the consumption of
commercial energy on a sectoral basis for the years 1983, 1990 and 1995
and the anticipated growth rates.

Table 3.11: COIMERCIAL ENERGY CONSUrTION
('000 too)

1963 1990 1995

Domestic Sector 1,807 (4.8) 2,541 (5.4) 3,304
Industry 1,597 (7.1) 2.595 :9.9) 4,214
Agriculture 514 (4.0) 675 (4.8) 855
Transport 2,049 (6.0) 3,080 (6.0) 4,118

Total 5,967 (5.9) 8,891 (7.0) 12,491

3.53 The net domestic consumption of energy is ezpected to increase
from 6.0 million toe in 1983 to 8.9 million toe in 1990 and 12.6 million
toe in 1995 (an average growth rate of 5.9Z for the period 1983-90 and
7.OZ for the period 1990-95). The reason for the anticipated higher
growth rate for the period 1990-95 compared to 1983-90 is mainly
explained by (1) energy conservation measures and price increases having
strong impact over the next five years; (2) operating present plants at
higher capacity; 3) higher GDP growth due to improved oil production; and
(4) less energy-intensive industry for the sixth plan as compared to the
seventh plan.

3.54 The combined supply and demand scenarios described above are
combined in the energy balance for 1990 (Table 3.11) and for 1995
(Table 3.12). It is important to note that the assumed accelerated
development of gas, combined with modifications to the Banias refinery,
produce a situation where the massive and uneconomic surpluses of fuel
oil in 1983 are reduced substantially in both 1990 and. 1995. Electricity
demand projections follow the Alternative 2 scenario, which assumes major
increases in electricity prices.



Tabl.e 3.12: ENETCGY BALANCE FOR 1983
(Thousand TOE)

Vear-1983 Primary Energy Petroleus Products
LIecl- Line

Crude Oil Gas Coal iydro Nuclear ricity L.P.G. Naph/laso Jet/Kero Diesel Fuel Oil Other Total Totals

Gross Supply
Production 9489 0 540 9029

Production, Sy Light 0

Imports 6307 4 6311
Primary Exports 5487 5487

Stock Changes -14 -14
Total Available 9295 0 4 540 0 9839

Conversion:
Petroleum Refining -8908 0 113 1344 426 2434 4007 594 8909 0

Power Generation 0 -540 1810 -314 -956 -1270 0

Conversion Losses -387 -1170 0 -1557
Trans/hist Losses -164 0 -164

Available for Consumption 0 0 4 0 0 476 113 1344 426 212u 3051 584 7638 Bile

Secondary Supplyi
Secondary Exports -8 -99 435 -62 -398 2116 8e 2091 2073

Bunkers 0 0
Total Domestic Supply 0 4 484 211 909 488 2518 935 496 5557 6045

Consumption by Sector
Daoestic and Coemercial 152 211 239 1205 1655 1907
Agriculture 60 454 454 514

Industrial 0
Cement 51 Is 476 494 545
Fertilizer 35 195 I 65 263 290
Nanufacturing 4 174 110 399 30 529 707
Extraction 12 35 35 47

Transpart 714 274 669 6 386 2049 2049
Total Domestic Consumption 0 4 484 211 909 513 2494 936 416 5479 5967

Increase in Stock 0 0 0 -25 24 -1 80 79 78



Table 313: ENERGY BALANCE FOR 1M90
(Thousand TOE)

Trar - 1990 Primary Energy Elec- Petroleum Products Line
Crude Oil Gas Coal Hydro Nuclear tricity L,P.G. Naph/Caso Jet/Kero Diesel Fuel Oil Other Total Totals

Crobs Supply
Production 0 000 2,050 702 10,752
Produclin, Sy Light 4,000 4,000
imports 6,300 5 6.,30
I'riaarV lExports 6Q000 S,000
Stock Changes 0

lOtdl AVdilb0e 10,300 2,050 5 702 13,057

Wiuavel bionl;
lI,ulouI#"uM I4uli iliI| -9740 -270 U 541 2,059 1,11 2,707 2,902 663 10,010 0
l'owur Cuuiur dl i ,il -1,069 -702 3,363 -100 -1,472 -1,572 0
Convarsion Loua.u -560 -2,327 0 -2.391
r,dnbs/iM *1 10oMu. -220 0 -2m

Avdildbld tur Conumplion 0 691 5 0 0 606 541 2,059 1,11 2,607 1,430 613 8,430 9,942 w

Second.iry Supply:
Secondary Cxport, 0 0 9816 606 -1,00S 264 200 1,051 1,051
Bunkers 0 0 0

lotal Ocoebtic Supply 691 5 SW 541 1,013 512 3,612 1,116 483 7,.37 1,91

Cu4su41PItlot by Sel.u1
Uaoestic dnd Comwrcisl 314 541 100 1,566 2,207 2,541
Agriculture lb 590 590 675
Industrial O
Cimnl 325 66 39 o9 35 434 us
FdrtlIlier 366 45 0 0 62 62 473
Ndnulacturing 5 260 200 726 40 gm 1,231
Entraction to 48 48 6

Transport 1,073 412 1,118 9 406 3,000 3,000
lulal Domelic Conbumption 691 5 W6 541 1,073 512 3.612 1,166 463 1,107 6,31

lie,-u.s_ li SI..uk 0 0 0 0 0 0 0 0 0 0



Table 3,14; EIEROT CAIANCE IOR 1995
(ihouSlnd IOE)

Ydr - 1990 Primary Energy Elec- Petroleum Products Line
Crude Oil Gas Coal Hydro Nuclear triclty L.P.G. Naph/Gaso JetAer. Diesel Fust Oil Other Total Totals

Cross Supply
Production 8,000 4,363 945 13,360
Production, Sy Ligiht 5,500
Imports 6, 30 20 6,30
Primary Exports 8,b0 3,500
Stock Changes 0

loldil AvulIble 11,300 4.303 20 945 IO,

t'u,vet ,lncm:
fl'tioleum HallnlinillI - U,69; -41d 0 705 1,24; I,22 2663 3,304 752 11.110 0
i'c.wur Geriueit ion -2,064 -945 4,542 0 -1,513 -1,513 0
Convursion luusa -0ba -3,002 0 -3,610
IrdnujUiMt. Iwxuw, -306 0 -308

AvdildblI lu, Cfur WmI.liun 0 1,8OI 20 0 0 1,232 705 2,241 1.22 ?Y663 1.191 752 9.597 12.710

oscoEud.ry baupply:
Svwonddry I xporl-. 0 0 812 63?; -1,714 416 73 219 219
Ifunklr'. a 0 0

luldl DuD"Olic Sulyily 1,861 20 1,232 705 1,429 593 4.597 1,37S 679 9.375 12,491

UL:ubumpt ioi by Sec lo
Liojustic na Cjmuwcicl 803 WS lob U 1,9"8 2,693 3,304
Agricullure 106 749 749 a5S
liiduslrlil O
Cemnt 650 66 33 360 413 1,129
FerlIliiur 732 90 0 0 120 120 942
Manutacturing 396 20 412 32? 654 49 1.225 2,053
Extrdctlon 50 60 60 90

Iransport 1,429 593 1.445 21 630 4.116 4,116
Toll Dome1tIC Cum.!um".1u1 1,861 20 1,232 705 1,429 593 4,597 1,375 619 9,378 12,491

lltcredbe In Stock 0 0 0 0 0 0 0 0 0 0
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Notes on 1983 Energy Balance

- Source is Ministry of Petroleum and MineraL Resources (MPMR),
units are thousand tonnes oil equivalent.

- Refinery fuel is considered as fuel oil consumption in con-
version losses (this figure is about 133. Fuel figures are
much higher, near 400, according to data from refineries).

- Transmission and distribution losses for electricity in the
balance are from PEE and are 35,000 toe higher than MPMR
figures.

- Naphtha exports in the balance are 435,000 tonnes, which
matches CBS statistics,, whereas MPKR figures show 220,000
tonnes of this as stock increase.

- The implied conversion efficiency in electricity is 35.4Z; this
appears high. The reason for this is unknown.

- Hydroelectricity is converted at a rate of 4000 kWb - 1 toe.

Notes on 1990 Balance

- Gas production is up to 2.050 million toe with 0.27 million toe
of this as LPG.

- Transmission and distribution losses are assumed to drop to
23Z. Conversion efficiency in electricity is 30.8Z.

- Output of refined products assumes that the Homs refinery is
running on 50Z Souedie crude/50Z light crude at a throughput of
5.4 million tc,nnes/yr. Banias refinery is assumed to have a
throughput of 4.73 million tonnes/yr of ligbt crude (such as
Kirkuk) and a new FCCU (1.1 million tonnes of fuel oil feed).

- GDP growth is assumed to be 4.7Z/yr from 1983 to 1990.

- Figures are based on Alternative 2 electricity demand (which
assumes higher electricity prices and lower demand). The
changes in the balance, in thousand toe, using the higher
Alternative 1 electricity demand figures are: gas production
(2,525), gas in power generation (-1,564), electricity
generation (3,838), electricity losses (-2,655 for conversion,
-272 for transmission and distribution, electricity consumption
and supply [911 total, with changes in domestic and commercial
(321), agriculture (135), manufacturing (326)J. Total doa-3stic
consumption changes to 8,994.



- 36 -

Notes on 1995 Energy Balance

- CDP is assumed to increase 5.lS/yr from 1990 to -1995.

- Gas production is assumed to go up to 4.738 million toe of
which 0.418 toe is LPC.

- Refinery output assumptions are the same as for 1990 except
that an additional one million tonnes of light crude will be
run at the Banias refinery.

- Overall efficiency in the power sector is assumed to be 33.9Z.

- Figures based on Alternative 2 electricity demand. The changes
in the balance, in thousand toe, using the higher Alternative I
figures are: gas production (4,738), nuclear supply (550), gas
in power generation (-2,459), electricity generation (5,467),
electricity losses (-3,624 for conversion, -405 for trans-
mission and distribution, electricity consumption and supply
[1,438 total, with changes in domestic and commercial (663),
agriculture (212), manufacturing (377)1. Total domestic
consurpLion changes to 12,697.
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IV. PETROLSUK AND CAS SeO - ISSUES AND OPTIONS

Oil Production Strategy

4.1 The major oil fields operated by the Syrian Petroleum Company
(SPC) have been producing for about fifteen years, and many are well past
their peak. Production from the major producing horizon of the Souedie
field declined from about 8.3 million tonnes in 1976 to 6.2 million
tonnes in 1984, and could drop to 5.8 million tonnes in 1985. In addi-
tion, the water cut increased to more than 43X in 1984. The condition of
the Karatchok field is similar but not as dramatic.

4.2 Despite these trends, the fields are not yet approaching deple-
tion. On the contrary, considerable reserves could be extracted from
Souedie, Raratchok and the small but numerous oil accumulations in the
RumeiLan and Jebisse regions. The oil produced so far from the two main
reservoirs in Souedie and Karatchok is about 12% of the estimated
original oil in place. With proper equipment and techniques, supported
by laboratories and computer facilities for detailed studies, such
reservoirs could yield more than twice what they have produced so far.
Hence, with additional technical inputs, it is possible to arrest the
production decline and reverse it within the next four years.

4.3 SPC is operating very complex fields in a very remote and
inhospitable environment. The company has operated well, particularly
considering the limited access to foreign exchange and the use of old
equipment and services. However, the technical staff of SPC has been
isolated from the advancements attained in the international petroleum
industry over the past fifteen years, and many of the practices and most
of the equipment is obsolete. The challenge which faces SPC is to take
bold steps within the next few years to modernize the oil field
equipment, rehabilitate surface facilities, improve drilling and
completion efficiencies and launch initial reservoir studies.

4.4 Considering the complexity, varied lithology and large area of
the main reservoirs in Souedie, Karatchok and Jebisse, the well spacing
is too wide (averaging more than 30 hectares per well). This condition
is compounded by water breakthrough in many producing wells. Such
massive reservoirs should be considered as different, often disconnected
vertical and lateral units. Hence, their development schemes and well
spacing should correspond to the reservoir characteristics. The present
wide spacing, while allowing low unit production costs in the short term,
may actually result in the bypassing of some oil and reducing of the
ultimate recovery from the oil reservoirs in the long term.

4.5 Field surface facilities are old, and equipment and methods to
measure the flow of oil, gas and water are in many cases outdated and
inaccurate. Flow lines between wells and gathering stations are often
too long, imposing back pressure on the welLs (particuLarly in the winter
season, when oil viscosity increases). In Souedie, some 55 wells are
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reported to have collapsed casings. Many wells in Raratchok have no
proper cementing behind casings. A major campaign is needed to rehab-
ilitate the fields (surface and subsurface). For this SPC may need to
mobilize service contractors and purchase the necessary equipment.

Heavy Oil and Enhanced Recovery

4.6 Many of Syria's oil fields are heavy oil deposits (see Annez
31. Reserves in the large Karatchok field alone account for 163 million
MJ (22Z) of the total heavy oil reserves in the country. The rest of
these heavy oil reserves are distributed among Siwelve other fields with
oil in place, ranging in size from 2 million m to 256 million m3 for
each field in the undeveloped Zouraba and Said structures. The oil
gravity ranges from 12- to 20- API and the depth of the producing horizon
ranges from 600 to 2,500 meters. The recovery factor for primary
production is estimated to be about llZ on average. In some cases, the
oil concentration per unit of rock volume is too low (Tichrin field) or
the oil zone is too deep for economic thermal recovery processes. In
addition, many of the accumulations are small and scattered over many
isolated areas where little or no infrastructure is available. However,
the voLume of reserves, particularly in the large oil fields, would
justify cOh 4 ting an extensive study of possibLe Enhanced Oil Recovery
(EOR) processes. The prospects for improving the recovery efficiency
from heavy oil accumulations are very encouraging, but field-wide
applications could take up to five years to complete so that appreciable
increases in production would not occur before seven years.

Unit Costs and Investment

4.7 SPC has managed to keep the cost of its operations remarkably
low. In particular, the exploration, drilling and production costs are
far below comparable international standards. This in itself is an
indication of the efficient management at the headquarters and districts
and shows a commitment of SPC staff towards cost effective operations.
On the other hand, low costs reflect some of the following:

(a) Inadequate investment in renovations, rehabilitation, support-
ing services, studies and research;

(b) Continual use of equipment beyond its useful economic life,
resulting in slow drilling times; and

(c) Low level of investments in exploration work, and in developing
the producing oil fields, particularly Souedie and Karatchok.

4.8 Most of the equipment and surface facilities in the SPC fields
is outdated, and many of the drilling rigs are more than fifteen years
old (many are 1950s and 1960s vintage). Drilling costs are quite low
(less than SL 1,000 and 3,000 for development and exploration drilling,
respectively), but the time needed to drill a 700 meter development well
is 15 days and for a 2,000 meter well average time is 22 days. The time
needed to drill increases to as much as 45 days for complicated wells and
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for some difficult 4,000 meter wells, the drilling time could be almost
one year. These time fraumes are longer than industry standards.
Improvements of 20X to 30X can be achieved with new equipment. Most of
the drilling rigs lack mud logging services, power tools, automatic
drillers and monitoring devices. Formation logging tools and evaluation
tools are outdated and modern logging and computer evaluation is seldom
used. Surface facilities need considerable redesign and renovation.
Supporting services such as laboratories (mud, cement, core, etc.),
reference and periodical libraries, and computer centers need to be
established or enlarged to support the SPC's expanding activities. Such
additional investment in equipment and support services will improve
efficiency and further reduce costs in the long run. SPC management is
well aware of these prospects; however, the limited availability of
foreign exchange and limits on new investments prevent SPC from taking
full advantage of them. (Detailed investment plans are given in Table
g.1.)

Recowmendations on Oil Production

4.9 Maintaining production in the old oil fields should be a top
priority. The complexity of the major reservoirs in Souedie and
Karatchok and those in the small fields of the northeast cannot be over-
emphasized. The density of the producing wells has been rather low.
Several urgent steps are required to increase ultimate oil recovery and
prevent production declines. Investments on the order of $80C-900 mil-
lion are expected to contribute to oil reserves and production worth a
discounted present value of $2 billion or more, assuming constant real
oil prices.

4.10 Recommndations are outlined below:

(a) SPC has launched a program of development drilling during the
last four years. The sixth five-year plan calls for drilling
some 350 development wells. Considering the wide spacing of
the wells, (particularly in Souedie and Karatchok, Masif and
Jbeseh Jeribe) this development effort is not sufficient to
address reservoir complexities. The planned development effort
should be doubled if the SPC objective is to arrest the decline
in production or increase the production and improve recovery
from the old fields.

(b) In order to adequately support this development effort numerous
studies are required on: the performance of various reservoirs,
the optimization of recovery, enhanced recovery for heavy oil,
surface facilities design, and restructuring, etc. (SPC has
included all the studies in its plan.) Priorities need to be
clarified, focusing on production from large accumulations
rather than smaller fields.

(c) An intensive training program and supporting laboratories and
services are required.
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Hydrocarbon Exploration

4.11 Since its formation in 1958, SPC has grown in size and maturity
and has developed capabilities for carrying out all exploration activ-
ities by itself, including service data required, data processing and
drilling. While some use has been made of Western equipment and tech-
nology, most of the technical advice and equipment has been provided by
the USSR. In the mid-1970s SPC realized it could not explore for new
prospective areas and simultaneously handle increasingly complex pro-
duction operations. Consequently, international oil companies were
invited to enter into production sharing contracts in the central and
southeastern part of the country. Contracts were concluded in rapid suc-
cession with Shell-Pecten, Tripco, Marathon, Samoco, and Chevron (all
USA). Exploration contracts are based on the Egyptian model, in which
oil production contractors receive 25Z of profit oil, after cost
recovery. For gas, the contractor must consider all gas utilization
options and decide on the best alternative for the contractor and SPC
jointly. If gas is sold for export the contractor receives the same
terms as for oil. If the gas is not exported it becomes entirely owned
and utilized by SPC.

4.12 At present, about 50% of the total land area is covered by
production sharing contracts. A recent discovery by Shell-Pecten will
probably heighten interest in other parts of Syria. Marathon Oil has
discovered two gas fields and their contract is due to expire in 1987.
Civen the pragmatic attitude of the Government of Syria, additional
production sharing contracts may well be concluded in the near future.

4.13 SPC explores in almost all areas not covered by service con-
tracts. Its operations include two seismic parties which, over the last
six years (1979-1984), averaged 1,100 km/year or 90 km/month. Operations
are made difficult by the lack of spare parts. SPC urgently needs modern
equipment as work is now directed towards smaller and more complex pros-
pects.

4.14 The company operates ten exploration drilling units which are
completing about 40 wells per year. Again, this slow progress is due to
lack of modern equipment and spare parts. Drilling remains concentrated
in the northeast, although intermittent operations take place in the
Aleppo/Palmyra areas. To date SPC has profiled in excess of 32,000 line
kilometers of seismic which supported the drilling of about 100 pure
exploration wells.

4.15 SPC's planned exploration investment for 1985 is SL 222 miLlion
($55 million), although 40 exploration and delineation wells are expected
to be drilled in 1985. Seismic effort for 1985 is anticipated to reach
3,600 line-kilometers, in addition to lines shot by foreign companies
(foreign companies shot less than 2,000 line-kilometers in 1984).

4.16 The extent of several large fields in the northeast is not yet
known although there is evidence that Souedie and perhaps Karatchok are
combination structural/stratigraphic traps. There appear to be many
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indications of satellite structures between the major fields, but none of
these have been explored systematically. A regional geochemical/geolo-
gical/geophysical compilation is needed. SPC should embark on a comprc-
hensive geological assessment of the entire producing areas incorporating
all available seismic/sub-surface data.

SPC Exploration PLans, 1986-1990

4.17 SPC has relatively ambitious plans for the coming five years.
Seismic acquisition will increase to three parties; a total of 17,000
line kilometers will be profiled. The company will acquire new equipment
and expand its processing facilities. Of the total acquisition only
about 800 km, or 4X, will be acquired in the northeast. The bulk of the
acquisition will be in the Jebel Arab area (6,700 km or 39Z), in the
Aleppo/Palmyra area (5,800 km or 34Z) and in the western/northern part of
the country (3,700 km or 22Z). Of this effort, about 8,000 km will be of
a regional nature while the balance will be more detailed.

4.18 The 1986-1990 plan calls for the drilling of 100 exploration
wells, 80 of which will be located in the northeast and the rest dis-
tributed over the Aleppo area, the Palmyrian, and perhaps the Jebel Arab
area.

4.19 According to historical costs provided by SPC, exploration
expenditures for the above five-year program would be around $220 mil-
lion, or $40-50 million/year. A more realistic figure would probably be
$50-60 million/year. SPC expects tc find sufficient oil reserves in the
northeast to maintain production at its present level for some years to
come. Exploration drilling will concentrate on evaluating eztensions to
existing fields and testing small satellite structures. In addition,
exploration will be directed towards small subtle structures between
producing trends for which there are many indications.

4.20 In the Palmyra area efforts should focus on structural trends
where gas accumulations have been discovered. Determination of drillable
prospects will be made on the basis of available seismic and surface
geology; only 400 km of additional seismic acquisition is planned here.

4.21 Activities in the Jebel Arab area and on the Aleppo high are
mainly limited to inventory prospects. In the Aleppo area expectations
may be low, while the Jebel Arab area could be described as having high
risk and medium potential.

Recomendations on Hydrocarbon Exploration

4.22 SPC's present five-year exploration program could be better
balanced. Recommendations on how to improve this balance are given
below:

(a) There is insufficient seismic data in the areas where the bulk
of explorati3n/delineation drilling will be carried out.
Seismic operations should incLude at least 4,000 kilometers
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over the next five years in the northeast instead of the
original planned level of 800 kilometers. There should also be
a corresponding decrease in the Jebel Arab/Aleppo areas.
Consideration should be given to acquiring some 3-D seismic
data.

(b) SPC's study/evaluation effort should be increased to include
regional geochemical studies, evaluation of Paleozoic pros-
pects, etc. These studies should be assisted by consul-
tants/contractors where feasible.

(c) SPC needs to update its seismic and drilling aquipment. Up-
dated equipment wilL result in faster drilling progress; the
time gained should be deployed for additional exploration and
delineation drilling in the producing areas and drilling for
key tests in new geologic plays, particularly the Paleozoic.
The size and scope of these programs is the maximum SPC can
undertake efficiently.

5d) Additional exploration/operations in Syria could be achieved
with contract drilling and contract seismic in certain selected
areas.

Ce) A regional resource appraisal should be undertaken for optimm
planning of seismic operations. The results would assist in
realigning the seismic acquisition programs. Resource
appraisals should be carried out on a continuous basis. Civen
a prospective ranking of the various geological plays, an effi-
cient country-wide drilling program could then be developed.

4.23 With the above points in mind, the following is proposed for
SPC:

(a) Geological studies (1986-1987): to include a regional evalua-
tion of the Paleozoic source rocks including stratigraphic
development and geochemical analyses.

(b) Describe geological play areas operated by SPC and carry out a
resource appraisal using the RASP or expanded Nature model
(used by the World Bank and the InterAmerican Development
Bank).

(c) Geophysical operations: during 1986 and 1987 concentrate geo-
physical (seismic) acquisition in the producing areas of the
northeast (two parties). Acquire experimental lines in unex-
plored Jebel Arab (one party).

(d) Based on the results of the resource appraisal, determine a
seismic program for the remainder of the period.
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(e) During 1988-1990 one party should remain in the northeast and
two parties should operate in selected SPC areas as determined
from the geological ranking.

(f) Exploration drilling: provisions are made for ten drilling
units to drill 100 exploration wells under the five-year
plan. With the provision of new equipment, drilling time could
be reduced and at least half of the additional capacity should
be used for additicial exploration/delineation drilling in the
producing areas and drilling of key wells for Paleozoic
prospects.

4.24 The following consultants and expert services should be ob-
tained for executing the alternative exploration program.

(a) Foreign specialists in seismic acquisition should be contracted
for geophysical operations when operating in difficult areas.

(b) Geochemical consultants will be required to install new equip-
ment and train SPC geologists in the latest developments for
identifying source rocks and matching crude oils with source
rock extracts.

_c) Consultant services will be required to introduce the latest
processing and interpretation techniques. Seismic processing
should make increasing use of synthetic seismograms and
detailed interval velocity studies.

(d) Consultant services will be needed to evaluate the hydrodynamic
effects on a regional basis, close cooperation with geochemical
consultants is required.

Ce) In order to cope with the geophysical interpretational require-
ments, SPC should go ahead with plans to upgrade its field
equipment and therefore acquire a third seismic crew (vibro-
seis). In order to deal with the complex processing require-
ments, SPC needs to expand its seismic processing facilities.

The investments required to fulfill these recommendations are discussed
in Chapter IX.

Gas Production Strategy

Present Natural Gas Production Projects

4.25 During the last seven years, Syria has begun to focus attention
on natural gas development and utilization. In 1983 no gas was utilized,
but at present there are two firm gas projects. The first is a $60 mil-
lion project for collecting associated gas from Rumeilan oil fields to
recover LPG and condensate and to use the dry gas for power generation.
The plant, which was commissioned recently, handles 0.241 BCM/Y
(20 MMCF/D) of raw gas and produces 0.182 BCM/y (19 MMCF/d) of dry gas
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for electricity generation and 130 tonnes/d LPG plus 22.2 tonnes/d
sulfur. At present, some of the dry gas is flared, but by the end of
1985, rev power generating units will be installed and little gas will be
flared. Additional project details are given in Annex 8.

4.26 The second project, planned to begin in 1986, is designed to
pipe gas from the Jebisse field in northeast Syria to Homs in the west.
In an effort to expedite exploration and development of the gas reserves
in the Jebisse regior, the government of Syria signed an agreement with
Bulgar Geomin Company of Bulgaria in November 1982 to complete delinea-
tion of the gas structures, develop them and pipe the gas to the treating
plant in Jebisse. The duration of the agreement is 36 months from its
effectiveness date of April 25, 1985. The contract with Geomin is a
turnkey contract fer $185 million and the expected gas production rate is
1,700,000 m /d (±50 MMCF/D). In addition, a separate contract was signed
with a Czechoslovakian firm for $135 million to construct an LPC and
sulfur extraction plant and a 16"-350 kilometer pipeline to Homs (see
A7nex 8 for details). Repayment terms under the contract are complex,
e.ad it involves a barter agreement with exports of phosphates, textiles
and cotton from Syria to Bulgaria and Czechoslovakia. Based on these
cost figures provided to the mission (for production wells, gas proces-
sing and pipelines), the approximate cost of this gas delivered to Homs
is high at over $3/MCF.

4.27 The planned utilization of the gas is to replace the naphtha
used in tte fertilizer plant in Homs. The substitution value of the
naphtha to be reptaced by gas is estimated to be $4.84/MCF. The input of
naphtha for the design capacity of the fertilizer plant is 306,000 tonnes
per year. Plans are to use 0.45 BCM/Y (about 50 MKCF/D) of gas to
replace this naphtha feedstock and a small amount of fuel oil. However,
the fertilizer plant has been operating at only about 50Z capacity in
recent years, probably due to operational problems.

4.28 Total gas utilization from the two ongoing gas projects is
expected to be 0.63 BCMY (66 MMCFD) in 1987.

Potential Additional Gas Supply

4.29 Gas supplies are not limited to the Souedie and Jebisse areas.
The appraisal of gas finds and exploration for gas in the Palmyra region
should be a first priority, particularly if the volume of reserves fore-
seen and the prolific nature of the structures can be established. There
is tremendous scope for increasing gas production from these fields in
the Palmyra Basin, the potential of which has not been adequately
accessed so far. There also is scope for expanding the production from
the Jebisse area by about 0.5 BCM/Y. Associated gas produced from the
new oil discovery at Der-el-Zor, Thayyem Rutbah, is expected to produce
about 0.2 BCM/Y and possibly more from nearby structures (if it is not
all required for reinjection), and the potential supply of non-associated
gas in the Souedie area is estimated at 0.5 BCM/Y. Non-associated gas
has been distovered in the Palmyra Basin where at least 2.0 BCM/Y
(200 MMCF/D) could be produced by the early 1990s and possibly another
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2.0 BCM by the mid-1990s. The cost of gas from the Palmyra Bauin
delivered to Damascus is estimated to be less than $1/MCF, or one-fourth
of the cost of fuel oil. These large quantities of gas, at low cost, can
be utilized to advantage in power generation and industry. The potential
suppLy and cost of gas from various fields is discussed in detail below
and summarized in Table 4.1. An analysis of the potential supply is
followed by a description of the demand for gas by consumers in power and
industry.

Additional Gas from Jebisse

4.30 Additional supplies of gas through the Jebisse-Homs pipeline
are limited by the size of the pipeline. An additional comprepsor
station could double the capacity to about 1 BCN/y, but this is probably
the maximum capacity of the pipeline. One possible source of additional
gas for the present pipeline is 0.5 BCM/Y of gas from the Jebisse
field. Minimum reserve figures for the Jebisse area provided by SPC are
21 BCM. These reserves could support 1 BGN/y for 20 years, but addi-
tional supply depends on gas reservoir size, recovery factors, drilling
costs and well production Levels. Current information on these para-
meters is not available and more testing is required. Assuming that an
additional 0.5 BCM/Y could be produced from Jebisse, and production costs
would resemble those reported for the original Jebisse investment, the
delivered cost of the additional gas is estimated at $1.50-$2.00ICF
(based on rough estimated cost of US$12 million for compression,
US$18 million for treatment, and US$70-150 million for additional wells).

Associated Gas from the New Oil Discovery at Der-El-Zor

4.31 Although it is too early to know the exact gas production rate
and results of the 1984 oil discovery, tentative figures indicate
0.20 BCM/Y (20 MMCF/D) will be produced from Thayyem Rutbah. It is
likely that there may be additional gas in nearby structures, so possibly
0.35 BCM/Y could be available from the region. This gas is expected to
be rich in LPG and may be able to supply 100,000 to 125,000 tonnes per
year. Early planning could save gas from Thayyem Rutbah from being
flared, since the oil production will no doubt begin as soon as pos-
sible. This is low pressure gas, which indicates that utilization of the
gas close to the production site, probably for power generation, would be
desirable. The supply of this low pressure gas could be supplemented by
non-associated gas from Jebisse or Souedie to ensure stable production.
For this purpose an interconnection with the Jebisse/Homs pipeline under
construction now should be planned.

Non-Associated Gas from the Palmyra Basin

4.32 There is a tremendous potential to produce gas from the fields
in the Palmyra area. The exact production profile depends on how fast
full evaluation and development can proceed. It should be possible to
produce 1.3 BCM/Y by 1990 and 3.2 BCM/Y by 1995, equivalent to 1.2 mil-
lion toe by 1990 and 3.0 million toe by 1995.
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4.33 Gas discoveries have been made by SPC, Marathon and Shell in
the Palmyra region. Some 60 billion m (BCM) of gas reserves have been
identified, but their full evaluation has not been completed. The
productivity of discovery wells has been reported to be fair to good.
Past exploration work has been minimal, but there are indications of
numerous structural trends with large anticlinal features. This area,
located 60 kilometers from Homs, is highly prospective, and the geo-
logical reser3es of natural gas there are estimated to range from 60 to
230 billion m (2 to 8 TCF) of gas, or about 75-200 million tonnes of oil
equivalent. Well data indicate the production per welL could average
110-170 thousand cubic meters per day (4 to 6 MHCF/D), and one field at
least (Najeeb discovered by Shell-Pecten) could produce gas without any
treatment for removal of acid gases or recovery of natural gas liquid
required. In addition, the quality and pressure of raw gas from the well
test was fully up to pipeline and market needs. The minimum expectations
of gas from these fields gould support an annual supply of 2 BCM per year
for 20 years. This is not only a very practical and economic volume from
a production and pipe-lining standpoint, it is also the appropriate
volume which would readily be absorbed in the Damascus area by power
stations, industry, comerce and residential customers by the late 1980s
or early 1990s. Taking this volume as an example, it would displace some
1.7 million tonnes of petroleum products from the Damascus area, or 24Z
of all 1983 energy consumption.

4.34 An accelerated program of delineation and testing could allow
initial gas production to start in 1989 which could build up to a plateau
production of 2 BCM/Y by 1993. A second increment of supply might begin
production in 1993, increasing to 2 BCH/Y by 1995. Plateau production is
maintained for about 20 years, so total production in 20 years at 4 BCM/Y
is 80 BCM of reserves. This production profile is on the low end of the
likely reserves in the Palmyra area (60-230 BCM). Gas composition
figures indicate a rather low LPG content for Najeeb. Data is not avail-
able on the other fields, but if this low LPG content applies to the
other fields, the approximate LPG production from Palmyra would be around
40,000 tonnes in 1990 and 122,000 tonnes in 1995.

4.35 Approximate investment costs required to develop and pipe the
first 2 BCM/Y from Palmyra to Damascus were estimated. However, these
figures are only rough estimates so actual costs may be higher or lower.
Total investment cost assumptions to develop the first 2 BCM/Y are US$430
million (US$30 million for appraisal wells, US$200 million for developing
wells, US$40 million for processing and, US$160 million for the pipeline
to Damascus). The production cost based on these assumed figures is
US$0.70/MCF, or one-fifth the price of fuel oil (valued at US$3.50MCF).
The internal rate of return for gas valued at US$3.50/MCF is over 38% and
the net present value on the US$430 miLlion investment is more than
US$1.2 billion (at 10X). The costs of not proceeding rapidly with the
development are high and represent a loss of about US$150 million in
present value for each year of delay.



Table 4.1: POTENTIAL GAS SUPPLY IN SYRIA
iCas In units of billion cuble meters per year

(million cuble feet per day).
LPG In units of 1000 tons per year)

Status 2984/4% 1966 1967 19U 1989 1990 1991 1"92 1993 194 1995 2000

Associated Gas

1. Scuedle - Gas Producing 0.152 0.1O 2 0.162 0,182 0.182 0.18? 0.18? 0.1I? 0.1I2 0.1t2 0.1h2 0.162
(19) (19) (19) (29) (29) (19) (19) (19) (19) (19) (193 (59

- LPG 47,5 47.5 4715 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.5 47.S

2. Der-el-Zor - Gas Will be produced dith 0.08 0.17 0.25 0.34 0.34 0.43 0.43 0.43 0.4R 0.43
oil (9) (IS) (26) (351 (35) (45) (45) (45) 150) (45)

-LPO 29 42 91 125 125 155 255 155 160 155

Non-Associated Gas

Jebisse - Gas Under constructlo, - 0.256 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45
piped to Hbm5m- (26) (47) (47) (47) (47) (47) (471 (411 (47) 147) t471

- LPG primarily for fertlllier 13 22 22 22 22 22 22 22 22 22 22

Jebisse - Additional Potential-depending on 0.25 0.50 0.50 0.50 0.50 0.50 0.50 0.50
reservss and tests (26) (50) (50) (50) (50) 150) (50) (50)

-LPG 10 20 20 20 20 20 20 20

Palmyra BasIn - Gas Potential 1.0 1.30 2.7 1.9 2.0 2.0 2.0 2.0
(1001 (130 (1701 (190) (200) (2001 1200) (200)

-LPG 32 42 (56) 60 64 64 64 64

Additional from - Gas Potential 0.50 0.9 1.2 2.0
Palmyra Basin (501. (90) (220) (200)

-LPG 24 43 58 96

Souedlo - Gas Potential 0.5 O.s 0.5 0.5 1.5
(50) (50) (50) z00) (150)

-LPG 24 24 24 24 72

TOTALS - Gas 0.162 0.478 0.71 0.80 2.13 2.77 3.17 3.96 4.56 4.96 5.31 7.06
(19) (45) (75) 84) (220) (281) (321) (401) (462) (502) (536) (712)

- LPG from Gas 47.5 60.5 96 112 203 257 270 329 356 375 395 477

a./ Capaclty Is 0.511 CH4 per year, but annual througfput Is assumed to operate 330 days.
Source: sr and mission estloates.
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4.36 The above forecasts are based on conservative reserve estimates
of the Palmyra region but further delineation work is expected to result
in substantiaL additional reserves. In the second phase, possibly
2 BCM/y or more could be produced at unit costs similar to the first
phase of development from Palmyra. If gas reserves eventually prove to
be very large, export possibilities could be considered as well as
channelling the gas to meet the demand in the high priority domestic
market.

Non-Associated Cas from the Souedie Area

4.37 Additional gas could be produced from the Souedie region. This
gas is located farther from markets than the Palmyra or Jebisse gas but
there certainly is the possibility to supplement gas for the Jebisse-Homs
pipeline or generate electricity in the northeast. It is estimated that
about 0.5 BCMIY could be produced beginning in 1991. Cas composition
figures indicate that about 24,000 tonnes of LPC per year would also be
produced. The cost of producing the gas is estimated to be around
US$1/CF.

4.38 The total potential gas supply from all sources by 1990 is
projected to be 2.8 BCM, and supply 260,000 tonnes of LPG, as shown in
Table 4.1. This is equal to 2.5 million toe. By 1995, potential gas
production is projected to be 5.31 BC and production 395,000 tonnes LPC,
a total of about 4.7 million toe. These potential gas production figures
indicate what could be achieved if a large accelerated effort to develop
gas quickly was undertaken.

Demand for Gas

4.39 The utilization of gas in Syria is likely to be limited, not by
demand, but by the rate at which gas can be produced, as shown in Table
4.2:
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Table 4.2: POTENTIAL GAS PRODUCTION AND DEMAND

Potential Gas
Production Baso Case Fuel Demand in Million toe

(6CM) (Million Power Fertilizer Cement Domstic, Commerclal Total

Year toe) and Menufact'ring

1983 0 0 1.270 0.260 0.494 2.19 3.72

1990 2.8 2.5 2.2 to 3.1 0.473 0.725 t.5 to 2.6 4.9 to 7.13

1995 5.3 4.7 3.1 to 4.5 0.910 1.100 2.5 to 3.7 7.6 to 10.2

Note: Low fuel figures for pow r correspond to Alt. 2 electricity demand forecast whereas high
fuel figures correspond to Alt. 1 demand.

As shown, the demand for fuel (fuel oil, naphtha and diesel) in industry
is much greater than the supply of gas in the base case. In fact, the
power sector alone could utilize most of the gas produced until 1995.

4.40 The most efficient allocation of gas to its various uses is a
complez subject which depends on the value of the fuel displaced, loca-
tion of industry, conversion costs, and many other factors. The process
of developing an optimal gas development plan requires a full gas utili-
zation study in which supply, demand and price are simultaneously
analyzed. A gas utilization study therefore should be completed as soon
as possible. This report cannot do a full study but important points are
outlined regarding the value of fuels for which gas could be substituted
and the potential demand for gas in various industries.

4.41 The opportunity value of tne fuel replaced by natural gas
depends on the international price of the fuel, whether it is imported or
exported, and the specific use of the fuel. Approximate values are shown
below.
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Table 4.3: STRAIGHT SUBSTITUTION VALUES OF NATURAL GAS

Exported S ton S/MCF(CSI/miiIIon Btu)

Products FOB Italy Ex Banlas Ex Homs (Grons) (Net) a/

Fuel Oil 163 i5s. 151 4.07 3.90

Naphtha " 257 248 245 5.04 4.84

Wotan 5/T4CF (31/ml1lIon Btu)

Imported Imported Internal Cost

Products from Italy Distribution Total (Gross) (Net)

Gas Oil d 251 14 266 6.0 5.76

Kerosene e' 265 20 285 6.33 6.10

a/ Not Calorific values used for substitution value comparisons.

b/ 42 miIllion Btu/ton.

c/ I ton of naphtha replaced by 0.92 x 52.886 x million Stu (gross)

of natural gas In fertilizer production.

d/ 44 millIon Btu/ton (gross).
_l 45 miIlIon But/ton (gross).

Average Italian prices for the first half of 1985.

As shown above, the highest substitution values of gas, in order of

decreasing value, are kerosene, gasoil, naphtha and fuel oil. All equal

or exceed US$3.9O/KCF. Exact netback prices for gas may be somewhat
different after equipment conversion costs are included; clearly, the

largest potential volumes for gas substitution are fuel oil in power and

industry (as shown in Table 4.2). However, the most valuable uses are

for relatively small quantities of naphtha replaced in fertilizer

production and gasoil in other industrial and power uses. The process of

developing a plan for the most efficient use of gas must allocate gas

first to the highest value uses and then to lower value uses until the

marginal cost of supply equals the opportunity value of the fuel replaced

(including conversion costs).

Fertilizer Industry

4.42 The substitution value of gas for naphtha is estimated to be

US$4.84/HCF, which is higher than that for fuel oil (US$3.90/MCF).

Assuming that the fertilizer plant is economic to operate, a high value

use for gas is in fertilizer production. The Jebisse-Homs pipeline

capacity has been designed to meet the design capacity of the Homs fer-

tilizer plant, which has been running at '0 capacity in recent years.

If this low output continues into the future, excess gas may become

available in the next few years when the gas begins to be delivered in

1986. This excess gas could be used for power generation or for refining

in Homs.
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4.43 The demand for process steam at the fertilizer plant in Homs
(currently requiring approximately 280 tonnes of fuel oil day) combined
with the clear need for power in the plant and in the neighborhood of
Homs provides an opportunity to install a cogeneration plant to supply
both process steam and power. Natural gas is the ideal fuel for
cogeneration. In other, similar projects thermal efficiencies of around
75-0S have been achieved. The sizing and design of a cogeneration plant
should allow it to meet all the steam requirements not generated in the
plant processes. SurpLus electricity can be fed into the national grid.

4.44 The demand for fertilizer in Syria will probably exceed the
design capacity of the Homs fertilizer plant in 1988/89. The neighboring
super phosphate plant will reach the same situation about one year
earlier. At that time low cost fertilizer imports are likely to be
available from the Persian Gulf. However, if it is decided to construct
a new fertilizer plant in Syria, it should be located to take account of
natural gas feedstock.

4.45 Gas can be used for power generation in existing and proposed
power plants as well as gas turbines. However, the lowest cost elec-
tricity generation based on gas is provided by combined cycle gas
turbines. For a gas cost of US$3.50/MCF, the unit generation cost is
4.5cIkWh for combined cycle at 75% load factor. Combined cycle has a
lower cost than steam or gas turbine at both 50% and 75X load factors.
The conclusion, as discussed earlier, is that new electricity investment
should be produced from combined cycle based on gas. Since power demand
must be met before the gas can be made available, then installing gas
turbines (using distillate - naphtha or diesel) and retrofitting them to
combined cycle is the least cost option. For those steam plants running
or intended to run on fuel oil, retrofitting to gas where feasible is
desirable. The specific location, size, and fuel type need to be studied
within a least cost development plan as outlined in the power sector.
However, to understand the potential for natural gas utilization some
indicative figures for gas use in power have been estimated and are
described below (summarized in Table 4.4).

4.46 One BCM of gas by 1990 probably could be utilized in gas
turbines or combined cycle at Souedie, Der-el-Zor and Homs. Given the
urgent need for power, gas turbines installed in Homs could use
distillate until retrofitted to combined cycle, when additional gas from
the Jebisse-Homs line becomes available. Der-el-Zor associated gas,
supplemented with non-associated gas from Jebisse or Souedie, could also
generate power using gas turbines or combined cycle from the start.
Also, 1.3 BCM/y of gas from Palmyra could be used in the steam turbines
at Damascus which could be converted to use gas. By 1995, at least 2.2
BCM/y of gas could be generating electricity, primarily through combined
cycle turbines, and one BCM for steam turbine at Damascus.



Table 4.4: NATURAL GAS SLPPLY AND CONSLWTION - SYRIA - INDICATIVE FIGURES

VOLUMES IN N3 K 109 PER AIN

Project 1964/5 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000

A Existing and Under Construction

A I SOtJEOIE (Rromilan Complex)
Supply 0,182 0.182 0.182 0.182 0.182 0.182 0.182 0.182 0.182 0,182 0.162 0.182
Consumption - Power (CT) (0.162) (0.182) (0.1I2) (0O.162) (0.182) (0.182) (0.182) (0.182) (0.182) (0.182) (0.182) (0.162)

A 2 JEBESSE - HMOS
Supply 0.25 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45
Consumption - Fertilizer Plant (0.25) (0.45) (0.45) (0.45) (0.45) (0.45) (0.45) (0.45) (0.45) (0.45) (0.45)

14 Associated Gas to be Absorbed

U I DER-EL-ZGR (Shell-Pecten)
Supply a/ 0.06 0.17 0.25 0.34 0.34 0.43 0.43 0,43 0.46 0.43
Consumption (GT/CC) (0.08) (0.17) (0.25) (0.34) (0.34) (0.43) (0.43) (0.43) (0.48) (0.43)

I Non-Assoclated Gas Developments

C I JEBISSE - H0S Expansion Supply .25 .50 .50 .50 .50 .50 .50 .50
Consumption - Power (.25) (.50) (.50) (.50) (.50) (.50) (.50) (.50)

C 2 PALMYRA BASIN - DAMASCUS
Supply 1.00 1.30 1.70 1.90 2.00 2.00 2.00 2.00
Consumption - Power (ST) (.60) (.90) (1.00) (1.10) (1.10) (1.10) (1.10) (1.10)

- Industry (.40) (.40) (.70) (.70) (.80) (.80) (.80) (.60)
- Comm/Res (.10) (.10) (.10) (.10) (.10)

C 3 PALMYRA BASIN - NW SYRIA
Supply 0.50 0.90 1.20 2.0
Consumption

HOWS - Refinery/industry (.20) (.20) (.20) (.20)
WAMA - Cement/industry (.10) (.10) (.130) (.30)

TARTOUS - Cemnt (.20) (.20) (.20)
BANIAS - Power/Refinery (.40) (.50) (1.00)

C 4 SOUEDIE
Supply .50 .50 .50 .50 .50
Consumption - Power (CC) (.50) (.50) (.50) (.50) (.50)

d/ Preliminary flgure.

Nule: GI x gas turbine, CC a combined cyle, ST * steam turbine.
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Other Industry

4.47 Can could be utilized in cement, refining and other manufac-
turing industries, primarily as a substitute for fuel oil. In the cement
industry, 0.24 BCM of gas could support a 5,000 ton per day plant. Gas
from Palmyra could be used in cement at Damascus and eventually at
Tartous and Homs. Cas could be used in the glass industry where 0.10 BCM
would support a 30,000 ton per year plant.

4.48 The efficiency of the Homs refinery operations could be
improved if a suitable supply of natural gas were made available for
fuel. If all refining fuel was based on gas, about 0.450 BCM, of gas
would be needed. A cogeneration opportunity also exists in the Homs
refinery where a 32 MW generating plant is being planned and process
steam is required. Gas eventually could be used in the Banias
refinery. As discussed before, if gas resources eventually prove large
enough, gas might be exported after higher value domestic uses are met.

Residential

4.49 The large demand for diesel fuel in the commercial sector
indicates that there is potential to substitute gas for diesel in
residential consumption, particularily in Damascus. Pipeline systems for
residential use are expensive and this use for gas is likely to be
economic only after large industrial gas load is established. However,
by the late 1990s it may be economically feasible to put in such pipe-
lines. A large share of gas in many European countries and Pakistan is
used for residential consumption and this may also be feasible for Syria.

Other Uses of Cas

4.50 Several other potential uses of gas which are not likely to be
viable for Syria are CNC, methanol and middle distillate synthesis.

4.51 Compressed Natural Cas (CNG). Natural gas can be used in
compressed form as a motor fuel. Motor vehicles fitted with high pres-
sure cylinders and networks of filling points to fuel them have been
developed in a number of countries. However, the use of natural gas in
this manner seldom is economically attractive, and substantial investment
is required before any significant fuel substitution or gas utilization
is achieved. It is likely that such a use for natural gas would not be
economically or logistically suitable for Syria.

4.52 Methanol (Methyl Alcohol). The manufacture of methanol from
natural gas is a well established technology. However, the market for
methanol at present is almost entirely confined to petrochemical inter-
mediates. Some research has been conducted on the use of methanol as a
gasoline extender and even as a full substitute for gasoline. Much of
this work on methanol is part of the effort to find economic uses for gas
which cannot otherwise be carried to market economically. However, to
date no major natural gas development based on fuel use for methanol has
been profitable anywhere in the world and such uses are unlikely to be
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attractive where there are higher value uses for gas, such as for power
or fertilizer uses as in the case of Syria.

4.53 Manufacture of Middle Distillates. A new process for con-
verting natural gas to kerosene, gas oil and naphtha has recently been
announced by Shell. While the process is technically proven its econo-
mics are not yet clearly defined and not likely to find any applications
in Syria in the forseeable future.

Pricing of Natural Gas

4.54 The cost to produce and deliver the projected new gas produced
in Syria is estimated to average about US$1/CF, while the value of the
gas as a substitute for fuel oil is near US$3.90/MCF. This leaves quite
a wide range for setting gas prices between cost and substitution
value. The projected supply-demand balance for gas (as shown in Table
4.2) shows that the projected expanded supply of gas is less than the
potential demand for gas, assuming the proved reserves in northeastern
Syria and the lower estimate of reserves in the Palmyra region. In this
deficit situation, the correct price of gas is just below the opportunity
cost of the substitute fuel at the margin, about 80-90Z of the current
substitution value for fuel oil (US$3.90/CF), or about US$3.50/MCF.
(This price, or a slightly lower one, would also be the correct price to
use if imported coal for power generation represents the su6ztitute fuel
at the margin.) Since the supply of gas is less than potential demand,
as well as supply constrained for possibly as long as 10 years, it would
make sense to price gas at this higher level in the beginning to
encourage the efficient use of available gas. This higher price would
signal to power investment planners to use combined cycle instead of gas
turbines, which would be the least cost option if gas costs below
$1.50/KCF. In the medium term, with a limited supply of gas, the more
efficient use of gas by combined cycle will result in overall savings in
fuel costs which more than offset the higher capital coscs of combined
cycle (when compared with less fuel efficient but lower cost gas
turbines). The price discussed above refers to the consumer price. If
gas costs (plus a sufficient rate of return) are much lower than this
price, it would make sense to have a second lower price, paid to
producers, such as production sharing contractors.

4.55 If much more gas were discovered and this resulted in a
surplus, the value of the gas would be determined by adding the cost to
the "depletion premium." A unit of surplus non-associated gas corasumed
today will not be available for consumption in the future when the gas
resource is close to exhaustion. At the point of exhaustion consumers
must switch to another, higher cost fuel such as fuel oil. The value of
the depLetion premium is the opportunity cost of this gas consumed in the
future and is calculated as the difference between the substitute fuel
value in the future minus the gas cost, which is discounted to the
present. For countries very rich in gas, the depletion point is far in
the future and the depletion premium is low, so the "value" of the gas is
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near cost. For gas-poor countries, the depletion point is near and the
depletion premium is high, so the "value" of the gas is near the sub-
stitute value. Syria is a moderately gas-rich country. A rough cal-
culation of the depletion premium for Syria is between US$0.15/MCF and
US$0.65/HCF, depending on whether the depletion point is 25 years or 40
years in the future (using a discount rate of lOZ, fuel oil price of
US$8/MCF in real terms at depletion). The "marginal value" (cost plus
depletion premium) of gas thus is between US$1.15 and US$1.65/MCF. In a
surplus gas situation the price of gas both to consumers and producers
should be in this range, and the price should be raised over time as
depletion proceeds. However, it is important to stress that this is not
the case in Syria today and that the depletion premium-based price
calculation of price is only true in the event that there is an overall
surp-'s of gas.

4.56 The various costs and benefits of various alternative price
strategies should be weighed carefully. Based on available information,
the gas should be priced at 80%-90% of the fuel oil substitute value,
which means a price today of about US$3.50/MCF.

The Importance of Gas Development

4.57 The important benefits of developing gas are numerous and
include the financial savings from additional oil exports, reduced LPG
imports, and encouragement of more efficient investment in power and
refining. Using the assumed gas production profile and approximate
investment figures outlined in the previous sections, the benefits of gas
development were estimated. For capital investments of $US 639 million
between 1985 and 1990 and $US313 million until 1995 the net present value
is 5US 2.6 billion (the internal rate of return is over 43% and payback
time is five years). This is assuming a gas value of $3.50/MCF and LPG
value of $200/ton. Cumulative net earnings (revenues minus costs) over
ten years until 1995 are $US2 billion, or an additional 1.0% of the
annual GDP growth rate. These calculations imply a delivered gas cost of
about $0.70/MCi using a discount rate of 10% and $1.22/MCF for a discount
rate of 20% (both assume an LPG price of $200/ton). 3/

4.58 Another major benefit of the gas development program is a major
reduction in LPG imports to Syria, and supplies may even allow Syria to
become an LPG exporter.

4.59 Another benefit from the development of gas is the savings in
investment in new refining since LPG and gas will stretch available
product supplies. In addition, electricity generation will be more
efficient from the use of combined cycle plants.

3/ A 10% discount rate represents a social opportunity cost of capital
and results in a lower social price of gas than the price calculated
at a discount rate of 20Z, which is closer to rates of return for
private oil companies, which include a risk premium.
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Table 4.5: LPG SUPPLY AND DEMAND
(Thousand Tons)

1983 1990 1995

LPG from Ref ineries 120 286 304
LPG from Gas
planned a 70 70
potential 0 187 325

Total LPG Supply 120 543 699
LPG Demand 223 543 699
Exports (Imports) (103) 0 0

4.60 These potential benefits indicate that the development of gas

resources should proceed as rapidly as possible. Each year of delay

represents a present value loss of about US$200 million.

Recommendations on Natural Gas Development and Utilization

4.61 The mission has the following recommendations in this area.

(a) There is an immediate need to accelerate the developent of gas

from the Palmyra region. Each year of delay represents a loss
of US$150 to US$250 million dollars, measured by present value
cost. Considerable exploration, delineation and evaluation

work should be done immediately. However, work should start

with the most prospective structures where gas already has been

tested (Sharifa, Najeeb, Bishri, Sukhine). If possible,

agreements should be reached expeditiously with the foreign
companies who made some of the above discoveries, in which

these companies would solely or jointly (with SPC) exploit

these fields.

(b) Im_ediate plans should be made for the utilization of available

associated gas from the new oil discovery at Der-el-Zor with

particular emphasis on using the gas for power generation using

combined cycle plants. The benefits of establishing a gas

pipeline should be analyzed link Letween this field and the

Jebisse-Homs pipeline should be analyzed so that gas from Der-

el-Zor can be supplemented with additional non-associated gas

from the Jebisse area and/or the Souedie area, as required.

(c) Use the Jebisse gas for the fertilizer plant in Homs as
planned. If the supply of gas is not fully utilized in the
near-term, utilize the extra gas for electricity generation and

study the possibility of cogeneration using process steam for

the fertilizer plant.
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(d) Expand the supply of gas to Homs to as large a throughput as
possible given the pipeline in place. Supplement the present
supply with additional gas from Jebisse and/or Souedie. At
times this pipeline may also be able to take associated gas
from Der-el-Zor. Develop plans to utilize this gas for power
generation in gas turbines that can be retrofitted to combined
cycle.

(e) Develop and evaluate plans for utilizing large quantities of
gas from the Palmyra area. Particular emphasis should be
placed on plans to pipe this gas to Damascus for primary use in
power generation and secondary use in industry. Development
plans may be designed for production in two stages, the first
for Damascus and the second for gas piped to Homs, Tartous,
Banias and, possibly, other cities. The primary use of this
gas should be for power generation.

(f) The cement plants in Damascus, Tartous and possibly Homs should
be converted when gas becomes available.

(g) Initiate demand studies of gas utilization in the power,
industry and residential sectors of Damascus. This should be
followed up by demand studies of Tartous, Homs, Hama and
Aleppo.

(h) Begin training program within the Ministry of Mines and Energy
and the Ministry of Electricity on gas development, planning
and utilization. Visits and collaboration with empsets from
other gas producing developing countries, particularily
Pakistan, should be included.

(i) Gas initially should be priced margi-ally below (10 to 20X
below) fuel oil equivalent so as to encourage its substitution
for fuel oil and other more valuable oil products.
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V. REFINING SEC0R1 - ISSUIS AND OPTIONS

Present Refining Situation

5.1 Historical petroleum product demand and market shares in the
years 1980 to 1983 are shown in Table 5.1. The growth rates throughout
this period were high, particularly in fuel oil and LPG, as shown in
Table 5.2. Fuel oil consumption for use in power and industry has been
unusually high. Unfortunately the data for imports, exports and
production is not reconciled with inventory changes to provide a closed
weight balance. Some allowance therefore must be made for inaccuracies,
presumably of a relatively minor nature.

Table 5.1: PETROLEUM PRODUCT CONSUMPTION AND MARKET
SHARES 1980 TO 1983

1980 1981 1982 1983
'000 S '000 S 000 S '000 S

Product tonnes share tonnes share tonnes share tonnes share

LPG 119 2.3 141 2.5 172 2.8 198 2.6
Gasoline - 716 13.9 745 13.2 788 13.1 879 12.7
Kerosene 331 6.4 273 4.8 248 4,1 240 3.5
Gas Oil 2526 49.2 2441 43.2 2592 42.9 2738 39.5
Fuel Oil 924 18.0 1346 23.8 1587 26.3 2032 29.3
Asphalt 247 4.8 364 6.4 330 5.5 386 5.6
Others c 276 5.4 347 6.1 321 5.3 458 6.6

Total 5139 100.0 5657 100.0 6038 100.0 6931 100.0

a/ All grades plus naphtha.
b/ Includes refinery fuel oil.
Cl Coke, sulfur, lubes, refinery gases and losses equal to production.

Table 5.2: PETROLEUM PRODUCT RATES OF GROWTH
1980 TO 1983

Annual Rates of Growth Annual Average
Product 80-81 81-82 82-83 1980-1983

LPG / 18 22 15 18.5
Gasoline 4 6 12 7.1

Kerosene (18) (9) (3) (10.2)
Gas Oil (3) 6 6 2.7
Fuel Oil 46 18 28 30.0
Asphalt 47 (9) 17 16.0
Others - 26 (7) 43 18.4

Total 10 7 15 10.5

a/ All grades plus naphtha,
b/ Includes refinery fuel oil.
c/ Coke, sulfur, lubes. refinery gases and losses equal to production.
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5.2 The Ministry of Petroleum owns and operates both refineries in
Syria. Homs refinery, the older of the two, began production in the
second half of 1959 with a throughput of 1.0 million tonnes per year. It
has since been expanded and now has a design capacity of 5.20 million
tonnes/year and was designed to process about 50Z Syrian crude (pre-
dominantly Souedie crude, 24- API) and 50% Kirkuk or equivalent imported
crude oil. Banias refinery began production in 1980 and was designed to
process up to 6 million tonnes per year (assuming 333 operating days per
year) on a variety of crude blends ranging from 10OZ Iranian to a 50/50
blend of heavy Syrian and Kirkuk crudes. The performance guarantees for
the Banias refinery were based upon 20Z Syrian and 80% Kirkuk crudes.
The pipeline for transporting Iraqi Kirkuk crude to the Syrian coast was
closed in 1982; since then Iranian crude has been processed instead of
Iraqi Kirkuk crude. Iranian crude is provided under a complex con-
cessional arrangement to Syria.

5.3 The design capacities of the major processiz&g units is sum-
marized in .able 5.3. The table includes the sixth extension for
reforming and hydrotreating facilities presently under construction at
the Homs refinery.

Table 5.3: SUMlARY OF MAJOR PROCESS I NG UN I T
DESIGN CAPACITIES a/

HOMS BANIAS
('000 tonnes/yr.)

Crude distillation 5,200 6,000

Vacuum distillatIon 411 2,694

Catalytic reforming 380 833
Hydrotreating b- 1,781 4,642

Coking 1,095 _
Visbreaking C/ - 1,200

a/ 333 operating days per year.

b/ Including hydrotreating of reformer feedstocks.

c/ Assuming 300 operating days per year.

5.4 The actual production of major products for the two refineries
in 1983 are compared to design in Table 5.4.
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Table 5.4: 1983 ACTUAL AND DESIGN PRODUCTION OF MAJOR PRODUCTS

Actual Design a/

Production Production S
Stream '000 tonnes/yr '000 tonnes/yr Difference

Crude Charge 9,295 11,200 -17

Syclar 3,002 4,800 -
Kirkuk - 7,400

Iranian 6,293 - -

LPG 107 171 -38

Gasoline b- 1,268 1,720 -27
Middle distillates 2,857 3,681 -23

Fuel oll 4,219 4,489 - 6
Asphalt 386 354 +10

Sulfur 14 107 87
Coke 167 230 -28

a/ Assuming completion of 6th extension at Homs. This does not

materially alter clean product yields.

bi Includes naphtha.

c/ Includes jet fuel, kerosene and gas oils.

The design production is based on refinery configuration flow sheets and
material balances and a mix of crude throughput for the twwo refineries as
indicated. The above table indicates that in 1983 when crude throughput
was 17Z below design capacity, fuel oil production decreased by only 61
while gasoline and middle distillate production decreased by nearly 25Z,
thus resulting in a lower production of high value products and a higher
production of low value products.

5.5 Fuel use and losses are somewhat high, as Table 5.5 illus-
trates. The coker at Homs is not used to its potential; the visbreaker
at Banias has hardly run at all, LPG production is well below potential;
and the extremely low sulfur production at both refineries indicates
serious problems with these units. Low sulfur recovery indicates that
there has been an increase in air pollution. There are also reported
shortages of crude and power interruptions causing complete refinery
outages. The costs and hazards involved in shutting down (particularly
in emergency situations) and starting up units do not seem to be fully
recognized. In addition, the conditions of the refineries and the fre-
quency of shutdowns for maintenance indicate that some improvements in
operating, maintenance and inspection practices would be very bene-
ficial. The mission found a large number of errors after examining the
process flow diagrams that formed the basis for the design of Banias and
Homs, leading to the conclusion that unit-by-unit analyses are not
carried out regularly. Some of these aspects of refinery operations are
discussed in the following paragraphs.
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Refinery Fuel and Losses

5.6 Refinery fuel use at Homs and Banias in 1980-84 was as follows:

Table 5.5: REFINERY FUEL AND LOSSES AT HOMS AND BANIAS
(Weight Percent of Crude Processed)

Refinery 1980 1981 1982 1983 1984

Fuel: Hons 3.4 3.2 2.9 3.1 3.6
Banfas 4.7 6.7 7.0 6.7 5.9

Losses: Hons 2.4 1.7 1.8 1.5 2.5
Banlas 1.I 1.5 1.2 1.4 2.0

5.7 Fuel consumption at homs is approximately 10-20S higher than is
normal in a refinery of this configuration. This is satisfactory in view
of its age and high operating factor. On the other hand, fuel consump-
.tion at the newer refinery at Banias (assuming the visbreaker is shut
down) theoretically should be 90Z or less of that of the older Hows
refinery (which is less integrated). Banias fuel use seems unusually
high. Actually, the fuel oil and gas rates are probably not properly
metered, so the values in Table 5.5 could be inaccurate. Refiners out-
side Syria in competitive situations nov find that it is essential to
spend money on more efficient equipment to monitor fuel use.

5.8 If correctly calculated, the losses in each refinery are exces-
sive and can be reduced to about 1Z with a little investment plus atten-
tion to detail. A reduction in loss to less than 1% is probably also
achievable with modest expenditures. Loss of fuel gases to the flare
means that fuel oil has to replace the loss. A 12 loss on a 10 million
tonne throughput would represent 100,000 tonnes/yr fuel oil which is
almost 52 of demand and about 16 MM$/yr of additional export earnings.
This is an indication of how much Syria can afford to invest in a loss
reduction program.

Refinery Configuration

5.9 The design data showed the design yields contained either
extremely high losses or high fuel gas production (it was not clear
which). In addition, the original design did not optimize for middle
distillate (kerosene and diesel) recovery. A 1Z increase in middle
distillate yield means recovery of an extra 100,000 toe/yr or $20 MM/yr
of gas oil, at full capacity.



- 62 -

Banias Refinery

5.10 The yield of middle distillates is not optimized in the Banias
refinery which has the following design yields based on either Kirkuk
100%, Souedie 1002, or a 50/50 input of the two crudes.

Table 5.6: BANIAS REFINERY

Product Kirkuk Souedle 50/50

Fuel gas 4.8 3.77 4.285

LPG 1.6 0.9 1.25

Gasoline 13.81 7.73 10.77

Naphtha 4.39 6.09 5.24

Kerosene 10.68 0 5.34
Gas oil 17.61 8,94 13.275

Fuel oil 44.99 69.23 57.11

Asphalt 1.5 2.36 1.93

Coke 0.61 1.0 0.805

Total 99.99 100.02 100.005

5.11 Because of the presenc Banias refinery configuration, middle
distillate production is low and fuel oil production is high. When
Souedie crude is processed, fuel oil production is as high as 70%. Given
that fuel oil is already surplus to Syria's requirement and is being
exported and middle distillates are imported to meet domestic demand the
refinery should have provided for some cracking facilities. In the
absence of cracking facilities at Banias, it would have been desirable to
restrict operations at Banias to Kirkuk crude or possibly some lighter
crude (e.g. Hassi Massa or equivalent) until such time as cracking
facilities could be commissioned. Table 5.7 illustrates the product mix
obtained by adding FCCU facilities at Banias (for a throughput of
3.73 million tonnes/yr and an FCCU of 1.250 million tonnes/yr) and the
net refinery gain.

5.12 The net additional cash flow is estimated to be US$77.2 million
for a throughput of 3.73 million tonnes and would be correspondingly
higher at US$124.3 for the full design throughput of 6.0 million tonnes.
The benefits of a cracker would be even higher if a mix of Kirkuk and
Souedie crudes (either 80/20 or 50/50) is assumed. A similar calculation
was made for a hydrocracker utilizing the same quantity of fuel oil
(1.123 million tonnes). The net cash flow was estimated to be higher
(42 million) than the FCC. The cost of an FCC or hydrocracker varies
between $90 million and $120 million. The choice between the most appro-
priate cracking facilities cannot be ana'yzed fully here. However, these
figures do indicate that cracking faciiities are likely to have a rapid
payback and should be seriously considered.
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Tabl 5.7: SUMMARY CF IMPACT OF FLUID
-CATALYTIC CRACKER AT BANIAS

(Thousand Tonnes)

Product Kirkuk Ex FCCU Combined Percent Change MS/yr

Fuel gas 179 40 220 5.9 40 0
LPG 60 135 195 5.2 135 38,534
Gasoline 51S 382 897 24.1 382 106,059
Naphtha 164 - 164 4.4 0 0
Kerosene 398 - 398 10.7 0 0
Gas Oil 657 405 1,062 28.5 405 99,086
Fuel Oil 1,678 105 658 17.7 -1.020 -166,428
Asphalt 56 - 56 1.5 0 0
Sulfur 23 - 23 0.6 0 0
Coke - 56 56 1.5 56 0
Total 3,730 1,123 3,729 100.0 -1 77,251

Note: Prices derived from price ratios In Table 5.9 usIng average
OPEC crude at 5204/ton.

5.13 The inescapable conclusions are: (a) that cracking facilities

be planned at an early date; (b) that until such time as the cracker is
commissioned, crude similar to Kirkuk (preferably with some additional

lighter imported crude) should be used at Banias; and (c) that Souedie

crude should not be processed at Banias until the cracker is in place.

Houis Refinery

5.14 The Hors refinery configuration optimizes the production of

middle distillates, but the coker capacity may not be adeqtate for a 100%

Souedie crude throughput at a design capacity GE 5.20 million tonnes. It

may be desirable to restrict throughput to 4.80 million tonnes consisting

of a 50/50 blend of Kirkuk and Souedie crudes.

Refining Policy

5.15 Althougb day-to-day processing appeared to function well,

operations planning did not appear to occur in a smooth and integrated

manner. The proper tools are not available to allow rapid, in-depth

analyses of refining options. There is a shortage of trained staff to

regularly analyze options. Refining personnel are largely insulated from

the world of spot trading/refining and tCerefore do not appreciate how

their operation is affected by external factors.

5.16 Refining policy has consisted of operating the refineries at as

close to design capacity as possible and attempting to meet middle dis-

tillate demand. This poLicy results in large export surpluses which
exceeds 3.0 million toe/yr. During 1984, Syria processed all of the

5.146 million tonnes Iranian crude obtained under its standing agreement
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and processed 4.36 million tonnes or half of the Souedie Heavy, exporting
the rest. Spot crudes amounting to 1.012 million tonnes were also
processed resulting in total refinery runs of 10.52 million tonnes or 40%
(3.02 million tonnes) over the level of domestic consumption. Syria was
therefore acting as an export refinery, although internally it might be
argued that the refineries were just being run to meet diesel demand
which was still in deficit even at this feedrate.

5.17 Syria has been refining crude which is surplus to its needs and
selling low value products like fuel oil into a depressed international
product market (i.e., a market where the spot refinery is not recovering
costs). It haz incurred processing costs involved in refining the crude
and has not recovered them (by definition, since the market is
depressed). These costs are the material costs such as refinery fuel and
refinery losses (which in Syria's case are higher than they should be, as
discussed earlier) and the costs of additional maintenance, expensive
equipment, etc. Syria could have benefited by restraining its refining
throughput to about the level of its domestic consumption, trading the
surpluses and deficits, and it could have been willing to sell all its
Souedie heavy when the price of heavy crudes worldwide was strong rela-
tive to light crudes. Because it can match a considerable portion of its
domestic consumption with its own crude and has a total refining capacity
that is 30% greater than the present total product demand, Syria essen-
tially has refining independence. The imbalance of some specific pro-
ducts can be corrected at a relatively small cost and is not related to
the question of overall refining capacity or independence.

5.18 Many changes have occurred in the world oil market in the last
several years. One major development is the fact that heavy crude prices
have risen relative to light crude prices. High investment in conversion
facilities and, probably more importantly, a sharp decline in- world
petroleum consumption, has resulted in excess supply of refining capacity
worldwide. (In 1982, worldwide refining capacity utilization was 73Z of
a total capacity of 76 million barrels per day. In Italy refining capa-
city utilization has been less than 50%. This overcapacity situation is
expected to get worse as OPEC export refineries come on stream in the
near future. The result has been an unexpected shortfall in fuel oil
production and increa3e in demand for fuel oil and heavy crudes as inputs
into the conversion refineries. This has caused an increase in fuel oil
prices relative to lighter products which translates into higher prices
for heavy crude (like Syrian Souedie) compared to light crude (like
Iranian light). This indicates that, given Syria's present refining
configuration, often it would be more profitable to export more heavy
crude and cut down somewhat on refinery runs.

5.19 The mission has estimated the penalty that Syria pays in
achieving higher than optimal refinery throughput. The important product
export is fuel oil, the price of which has been fluctuating according to
the demand by conversion refineries and energy demand in Europe. Based
on the price ratios presented in TabLe 5.9, the mission estimates that
the penalty for every million tonnes of extra throughput, over that
required for a balance of fuel oil production with demand, is as follows
depending on the relative prices of fuel oil and Souedie crude.
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Table 5.8: PRODUCT TO CRUWE PRICE RATIOS

Fuel Price Ratios

LPG 1.4

Gasoline 1.36
Naphtha 1X26
Kerosene t.3

Gas Oil 1.2

Fuel Oil 0.8

Average OPEC Crude 1.0

Table 5.9: RATIO OF FUEL OIL PRICE/
SOUEDIE CRUDE PRICE

Ratio Savings

(USS million)

0a90 4.2
0.84 11.1
0.79 18.5
0.67 32.0

5.20 When the F.0.B. price ratio of fuel oil to Souedie crude is
less than 0.90, it is more profitable to export a marginal tonne of crude
than to run this crude through the refinery. Since there is a continual
variation in product price relationships, similar calculations should be
carried out monthly by refinery managers to optimize refinery operacions
and profitability. These estimates are made assuming the structure of
product prices shown in Table 5.8. Savings are substantial as shown by
Table 5.9.

5,21 During periods of strong heavy crude prices, Syria couLd have
switched from refining crude in excess of fuel oil needs, this would
provide a gain in incremental income from strong heavy crude prices.
This would have meant selling more Souedie heavy and processing the
Iranian plus some imported light crude. An example. of a country with
sizeable production which switched crudes to balance internal needs is
the United Kingdom. It regularly sold Forties and imported sour crudes
such as Arabian light in order to avoid "product quality giveaway".

5.22 The present objective of refinery operations would seem to be
to run refineries at a level to meet as much of the middle distillate
demand as possible. What the above analysis indicates is that an
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objective of running the refineries at a level adequate to meet fuel oil
demnad may be more appropriate and more closely approximate optimal
refining profitability.

Other Aspects of Refinery Operations

5.23 Several projects to improve operations in the refining sector
are described and reviewed in the following paragraphs.

5.24 Optimization and Debottlenecking. The scope for this ongoing
study is described in the "Book of Conditions for the Optimization of
Refinery Operations in Syria for Product Demand through Year 2000". In
addition to reviewing optimization, debottlenecking, operating changes
and evaluating the crude mix for both Homs and Banias refineries, the
scope presently involves consideration of new conversion capacity and the
possibility of a third refinery. Emphasis is placed upon balancing
demand/supply for middle distillates, the use of Syrian crude, and the
addition of nev conversion facilities. The responsibility for implement-
ing this study currently rests with the General Company for Engineering
and Consulting. There exists significant potential for efficiency and
throughput improvements at both refineries. It might be feasible to
increase capacity beyond design ratings for a relatively low capital
investment.

5.25 Lube Oil Complex and Conversion of an lDS Unit to Mild Hydro-
cracking. A preliminary technical offer has been received pertaining to
the Banias refinery for a 100,000 tonnes/year lube oil complex and con-
version of the heavy oil desulfurization unit. No economic analysis is
possible on these projects with the data presently available but a review
seems to be in order before any further detailed work is performed. Pre-
liminary calculations indicate a penalty in the range of US$25 to 50 mil-
lion per year for the project.

5.26 Visbreaker Operations at Banias. Apparently, considerable
difficulty was experienced in obtaining satisfactory operations on the
original visbreaker design located at Banias. Minor modifications were
made which did not resolve all the problems, so this unit has not been in
regular operation. Bids have been solicited to provide recommend4tions
for further modifications to resolve the outstanding difficulties. The
major equipment appears to be adequately sized and the modifications
required to achieve satisfactory operations are not likely to be signif-
icant. As the original unit design guarantees did not specify any fuel
oil stability requirements, these and other operating guidelines need to
be established.

5.27 Environmental Study. The Government of Syria is concerned
about the environmental impact of the continued program of industriali-
zation and associated urbanization. The location of the Homs refinery is
one ares of concern but the most pressing problems are thought to exist
in the coastal region from Tartous north and including the B-nias refin-
ery and terminal. Proposals are being solicited to review environmental
problems in this area, which is still primarily ag-icultural. In both
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Homs and Banias refineries the sulfur dioxide emissions are higher than
they ought to be. There are areas where pollution could easily be
reduced. At present there are no closed loop sample systems, the sepa-
rators are not covered, and insufficient attention is paid to leaks.

5.28 Coke Disposal. Although the coker at Homs allows the refinery
to significantly upgrade heavy crude to clean product, there is a dis-
posal problem for the coke and a large inventory has been stockpiled for
the lack of a suitable market. Some offshore sales have been made and
the government is considering is being given to provide coke burning
capability in a new power generation facility in the Homs area. At
cement plants a logical use for the coke would be as supplemental fuel
fed directly in with the kiln charge. A problem appears to be the high
sulfur in the coke. While this may not affect cement, it may have a
harmful affect on the equipment in the cement factory and this problem
needs to be evaluated.

Recommendations in the Refining Sector

5.29 The recommendations on refining policy are:

(a) There is no need to consider a third refinery now for several
reasons. First, there currently is excess capacity. Second,
it appears more economically beneficial to run the two existing
refineries at less than full throughput and export heavy
crude. Third, refineries in the region (such as Italy) cannot
even cover operating costs, indicating that a new refinery
could not begin to cover interest, depreciation or operating
cost. Interest cost alone would be $2-4/bbl. Fourth, the
export refineries in the Arab Gulf are likely to export
products much more cheaply than Syria. Fifth, and most
important, large gas reserves in Syria will produce large
quantities of LPG and provide gas for power generation, thereby
reducing demand for middle distillates in the domestic aector
and fuel oil for power generation.

(b) A detailed study of the Banias refinery configuration should be
made and the benefits of installing cracking facilities (FCCU
or hydrocracker) should be evaluated for early implementation.

(c) Refinery throughput and crude mix need to be evaluated on a
continuous basis to ensure maximum gain to the economy. For
this purpose a refinery economic model should be developed for
management to take appropriate decisions.

(d) Until such time that cracking facilities are installed at the
Banias refinery, it should process only light crude (not
Souedie crude).

(e) In the context of the current world prices of petroleum pro-
ducts it would be advantageous to restrict refinery throughput
to a level where fuel oil production meets demand and exports
are minimal.
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(f) Present study plans to improve efficiency and debottleneck Homs
and Banias refineries should proceed as soon as possible. The
potential benefits in increased throughput, reduced operating
expense and improvements in yield could easily amount to
US$50.0 million per year and capital investment requirements
are unlikely to exceed US$25.0 million. The total cost of the
process study would probably be less than US$0.50 million.

(g) The study fcr the visbreaker at Banias should proceed without
delay. The study and engineering cost3 are not likely to
exceed US$25,000 and the cost of mechanical modifications
should be no more than US$150,COO. The potential income
improvement in running this unit is well in excess of $7.0
million/yr.

(h) Before proceeding further with the Lube Oil compLex, a study
should be comissioned to review the choice of technology,
market demand in Syria and potential export markets, and the
economic viability of the concept. Yield estimates and costs
for conversion of the heavy oil desulfurization unit to mild
hydrocracking should be solicited from various catalyst
vendors. Stability specifications should be developed for the
refinery heavy fuel production bearing in mind end use
(refinery and power plant and export sales, particularly
bunkering). The cost savings from conversion then should be
calculated which reflect the impact on visbreaker severity.

(i) The environmental study for the Coastal area should proceed and
some initial guidelines and standards formulated for the rest
of Syria.

Petroleum Product Distribution and Storage

5.30 One of the operating companies within the Ministry of Petroleum
and Mineral Resources is responsible for distributing most petroleum
products. Exceptions are heavy fuel oil and export products. The dis-
tribution activity involves planning, construction and operation of pipe-
line systems, distribution center tankage, loading facilities, rail cars,
and some tank truck delivery facilities particularly for LPG, whicb is
currently transported primarily by trucks, initially in bulk and then in
cylinders.

5.31 The existing and planned clean product pipelines are as shown
in Table 5.10.

5.32 There is also a heavy fuel oil pipeline from Banias refinery to
supply a local power plant. It was originally proposed that the pipeline
would be constructed from Aleppo to supply Raqa. The considerations that
have resulted in the current plans for a new pipeline directly from Homs
in addition to the proposed Homs-Aleppo line have not been reviewed.
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Table 5.10: CLEAN PROOUCT PIPELINES a/

Oesign b/
DiM. Ca3acity

Connections Ins. m /hr. Corments

Banias-Homs 6 82 Existing. Was originally part
of Homs/Banias/Latakia system

Banias-Homs 24 700 Old crude pipeline. Expect to
be In service In 1985

Homs-Aleppo 6 100 Existing

Homs-Aleppo - 180 Planned. Exact sizing and
capacity to be finalIzed

Homs-Raqa - 150 Planned. Exact sizing and
capacity to be finalized

Homs-Adra 6 100 Existing

Homs-Adra 12 180 Existing. Plans to expand n
the next few years to 320 N Ahr
with addition of booster
stations

a/ Clean product in this table and elsewhere is defined as naphtha,
gasoline, jet fuel, kerosene and gas oil.

b/ Based on gas oil.

5.33 The latest available data on clean product demand by
distribution area indicates an approximate division of the total demand
as follows:

Southern 38%
Central 18%
Northern plus Eastern 36%
Coastal 8%

5.34 With the exception of the pipelines serving the northern and
eastern regions, there does not seem to be any immediate need for pipe-
line expansion. Once the 24" line from Banias to Homs is in service, the
6" line from Banias to Homs could be dedicated for jet fuel to Homs.
Additional pumping stations on the Homs/Adra 12" line appear to have mar-
ginal economic justification even if the 6" Homs/Adra line is dedicated
to jet fuel.

5.35 BuLk LPG is currently all delivered by truck. Railcar faci-
lities are being installed to reduce distribution costs but insufficient
information is available at this time to comment on this except to note
there seems to be a lack of information concerning industry standards for
tankcar loading and transporting of LPG. The majority of LPG consumption
is in the commercial and residential sectors with delivery in small
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cylinders. There is one cylinder manufacturing plant and another is
nearing completion. Present shortages of cylinders should be eliminated
when the new manufacturing facility is commissioned. Different LPG
specifications in terms of maximum propane content appear in variou
documents but the Reid Vapor Pressure (RVP) specification of 8 kg/cm
maximum is consistent throughout the documents. The RVP specification
limits the propane content to about 25Z in practical terms and hence
potential refinery production of LPG. The design of equipment would
appear to be adequate for a higher RVP specification but there is some
question regarding handling, maintenance and inspection practices of
system equipment, particularly the cylinders.

5.36 Metering. There is an interest in developing better metering
facilities throughout the distribution system. Since there are no tele-
metering installations and hence any pipeline leakage must be visually
evident. There is no automatic custody transfer and because there are
apparently no data communication links or computer facilities, informa-
tion on the distribution systems is all prepared manually. This leads to
delays both in handling day to day transactions and in preparing manage-
ment information reports and records. The absence of adequate metering
would also raise questions concerning the accuracy of data collected,
especially in reconciling inputs and outputs to ascertain losses or
potential theft. It was not possible to identify what measurement and
reporting systems would be most beneficial but some improvements in
metering and in the data gathering and documentation systems would seem
to be needed.

Recommendations on Transportation and Distribution of Oil Products

5.37 The mission has three main recommendations in this area:

(a) There seems to be an immediate need for expansion of pipeline
capacity to service the requirements of the northern and
eastern distribution areas. The study to optimize the sizing
and routing of pipelines to Aleppo and Raqa is justified
because of the many options that can be considered.

(b) Expanding of the pipeline capacity to Adra does not seem too
critical in the near term and the justification for this
expansion and the use of the existing six inch line in jet fuel
service should be examined in some detail.

(c) A study should be undertaken to review not only metering and
measurement capabilities throughout the distribution network
but also the information that should be generated and dissem-
inated for effective management of the system. This is another
potential application for a data processing facility and is
discussed in the following section.



- 71 -

V1. ELECTRIC POlER - ISSUES AND OPTIONS

Past Electric Power Development

6.1 During the 1973 Middle East War, the generating facilities of
the state electricity company (PEE) were severely damaged. The immediate
problems were overcome by installing a large number of gas turbines
including a number donated by other Arab states. As a result, elec-
tricity generation was low until repairs were completed and a new, larger
plant could be constructed. The Soviet-financed hydro facilities at
Thaura, with a final capacity of 800 MU, started operating in 1974. The
World Bank provided two loans to finance the 2 x 150 MW Mehardah thermal
plant on the Orontes River, which started operating in 1979, while the
Government arranged the construction of a similar plant (2 x 170 MW) near
the refinery at Banias, the first unit of which was commissioned in
1982. Thus, from about 1975 onward, PEE has been able to meet the rapid
growth in demand.

6.2 PEE's effective capacity, including the hydro plant at Thawra,
was 1,700 MW in 1983 compared with a (suppressed) maximum demand of
1,122 MW which, unsupressed, is estimated at 1,250 MW. 4/

6.3 The Bank loans financed a number of studies for the sector
which, except for a rural electrification study, were finally combined in
a single report (1978) covering least cost development in generation and
transmission, interconnection with neighboring countries, and the use of
gas in the economy, including fueling of power plants. Although the main
recommendations were followed, PEE did not have the report updated
annually. Subsequently PEE commissioned a Japanese and a Swiss firm to
prepare development studies. Neither of the reports has resulted in a
long term least cost development program. In the meantime, energy and
capacity demand grew at an annual rate of about 20% and Losses increased
dramatically. However, because a new plant was commissioned just in
time, this demand was met, but at somewhat lower reliability.

6.4 For political and social reasons the Government raised elec-
tricity tariffs only once in 1980 (when at the same time fuel oil prices
were tripled to about international levels), by a planned 80%. However,
in effect, due to a number of factors 5/ the effective increase was only
about 60% in current terms and, in real terms, only about 15Z, and was
left unchanged in nominal terms until July 1985 when prices were raised

4/ The approximate inventory of lines, substations and transformer
capacity is shown in Annex 15.

5/ For example, the complicated tariff structure was a simplified one
and consumers were transferred to other categories; rates for large
industries, although raised, started from a low base.
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an average of 7Z. Consequently, PEE's financial position has deteri-
orated to the extent that its annual operational deficit is around
SL 1 billion.

6.5 Investments in power in the fifth development plan (1981-1985)
were fixed at about SL 1.1 billion annually, which was less than what was
required to meet rising demand. Due to financial constraints, the allo-
cation was reduced by 25Z in 1984, although when the Government became
aware of the potential power shortage, it allowed an expenditure of
SL 1.2 billion for 1985. PEE was authorized to procure, on short notice,
two additional 150 NW units at Mehardah, two 170 MU units at Banias and
150 MW in gas turbines, while a 2 x 200 MW Soviet-financed steam-electric
station has been contracted for construction at Rabil near Damascus.

Rural Electrification

6.6 Under IBRD Loan 1144 SYR a study of rural electrification was
executed and thereafter, the Bank assisted in financing (MUS$32.7 Loan
1531-SYR), together with parallel financing from USAID (MUS$26.7) the
electrification of 1,200 villages selected out of some 5,000 villages on
the basis of a priority scheme, to provide some 900,000 people with elec-
tricity.

6.7 The spread of electricity throughout the country has been
impressive, but the quality of service is still in question. As of early
1985, PEE had electrified some 3,200 villages out of the target number of
about 5,000 that have populations exceeding 500 people. Almost 1002 of
the people in urban centers inhabitants have access to electricity and
76% of rural or an average 88% of the country in 1985.

Present Supply and Demand Situation

6.8 After many years of substantial growth in generation averaging
20% per year, growth decLined in 1983 to 16% per year. Losses also
peaked in 1983 at 31%, and were only slightly lower at 28% of generation
in 1984 (total losses as percent of gross generation). Hydroelectric
generation, which in previous years had been far above average, dropped
from 2,937 CWh in 1982 (54% of total generation) to 2,169 GWh (34%) in
1983 and to 1,928 GWh (28Z) in 1984. The Banias thermal station was just
completed in time (1982) to generate most of the energy lost because of
the poor hydrological conditions in 1983. Nevertheless, about 145 GWh
could not be met, particularly during the winter months, as thermal plant
availability also had deteriorated and curtailment was necessary up to
about 130 MW. Although hydro conditions were even more critical in 1984,
full availability of Banias and better availability of other steam plants
kept curtailments to a minimum. Because no new plant was added, the
capacity margin in 1984 dropped to about 22% (372 MW, or about equal to
the two largest units, i.e., still satisfactory), but the average energy
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margin fell to about zero. In part, the improved situation was because
PEE started attacking the problem of exponentially growing losses in 1983
and succeeded in maintaining them at the 1983 level.

6.9 Because no new plant can be commissioned in the next two years
(except gas turbines), the short-term situation is expected to deterio-
rate further, the extent depending on the hydrology of the Euphrates
River. PEE expects the raising of the dam at Thawra by 4 m to be com-
pleted by early 1986, as well as the addition of the 3 x 25 MW Baath
hydro station at the new regulating dam. During an average year, these
developments are expected to contribute about 2300 GW (an increase of
some 20% over 1984). At the same time, however, the filli3g of the
Karakaya in Turkey would start, requiring about 10 billion m or one-
third of the average annual river flow.

6.10 PEE provides practically all of the electricity consumed in the
country, except where combined heat and electricity are required (e.g.,
the refineries). However, the reliability of supply has been declining
in recent years and captive plant may have increased, but the capacity is
not 'known. The power data presented by PEE and the Ministry is limited
and unreliable because the quantity and quality of the information
provided differs considerably from region to region. In addition, the
number of staff in the head office available to compile and analyze the
statistical data is inadequate for the volume of work involved.

Losses and Generating Plant Efficiency

6.11 Losses in the Syrian power system are very large, in 1983 they
amounted to 27.5Z of net generation. This figure was reduced slightly to
24.3% in 1984. This loss level is still extremely high considering that,
at today's fuel prices, losses in a predominantly thermal system should
not exceed 8-10% of net generation. PEE instituted a committee in 1983
to reduce them. The comnittee focused on non-technical losses by check-
ing the accuracy of substitution metering and the meters of industrial
customers. The committee succeeded in reducing losses (mainly non-tech-
nical) by about 60 GWh, or roughly 1% of net generation in 1984. At the
current tariffs this represents a financial savings of about SL 14.8 mil-
lion (or US$3.7 million). PEE created a department with offices in every
province for monitoring technical and commercial losses since November
1985.

6.12 More effective loss reduction will depend on accurate classi-
fication of losses. The two classifications are: non-technical losses
due to statistical errors, metering errors and theft of energy; and tech-
nical losses due to inrdequately rated transmission and distribution
lines and equipment. The effects of these two types of losses are quite
different. Non-technical losses represent a financial loss to the
utility since the energy is used but not paid for. On the other hand,
technical losses result in both an economic loss to the country and a
financial loss to the utility. The methods of reducing non-technical
losses are mainly administrative in nature, whereas the reduction of
technical losses requires changes in system design criteria. The mission
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suspects that technical losses may be high due to the regional expansion
of the rural distribution systems in an environment of limited cash
resources. Under these circumstances design criteria often are based on
a minimum capital outlay to supply the maximum number of customers rather
than attaining economic loss levels.

6.13 In addition to the reduction of losses substantial savings can
be realized by improving the conversion efficiency of thermal plants and
reducing the auxiLiary power usage. Although the mission did not obtain
detailed data to estimate the present conversion efficiencies and poten-
tial improvements, the mere absence of an organized efficiency improve-
ment program indicates that there is likely to be considerable scope for
improvement. PEE has executed a vast program of rural electrification,
adding several thousand villages and many thousands of kilometers of
20-kV and 0.4-kV lines over the last five to seven years. Thus, of the
total SL 2,100 million investment in distribution during the first four
years of the current (1981-1985) five-year program, 46%, or MSL 975, per-
tained to rural electrification (constituting 242 of PEE's total invest-
ment during the period). Statistics on the number of consumers added,
their demand, and the actual voltage of supply have not yet been
extracted from the data available at the regional level, but it is
obvious that line losses compared to rural supply must be rather high.
The main implication is that large funds have been diverted to distri-
bution expansion (rural and urban) rather than to maintenance and system
improvement.

6.14 Since 1984 an energy committee has been addressing the problem
of losses, proper measures are needed to reduce losses to an acceptable
level of 15-17%, including station supply, compared to the present 28-
30%. With the pressing demand for funds for additional generation and
system improvement, the rural electrification program should be geared
back. A slowdown in rural electrification would also permit improvements
in the quality of supply to areas already electrified. The comissioning
of the power station (Rabil) at Damascus and the conversion of trans-
mission lines from Homs to Damascus from 220 kW to 400 kW, are expected
to reduce technical losses substantially.

6.15 The availability of the steam power plants is 69Z (6,000 hours
per year), which is low compared to industry standards of about 85Z or
about 7500 hours per year. Improved availability would reduce the
reserve capacity requirements of the system. The cost of attaining
improved availability is usually small compared to the benefits. Im-
proved availability comes from instituting a rigorous program to carry
out regular scheduled maintenance. The time required for the scheduled
maintenance can be minimized by stocking adequate amounts of spare parts,
using carefully planned maintenance pricedures, improving the skills of
technicians, and making design modifications to improve the ease of
maintenance and remove chronic problems.
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Recommendations on Losses and Generating Plant Availability

6.16 The benefits of reducing losses are immense, as present losses
in the system are about 600 GWh too high. There are significant
financial benefits to PLE from reducing non-technical losses and economic
savings to the country from reducing technical losses. While some of
these recommendations are being implemented by PEE, the engagement of
consultants for a loss reduction study would be highly profitable. Their
tasks would be:

(a) to classify the losses according to whether they are technical
or non-technical (station service, technical Loss, statistical
error, metering error, theft and diversion);

(b) to determine the amounts, of the technical losses at various
voltage levels;

(c) to prepare a comprehensive action-oriented program for reducing
non-technical losses including improvements in metering, bil-
ling and commercial operations;

(d) to prepare a comprehensive program for reducing technical
losses including optimizing real and reactive power dispatch,
the addition of capacitors if required, changes in design
criteria, changeout of transformers, etc;

(e) to assess the capability of the present organization for imple-
menting loss reduction prospects and define any necessary
improvements in organization, equipment, training, staffing;

(f) to commission an experienced firm to design a comprehensive
maintenance management system. The firm should also be respon-
sible for introducing the enhanced maintenance procedures in
PEE operations and for the associated training of PEE's staff.

Electricity Pricing

6.17 PEE applied a simplified system of pricing throughout the
country in July 1980, when a substantial rate increase was granted. A
detailed description of past and present cariffs, as well as time of day
pricing is gi-en in Annex 14. The level of actual selling prices in 1984
compared to 1974 is shown in Table 6.1. The tariff has remained
unchanged from 1980 until the present, except in July 1985 a fourth block
was added to the domestic and commerciaL category and minimum charges
were increased. Together these changes are not expected to increase
revenue by more than 7%.
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Table 6.1: ACTUAL RATES CHARGED BY PEE

(pi asters/kWh)

Dom. 4 Com. Govt. Sm. Ind. Lg. Ind, Average

1974 18.8 17.3, 9.6 6.6 12.9
1984 26.4 33.0 34.0 11.3 25.6
Percent Change
Nominal prices 40 90 254 71 90
Real prices a/ -46 -28 34 -34 -28

a/ Nominal prices deflated by WPI; see Annex 14 for details.

6.18 The new rates still do not cover the cost of PEE's opera-
tions. In 1984 revenue was around SL 1,200 million, whereas accounting
costs were about SL 2,100 million. The rates also do not reflect the
long run marginal cost of supply. In real terms (1980 price.), the
average price per kWh decreased an average of 8% per annum from
23.9 piasters/kWh in 1974 to 16.2 ps/kWh in 1979, just prior to the rate
increase. The 1980 rate increase did not improve the average price
(about 17.5 psikWh) because block rates were introduced. In 1984, large
industries paid only 11.3 ps/kWh, whereas the average fuel cost was
estimated to be 24.0 ps/kWh generated. Monthly electricity costs are
just 1% to 2% of income for middle and higher-income households, or
$1US5/month (SL 20/month) for an family tonsuming 100 kWh.

6.19 Not only should rates be increased to allow PEE to recover its
costs so that the cash deficits do not form an exponentially growing
burden on government resources (some SL 150 million in 1982, SL 163 mil-
lion in 1983 and about SL 700 million in 1984), unrestricted growth due
to low tariffs also may cause an energy crisis in the near future unless
the Government is willing and able to increase its capital contributions
to investments by a factor '-o or three. Demand will have to be cur-
tailed and one of the most effective tools for doing this is to sharply
increase rates over a relatively short period. Growth rates of elec-
tricity demand could be reduced by 1-2% per year if rates were increased
sharply.

6.20 There are important opportunities for demand management through
peak pricing. The load factor in Syria could be improved by appropriate
time of day (TOD) tariff structure, especially considering the expected
weight of cement and water irrigation consumption in Syria, two sectors
that are generally very responsive to TOD tariff incentives. If the
cement sector alone were to suppress its load at peak time, this would
represent a reduction of about 100 MW and globablly, a reduction of
300 MW could be a reasonable target. The present TOD tariff seems to be
impaired by metering problems. It seems certain, however, that its
implementation with appropriate meters could have some high payoffs and
its effects would be reinforced by raising the tariff level. The
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application of the present tariff with appropriate metering could be
reinforced, even before a global study of tariffs based on economic costs
is performed. To insure the greatest efficiency the TOD tariff could be
offered only as an option with consumers paying for their meters. In
addition, special contractual agreement for off-peak or night operators
of small pumps (where metering costs associated with TOD tariffs would
become significant) could be developed.

Recommendations on Electricity Pricing

6.21 The immediate actions required to alleviate the situation are
to implement tariff increases to achie.-t proper financial and economic
objectives. As a minimum there should be:

(a) an increase in tariff levels in the short run to achieve short
term cost recovery (recovery of operating expenses plus fixed
asset depreciation or debt service, whichever is greater). In
order to achieve this, an average increase of 75Z was required
from January 1985. The actual rate increase was only 7Z, or
close to the rate of inflation. It is therefore necessary to
increase rates by 75Z above inflation t: cover short run cost
as a first step towird economic pricing. The tariff for large
industry needs substantial revision and at a minimum should
meet fuel costs. This could be achieved in one single step or
in two or three annual installments. The proposed increare, if
announced in advance, would induce customers to plan in advance
for energy conservation measures. Such an increase would have
the effect of reducing the base case demand (Alt. 1) growth
rate by 1-2% a year. Since there are limits to the financial
resources which can be allocated to power supply, price
inc~. eases are necessary if a severe power crisis is to be
avoided.

(b) an adjustment of rates for various consumer categories such
that they wouLd eventually achieve the objective of efficiency
pricing. No marginal cost stuay is available, but accounting
costs at each voltage level have been caLculated by PEE. In
order to ensure equity a social rate couLd be established for
the smallest consumers of perhaps up to 50 kWh/month, cross-
subsidized by all other consumer categories, but particularly
domestic. A substantial increase in prices would have a small
impact on middle-income and upper-income household budgets
because electricity is a small share of total expenditure. For
domestic consumers the first 100 kWh of consumption costs
US$5/month, or just 1-22 of an average family income. A
related problem that needs to be considered is the cost of
metering and billing on a monthly basis small customers who
consume less than 50 kWh/month; perhaps a quarterly billing may
be adopted in such cases.

(c) immediate institution of effective time of day pricing. This
is scrongly recommended for the cement sector and water



- 78 -

utilities. Peak load could be reduced by 100 MW in the cement
industry alone and possibly up to 300 MW overall. In the short
term, the emerging power capacity constraint could be substan-
tially alleviated up to a possible 100 MW, thereby allowing PEE
adequate time to install additional gas turbines.

(d) a proper recapitalization of PEE (whose accumulated losses
exceed its capital) by conversion of PEE's long-term debt to
the government into permanent capital.

Future Developments and Options

6.22 In the absence of a least cosL development program for genera-
tion, the mission has prepared a tentative plan to meet the deficit in
Alternative I, taking into account PEE's present expansion plans.

6.23 Annex 11 shows the existing generating plant and Annex 12
identifies future additions to the generating plant necessary to meet
demand levels under the two alternative scenarios (including an addi-
tional 450 KW of gas turbine c4iacity proposed by the mission in para.
6.24). Annex 13 gives the capacity and energy balances up to 1991, when
the next generation of steam plants is expected to be in place. Mehardeh
Units 3 and 4 were ordered in the beginning of 1985 for commissioning in
March and June 1987 - unit No. 3 has an extremely short contracted
delivery time of 26 months. Bids for Banias expansion were expected to
be opened in June 1985. PEE expects bids generally to conform to
-ehardeh's results: favorable prices and short delivery times. The
contract for units 1 and 2 of Rabil (a new pLant with air-cooled con-
densors and 200 NW unit size) about 40 km from Damscus, was signed in
1984 and the addition to the contract of another two units is being
contemplated. Bid documents for 150 MW of effective capacity in gas
turbines were issued in March 1985 and bids have been received. The gas
turbines will be installed near Souedie and fueled by gas. The Ministry
of Petroleum is transferring to Souedie 85 MW in older gas turbines to be
fueled by gas to provide an effective capacity of 35 MW to PEE as captive
plant assistance. Other industrial plant is expected to provide assis-
tance, up to about 30 MW, over the next few years. PEE has placed an
order for the 64 MW eztension of Kattineh in 1985 with a delivery period
of 36 months. Bid documents for 2 x 60 KW capacity based on petroleum
coke at Homs have already been issued. Lebanon is completing a 600 MW
steam-electric station, and agreements have been reached to make avail-
able to Syria 100 MW during 1986.

6.24 If all the above plans are executed in time the capacity
balance shows deficits as high as 193 MW in 1985 and 268 MW in 1986. The
reserve capacity for these two years is only 284 MW and 247 MW, which is
only slightly higher than the largest unit (170 MW), indicating insuf-
ficient reserve capacity. The energy balance, which assumes all thermal
plants will be operating for 5,000 hours at total available capacity,
shows shortfalls of 8-10% during an average hydraulic year and 11-16%
during a dry year (hydro conditions up to the middle of April 1985 were
favorable). No plant can be procured and operated in time to avoid the
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shortages in 1985 and 1986. PEE can only hope that all factors work in
its favor that: (a) load would grow less than forecast; (b) the loss
reduction committee would continue to be successful; (c) both 1985 and
1986 would be wet years; (d) the Government would rapidly increase rates
so as to force consumers to conserve electric energy; and (e) fine tuning
of maintenance could be accomplished and no major breakdown occurs.

6.25 In any event, the capacity balance shows that by 1991 800 MW in
new capacity would be required (in addition to Rabil 3 and 4) under
Alternative 1, whereas investments can be deferred under Alterative 2.
Because only preliminarily plant sites have been selected and no surveys
executed, action should be taken immediately to ensure that new plant
will be ready as required (including studies, surveys, preparation of bid
documents, bidding and award of contract) under the two alternative
scenarios.

6.26 The capacity balance and the energy balance is tight through
1990, taking into account that less than average hydrology may require
additional thermal generation up to 1,500 CWh, representing some 300 MW
in gas turbine plant. No firm forecast can be made, of course, without a
complete simulation of hydrological conditions, but the range of capa-
cities required can be observed in the estimate below (Annex 11).

Table 6.2: ADDITIONAL CAPACITY UNDER ALTERNATIVE I AND 2 DEMAND

Planned PEE Additional Capacity required due to:

Gas Turbine Capacity Energy reasons

Capacity Reasons Average Year Dry Year

(MW) Available in each year (MN)

1985 200 200 200
1986 300 150 300

1987 150 200 300 600

1988 150 220 (500) - (400) - (700)

1989 150 200 (800) - (500) - (800)

1990 150 300 (700) - (600) - (700)

1991 150 600 (1,100) - (500) - (700)

Note: Figures rounded to nearest unit of 50.

Figures in brackets are Alt. I scenario.

6.27 Although the plant required to meet the 1985 and 1986 capacity
and energy deficits cannot be commissioned in time, it should be possible
to meet the capacity and energy deficits beyond 1987 by taking suitable
advance action. Weighing all factors and taking into account slippage in
the commissioning of committed steam electric plant expansion and the
effect of shortages in the economy as a whole, it may be prudent to allow
PEE to double its procurement of gas turbine capacity, to be commissioned
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in early 1987, to 300 MW and to allow it to include in the contract an
option, to be exercised within 12 months, for increasing the capacity by
an additional 300 MU in 1988, so that installed gas turbine capacity by
1988 is 600 MS and the capacity deficit is fully recovered. The feasi-
bility of converting these units to combined cycle using gas should be
investigated.

6.28 The availability of gas in large quantities provides Syria with
many options for power generation. Gas will be available from the
Souedie and Jebisse fields by the end of 1985. A gas pipeline project is
under execution to provide the fertilizer plant at Homs with gas for
feedstock. The pipeline has been sized to meet the demand of the fer-
tilizer plant at its rated capacity, but the fertilizer plant is cur-
rently operating at less than capacity. Therefore, in the short run, it
may be possible to install a gas turbine at Homs to utilize surplus
gas. The capacity of the pipeline could be augmented by an additional
compression station, when gas would be available for power generation on
a long term basis at a level of 200 MS in gas turbines or 300 MW in
combined cycle gas turbine. An early option that should be examined by
Syria is to install gas turbines of 200 MW capacity at Homs immediately
with a provision for retrofitting waste heat recovery boiler and steam
generator of 100 MW capacity at a later date (out of the 600 MW proposed
in para 6.24).

6.29 In addition, associated gas may be available at Der-el-Zor from
the recent oil discovery by Shell-Pecten in the next two or three years
if it is not needed for reinjection. The only likely use for this low
pressure gas is in power generation so the mission recommends that one of
the proposed gas turbines be installed near the oil fields by the time
oil production starts and gas becomes available. Some gas discoveries
have been made in the Palmyra Basin and these can be developed and gas
piped to Damascus and Homs at a cost well below the replacement cost of
fuel oil and substantially below the replacement cost of diesel. Syria
has interesting and attractive options in planning electricity genera-
tion. Gas an be used to replace fuel oil in existing steam electric
plants and alzsel in gas turbine plants. In fact, replacing fuel oil
with gas in existing steam power station would be economically attractive
as it would release additional quantities of petroleum products for
export. The steam electric plants at Rabil, Meherdeh and, at a later
date, at Banias could be converted to gas as it becomes available in
sufficient quantities at Damascus, Homs and Banias.

6.30 All future generation also could be based on gas because
reserves are sufficient for a few decades. It is in this context that
the use of combined cycle power plants becomes very attractive. These
combined cycle gas turbine plants operate at an efficiency of about 43Z
compared to 32-34Z for steam electric and about 24Z for ordinary gas
turbines. The capital cost of combined cycle is also lower than steam.
In addition, the cooling water requirements for a combined cycle plant
are expected to be only a third of the requirements for a steam electric
plant of the same size. This is of considerable importance in areas like
Damascus where air cooled condensors are being planned for steam electric
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generation (Rabil). The option of installing 300 MW of combined cycle
gas turbines in place of Rabil 3 and 4 should be seriously considered as
these would allow it to operate at a much higher efficiency. Table 6.2
compares the economics of power generation based on steam, gas turbine
and combined cycle gas turbine systems.

6.31 It is difficult to compare these systems because prices for
generating plant still vary widely. Recent bids for steam power plant in
Syria have been as low as $US550/kV, and bids for combined cycle plants
in other countries have been as low as $US350/kW. The cost of a steam
plant has been taken at $US650/kW ($US800/kW may be more realistic) and
the combined cycle gas turbine at $US550/kW ($US450 may be more
realistic).

Table 6.3: COWPARISON OF GENERATING COSTS PER kWh OF
ALTERNATIVE GAS FIRED PLANTS

(300 MS size)

Steam Gas Turbines Combined Cycle

Capital cost, SAW Installed 650 300 550
Useful life, years 25 15 20
Annual capital charge, S/kW (at 10%) 72 39 64
Annual ON & R costs, SkW 32 21 30
Non fuel cjsts, f/kW
(6570 hrs p.a.) 75 load factor 1.58 0.91 1.43
(4380 hrs p.a.J 50S load factor 2.43 1.37 2.14

Heat rate, Stu per kWh 10,000 12,000 8,500

Fuel cost per kWh, in USt
for SUS3.50JMMEHu of fuel cost 3.5 4.2 2.97

Comparative unit generation costs, f/kWh
(a) 75% load factor

Gas at $3.50AMM6tu 5.08 5.11 4.40
Gas at S5.00OMMBtu 6.58 6.91 5.67

(b) 50% load factor
Gas at S3.50/MMOtu 5.93 5.57 5.13
Gas at S5.00OMMOtu 7.43 7.37 6.38

6.32 Table 6.3 shows that the combined cycle plant provides the
least cost power for mid-range load under all three alternatives. It is
recommended in Chapter IV that gas be priced slightly below the replace-
ment value of fuel oil, which now corresponds to a value of $3.90/million
Btu. If gas were prices at cost (including depletion premium), or about
$1.50/million Btu, gas turbines would be more economical, but the savings
would be notional as a valuable resource would be underpriced and
consequently used inefficiently.
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6.33 As gas turbines can be installed and commissioned in just 12 to
18 months, the projected capacity and energy deficits could be met by
immediately installing corventional gas turbines. At a later date - 12
to 24 months - these gas turbines could be retrofitted with waste heat
recovery systems and steam turbines.

6.34 Although the Ministry of Petroleum is assisting PEE by trans-
ferring gas turbines to Souedie, better coordination between PEE and the
Ministry would be desirable. The Ministry of Electricity apparently has
repeatedly requested rapid development of the Jebisse gas fields for use
in gas turbines, but no action has been taken by the Ministry of
Petroleum.

Nuclear Power

6.35 Syria has a proposal under study to build a nuclear power
station of 2 x 440 MW capacity at alternative sites. These are planned
to be built with Soviet assistance and the first unit is expected to be
commissioned by 1992/3 and the second by 1993/4. The unit capital cost
of a nuclear power station is much higher than a combined cycle gas
turbine, International Atomic Energy Agency (IAm) estimates of nuclear
costs are $1900/kW to $2,700/kW (including interest during construction)
but as only the USSR now produces 440 MV units it is impossible to deter-
mine the price. The fuel has to be imported, and it is unlikely that
nuclear power would be cheaper than electricity generated by combined
cycle gas turbines at USC4.40 to 5.13 per kWh [at a gas cost of
$3.50/million British thermal units (Btu)]. If more gas is discovered
and large gas surpluses develop, combined cycle generation costs would
become even cheaper. A rough comparison of nuclear power plant, coal
fired steam power plant, and combined cycle plant using gas indicates
that gas is likely to be cheaper (US$4.32/kWh). Breakeven costs for
nuclear, when compared to gas, would have to be $1,750/kW or less.
Delays in construction of nuclear plants can add considerably to the cost
of interest during construction. Also there are extra costs of bringing
safety standards up to international levels. The comparisons are subject
to uncertainty, but it does indicate that a very careful evaluation of
nuclear power needs to be made before proceeding with its development.
Without first conducting an overall least cost study for the combination
of power and gas-use projects (i.e., a follow-up study to the Bank-
financed study completed in - 78), a full evaluation of the economic
worth of a nuclear power station would be premature. However, recent
large gas discoveries and the good possibility of using large amounts of
gas in power generation indicate that a decision on developing nuclear
power should be postponed until a full least cost study is completed.

Recommendations to Study Least Cost Development

6.36 ConsuLtants should be appointed to assess the short-term
development requirements for power. The study should be completed in 3-5
months (at a low cost possibly around US$200,000), and cover:
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(a) the capacity, timing and location of gas turbines needed to
fill the capacity and energy gap until new plant is operational
(1987-89 and around 1991);

(b) the physical and financial requiremenrs for fueling of gas
turbines with gas and for their operation (location, type of
gas, gas cleaning, supply lines, possible gas compression,
substations, transmission, stability, logistics, etc.);

(c) a preliminary plan and cost estimates for locating and con-
structing the next generation of power stations identified as
A,B, and C in Annex 13;

(d) the further expansion of Banias and Rabil, assuring least cost
to the extent possible within the time frame of availability of
gas;

(e) preparation of terms of reference for a comprehensive least-
cost development study for power and gas until the year 2000,
including an assessment and phasing of gas supplies through
time for power in the context of the priorities to be set for
least cost gas use and possible options such as coal imports
for coastal plant.
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VII. RENEIIAIS ENERGY - ISSUES AND OPTIONS

7.1 This chapter describes the issues and options related to
renewable energy (primarily solar and wind), energy conservation
(primarily in the cement industry) and the energy pricing (focussing on
electricity and LPG).

Solar

7.2 The Syrian Arab Republic lies between the 32nd and 37th degrees
of latitude north of the equator. The climate varies from a mediter-
ranean weather along the coast to. a desert environment further to the
interior. With the exception of the narrow coastal strip, Syria
experiences an average of 3,100-3,400 hours per year of suhshine. The
country enjoys high solar insolation with yearly averages of 450 cal /cmk
day (1.883 KJ/cm day).

7.3 In Southern Syria (Damascus) the average duration of sunshine
in winter is 6.7 hours which is 63Z of possible duration. In the summer
duration of sunshine goes up to 11.8 hours, which corresponds to 902 of
the possible duration. Overall, average sunshine duration is relatively
high at 9.2 hrs/day or 77Z of possible duration.

7.4 Solar insolation varies markedly with the time of the year.
During January, the average solar ixsolation averages a low 200 to 250
cal/cm2 day (.837 to 1.046 KJ/cm' day). Summer insoljtion rises
significantly Ind reaches a peak level of 700 to 750 cal/cm day (2.928
to 3.138 LJ/cm day) during the month of June. The variation in seasonal
value of solar insolation is due in most part to Syria's Latitudinal
location. However, regional variations are apparent and iso-insolation
lines seem to fullow climatic patterns. Interior areas close to the
desert area exhibit the highest sunshine duration. Sunshine duration
diminishes toward the coast or the northern areas.

7.5 Solar data is available from only three sites in Syria. Cur-
rently only one station (Kharabo) is in working condition. Data gathered
from all three sites is limited to direct solar radiation in addition to
meteorological information. Meteorological department personnel did not
seem very confident of the quality of the data collected. Kharabo
station has recently been completely refitted with a modern solar radia-
tion collection system coupled to a digital recorder. A complete set of
solar information is available for this site for the last couple of
years.

7.6 Rainstorms, cloudiness, and sand storms are the main causes of
scattering or diffusion of direct solar radiation. These occur during
the October to May period with more chan six cloudy day_ per month
present during December, January, and February. Annex 16 presents the
daily average total solar insolation data for the three existing sites in



- 85 -

Syria. Annex 17 presents the average daily sunshine duration for nine
sites in the country. Annex 18 presents the monthly breakdown of cloudy
days and monthly average solar insolation data.

7.7 Solar energy could be used in the domestic and commercial
sectors in Syria for water and space heating. Syria is one of the few
developing countries with high solar insolation even in winter months
with mean temperatures of around 8C and absolute minimum temperatures
down to -8'C. The major energy source for heating now is gas oil with an
Annual consumption of 1.2 million toe or nearly 0.7 toe per household. A
substantial part of this gas oil consumption in the domestic and comer-
cial sectors can be eliminated by a well planned program for utilization
of solar energy for water and space heating.

Population Demographics and Households

7.8 The population growth rate during the 1970-1981 period was a
high 3.4% leading to a population increase of 43% over the same period.
The urban population is evaluated at 47% of total population in 1981, up
from 43.5Z in 1970. The urban population is distributed among 63 towns
of more than 20 thousand inhabitants whereas rural inhabitants are spread
among 6501 villages. Household sizes differ among urban and rural
settings. The average household size in towns is 6.0 persons per
household and reflects the continual rise in household size over the 1970
figure of 5.9 persons per househoid and the 1960 figure of 5.3 persons
per household. Due to the forecasted drop in population growth rate the
mission will assume that the household size will remain constant over
time.

Residential Housing Stock

7.9 The identified housing stock in Syria is about 1.5 million
housing units, of which urban dwellings comprise 49Z of the stock. The
average size of a housing unit is approximately 3 rooms, although urban
dwellings averaging 3.35 rooz s. Similarly the floor area in urban dwel-
lings is approximately 100 m versus 80 m2 for rural housing. Annex 19
details the size and structural distribution of the Syria housing stock
in 1981.

7.10 Housing construction has been a key growth sector in Syria over
the last decade. An important trend in housing starts is the substantial
increase in floor area per dwelling over the average size of older
houses. The mean urlan housing unit is 110 m2 in size compared to a past
average size of 99 mi. Increases in2 rural dwellings were proportionally
even larger, 117 m2 compared to 81 m .

Residential Energy Demand

7.11 The consumption of commercial energy in the commercial and
domestic sectors in 1983 is estimated at 1.808 million toe. The break-
down is 0.152 million toe of electricity (8.4Z), 0.451 million toe of
LPG/kerosene (24.91), and r.205 million tonnes of gas oil (66.7Z). More
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than 85% of the population has access to electricity. rn the next five
years or so electrification of households is expected to reach near satu-
ration. The average electricity consumption per connection in 1983 is
estimated at 1,155 kWh/year for the domestic and the commercial sec-
tors. Disaggregated figures are not available for the domestic sector
alone but the average consumption per household probably would be less
than this figure and may be in the region of 600 kWh/year. This would
indicate that the electricity is likely to be consumed largely or
entirely for lighting and very little is used for heating, air con-
ditioning, or cooking. LPG and kerosene are used for cooking. The total
consumption of LPG in 1983 was 212,000 toe and kerosene consumption was
239,000 toe. As LPG availability increases in the near future, it will
increasingly displace kerosene for cooking purposes. Gas oil is used
mainly for water and space heating and solar energy could replace a
substantial part of this consumption in the future.

Solar Water Heating

1.12 Detailed figures of gas oil consumption for domestic water
heating based on sample surveys are not available and certain assumptions
had to be made in order to arrive at an order of magnitude figure for gas
oil consumption for domestic water heating. Based on certain assumptions
regarding hot water usage in households, the annual gas oil consumption
for water heating is estimated at 274 liters or 0.221 toe per households.

7.13 Syria has an emerging industry for the production of solar
water heater and in Damascus alone, the mission identified seven manu-
facturers including one in the public sector. These units are not
operating to capacity due to (a) lack of appropriate incentives and
information on converting to solar systems; and (b) the relatively high
capital costs of a solar system as compared to a simple gas oil heater.
In addition, the industry suffers from lack of raw materials for manu-
facture of solar systems on an assured and regular basis. Government
policies should favor adoption of solar water heating systems whenever
possible and provide incentives and information and make available loans
for households to install solar water heating systems. A typical system
costs SL 4,300, compared to only SL 750 for a gas oil heater, with a
payback period of about six years. Detailed calculations are presented
in Annex 20. The solar water heating system becomes even more attractive
if coupled to solar space heating systems as discussed in subsequent
paragraphs. Syria should encourage solar water heaters as domestic
manufacturing capability exists and could potentially substitute for
0.287 million toe of gas oil being used for this purpose.
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Solar Space Heating

7.14 The climate in Syria ranges from a mild mediterranean climate
on the coast to a continental desert in the East. In addition, the
chains of mountains separating Syria from Lebanon and paralleling the
coast attract fairly heavy snowfalls during winter. Yearly average
temperatures range between 150 and 20°C. Annex 21 provides the monthly
temperature profile for Damascus. Like most interior regions, Damascus
experiences occasional temperatures below freezing for six months of the
year. The temperature data collected for Damascus forms the basis for
all the simulations developed to evaluate solar applications.

7.15 As in the case of water heating, scant statistical data is
available with regard to use of gas oil for space heating based on sample
surveys. Based on the data collected by the mission and certain assump-
tions regarding temperature differentials, duration of space heating and
household areas, the gas oil consumed yearly in each urban household is
estimated at 0.348 toe. Average rural household consumption may well be
below this figure. If a factor of 0.8 is assumed between urban and rural
households, the average rural household consumption is estimated at
0.278 toe. The total consumption by all households for space heating is
estimated at 0.450 million toe.

7.16 The alternatives to gas oil space heating are: (a) solar space
heating; (b) electric heating; and (c) heat pump3. The total heat demand
per housepold per year is estimated at 1417 x 10 kcal, with a maximnm of
418 x 10 kcal required in the month of January. A conventional solar
space heating system with 8 m2 of panel area would provide only about 70Z
of the heat load required during January and would have to be backed by
electric or gas oil heating. The net consumption for the three options
is:

Table 7.1: DOMESTIC ENERGY COSTS

At

Economic
Heating System Consumption SL/103 kcal Rates

Gas oil heating 348 toe 0.39 0.45

Solar/electric 258 kWh 0.46 0.76

Heat pump 588 kWh 0.38 0.47

Electricity 1,648 kWh 0.43 0.72

A range has been indicated for solar heating as capital costs and effi-
ciencies vary substantially for different manufacturers. These costs are
for stand alone systems and the cost of a solar water space heating
system which would provide heat only during the day could be a viable
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alternative. The heat pump costs are for an air/air system, and this
option could be more attractive if coupled to a solar water heating

system. Another advantage of the heat pump option is that it could be
used for air conditioning during summer months and the cost would be
lower if credit was given for this in analyzing capital costs. Whenever
air conditioners are installed for summer cooling, conversion to revers-
ible heat pumps would be advantageous. Another alternative that may
provide heat 4uring day time only is the solar window panel at a cost of
sP .33 per 10 kcal. A study of these alternatives is beyond the scope
of this report and these options need to be studied in more detail. It
is suggested Syria undertake some demonstration trials on each of these
systems either on a stand alone basis or in combination.

Wind

7.17 According to the Meteorological Department, wind data is being
collected throughout the country by a network of approximately 30 meteo-
rological stations. Data provided is of limited usefulness for detailed
sizing of wind turbine systems but provides a data base for a rapid
evaluation of the wind regime. A moderately important wind regime covers
the whole country with average speeds ranging from 3 to 5 meters/second.
The wind regime is steady and distributed around the mean wind speed.

7.18 The wind regime is generally favorable for installing wind
mills in Syria and, in fact, a few thousand have been installed in the
past decade or so. As in the case of solar water heaters, indigenous
manufacture of wind mills for pumping of water is well developed and
several thousand have been installed in the countryside without any
specific encouragement from the Government. While these tend to be com-
petitive with diesel driven pumping systems, their high capital costs
make them uncompetitive where electricity is available. The market is
slowly becoming restricted as rural electrification programs are imple-
mented and access to electricity increases. The low tariffs for elec-
tricity also operate against large scale use of wind mills, but wind
energy remains an important renewable energy source in Syria.

7.19 As electricity becomes available in rural areas, the market for
wind mills will become restricted. This trend is likely to continue and
wind mills are likely to play a diminishing role in the economy as a
whole, wLile continuing to be attractive in areas without electricity.
See Annez 22 for detailed analysis.

Biomass

7.20 Syria has an area of 182,000 square kilometers. Natural
forests cover 485,000 hectares of land or approximately 2.7Z of the total
area. Natural forest area seems to have remained at a roughly constant
level since 1973. Reforestation efforts are recent with a 12,000 hec-
tares per year program underway since 1978. Total reforested area
reached 81,000 hectares by the end of 1983.

7.21 Official figures for fuelwood consumption in Syria are
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suspiciously low: 7,600 tonnes in 1983. Charcoal production is
estimated at 1,900 tonnes and wood harvesting for industrial use is
11,680 tonnes.Ministry of Agriculture officials indicate that the
availability of electricity and the widespread use of gasoil and butane
bottles has practically eliminated the use of fuelwood. Official
estimates for charcoal and fuelwood consumption correspond to 3,744 toe
or 0.2Z of domestic and comercial energy use.

7.22 Syria's reforestation program is impressive for a country of
its size. Since 1978 the goal of 12,000 hectare of plantations has
generally been exceeded. The plantations e tablished up to 1984 cover
81,000 hectares and are equivalent to 17Z of the existing natural forest
area. According to Agriculture officials, the reforestation program is
being doubled in scope with up to 24,000 hectares to be reforested yearly
starting in 1983. Clearly, Syria is one of the few developin3 nations
where forests are increasing in the aggregate, but biomass resource is
unlikely to have any significant role in meeting Syria's energy needs.

Geothermal

7.23 Natural hot springs have been known in Syria since ancient
times. Presently 14 geothermaL localities (hot springs or wells) are
known ,ii Syria and are listed in Annex 3 and the locations are shown in
Annex 4. The water temperature varies from 25-60°C. All of these
geothermal localities are in limestone formations, mostly of Cretaceous
age. The geological conditions in Syria suggest that geothermal water
can be found widely in the Cretaceous limestone formations. The
temperature of the water, however, depends on a) the regional thermal
gradient; b) the depth to which the water flows; c) the flow rate from
depth towards the surface and cooling on the way; d) cooling due to
mixing with colder water at shallower depths. No estimates have been
made of the heat flow in Syria. There are, however, tens if not hundreds
of deep wells in the country that can most likely be used for an assess-
ment of the heat flow and the measurement of thermal gradients in the
country. But assuming an average thermal gradient of 25°C/km, and assum-
ing the mean annual temperature in the recharge areas of the thermal
water to be about 15°C, water flowing at 1 km depth can be expected to
reach 40C and at 2 km depth the water temperature could be 65'C. It is
suggested that the first step in further geothermal exploration in Syria
should be estimates of the underground temperatures by means of chemical
analyses of all the thermal waters, and a country wide program of temp-
erature measurements in existing deep wells.

7.24 It should not be difficult to obtain thermal waters with
temperatures high enough for therapeutic baths in several places in
Syria. For space heating, however, the temperatures of the thermal water
should preferably be over 50C. The results of the chemicaL survey of
thermal waters and the proposed temperature measurements in available
drillholes in Syria, may give an indication as to how many places are
likely to produce thermal waters with temperatures high enough for space
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heating at reasonable drilling depths. In any event, geothermal energy
can play only a very limited role in meeting Syria's energy needs.

Conclusion

7.25 Among renewable sources, solar energy seems to be the most
attractive. Solar energy for water heating is already cost effective and
only needs suitable governmental policies to be more widely used. Solar
energy for space heating requires more detailed studies and demonstration
projects to assess the costs, risks and benefits more fully. Biomass and
geothermal are likely to have only limited application in meeting energy
needs of the domestic and commercial sector.
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VIII. INSTITUTIONS IN THE ENEMGY SECTOR

8.1 The important institutions in the energy sector are (a) Syrian
Petroleum Company; (b) PEE; (c) Banias Refinery; and (d) Homs Refinery.
In addition, there is The Syrian Company for Oil Product Storage and
Distribution (SADCOP) and the Syrian Company for Oil Transport (SCOT).
The organization of the major institutions in the energy sector are
discussed below.

Energy Planning/Advisory Unit

8.2 The energy planning/advisory unit within the Ministry of Petro-
leum should be strengthened. It should expand its activities, p-Lepare
energy balances and study options and policies on a regular basis. To do
this a large and more up to date database should be provided to this
unit. Clearly, computer facilities (mini-computer is sufficient) would
be of great assistance in carrying out planning responsibilities. An
Energy Balance Comittee was set up in the Ministry of Petroleum in 1980
for carrying out energy audits in industry and this needs to be
strengthened and activated.

Syrian Petroleum Company

8.3 SPC is headed by a General Director who oversees six main
directorates: technical, financial, planning, general and the two dis-
tricts (Hassaka and Jebisse). In addition to the main directorates, nine
department heads report to the General Director [administration, com-
mercial, legal, internal auditing, service contracting, exploration,
petroleum studies, gas exploration (Bulgarian contract) and gas proces-
sing). In all there are 15 people reporting to the General Director.
The total labor force is 9,600, out of which about 9.6Z are university
graduates (including 5Z engineers) and 16.7Z high and middle school
graduates.

8.4 SPC is run by competent tep management and a strong base of
skilled workers. Middle management and professionals with long expe-
rience are few and those present are carrying more than their share of
the work load. Consequently, about 100 expatriates (skilled workers,
foremen, engineers and advisors) are retained to support the SPC opera-
tions.

8.5 SPC has a very challenging task ahead; to allow it to meet
these challenges some organizational changes will be required, such as
(a) improve the professional expertise of its management and technicians
by exposing them to world class technology; (b) integrate technical
disciplines (geology, geophysics, petroleum, engineering and technical
support services) under one vice president; (c) improve and strengthen
communication channels between districts and headquarters; (d) encourage
and allocating enough resources for studies, research and piLot opera-
tions and providing the requisite support services (geoscience labora-
tories, data bank, computers and software for seismic data processing and
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reservoir modelling studies); (e) improving management information system
and devising criteria for evaluating investment options, (f) developing a
medium and long term strategy for SPC to operate on its own and/or as a
partner with foreign companies, and (g) divesting SPC of so-called tech-
nical services (civil, mechanical and electrical works) through con-
tracting to local firms and concentrating on the basic task of exploring,
finding and developing oil and gas resources.

Natural Gas Development

8.6 Gas will play an important role in Syria's economy and activ-
ities relating to exploration, evaluation, testing and development of gas
reserves needs to be strengthened. Inadequate data compilation and
analysis concerning natural gas discoveries, the absence of testing
equipment, and the slow development of major gas reservoirs all indicate
considerable scope for improvement. This failure to utilize a most
important national resource can be explained by a number of factors:

(a) Lack of a comprehensive energy sector study and a long term
energy plan;

(b) Syrian isolation from commercial and technical developments in
countries beyond its borders. The capacity of Syria to benefit
from the experience of other countries has been limited. The
flow of coumercial and technical intelligence through periodi-
cals needs strengthening;

(c) Thinking that natural gas broadly remains "the oil man's
nuisance ;

(d) Lack of adequate cormunication between the gas producing
agencies (SPC) and the consuming agencies (power, industry,
etc.).

8.7 It is clear that Syria has substantial natural gas resources
which can be develope' with considerable economic benefit to the
country. However, the difference between doing it well and doing it
indifferently could be massive in economic terms.

8.8 Natural gas development and utilization calls for technical and
organizational skills which are different from those which apply to
oil. Organizing for natural gas development should concentrate mainly on
two areas: (a) acquiring an understanding of the dynamics of gas
development in other developing countries; and (b) creating a management
structure which can tackle the complexities of gas development and
marketing. To achieve these objectives, the following recommendations
are made:

(a) Natural gas inevitably moves within pipes or process vessels
from the moment it leaves the well until it reaches the burner
tip. With all facilities in the chain being fuLiy operational
all the time there is little intermediate storage capability;
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therefore there is a need for a greater degree of operational
reliability from the consumers' viewpoint, as in the case of
electric power. Syria may have difficulty finding suitably
experienced staff from within the country to make the best of
the natural gas opportunities in the short term. In order to
train Syrian technicians and managers in gas development
programs, the following recommendations are made.

ti) visits to developing countries like Pakistan which have a
history of natural gas development or are engaged in it;

(ii) attendance of selected Syrian personnel at formal courses,
which are available in a number of disciplines, particu-
larly:

- Project evaluation, management and coordination;
- Engineering of naturaL gas systems;
- Natural gas, international supply and pricing;
- NaturaL gas, economics;

(iii) using experienced consultants on planning, project
formulation and implementation.

Cb) Another important aspect of gas development is the close coor-
dination required between potential users and gas producers and
the integration of gas development plans with those of the user
agencies.

(c) It is important to ensure that gas development projects go on
stream as scheduled and coincide with completion of user
facilities, which would largely or entirely be under state
ownership. In order to achieve this, close coordination
between the different Ministries and the organizations under
their control is essential. For this purpose it is recommended
that a Board (or division) be created within the Ministry of
Petroleum to oversee gas related activities and to coordinate
these activities with those of other Ministries and their sub-
ordinate organizations in power generation and industry. While
the day to day operation of the Board would be the responsi-
bility of the Ministry of Petroleum, a two-tier Management
Committee is recommended for achieving the coordination with
user Ministries/Institutions. The first is a Ministerial
Committee which approves overall targets, financial allocations
and all gas related projects. An operating committee at a
working level (of heads of departments) would ensure coordi-
nation among the different directorates and periodically review
progress of projects. The functions of the Board should
include the following:

- drawing up a master plan for gas development and usage;
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- planning and programfing of gas development projects in
consultation with the supply and demand sectors;

- approving of all investment plans with time targets for
completion;

- reviewing progress of approved projects periodically;

- coordinating activities of private sector organizations,
particularly foreign oil companies, with those of SPC to
ensure optimal and least cost development including sharing
of pipelines and facilties where required;

- negotiating and setting tariffs for supply of gas by SPC and
foreign companies to ensure an equitable and assured return
on investments;

- setting tariffs to different categories of users to ensure
that a valuable resource is used economically;

- monitoring of major contracts awarded in the gas sector and
ensure adequacy of technical support and consultancy.

8.9 The size of the two comittees should be limited to ensure that
it concentrates on the core matters and avoids the temptation to "inter-
fere" with the independence of user agencies with whom it deals but at
the same time has representatives of all Governmental agencies involved
in gas development and usage.

Institutions in Refining and Distribution

8.10 The Homs refinery (built in 1959) and the Banias refinery
(built in the early 1980s) are separate companies under the authority of
the Ministry of Petroleum. Information on petroleum product demand comes
from the distribution company. The policies on importing and exporting
crude and petroleum products are set by a committee under the Prime
Minister's office.

8.11 While the decentralized nature of the oil import, refining and
distribution activities has some advantages, a closer coordination and
flexible operation in response to changes in both the international
market and domestic market would be beneficial. It is suggested that one
refining enterprise, or a strong planning unit within the Ministry of
Petroleum, oversee the operation of both refineries and retain major
responsibility for imports and exports of oil and oil products. This
more coordinated structure, in conjunction with better refinery planning
and refinery modelling, would create a more flexible institutional frame-
work. A strong planning unit is necessary to determine how changes in
crude/product import and export opportunities fit with the refinery
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operation, and also relate to supply and demand projections and optimi-
zation of refinery operations. These activities should be coordinated
closely with SADCOP and SCOT operations.

8.12 To carry out this planning and coordination function a much
better database must be provided to this unit. What is clearly needed is
better data on the refining system, week to week crude and product flows,
stock levels, yields of various crudes within the refineries and day to
day international price changes. Simple refinery models on a minicom-
puter would be beneficial to this planning,activity.

8.13 Within the refineries subordinate to the Technical Director
there should be a clear division of responsibilities between the Tech-
nical Services (design, planning and lab work) and Operations Super-
intendents.

8.14 There does not seem to be a group in each refinery whose job it
is to continuously review current operations from a theoretical point of
view, as well as from a practical one. This has been left to senior
operating personnel but these people are far too busy with day-to-day
problems to have time to properly analyze the more difficult problems or
the wide variety of small investment opportunities that are always
present in an operating system.

8.15 SADCOP was established in 1966 to take over the operations of
all foreign marketing and distribution oil companies following nationali-
zation. SADCOP is responsible for the storage, distribution by road,
rail and pipeline, and the marketing of all petroleum products in
Syria. Local distribution is by private trade. SADCOP is managed by a
Director General and comprises six departments each headed by a direc-
tor. Planning of LPG distribution will be an increasingly important
activity in the future. SCOT operates the crude pipeline system (for-
merly of the Iraq petroleum company) from the border with Iraq to the
Banias and Tripoli terminals. The pipeline system's capacity is about
1.4 million barrels per day and consists of two 32-inch pipelines, one
16-inch pipeline and one 12-inch pipeline together with three booster
pumping stations. Pipeline transport of Iraqi crude stopped in 1982.
Part of the pipeline will transport newly discovered oil at Der-el-Zor.

Solar Energy Institutional Structure

8.16 Some organizationaL structure is required for the promotion and
demonstration of solar energy, particularly solar space heating. There
is a need to study and promote solar energy use and to provide resources
to outside institutions for research and demonstration projects. These
activities are dispersed among the Ministry of Industry, the Ministry of
Petroleum and other institutions. Possibly the Ministry of Petroleum
would be the best place to consolidate these activities.
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Power Sector Organizational Structure

8.17 PEE, which was created in 1965, is the sole entity responsible
for public supply in Syria. In 1974, when practically all larger indus-
trial enterprises were nationalized and the work of various Ministries
was reorganized the Ministry for Electricity was created to which PEE was
transferred.

8.18 Although day-to-day business is generally the responsibility of
PEE's General Manager (who is assisted by a Management Committee), all
major decisions are taken in the Ministry, which is housed in PEE's head
office. Autonomy, except in routine matters, is virtually non-existent.
Salaries are restricted to civil servant regulations and turnover is
rapid among higher level technical staff. As a result, PEE's head office
never succeeded in regulating the regional offices, whose technical and
financial performance varies widely.

8.19 The Minister, in practice, is the highest authority in PEE,
discharging his functions through a Deputy Minister for Planning, Statis-
tics and Training and a Deputy Minister for Generation, Transmission and
Operations. PEE has a Board of Directors comprising the General Manager
(normally its Chairman, when the Minister does not wish to chair a
meeting), the Director of Finance, the Director for Legal Matters, the
Director for Procurement and Stocking, the Director for Power Plant
Constructive, and two Workers' Representatives. Thus, the Board com-
prises only PEE personnel; the voice of the consumers is not in any way
represented on the Board.

8.20 Although nominally PEE has four Departmental Directors, who
form, together with the General Manager, the Management Committee, there
is little delegation of authority; PEE is largely organized horizontally
and has some 33 Directors. Each of the 15 regions has its own Director,
as have some 10 general service departments. The head office is spread
over six buildings in Damascus, and the training and repair centers near
the Adraa substation (each having its own Director) together are con-
sidered part of the head office.

8.21 PEE has no centralized planning department - the Planning and
Statistics Department c only 15 people should not be considered to be
a planning unit. Planning for generation is largely by committee, while
design is usually left to consultants 3r to the manufacturers. The
transmission department is reasonably staffed and appears competent to
plan future expansion (consultants were appointed in 1985 in view of the
large expansion program). Centralized distribution planning is limited
to a small unit which largely provides only guidelines, while actual
planning is left to the regions. A least cost development program is not
prepared due to lack of expertise. However, a WASP (generation planning)
program is available, but it is incompatible with the computer available
in PEE.
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8.22 PEE's lacklustre performance is largely due to two factors:

(a) Lack of expertise due to inadequate remuneration, which causes
a steady outflow of staff as soon as they have obtained suffi-
cient experience in PEE to be attracted by better opportunities
in the private sector or elsewhere in the world;

(b) Lack of autonomy - the decision-making procedures are at a
Governmental or Ministerial level with minimal responsibility
at the organizational level.

8.23 As a result, PEE's organization is poor; bureaucratic pro-
cedures are stifling, communication between offices is difficult,
accounting is inadequate. Only in the purely technical areas is the
situation good. Power generation and transmission facilities have been
constructed ahead of demand for over a decade and an immense rural elec-
trification program has been executed. These achievements are consider-
able. About 100 higher technical staff are being satisfactorily trained
annually. However, training of administrative staff has not been simi-
larly developed and at a lower level, training is substantially on the
job only.

8.24 A national dispatch center (and a local center for Damascus)
was financed by an Abu Dhabi credit, at about the time of the Second
Mehardeh Loan (1144-SYR, 1975). It became operational by the end of
1983, by which time it was almost obsolete because the system had grown
and no funds were made available to keep the center up to date. Com-
puterized dispatch, central frequency control, and computerized printing
of data were never instituted - in 1hirt due to lack of trained staff.
The national center functions largely by telephone. A three-year program
planned and executed by the manufacturers, is being instituted to rectify
the situation, but lack of experienced persoanel continues to inhibit
progress.

8.25 A modern transformer repair center including a fully equipped
testing lab has recently been completed at Adraa (some 20 km north of
Damascus), as well as a smaller circuit breaker repair shop. Advisors
and training experts have been training people, but with very poor
results: qualified people cannot be engaged in sufficient number
(because the site is far from town, family and friends, and there is a
lack of housing); and the transformer repair center stands virtually
idle.

8.26 Finances are in a poor state. Since 1970, only two rate
increases have been granted. The first one was implemented in July 1980
and effectively amounted to an average of 60% in current prices. It fell
far short of requirements and with inflation the situation has continued
to deteriorate. The second rate increase, implemented in January 1985,
made only minor adjustments and is expected to result in an average
increase of some 7Z. The exact shortfall is not known because PEE's
accounts are not up-to-date (an effort is being made once more to be up
co date by the end of 1985). The 1984 revenue for sale of electricity
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was probably around SL 1,250 million and the fuel bill some SL 1,050 mil-
lion, thus the fuel bill alone may exceed revenue by the end of 1986
unless tariffs are raised immediately.

8.27 The IBRD power loans financed numerous studies. A tariff study
was executed between 1975 and 1977 but never implemented because of the
Government's unwillingness to increase rates. The recommendations from a
Load Research Study were to achieve an improved data base in order to
continuously review tariff structures and rates. These were not imple-
mented.

Personnel

8.28 Since 1980, total manpower had grown from 14,120 people to
17,197 at an average annual increase of about 8Z. Although this appears
high, it is modest in comparison with other PEE growth indicators over
the same period, such as sales (16x/a), generation (19%/a), number of
customers (11/a). As an illustration of the difficulties of engaging
qualified staff, the target set for the engagement of university
graduates in 1977 (IBRD Appraisal of the Regional Electrification Project
Loan 1531 SYR) for the year 1980 was 1058, while actually PEE had 690
employees in this class in 1980.

8.29 It is difficult to retain and increase qualified staff and
there is a rather rapid turnover in engineers and other graduates. The
year 1984 apparently was a "good" year with respect to recruiting
engineers. However, in the three previous years, on average about 12% of
the engineers left PEE, indicating a rather low average employment time
of eight years. If operations and planning are to be improved, it is
very important to increase the qualified staff and retain them.

organizational and Institutional Reforms

8.30 That reforms throughout PEE are urgently required has been
obvious since the first IBRD loan, when consultants were appointed in
1975 to recommend a new organization and administrative and accounting
systems. However, no action was taken by PEE to impLement the recomr
mended svstems. A second firm was appointed in 1980, which submitted its
recommendations in 1983. As yet, no action has been taken.

8.31 It was hoped that the present fragmentation of PEE's head
office would end with the completion of the new head office, construction
of which started in 1982. However, as the annual budget for the purpose
is restricted the building will not be completed before the end of
1986. Because most of the departments are now spread out and lack direct
communications, the appropriate time to implement drastic institutional
changes can only be after the move.

8.32 As indicated above, the Government's performance for electri-
fication of the country to meet industrial and residentiaL demand and to
reach most people, has been impressive, but there are distortions that
need to be corrzcred in the near future:
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(a) The past unrestrained growth and waste of energy caused by
inadequate pricing should be arrested through proper pricing
and conservation incentives. New facilities might be partly
financed by existing consumers through internal generation of
funds. This would reduce the financial burden on the Govern-
ment and allow PEE to contract out for facilities;

tb) Because of the limited past investment in generation, Syria
should prepare to meet requirements in this area that will be
considerably higher over the next five years. This is parti-
cularly important because funds also will be required to
execute other energy related projects;

(c) Efforts should be made to tamper the use of funds for and rate
of rural electrification to improve service quality and release
funds for higher value uses. This would help to keep overall
losses within reasonable limits;

(d) The reorganization of PEE should no longer be postponed so that
the management of this growing and complex power system can be
approved;

Ce) As PEE has no centralized planning office, such an office
should be created and provided with adequate facilities and
consulting expertise. PEE's planning staff, which are now
scattered throughout various offices, could be transferrred to
the new planning office and constitute a substantial portion of
the planning staff. However, planning would be the
responsibility of the consultants under direct supervision and
authority of the Deputy Minister for Planning of the Ministry
of Electricity.
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IX. INVESTMENTS

9.1 As energy development forms part of the Government's five-year
plan and planning for the sixth plan (1986 to 1990) is ongoing, this
chapter will discuss investment costs in the petroleum sector (oil, gas
and refining) and in the power sector. Major emphasis should be placed
on the high priority and high rate of return investment options in the
petroleum sector, particularly accelerated gas development, maintaining
oil production from oil fields, and making some modifications to present
refineries. The minimum new investment necessary for this sector is
estimated to be SL 9.2 billion, or SL 1,840 million per year. Of this
about SL 1,600 per year is for oil and gas development and exploration,
activities currently handled by SPC. Given these high investment
requirements options should be investigated on ways by which joint
ventures with foreign companies might reduce the overall investment cost
to the Government, particularly in the area of gas development. In the
power sector the primary emphasis should be on policies and investment
choices which reduce losses, improve efficiency, increase prices and
efficiently supply power to meet demand at higher tariff levels. An
analysis of the investment necessary to meet the Alternative 1 demand
scenario (or high demand-low price scenario), similar to PEE plans under
consideration, indicates that SL 10.7 billion (excluding SL 2.24 billion
for nuclear) would be required for investment. It is unlikely that such
large investment resources would be available solely for power. There-
fore urgent measures are required to cut losses, improve efficiency and
reduce demand growth, if serious power shortages are to be avoided.
Investment requirements to meet the resulting lower demand (Alternative
2) are estimated to be SL 8.0 billion.

Petroleum and Gas Investments

9.2 In 1983, expenditures on oil and gas exploration and develop-
ment by the Syrian Oil Company were SL 1.55 billion. Approximately 40%
was for equipment, the rest classified as construction. This is a
substantial increase (129%) over the SL 0.675 billion spent in 1982.

9.3 Future expenditure priorities should be on the development of
gas, expenditures necessary for maintaining petroleum production from the
old oil fields, acquiring new equipment, and a balanced exploration
program. In the refining sector there is clearly no need to build a new
refinery, although conversion facilities at Banias are required and would
have a rapid payback. A summary of the approximate investment cost is
given in Table 9.1. Gas investment is given in more detail in Annex 23.
This list identifies the largest and most important potential investments
and it gives approximate investment cost, but it is not a comprehensive
list. The total identified new investment is US$2,325 million in con-
stant prices (SL 9.18 billion). Of this, US$2,000 million (SL 7.9 bil-
lion) is for new investment required for oil and gas exploration and
development under SPC. On an annual basis this is a modest increase over
the 1983 actual level. This level should be considered a minimum annual
investment level (constant prices) for SPC. The approximate value of oil
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and gas output this investment would produce would be between US$4 to
6 billion dollars over the next ten years, compared to an investment of
$2.0 billion in five years. This is an excellent return on investment.
Refining investment would have a rapid payback, indicating high returns.
Given the high level of investment cost and limited funds for total
investment in all sectors, it would be useful to investigate ways in
which foreign investment (in gas development, for example) might allow
the necessary investments to be made at a lower overall cost to the
Covernment.

Table 9.1: MINIMUM INVESTMENT PLAN RECOWMENDATIONS IN PETROLEUM, GAS AND
REFINING FOR 6th PLAN (1986 to 1990)
(In USS million, in constant prices)

1986 196i7 1988 1969 1990 Total

I. Oil and Gas Exploration (SPC)
A. Seismic (all Syria) 12 12 12 12 12 60
B. Palmyra basin gas field

- Exploration (10 wells) 6 6 8 20
- Delineation (20 wells) 12 14 12 12 50

C. Oil exploration
- Northeast (80 wells) 40 40 40 40 40 200
- Outside N.E. and Palmyra 10 10 10 30

(10 wel Is)

II. Gas Development (SPC)
A. Palmyra gas 15 150 160 60 40 425
B. Other gas 75 60 60 40 40 275

Ill. Oil Production (SPC)
A. In fill drilling 130 130 130 130 130 650

(500-600 wells)
S. Field rehabilitation 38 38 38 38 38 190
C. Seismic deta acquisition and 20 20 20 20 20 100

processing facilities, drilling
rigs, geochemical and reservoir
engineering labs

IV. Refining (Banlas and Hons)
A. Banias cracking facilities 10 60 30 100
B. Debottlenecking, 10 10 5 25

efficiency Improvements

V. Distribution
A. LPG

- filling 25 25 50
- bottle ufg 30 40 40 110

B. Pipelines, meters 5 5 10 10 10 40

Total million USS 361 543 567 437 417 2,325
(billion SL at 3.95 SAUUSS) (1.4) (2.14) (2.2) (1.7) (1.6) (9.18)
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Power Generation Requirements for the Sixth Five-Year Program

9.4 PEE has only recently initiated budgeting for the next (1986-
1990) five-year program, and no firm details are yet available. A
preliminary development program was prepared for Alternative 1 and
Alternative 2 demand forecasts in order to assess the power situation
over time and the estimated capital cost of meeting these demand fore-
casts. Existing plant and planned capacity are shown in Annex 11 and
Annex 12 respectively (see assumed commissiong dates). A substantial
part of the planned capacity is already committed, although in practice
changes can be expected. Only two units have been contracted for Rabil,
the power station to be constructed near Damascus. It was assumed, in
view of power demand under Alternatives 1 and 2 in the 1990s that a
further two units would be added. The Tichreen hydro plant on the
Euphrates, although only preliminarily studied, was assumed to be firm
and the nuclear plant was included in the evaluation, as site studies
have been initiated recently. Private plant and the Lebanon are expected
to assist PEE in overcoming the capacity and energy shortages in the next
two to three years.

9.5 It should be noted that PEE cannot meet demand under the Alter-
native 1 (or high) forecast with the existing and presently planned capa-
cities until about 1991 or after. New power stations, including surveys,
etc., require a five to six year gestation period, but no actions have
yet been taken to realize the preliminary plans. Measures could be taken
(but not assumed here) such as the extension of Banias with more than two
units (as presently planned) so that one or two years can be gained. The
tentative plans are shown in Annex 13, which provides the capacity and
energy balances for both forecasts in accordance with the above out-
line. Reserve targets would be 18Z (110.85) of maximum demand plus the
largest unit until the early nineties, when the next generation of
stations becomes operational, and 38Z (1/0.85 x 0.85) of maximum demand
subsequently. AIL thermal plant is assumed to operate 5,000 hours per
year of the available capacity.

9.6 Immediate needs can only be met by gas turbine capacity, for
which delivery ti.mes are relatively short. No actions have yet been
taken by the Goverament for constructing the next generation of power
stations, and it was assumed that the best locations for a balanced
system would be near Tartous in the northwest, near Meskene in the east
and Deraa in the south, as referred to in PEE reports. The unit size of
new plant was taken at 400 MW, simply because it is a multiple of the
200 MW units to be installed at Rabil and about equal to the effective
capacity of the nuclear units.

9.7 Under power demand forecast Alternative l, deficits are
expected for the years up to and including 1990 as shown in the table
below; beyond 1990 the situation would improve to normal leveLs of plant
availability.
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Table 9.2: ALTERNATIVE I ELECTRICITY FORECAST

Alternative 1 Historic Forecast

Forecast 1984 1985 1986 1987 1988 1989 139O

Demand (GV) 1.3 1.6 1.8 2.0 2,2 2.5 2.7
Available Capacity (GW) 1.7 1.9 2.0 2.6 2.8 3.4 3.4

Margin (GM) 0.4 0.3 %.2 0.6 0.6 0.9 0.7

(S of available) 23 15 12 24 20 26 20

Generation required (TMh) 6.8 7.9 9,0 10.2 11.4 12,7 14.0

Energy capability, average year (TWh) 6.8 7.1 8.3 9.6 11.0 12.8 14.5

Margin. (deficit), surplus (TWh) - (0.8) (0.7) (0.6) (0.4) 0.1 0.5

(ditto, S) - (10) (8) (6) (3) - 3

Energy Capability, dry year (TWh) 6.8 7.0 7.6 8.1 9.5 11,7 13.4

Margin, (deficit), surplus (TWh) - (0.9) (1.4) (2.1) (1.9) (1.0) (0.6)

(ditto, S) - (11) (15) (21) (16) (a) (5)

Assuming average hydro conditions, the shortfall in capacity and energy
is serious in 1985 and 1986. However, even a crash program could not
change the situation very much; gas turbines, as the only alternative,
cannot be expected to be in full operation within a year. Assuming 5,000
hours of operation for gas turbines, the above energy deficits represent
the following required additional capacities:

Table 9.3: CAPACITY DEFICITS UNDER ALTERNATIVE 1

Required Additional Capacity (M")

for Meeting Energy Deficits 1985 1986 1987 1988 1989 1990

Average Wateryear 160 140 120 80

Dry Year 180 280 420 380 200 120

9.8 PEE planned installion of gas turbines compared with that
required under the Alternative 1 forecast was given in Table 6.2. For
1985 and 1986 the deficit cannot be avoided; only some off-the-shelf gas
turbine capacity could alleviate the situation and PEE can only hope that
the years will be favorable with respect to hydrology, that it can fine-
tune its plant maintenance program and that it raise thermal generation
of its newer plant in excess of 5,000 hours per year. PEE may ensure
that any off the shelf gas turbines installed can be converted to
combined cycle at a later date.
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Power Sector Investment Program

9.9 Investment requirements over the next five years to meet Alter-
native 1 demand are about SL 10.7 billion, which assumes no electricity
price increase. Investment to meet the Alternative 2 lower demand
resulting from higher prices is about SL 8 billion. The benefits from
reduced investment are thus SL 2.7 billion and in addition about
SL 1 billion will be saved by reduced fuel consumption. If tariffs are
raised for an average 75Z, the PEE revenues over a five-year period would
be higher by SL 7 billion. The reduced government budget support to PEE
resulting from the price increase is estimated as follows:

SL billion (1986-1990)

Increase in sales revenues:

unchanged demand from price Increase *8.0
effect of reduced demand growth -1.0
net Increase in sales revenue +7.0

Savings on investments 2.7
Savings o.e fuel costs 1.0

Reduced budget support 10.7
Assumes no change in borrowings which would reduce

Interest expenses.

9.10 These are onLy approximate estimates, but they include the
magnitude of investment and fuel savings likely to accrue to the economy
by increasing electricity tariffs. In order to avoid serious power
shortages, the Government has the choice of either not increasing the
real prices of electricity and allocating some SL 15 billion for new
investment and revenue support over the next five years, or increasing
prices and, thus, substantially reducing budget support. Such a large
level of budget support is unlikely to be available, as resources would
have to be diverted from more urgently needed areas, and the borrowing
capacity of the sector is extremely limited given the poor financiai
situation. In this case, the only alternative to a substantial real
price increase would be rapidly growing power shortages, with all the
detrimental, disruptive effects it would have on production within the
economy. Iith higher prices, power investment plans will be lower and
nuclear plant investment postponed for five years or more. The details
of investment plans, past and projected, are described below.

9.11 Previous Power Investment. Power investments under the current
five-year program, (1981-1985) are shown in table 9.4 (details in
Annex 23).
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Table 9.4: POWER INVESTMENTS 1980-84

1981 1982 19S3 1984 Total

- - - - - - - _- MSL - - - - - - - - S

Generation
Banias 231.6 185.9 90.6 32.9 541.0 13
Other 110.2 96.0 57.5 72.6 336.3 8
Subtotal 341.5 281.9 148.1 105.5 877.3 21

Transmission
400/230 kV 181.4 120.0 122.9 83.3 507.6 12
66 kV 92.0 64.3 76.3 48.0 280.6 7
Subtotal 273.4 184.3 199.2 131.3 788.2 19

Distrrbution
Rural 199.4 253.7 265.1 255.1 973.3 24
Other 262.1 349.6 308.7 198.6 1,119.0 27
Pole factories 15.5 26.9 20.8 11.3 74.5 2
Subtotal 477.0 630.2 594.6 465.0 2,166.8 53

General 76.2 71.0 72.5 49.6 269.3 7

Total 1,168.4 1,167.4 1,014.4 751.4 4,101.6 100

9.12 Since 1980, investment in the power sector has been about
SL 1000 million annually except for 1984, when it was reduced by 25Z. It
seems that the investment outlay is determined more by financial con-
straints than program requirements as there is no provision for aniual
growth in investment in the power sector in spite of rising demand. The
rural development program was the only -re unaffected by the 1984 reduc-
tion in budgetary allocation and actuaily saw its share increasing from
17X in 1981 to 34Z in 1984. Nearly 60Z of the investment for the period
1982-84 was on distribution (rather than the usual 30-402), and con-
sequently investment in generation and transmission facilities has
suffered. This investment has been decreasing since 1982 and in 1984
generation investments were less than one-third of the 1981 level.

9.13 The Covern=- .C has become aware of the consequences of an
unbalanced investment program and PEE therefore was recently authorized
to invest about one million SL 1,200 in 1985 (against an earlier budget
cut of 25%). Based on investment figures for the past five years on
generation, transmission and distribution facilities, investment costs
per kW of peak demand have been calculated. Due to lack of other data,
the resulting figures have been used for forecasting investments in
generation, transmission, and distribution facilicies for the Alter-
native 1 demand scenario sixth plan period. Using the official rate of
exchange for the portion of the cost in foreign currencies (PEE imports
all goods at the official exchange rate) and the parallel exchange rate
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(as a shadow exchange rate) fcr local expenditures, historic investments
amount to the following in Syrian pounds and US dollars per kW.

Table 9.5: INVESTMENT COSTS PER kW

% of Total Investments per kW System
Investments Demand Increment

SL/AW USSAW

Generation 23 1,620 390
Transmission 20 1,480 340
Distribution 50 3,530 750
General 7 440 s0

100 7,070 1,560

Because investments have been relatively modest in the last few years,
the investment stream was not deflated (prices for electrical equipment
have been rather stable in currencies other than the US dollar) and
interest during construction has not been capitalized.

9.14 Projected Power Investment for the Sixth Plan. In order to
forecast investment requirements the cost of generating plants has been
estimated in accordance with the development program in Annex 13 and the
relevant expenditure schedule (together with the assumptions) is shown in
Annex 24. Investment for transmission, distribution and general per
incremental kilowatt has been maintained at the historical level and the
ann3al investment for the power sector to meet the demands of Alter-
native 1 and Alternative 2 is summarized below:

Table 9.6: COST OF POWER OvELOPMENT PROGRAM FOR ALTERNATIVES I AND 2
DEMAND 1966-90 (SIXTH 5-YEAR PROGRAM)

(excluding nuclear plant)

1986 1987 1988 1989 1990 Total Share
- - - - - - - MSL - - - - - - - S

ALTERNATIVE 1
Generation 391 683 925 1,186 1,206 4,393 41
Transmission 318 339 351 363 366 1,737 16
Distribution 742 791 819 847 854 4,053, 38
General 95 102 147 109 110 563 5

Total 1,546 1,915 2,242 2,151 2,538 10,746 100

ALTERNATIVE 2
Generation 391 583 625 686 773 3,051 38
Transmission 318 339 351 363 366 1,737 22
Distribution 462 511 539 567 574 2,653 33
General 95 102 147 109 110 563 7

Total 1,266 1,535 1,662 1,725 1,823 8,011 100

Note: All figures in constant prices.
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9.15 If Alternative 1 power demand is to be met in the next five
years, investment in the power sector has to be stepped up substan-
tially. The total investment over the next five-year period is very
large compared to the fifth plan period (1981-85). The additional
investment in nuclear plant is estimated at SL 2,244 million during the
sixth plan period and at SL 2,244 million during the seventh plan
period. Although cost per incremental kW of system demand is expected to
remain about level, total outlays for transmission would average some
SL 350 million (compared with some SL 240 million in 1985). Outlays for
distribution would have to increase similarly from some SL 600 million to
SL 750-850 per year. Due to saturation, rural electrification would
gradually decline, but all available funds should be used for urban
improvements and reduction in losses.

9.16 Since it is unlikely that sufficient financial resources will
be available to finance such an expanded program, ways must be found to
reduce costs, cut losses, and slow demand growth. Investment in nuclear
plant increases the requirements for funds considerably during the 6th
and 7th plan periods because a conventional plant would have been com-
pleted by 1993/94 in lieu of nuclear plant and at a fraction of the cost;
SL 1,100 million compared with SL 4,400. These lover investment levels
in the power sector (Alternative 2) must be accompanied by large
electricity tariff increases (to reduce demand growth and improve the PEE
financial position), and an accelerated program to cut losses and improve
availability and to quickly begin utilization of gas in power
generation. If these measures are not taken and if investment levels are
considerably below SL 10.7 billion, the inevitable result will be even
more serious power shortages and disruption. However, if these measures
are taken and the growth in demand is lower (Alternative 2) as
anticipated due to higher tariffs, investment requirements are estimated
to be SL 8.0 billion. The government budget support required for PEE
under Alternative 2 will be substantially below that of Alternative 1 as
the revenues will be larger while required outlays for investment and
fuel would be lower. With a 75Z increase in average tariff the PEE
revenues over the plan period would be higher by SL 7.550 bilLion. In
addition, the nuclear plant is not required up to the year 2000 under
Alternative 2 and therefore a decision can be deferred by a period of
five years.
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Annex 1

TRADE IN OIL AND OIL PRODUCTS

Jan-June
1978 1979 1980 1981 1982 1963 1984

VALUE (SL Million)

Exports

Crude oil 2,553 4.449 5,235 5,044 4,082 4,132 2,128

Oil products 56 209 1,286 1,477 1,859 1,063 658

Total 2,611 4,658 6,521 6,521 5,941 5S195 2,786

Imports

Crude oil 872 1,926 3,155 4,954 4,249 4,656 2,450

Oil products 395 1,298 1,034 1,887 1,679 707 208

Total jC7 3,224 4,189 6,841 S,928 5.363 2,65B

Net Exports, Total 1,344 1,434 2,332 -320 -3 -168 128

VOLUME (Million Tons)

Exports

Crude oil 8,106 7,697 6,316 5,542 5,317 5,866 3,026

Oil products 179 373 1,461 2,054 2,702 1,664 1,046

Total 8.285 8.070 7.777 7.596 ,01953 4.072

Imports

Crude oil 2,238 3,332 3,155 4,994 5,224 6,076 3.032

Oil products 789 2,135 1,257 1,458 1,316 522 148

Total 3,027 5,467 4,412 6,452 6,540 6,59E i8

Net Exports, Total 5.258 2.603 3.365 1,144 1,479 932 892

Source: Statistical Abstracts of Syria (1979-83); 1984 figures are from the Central Bureau of
Statistics.



ENERGY BALANCE FOR 1981
(Thousand TOE)

Vear- 1991 Priardy Energy Petroleui Products
Elect - --- Lie

Crude O;i Gas Coil Hydra Nucledr ricity L.P.6. Ndph/Gaso JetIWero Diesel Fuel Oil Other atoal Totals

6ross Supply
Production 9592 0 665 9257
Production, Sy Light 0 0
lIparts 5373 1 5374
Primary E1purts 5542 5542
Stoci Changes -942 -042

Toail Avdilable 9247 0 1 665 0 9913

Conversiont
Petroltu. 9eliiiitiq -a18 0 129 1105 544 q999 4374 527 8979 0
Pucie 6eneration 0 -665 1176 -19 -433 -511 °
Conversion Lossrs -369 -8lu 0 -1179
Irns/iist Losses -106 0 -106

AvailALIe far onsumption 0 u I U 0 260 129 1305 544 1921 3941 527 9367 9629

Secondary Supplyi
Secondary Eaports 3 -26 520 0 -441 2847 u 2900 2903
bunkers 26 26 26

loiaS Domestic Supply 1 257 155 785 544 2362 106I 521 5441 56'"

Consumption by Sector
Doaestic and Cuimercdal 120 155 275 1134 1564 1684
Aqriculture 0 450 450 45u
Industrial 0
Cement 27 17 3u6 323 35J
Fertilizer 7 212 3 324 539 546
NAufdcturnng 1 94 99 433 30 562 657
Eatraction 9 27 3 30 39

Iranspart 573 269 632 3 364 1141 1841
Total Domestic Consumption 0 1 257 149 949 546 2362 lo06 356 5431 5649

Increase is Stock 0 0 0 0 0 0 133 133 133



WORLLJ HEAVY CMUUJg AND ?AN SANUS SURVY

1 {^8Y^Bt_!..................

----- _----_---_ -_ -------- _---_--------- _--- __- _ - -________,,,_______ _______________________ ___________-- - ------------------------

Original Oil Able to produce Production

Fields Layer G ological 31;12;8193 Annual Oepth aravity Viscosity Recovery
Geological ~Cumulative Production Dph Gaiy Vsoiy lcvr

106 N 106 H3 year produ- API CP/Co Methods
otion 20°C

HIaNz201 massive 18.7 6.2 1600.379 2s9.296 2000 20 300 Pumping
. -- _-_-----_----_------------------------_----_-------_--_-------__-__-------__------_--------------_--------------_-_-_______-----

Allan massive 6.3 0.9s 444.s79 40.158 1800 19 350 Pumping a

Sheranich 14.3 1.00 339.881 42.581 1700 20 350 Flaw
…----___------_---_------------_-_--------------_--------__--------__-----_--__-----_--------_------------------------_-______-----

gouraba Scheranich 256 7.7 12.350 12.350 1500 13 1000-4000 Pumping

____ _ ------------------------------------------------------------------------------------------------------------------------ ___ -

Pumping

Aoda Scheranich 74.7 1.5 12.211 11.439 I600 14 3000 a

Flow

Derlek Massive 5.7 0.17 9.783 6.989 2500 18 1300 Ptmping

Lielak Massive 10.2 0.5 1.642 1.642 2000 19 600 PumpingI

… 1----------3MG1 ------------ 112-----------4§ -------------- i4----- laymg -------- gar--fa - ------ Too -------
Chelo 14.3 4.0 829 .3 91.725 8oo 17 4800 a -

Jbeseh Jdaleh. 5.9 1.6 513.8 114.000 loo10 17 -
…------Shirahnish 8--al.........0,.41 172 .17o------a --00 - i ---- 79oo riow 

efia--------- -uIT.n ----------- g- 7-o- -------- - o Pumping

Techrien Jadaleh 9 1.2 0.335 94.350 *ooo is 3300 a
.......... hirahnish 17.1 1.74 I9O 2O2 10 18 3800FlO

9bAcabot!b ! ! ! 7 . !2^9 i !9s° !-§Q2~~~~~~~7-----!----@Q--------------

Salitia Cholo 1.6 0.162 12.616 10.291 800 16 _ Pumping

~~~~~'~~~~~------------- ------------------- ------------------------------------------------------------------------------ ___ 

Korochini 21.35 2.135 40.388 40.3RS 1800 16 3000 Pumping K

Saufa btu - dolomite -
Kor-chm-i 9-5 5 0.4s ---- isoo…T- 5NI :

Mal!bet .... 012 U!te ----- -----------------------------b---- ----------------- --------------- ------ -------- - ---- ~~---- -----

taraiciok Itamslinouka 112H t I ,t 18104.4?7 1474.704 20n0 27 41 rumpin"

glad£^u za!2!YY -..------ ! 2------------§S9-3----- -----------------

TOTAL 724.4 79..P2 23480. 955 2428.604
…-- - - - .---- …-- -
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Annex 4
Page 1 of 2

PETROLEUM GEOLOGY OF SYRIA

I. Petroleum Geological Summary

The surface area of Syria measures some 180,000 km2, most of which
is underlain by sedimentary rocks which are favorable for the generation
of oil and gas. Yet there are wide variations in the prospectivity of
the different areas, which can be explained by differences in the
geological processes which affected the various regions. The following
macrogeological plays can be distinguished:

(1) The northeast of the country is part of the Mesopotamian basin,
which contains prolific oil and gas fields in Iraq and the
other Gulf states. In Syria, the structural complexes of
Souedie and Karatchok belong to this oil province.

(2) The Euphrates depression is a graben-like feature which extends
southeast from Der-el-Zor into Iraq. The area has a Low
exploration density. Recently a large discovery has been made
at Thayyem (some 10 km of Der-el-Zor); it is expected that
exploration activities will sharply increase as a result.

(3) The Mesopotamia foredeep and the Euphrates basin are separated
by a structurally high area, the Rawda uplift. This unit can
be followed eastward into Iraq, where it plunges towards the
Tigris River. The Rawda uplift is characterized by a thin
Triasic/Jurassic section and poor development of caprock; its
oil and gas potential is limited.

(4) Syria shares another large uplift with Jordan/Iraq in the
south. The Rutba uplift is characterized by thin sequences of
Mesozoic rocks, but the underlying Paleozoic measures several
thousand meters consisting mainly of sands/conglomerates and
sandy shales. These sediments appear to be lacking in source
rocks and good reservoirs. At present this is considered the
least prospective area on Syrian territory.

(5) In the southwestern part of the country, the Jebel Arab
depression trends south-southeast into Jordan/Saudi Arabia.
SPK geologists have reason to believe that this feature is
similar to the prospective Euphrates depression. Deep wells on
Jordan territory indeed penetrated Triassic sequences similar
to those at Thayyem and Al Furat. Recently, NRA (Natural
Resources Authority, the Jordan Petroleum Authority) discovered
oil in minor quantities in the Azraq area, some 120 km
southeast of Amman.

(6) Syria shares with Lebanon complex structures of the
Africa/Levant rift system which extends north-northeast into
Turkey. The trend is characterized by complex geoLogy;
prospectivitv for oil and Ras is nrobablv low.
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(7) In the northern part of the country a geologically high area,
the Mardin uplift, so predominant in Turkey, extends into
Syria. The stratigraphgic record is incomplete; much of the
hydrocarbons if indeed present were probably lost due to the
presence of many faults/unconformities.

(8) Two important plays are confined in Syria, the Palymride
mountain system and associated basins (Doud depression and Homs
depression) and the Aleppo uplift. In the Palmyride area
important finds of gas recently were made; in the Aleppo area
heavy oil accumulations have been discovered. This area is
also known for extensive surface tar deposits.
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Annex 5

INCOME AND PRICE ELASTICITIES

Ct-statistics in parenthesis)

Dependent Income Real Price
Varlable GDP GDP per capita Fuel Price Price Ratio

A. Electricity Sales
(Domestic. comm.,
small industry)

per consumer

Eq 1) 1.44

(7.2)

Eq 2) 0.75
(11)

Eq 3) 1.1 -0.4

(4.3) (-1.9)

Eq 4) 0.63 -0.30

(7.0) (-1.9)

S. Large Industry 3.0 0
Electricity Sales (8.8) 0

C. Consumption of 1.26 -. 33
Gasoline (70 to 84) (6) (4)

D. Consumption of LPG
and household 0.72
kerosene (5.4)

E. Consumption of LPG

Eq 1) (kero/LPG)

1.0
(I 1)

Eq 2) 1.34 .45

(4) (3.0)

Note: Elasticity is defined as: percentage change in dependent variable divided by
percentage change in independent variable (income and/or price). Elasticity

estimates were based on time series of Syrian consumption, income and real price
data. If the t-statistics are greater than 2.0. this indicates a statistically
significant elasticity estimate. -
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SYRIA PUBLIC ELECTRICITY ESTABUSHMENT
VARIOUS GENERATION FORECASTS AND ACTUALS

GVh

MinIshy/PE
1984- MeCIuM

9500 

¶5CC

1978 1980 1982 1984 1986 1988 1990 Yws

Va Bor-30M:



PUBLIC ELECTRICITY ESTABLISHMENT
HISTORIC AND FORECAST SALES, GENERATION AND MAXIMUM DEMAND

Sales Maximum Load

Domestic Government Industry Total Losses Generation Demand Factor

…- - - - - - - - - - - - - - - -…GWh - - -- - - - - - - - - MS 

Historic

1974 352 75 508 935 197 1,132 214 60,3

1975 442 99 566 1,107 246 1,353 245 63,0

1976 541 110 653 1,320 308 1,628 340 54.7

1977 615 135 828 1,578 431 2,009 409 56.1

1978 745 176 893 1,792 647 2,439 511 54.4

1979 955 230 1,240 2,389 825 3,114 638 S5,7

1980 1,078 236 1,425 2,739 24.69 3,637 768 54.1
1981 1,231 282 1,608 3,121 28.71 4,378 876 57.1

1982 1,471 333 1,938 3,649 1,651.39 5,300 1,070 56,5

1983 1,632 432 2,211 4,213 2,007,24 6,220 1,174 55.5

1984 1,995 403 2,463 4,678 2,168.34 6,847 1,324 59.0

01



PUBLIC ELECTRICITY ESTABLISHMENT
HISTORIC AND FORECAST SALES, GENERATION AND MAXIMIM DEW-ND

Sales Maximum Load
DomestIc Government Industry Total Losses Generation Demand Factor

- -- - - - - - - - - - - - - - - - 6 -W h - - - - - - - - - - - - - - - - - - - - NW

Alternative
I Forecast

1985 2,344 a/ 456 cl 2,869 e/ 5.669 g/ 2,205 h/ 7,874 I/ 1,571 57.2 I/
1986 2,731 514 3,314 6,559 2,426 8,985 1,783 57.5
1987 3,154 577 3,795 7,526 2,644 10,170 2,009 57.8
1988 3,612 644 4,307 8,563 2,854 11,417 2,243 58.1
1989 4,099 717 4,845 9,661 3,051 12,712 2,485 58.4
1990 4,491 793 5,523 10,807 3,228 14,035 2,729 58.7 -
1991 5,142 874 5,970 11,986 3,381 15,367 2,973 59.0
1992 5,682 959 6,533 13,174 3,716 16,894 3,269 59.0
1993 6,221 b/ 1,047 d/ 7,093 f/ 14,361 4,050 18,411 3,562 59.0
1994 6,812 1,143 7,696 15,651 4,414 20,065 3,882 59.0
1995 7,809 1,249 8,350 17,408 4,461 21,869 4,131 59.0
1996 8,168 1,363 9,060 18,591 5.244 23.835 4,612 59.0
1997 8,944 1,489 9,830 20,263 5,714 25,978 5,026 59.0
1998 9,793 1,626 10,665 22,084 6,229 28,313 5,478 59.0
1999 10,723 1,775 11,572 24,070 6,789 30,859 5,971 59.0
2000 11,742 1,939 12,556 26,237 7,400 33,637 6,508 59.0

a/ 17.5% over 1984, annually decreasing by 1i untIl 9.50 Is reached In 1993 over 1992.
b/ Annual growth 9.5% until 2000.
c/ Assumed 13% over 1984. annually decreasing by 0.g until 9.2% Is reached In 1993.
d/ Annual growth 9.21 until 2000.
e/ 16.5% over 1984, annually decreasing by 1 until 8.5% Is reached In 1993.
f/ Annual growth 8.5% untIl 2000. *
j/ Sum of Individual salos.
h/ Assumed to decrease from 29% In 1984 (311 In 1983) by 1% annually, to 22% In 1991, comprising 7% In station requirements and 15%

network losse.s
l/. Total of sales plus losses,
I/ Plus 0.3 over average of 1974 through 1984, Increasing 0.3 annually until 1991, constant thereafter.
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Annex 8

DATA ON ONGOING AND PLANNED GAS PROJECTS IN SYRIA

Project 1: Rumeilan - Associated Gas

(a) Began in 1984.

(b) Raw gas composition
Methane and ethane 70%
Propane 11.5%
Butane 62
Pentane 2.5Z
Hexane 1.4Z
H2 S 2.7%

(c) Raw gas production 660,000 m3/day = 0.241 BCM/Y = 25 MMCFD
Flared (20%) -132,000 m3/day = -0.048 BCM/Y
Sales Gas 500,000 m3/day 0.182 BCM/Y = 19 MMCFD
LPG 130 t/day 47,450 t/yr
s 20 t/day
C t 30 t/day
(iales gas is to be used for 3 gas turbines (moved from Homs)
+ 3 new gas turbines.)

(d) Investment Cost $60 million.

Project 2: Jibesse Non-Associated Gas to Homs

(a) Non-Associated Gas, planned to start delivery to Homs in 1986.

(b) Raw Gas 1,700,000 m3/day = 0.62 BCOY = 64 MMCFD
Sales Gas 1,400,000 m3 /day = 0.511 BCMY = 53 MMCFD
to Homs to substitute for 306,000 tons/yr naphtha
(330 days/yr) design capacity beginning in 1986.

LPG 70 tons/day = 25,550 tons/yr
S 50 tons/day = 18,250 tons/yr
CO2 30 mill m /yr = 0.030 BCMY

(c) Investment Cost
Gas Production 185
Treatment Plant 89 (+2 mill/yr for operating cost)
Pipelines
Jebisse to T3 point
on Iraq pipeline 34

T3-T4 11
T4-Homs 2

321

(d) Pipelire 16", gas inlet pressure 57 Kg/cm2, outlet pressure
17 Kgc .



GAS OEVELOPMENT

For capital Investments of USS639 million from 1985 until 1990 and USS313 million until 1995 the not present value Is USS2,6 billion
(the Internal rate of return is over 43% and payback time Is five years).

Revenue
Operating Total Total Minus Cumiative Net

Year Investment Cost BCM/Y Revenue LPG Vol LPG Revenue Costs Revenue Costs Cash Flow Present Value
(S million) (t mlillon/yr) (at 93.5/MCF) (th Tons) (S/t 200) (S million) (million dollars)

1985 6 6 0 - 6 -at IO% 2587
1986 97 1 98 0 -98 -104 -at 200 713
1987 216 5 0 10 62 12 221 22 -198 -302 -at 300 200
1988 210 16 0 22 125 25 226 47 -178 -480
1989 70 27 1 195 167 33 97 229 132 -348
1990 40 30 2 279 177 35 70 314 244 -103
1991 96 32 2 331 193 38 120 370 242 138
1992 107 37 3 434 217 43 144 478 334 472
1993 40 42 3 513 225 45 82 558 476 948
1994 40 44 4 565 276 55 84 620 536 1404
1995 30 46 4 610 291 58 76 669 593 2078
1996 0 48 5 708 333 66 48 775 727 2805
1997 0 48 5 708 345 69 48 777 729 3535
1998 48 5 708 367 73 48 782 734 4269
1999 48 5 708 377 75 48 784 736 5006
2000 48 5 708 377 75 48 784 736 5742
2001 48 5 708 377 75 48 784 736 6478 I
2002 48 5 708 377 75 48 784 736 7214
2003 48 5 708 377 75 48 784 736 7951
2004 48 5 708 377 75 48 784 736 8687
2005 48 5 708 377 75 48 784 736 9423
2006 48 5 708 377 75 48 784 736 10160
2007 48 5 708 377 75 48 784 736 10896
2008 48 5 708 377 75 48 784 736 11632
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PRODUCT PRICES IN THE EAST MEDITERRANEAN, 1982-1985

East led. Prices, S/ton
Product: Naphtha Regular

Premium Gasoline Gas Oil Fuel Oil
Gasoline Kero* ** ***

jan 82 29.40 330.75 320.75 345.15 316.17 105.90 162.65
feb 273.55 309.99 299.90 340.10 285.55 179.69 161.91
ea 255.30 281.55 271.55 305.20 263.75 176.00 159.65
ar 271.60 310.00 300.00 296.90 277.90 177.05 162.00
Sly 317.55 352.10 342.10 306.70 2Y8.25 183.10 168.20
jun 317.30 353.05 343.05 306.75 285.65 181.40 167.00
jul 288.25 330.90 320.90 295.90 274.25 172.40 162.65
au" 295.25 329.95 319.95 306.40 287.55 170.55 154.10
Sep 300.30 345.60 335.60 328.35 307.90 178.75 164.00
Oct 296.10 338.95 328.95 333.05 311.60 17.85 171.90
nov 277.70 312.45 302.45 328.85 296.00 184.00 161.9
dec 278.15 285.45 275.45 298.90 285.45 175.30 159.25
jan 83 288.20 287.35 277.35 297.00 274.80 171.90 161.70
feb 262.45 263.00 25.00 279.00 241.20 156.20 151.70
ar 245.50 269.45 329.45 261.55 235.05 156.X0 156.50
apr 276.85 303.15 293.15 266.05 246.65 161.20 161.15
an 270.05 300.95 290.95 265.80 237.25 169.60 161.45
jun 279.85 308.50 298.50 269.45 243.90 173.75 156.65
ul 3 282.10 302.05 292.05 269.95 239.80 175.10 160.70
ug 7287.45 302.20 292.20 278.50 250.70 177.75 168.75
sep 276.25 294.40 274.40 286.20 245.40 177.75 166.95
Oct 270.10 281.15 271.15 281.00 247.20 178.9B 168.85
nov 260.90 283.50 273.50 289.35 248.95 177.55 168.70
dec 245.40 269.15 259.15 281.40 248.50 173.40 167.05
jan 84 251.31 260.60 256.14 275.40 254.43 178.52 170.67
feb 251.90 259.58 249.59 279.00 253.65 185.28 171.25
sar 257.09 279.39 269.39 275.73 252.82 184.34 176.55
Wpr 255.53 275.74 265.74 265.47 245.47 185.79 183.43
ma" 254.39 271.39 261.39 265.64 239.80 184.23 181.89
jun 247.90 267.29 257.29 267.60 232.81 181.45 177.05
jul 236.60 257.83 247.83 257.24 222.43 179.50 172.55
auV 236.90 255.82 245.82 239.30 224.89 179.50 171.80
sep 238.50 259.13 249.13 247.60 231.79 179.92 174.71
oct 237.55 2'52.82 242.82 246.95 231.57 182.43 177.75
nov 230.94 248.82 238.82 250.58 229.23 181.93 176.65
dec 222.18 236.64 226.64 249.25 222.92 179.83 176.05
jan 85 218.43 226.61 217.32 254.20 231.50 183.05 178.91
feb 221.47 234.92 224.92 258.26 2U.29 185.13 183.11
mar 227.15 241.10 231.10 261.00 238.30 175.95 171.S5

* Jet Fuel/Kerosene
** Low Sulfur -uel il (0.3Z S)
*** High Sulfur Fuel Oil (3.5% S)



PubliC Ic ectricity Establlsiment
Emlstlng Generatlng Plants

Eulsting Gmnerating Plants 1904 1905 19" 1917 19" 1969 1990
(Hils trI cl I ""'AM

1995

id) hydra
Souk Widi uarada (6 Wl neglect I/
Rastet (a WI neglect 22
Thavr4 (OM WM 720 120 720 720 720 720 720

Subtotal 720 20 7120 720 120 720 120

ttJl Stea
EdenIs 42 * 170 WM 540 340 340 340 340 340 340

Mehardeh (2 a IS0 WN M00 31O 300 00 300 300 300

Iat(tinah f110 NW, 140 I 19661 31 110 110 140 140 140 140 140
llmdh (25 MM, 35 NW 1966
30 W 1990) / 25 25 35 39 35 3s Is

Eln InTl 15 , to W 1901.
0 W 1990 / IS iS to 10 10 10 '_

Subtotdl 790 790 630 US h25 625 610 0

ic) Nuclear

la) Ossturban.s VarIous locations
42I0 W l., 140 tW 1980 70 W 1909.

O 1N 990g 210 210 210 210 140 10 --

None - - -^ -- -- - -___

of) Caplive Plant Asstis1fnce
Nne specilically known -- - -- -- -- __ __

lotl eaxisting plant - available capacity 1720 1.120 1.760 17.155 1.611 1.61S 1.30

largett unit saibting plant 110 110 170 170 I10 170 110

I/ 2 x 3/5, 6 NW eI.. asounal.
2/ 2 x 4 Ia, run of river,

I/ One boiler of 30 MM unit under repair, copiletion July 1916
4/ Coollng wdler leprovw nts will add 10 t belore end I6.

5/ tan 1l1 -- pdbfscd retireelt,



PtLIC ELECTRICITY ESTAILISNET lOETllIE0 rFUTM GEINERATI0N PUNT

IdntlflId Future tiowating Plants 5965 1966 191 1900 low9 1990 1"1 1992 1993 I994 Throeu 2000

II) tL~dro
death 43u 2 SNO)a / Jan, ls6 SO o so so so SO 0 5
14.1.f1m r Theure Om .l, 0V Ja. 1966,
tlceree 4 t 100 No I 92 - - -- -- _ 3 40

Subtotal S0 So So So so So 230 410 410

IJI Steam
i;iA 3 I5 soN/ Nr. 191? I" ISO tSo ISO IS" I0 ISO ISO

Itmrdn 4 Ila I js ,o. 1961 IN0 I" I" 10 ISO ISO 10 ISO
Veas I 110aH4/ Wc. loop IU1 110 1a 0 IT0 110 110 110 110
Ieblcs 4 ITONud Mar. I90 1?0 IO Ia t0 110 I0 110 110
14thfreI 64 N be. lIt" s0 60 60 s0 60 60
14.61 I lMmelcuSe 20 ! lIHr. 1960 200 200 0 200 200 200

1I 2 20 I Sept. son 200 200 20 200 200 200
Rabll * ZOUION Neo I90 200 200 200 2C0 200

"ll 4 200NW! J: In g _ _ 200 200 200 200 200
Subtotal 640 0n0 W00 1,500 T,S00 T,S00 1.,30 1,500

Unit I 6440 Ml Jan l993 400 400
uIth 2 (44015 NW . 1994 -- NO0

Subtotal -400 -O5

141 t;esturblms I I
boo"Ia (150 Jan. 191150 ISO IN ISO INS ISN IO 90 ISO
Jablsse (ISOMe) Oc. 196 - 150 10 I 50 10 N IN 19N 150
Verne (190 1) h/ Jan. I96?/w9 IN0 IN 300 500 oo S3W No

Subtotel "a 490 6O GM 600 600 600 Goo

LaOafo/ bnec. 1965 100 100 100 so so

Ppr. OFctor (25Ml Ole. loss 20 20 20
Selpr FactrIe (4 w 61O) O0. 1965 Is Is is
15.I.. 4sf lmry (1011p Ane. g9g - 9 I 
1be. .slmery (IN 2l Ml July 196 - 20 20 20
Om turblse Sm.dIs (6515) Jim. 1966 _ 0 60 G0

Subtotal 3! 120 1

Total IdeatlIed Plant 13 210 T, 1,4110 2,5 2,15 2,3 3,310

Larpet (MIt t17 210 200 20 2 20 400 400

S/ lInratleg plant (Iv 25 MI ot That' reepleting da 6erl contrveteds efleelte capacity 0 . gnreatIng INl of Thwr qsueratlan.
e/ Thaetlcally, tfo capaity lmcraaa for relalng the &a by 4e, wld be abut IOE. hlww ths cAot occur In Ges r during pe_r Sean.
f Cotrat slgud.

O8 lds _m"
ff Ue.trat 9l1e for 2 tnlts, urthar 2 unItsemid be added. TM additIonal snIts ould be steam or a"lne cycle Vs turbIel bsede - ges.
y Altboug sIte elterntls are stil being studied, plant aseseted to be co elted by 1192/93 or 194/95 de_ dlIg am vlns of offIclieu;

191"/1994 was used aIres assed elffctlvee capeclty 400 6 wp uilt.
gI Soedle bld dn, nts are belng pra"rad.
h/ ro ed by ailalon basd an gen.

A m poer station (13 145 * 170 Iro orwth of Ieirut Is nerIng oepletle and 100 I1 Is spweted to be mIlable for Syria by 1t end of
15.

lnfortlon Ministry Elaectrlclty (targt c cItI). MInlstrItry of Vltrolaum Is trasfwrlng IS In gesturblmn to Scedole. effctlv ca1acIty

! lIst yet -omltted.
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ALANCE OF CAPACITIIS NmO tIKMES

AITEWATIVE I A10 2 FORECASTS

Solemnef Cuomaitle 194 %6 196 too? 196" low 99 1991 m992 1993 1994 9 6S 19911i 6"9 i" i99 200IAIS.srtI.w I FoerAsti Historic

M.61 U.4 10 1,324 1,516 6,t6 2,00 2,243 2.46S to129 2.913 So2W 3.32 3 S.6 4*131 4.662 5.026 1.41 1.971 6,we

To be Mt by$

Sawk wadi imedea fasten

Tmwa 720 120 120 no 71 720 720 120 120 720 120 1o 120 3 no t720 12Raisin Thavre Da
*tIh SO so SO So S0 s0 so SO 90 S0 90 g0 so so SOTI SIW I _ 100 360 360 360 0 360 360 360 3605u998t61 720 7n0o t1 7ra 770 7o 7o '.0 9so 6.9o 7 sto 3 9,s-o9S3O0 I.,30 1.136 930 1.1 I,l

It^_
Hemsh. AI nTeII 40 40 go 45 45 41 30 10 10 10 10 30 so so 10 90 10ettIse t10 110 140 640 200 20 200 200 200 200 200 200 200 20 2O 20 200ft9wdse No 3# 300 eo G0 60 o m 600 Goso N GM G s6o GM 600 Gousages 34 340 s40 slo Go 640 6o 6o 660 660 Am 6 6 Am 660 m 60PtbI 1 400 eo 0 m Am o om m Am we em o ooSubtotal 10 790 ago I'm 6.525 925 2110 2.530 2.310 2.310 2.310 2,310 2.310 2.310 2.S31 2.310 2,310

@*0|z1|lf PI 400 00 Am no am Am m we

HeiturblRfl 210 210 210 340 440 610 Am AM Am 6 00 AOm Am 600 Go 600 
(21041901614040006910060111

Om Staylees - Stue or OmT
Lact lm A 2 Am Am Am IN ge0 1.200 41200 1.200 1200 12.00Locatlio 

Go I.1200 1 lo20C 1.200Loualte C 
am _.200 M 1.

IRt 100 600 900 50 90

_________~~N"L - - - -CistIw Pleet Aaestest 35 620 920 6 1 
Total Avail ablelT Ca lIt 1 720 I6 C 2.010 2. 14i5 1 00 1 419 3.6t0 4.00 41 11 .240 t.640 6.040 0.640 1 240 1.040 64140 4 140 

I-1Twrat AwIIsWbI Comelty 6,1" 2.046 2n296 2,903 3,636 36S9 3144 4.952 4,125 4.910 1.23 5.716 6.3& 60936 ?.56 12U 9. F

Plant Hrain
Currat4. IN m 264 241 GM 62I 910 "I 6.902 6.396 667 I'm 6.909 2.011 2,214 2.6 2.401 31.32 Taret, 1 434 411 51 5S4 5 674 11T 1142 lea" 6.3 ,"4I I'm1 1.116 1,693 2.104 2N293 le0iatwrMt1of A"al 1C41 rClty 23 Is 12 24 20 a 20 33 29 36 S0 31 10 10 10 29 32argot-S of AvsI4ble Cepclty 26 2a 21 II 20 21 26 I7 26 21 21 27 II 2I 21 Is

SWrfm II ar Sm.l6u
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ELECTRICITY TARIFFS

1. This annex describes the recent evolution of electricity
tariffs in Syria. Current tariffs are below operating costs for all
categories of consumers. The distortions in the present structure of
tariffs are greatest in the large industry categories.

2. No current long run marginal cost (LRMC) study is available.
It is recommended that a tariff study based on LRMC be completed to
evaluate the appropriate levels for various classes of consumers.
Accounting cost data from PEE are described in the following analysis.
In generation systems similar to the Syrian system accounting costs can
provide a rough guide to LRKC in the absence of a detailed LRMC study.
Current tariffs would have to be increased 75Z to 80Z to break even with
average accounting cost. The more efficient use of time of day pricing
couLd improve the low load factor and reduce peak demand. In the cement
industry 100 KW of peak load could be reduced and up to 300 KW overall,
particularly in water supply for irrigation. Steps should be taken
immediately to introduce effective time of day pricing.

I. Recent Evolution of Tariffs

3. Prior to the construction of the 230-kV system, PEE's tariff
system comprised a number of sub-systems, different for groups of regions
and groups of consumers. All tariffs were "flat rates" (i.e., there were
no capacity-related charges) with block rates for smaller industrial and
commercial consumers and time of the day rates for larger industry.

4. Under Loan 986-SYR a tariff study was completed in 1977 but
never implemented. Indirectly, however, the study had some impact
because the recommendation to simplify the structure and rates was
followed. With the growth of the 230-kV transmission, isolated regions
disappeared which contributed to setting uniform rates throughout the
country. At the time a rate increase implemented in July 1980, the
tariff structure was simple and consistent. Attachment 1 gives the
structure and rates applying as of January 1, 1985; the schedule is
basically the same as it was in 1980, except that a fourth blockrate
(over 300 kWh/m) has been added for the domestic and commercial class,
while hotels and similar were reassigned to the commercial category
exclusively, irrespective of type of supply and voltage. Otherwise, the
rates remained unchanged in nominal terms since the 1980 increase. The
changes will prob&bly not increase revenue in excess of 7%.

5. As can be observed, all rates are still flat, although triple
kWh-meters installed for time of the day metering are all provided with
maximum demand indicators. However, only some 50% of the industrial
connections (out of 36,000) for which a triple meter would be warranted,
have been provided with time of the day metering. That the number is not
higher may in part be due to the fact that the clocks of the meters are
of the synchronous type with soring-wound reserve; because curtailments
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and interruptions are quite common and frequoency controL is manual and
unreliable, the physical requirements for adjusting the clocks, gradually
becomes prohibitive. This situation may get wvrse in the next few years,
when load shedding may be the order of the day.

6. In 1984 average revenue for the male of electricity was about
SL 0.26/kWh. As a measure of the total inadequacy of the rates, this
average revenue can be comparee with the total cost of fuel (SL 1,185
million for the year) per kWh of sales (4,910 GWh), amounting to
SL 0.24/kWh. In 1-2 years total cost of fuel alone can be expected to
exceed total revenues for the sales of electricity.

7. The cash operating cost for each of the generating plants have
been derived on the basis of average plant capabilities by PEE in 1984 as
follows:

Generation Cash Operational
Capability Cost Total Cost

Plant a/ MSL

(CGh) (SLIkWh) (Z Fuel)

Hydro
Thawra 2,200 0.03 66
Souk Wadi Barada 24 0.12 3
Rastan 14 0.12 2
Shezar 2 0.50 1

Steam
Ain Tell 125 0.50 (83) 63
Hameh 175 0.30 (82) 53
Kattineh 750 0.28 (86) 210
Mehardeh 1,450 0.24 (82) 348
Banias 1,700 0.24 (82) 408

Gas turbines 780 0.60 468

Total 7,220 0.23 1,622

a/ The diesel capacity still operating has been omitted.
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8. Accounting cost at the various voltage levels, in accordance
with PEE information, is as follows:

SL/kWh

Power plants 0.24
230 kV 0.27
66 kV 0.32
20 kV 0.39

20/0.4 kV (direct supply) 0.41
0.4 kV 053

The breakdown of sales between the 230 kV and 66kV level and between the
20 kV and 20/0.4kV level is given below. Using the average costs given
above, the following revenue would have been required in 1984 in order to
meet costs.

1984 Sales Average Cost Required Revenue

(Glh) (SL/kWh) (million SL)

230 kV,66 kV 1,221 0.295 360
20 kV,20/0.4kV 1,059 0.40 424

0.4 kV 2,581 0.53 1,367

Total 4,861 0.43 2,151

Because 1984 revenues were SL 1,210 million, the required rate increase
on the basis of accounting tariffs would have to be in the order of 75Z
to 80Z if "other revenue" is neglected. The above, unit costs of course,
were averaged for a single year; in the longer term, without any rate
increase, the percentage of the required increase can be expected to
continue rising in view of the increasing share of thermal generation and
corresponding rise in fuel consumption.

9. The net effect of the 1980 tariff structure and rates, and the
real prices for electricity (the deflator is the wholesale price index)
are shown in Attachment 2 to this annex.

(a) the rate increase in mid-1980 was reported to amount to Box.
In real terms, however, the average rose from 16.2 ps/kWh in
1979 to 18.6 ps/kWh by the end of 1981, or about 15S only.

(b) one of the major causes for this was that the price for "large
industry," although rising by 30Z (from 7.5 to 9.8 ps/kWh), did
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so from from too low a base; it pays only about half the cost
it incurs in the 200-kV network (both in current and real 1980
prices);

(c) because the 1980 tariff structure changes introduced blockrates
for domestic/commercial consumers, a significant increase in
the average selling price could be expected for this category;
but, as Attachment 2 shows, the rise was small and short-lived;
this indicates that many commercial consumers must have been
transferred to the small industry category;

(d) for the small industry category revenue jumped - in real terms
- from 11.8 ps/kWh in 1979 to 26.3 ps/kWh or 122Z. As a
consequence, the consumers belonging to this category have
borne the brunt of the rate. On the other hand, for consumers
transferred from the domestic/comercial class to small
industry, the relative increase was less onerous.

(e) comparisons between average costs at the various voltage levels
and current tariffs show that the highest distortions are in
large industry and in the domestic commercial category. The
price, 21.5/kWh for 100 kWh, in domestic and commercial is
almost the price charged to 20kV industrial customers in spite
of the added distribution costs, higher contribution to the
peak and non-negligible metering costs.

II. Seasonal and Daily Variations of Demand

10. Seasonal variations of demand are not very significant. Daily
fluctuations, however, are rather pronounced with a daily load factor of
about 701 and a ratio of Maximum/Minimum demand of more than 2/1, leading
to an annual system load factor of 55-59Z. The daily load curve
(Wednesday, 11/14/1984) reproduced below shows three characteristic
periods:

- A rather even daytime load period, hereafter called "shouLder
period" starting between 7 and 8 a.m. averaging, on this day,
950 MW;

- A four to five hours evening peak period starting between 5 and
6 p.m. (between 6 and 7 p.m. in summer), with a demand about
250 MW above the shoulder period level;

- A night period of eight hours between 11 p.m. and 7 a.m., with
an average demand between 12 p.m. and 6 a.m. of some 300 MW
below the shoulder period level.

11. On Fridays the average daytime (off peak) level is reduced by
200-250 KW and the day-night difference is much less pronounced (around
100 MW); peak demand is reduced by about 200 MW (-161) and as a result
the evening peak is relatively sharper.
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12. The flow oa the Euphrates at Thawra is high 1y seasonal, ranging
from 0.67 billion m in September to 6.2 billion m in April and May.
Annual productible energy ranges from 1.6 TWh (97Z probability) to 3.6
TWh (10Z probability) with a median of 2.4 TUh. Maximum power is 800 MS
(8x100 MU) to which the 3x25 MW Bauth station will be added in 1986 at
the regulating dam under construction, and there is a minimum flow
constraint corresponding to about 100 MS during the dry season. The
attached load duration curve illustrates the utilization of generation
equipments for a day (Wed, September 12, 1984) with hydro generation
slightly below the annual average (5.1 MHh).

III. Opportunities for Demand Management through Tariffs

13. The load factor in Syria (55.57%) could certainly be improved
by appropriate time of day tariff structure especially considering the
ezpected weight of cement and water irrigation consumption in Syria, two
sectors that are generally very responsive to TOD tariff incentives. If
the cement sector alone was to supress its load at peak time, this would
represent a reduction of some 100 MU and globally a reduction of 300MW
could be a reasonable target. The present TOD tariff seems to be
impaired by metering problems. It seems certain, however, that its
implementation with appropriate meters could have some high payoffs and
its effects would be reinforced by a raise of the tariff level. The
application of the present tariff with appropriate metering could be
reinforced, even before a global study of tariffs based on economic costs
is performed. To insure the greatest efficiency the TOD tariff could be
offered only as an option with consumers paying for their meters. Also
special contractual agreement for off-peak or night operators of small
pumps (where metering costs associted with TOD tariffs would become non-
negligible) could be developed. Also tariff incentives for storage water
heating (operating at night) could be looked for.
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PUBLIC ELECTRICITY ESTABLISHMENT TARIFF STRUCTURE AND RATES
JANUMARY 1985 a/

Plasters per kWh
(SL 1 a 100 plasters)

Group I 11 II b/ IV c/

20/0.4 kV
230 kV 66 kV 20 kV Transformer

1 Average d/ 10 12 20 25
2a Peak 14 1S 24 29
2b Day 1 0 12 20 25
2c Night 8 10 14 17

Group v VI

(a) (b)
Monthly kWh Government Domestic, Commercial at LT;

Consumption at LT Hotels, Restaurants at HT and LT Streetlighting

1-50 19 19

51-100 24 24 All: 15
101-300 35 35
301 and over 35 SS

e/ The changes compared with the July 1980 schedule are:

(1) the block of 301 and over has been added to Group V, effectively

splitting the group into Government (a) and Domestic/Commercial (b);

([i) hotels and restaurants have been included in Group V (b), independent of
the supply voltage; and

(iil) the minimum charge for group Ill was increased from 2,500 kWh/m and the
minimum charge for group IV Is a now feature.

b/ MinLmum charge for group III: 10,000 kWh/m.
J Nlinum charge for group IV: 380,000 kWh/u.

d/ The average (l.4., daytime rate) Is applied If no triple kWh meter has been
istalled.



PUBLIC CLECTRICITY ESTABLISHIENT CURRENT AND REAL ELECTRICITY PRICES

(Plasters per kWh)

Wholesale Domestic and Commercial Government Small Industry Large lndubtry Total

Year price Index Current Real Current Real Current Real Current Real Current Real

1974 54,0 18.8 34,8 17.3 32.0 9.6 17.8 6.6 12.2 12.9 23.9

1975 57.9 18.3 31.6 17,2 29,7 9.2 15.9 6,5 11,2 13.0 22.5

1976 65.1 19,3 29.6 18.2 28a0 10.7 16.4 6.5 10.0 14.0 21.5

1977 70.9 19.3 27.2 18.5 26.1 10.5 14.8 6.5 9.2 13.5 19.0

1978 80.1 19.3 24.1 17.6 22.0 10.9 13.6 6,5 8,1 13.9 17.4

1979 87.0 20.8 23.9 17.7 20.3 10.3 11.8 6.5 7.5 14.1 16.2

1980 100.0 26.4 26.4 17.8 17.8 14.7 14.7 7.9 7.9 17.6 17.6

1981 122.0 23.4 19.2 30.9 25.3 32.1 26.3 11.9 9.8 22.7 18.6

1982 135.0 24.5 18.1 31.2 23.1 32,3 23.9 11,8 8.7 23.0 17.0

1983 137.0 26.6 19.4 32.7 23.9 33.4 24.4 11.5 8.4 24.6 18.0

1984 142.0 26,4 18.6 33.0 23.2 34.0 23.9 11.3 8.0 24.6 17.3

WII

N 
o 
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SYRIA
PUBUC ELECTRICITY ESTABUSHMENT

REAL PRICE OF ELECTRICIlY
(1 980 PrIes)
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LOAD-TIME DIAGRAM 11/14/84
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PUBLIC ELECTRICITY ESTABLISHMENT INVENTORY LIST OF TRANSMISSION
AND DISTRIBUTION FACILITIES ar

Transformers
Lines km Substations Number kVA

400 kV 133

230 kV 4,175 230/66 kV 23 3,220

66 kV 3,969 66/20 kV 121 3,400

20 kV 23,328 20/0.4 kV 12,520 6,610

0.4 kV 34,064

ai Although the kilometers of lines is reasonably correct, the
transformer capacity and number of substations, particularly at the
20/0.4 kV level, may have an error of plus or minus 5X.
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DAILY AVERAGE TOTAL SOLAR IiSOiATION tcal/cm2-day)

Month of the Year
Station Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. Yearly Average

Ar-Raga a/ 211 283 411 489 640 673 646 592 480 366 264 210 439

Al-Moslemia b/ 199 261 375 468 609 668 636 589 479 355 238 182 422

Khdrabo c/ 247 349 455 542 637 733 711 635 533 411 311 255 483

a/ Ar-Raga is situatea on the Euphrates River. Data Is developed from the 1972-1975 time series.
b/ Al-Mohlemia Is situated near Aleppo, Data Is developed from the 1970-1975 time series.
cl Karabo Is located near Damascus. Data Is developed from the 1971-1975 time series, IA



AVERAGE DAILY SUNSHINE DURATION IN HOURS

Annual Period ot

Stdtion Jan, Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. Average Record

latldkId 4.7 5.8 6.4 7.3 9.9 10.7 10.3 10.3 9.5 7.9 6.7 4.8 7.9 1969-1978

Aleppo 4.2 5.4 6.7 8.0 10.7 12.4 12.7 12.0 10.6 8.6 6.7 4.3 8.5 1958-1974

Ddmdscub 5.4 6.8 8.1 9.1 10.9 12.6 12.7 12.0 10.8 9.1 7.5 5.9 9.2 1958-1974

Hamd 4.1 5.6 7.0 8.5 10.7 12.5 12.8 12.0 10.6 8.5 6.8 4.6 8.6 1960-1974

DeIr-(l-ior 5.1 6.6 7.3 8.5 10.2 12.1 12.3 11.9 10.6 8.5 7.1 5.4 8.8 1958-1974

Ar-Roqa 4.7 5.9 7.1 8.3 10.2 12.0 12.2 11.7 10.4 B.6 7.0 4.8 8.6 1960-1979

Al-Mo.lemld 4.0 5.0 5.8 8.0 10.6 12.1 12.6 11.9 10.4 8.2 6.1 4.2 8.2 1968-1974

Khdrdbo 5.1 6.7 7.7 8.6 10.5 12.3 12.3 11.8 10.5 9.3 7.3 5.3 8.9 1968-1979

Palmyra 5.4 7.1 7.7 8.8 10.4 12.3 12.5 11.9 10.7 8.9 7.4 5.9 9.1 1958-1974

Source: Meteorological Department, Oamascus and Samlh El-Gaby, "Co.pleaontarity of Solar Energy and Thermal Energy In

Heating", Damascus, 1982.



MONTHLY AVERAGE SOLAR INSOLATION AND NUHBER OF CLOUDY DAYS IN DAMASCUS (STATION KHARABO)

Annual
Units Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total

106cal/ 2 76,57 97,72 141,05 162.60 197.47 213.60 220.41 196.85 159.90 127,41 93.30 79.05 1,762.95
MJAe 320.37 408.86 590.15 680.32 826,21 893.70 922.19 823.62 669,02 533.08 390.36 330.74 7,376.18

Cloudy Days
day/month 6 8 5 3 2 - - - - 2 4 8 38

J

l-

Ii,
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Annez 19

NUMBER OF RESIDENTIAL DWELLINGS AND FLOOR AREA (1981)

Current Stock Urban Rural Total

Number of Dwelling Units (103) 752 790 1,542

Number of Rooms (103) 2,519 2,007 4,527

Floor Area (103 m2) 74,523 63,968 138,491

Rooms per DweLling 3.35 2.54 2.93

Floor Area per Dwelling (m2) 99 81 90

Yearly Construction

Number of Dwelling Units (107) 27.3 10.2 37.5

FLoor Area (103 m2) 2,999 1,199 4,198

Floor Area per Dwelling (m ) 110 117 112

1*



COST COOARISON OF SOLAR HEATING WITH GASOIL AND ELECTRIC HEATING

lrice of fuel
(splilter) 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04

1:4pidI CObt 750

Vdrtb 225 2U5
Mdililgrldnlce 0 50 50 0 5 50 50 so so 50 50 50 5u 50 50 50 sO
I uel 0 603.2 603.2 603.2 603.2 603.2 603.2 603.2 603.2 603.2 603.2 603.2 603.2 603.2 603.2 603.2

lUldI 750 653.2 653.2 653.2 653.2 878.2 653.2 653.2 653.2 653.2 878.2 653.2 653.2 653.2 653.2 653.2

11ifiCWiui Idtt 0.1

1lolfIdt 1U11 0
Nut Putesunt Cobt 5,404.31

t I OL. i s blinUI 

Prli ce of fuel
(sp/IXw*Ilr) 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35

l.gtI1tdI CObt 700
virlrtb 125 125 125 125 125 125 125

NiintaitdICC 0 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50

Iuel 0 781.55 781.55 781.55 781.55 781.55 781.55 781.55 781.55 761.55 781.55 781.55 781.55 781.55 781.55 781.55

tiJdi 700 831.55 956.55 831.55 956.55 831.55 956.55 831.55 956.55 831.55 956.55 831.55 956.55 831.55 956.55 831.55

count otu Ol

NWI prwaaaI Waul o,1/84.d4

bOldt' 11 d1lld

l'rice of fuel

ISI1 K.w-.lr) 0.Ss 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
t;dpIIdI C(I-1 4,5I.O
I'drIb 550 550

Mdilltw llalluu
lubI 0 53.2 53.2 5342 53.2 53.2 53.2 53.2 53.2 S3.2 S3.2 53.2 53.2 53.2 53.2 53.2

tludl 4,300 53.2 53.2 53.2 53.2 603.2 53.2 53.2 53.2 53.2 603.3 53.2 53.2 53.2 53.2 53.2

1i LilLXul I U.1

1111I dl lull 0
Nut El'4uulil CU-JI 4.Uo.lB1



MONTHLY TEWERATURE VARIATION FOR DAMASCUS (1951-1976)
(In ' Celsius)

Element Jan$ Feb, Mar, Apr, May Jun, Jul. Aug. Sept. Oct. Nov. Dec. Yearly

Mean Temperature 7.1 8,6 11.8 16.2 21,0 25,1 26,8 26.9 24.1 20,0 13,8 8,6 17.5

Mean Maximum
Temperature 12.1 14.1 17.8 22.8 28.5 33.2 35.5 35.7 32.4 27.1 19.8 13,7 24,4

Mean Minimum

Temperature 2,4 3,3 5,4 8,8 12,4 15,9 17.2 17,3 15.3 12.2 7.6 3,6 10.1 1

Absolute Maximum

Temperature 22.7 25,0 31,3 35.5 38.4 40.9 43.6 44.0 42.0 36.6 29.7 26.1 44.0

Absolute Minimum
Temperature -8.3 -5.3 -3,7 -3.3 3.7 9.2 10,8 10.8 8.7 3.8 -4.4 -6.4 -8.3

IX
N
N



- 141 - Annex 22
Page 1 of 3

ECONOMIC COMPARISON OF PUMPING USING WIND ENERGY,
DIESEL ENGINES, AND ELECTRICITY

I. Wind Pumpxng

Assumptions:

Life 20 years

Windmill efficiency .5

Pump efficiency .5

Pumping head 20 m

Startup speed 3 m/s

Shutdown speed 10 m/s

A medium size El Nafury Windmill (126 is considered).

Capital cost 15000 SL

Annualized capital cost 1761 SL/yr

Maintenance cost 200 SL/yr

Annualized cost 1961 SL/yr

Based on Homs data the windmill can pump 20,000 m3 of water/yr.

The calculation took into account the need to translate the mean monthly wind
speed into a mean energy wind speed by substracting the wind energy produced
at high and low speeds.

Cost/m3 pumped = 0.98 WL/m3

II. Diesel Engine

Life 7 years

Efficiency .25

Pump efficiency .5

Operating factor .25
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Engine sizing:

PUQHSg

pM 20,000 mi/yr (1000 1/ n) (20m)(9.81 -m/s2

(3600 sec/yr)(24hrs/day)(365 days/yr)

P-124 V

Peffectin- P

(Pump efficiency)(Operating factor)

Peffectin=992 W = 1KW

Economics:

Capital cost $600 = 3270 SL

Operating cost 300 SL/yr

Energy used= (Peff)(Capacity factor)(hrs/yr)

(Engin eff.)

(lkw)(.25)(8760hrs/yr) 8760 kw hr/yr

(.25)

Fuel used= (8760 kwhrs/yr) = 8760 kwhrs/yr = .73 T diesel/yr

(kwhrs/T diesel) (12,000 kwhrs/T diesel)

Fuel cost= (1320 SL/T)(.73 T/yr) = 964 SL/yr

Annualized capital cost: We are also taking into account the 2 engine

replacements at years 7 and 14.

Annualized capital cost: annualized (capital cost engine 1 and net

present valve of engines 2 and 3).
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Annualized capital cost = Annualized (3270 + 1677 + 861) = 682 SL/yr

Total annualized cost = 1964 SLIyr

Pumping cost (1946 SL/yr) - .097 SL/m3

(20,000 m3 /yr)

III. Electricity

Capital cost $200 or SL1100

with I kw x 8760 x .25 = 2190 kwh = 2190 x .35 = 766.5 SL/yr

Annualized cost = 177.4 + 7.5 = 185 SL

Total 951 SL/yr

6.35 = .0476/m3

6.60 = .0815lm3

IV. Discussion

The cost of pumping using the assumptions listed above shows that a
windmill is competitive today with a diesel engine. Any economic
evaluation of the two options by taking the border price of diesel, will
show a clear advantage for the windmill. Another factor favoring the
windmill is the life of the system which in most cases in Syria extends
beyond the 20 years design period. Further, the efficiencies assumed for
the diesel engine are higher than those experienced in developing
countries so far. However, it is likely to be a more expensive
alternative where electricity is cheaply available even at Limited cost
of SL 60/kwh.



APPROXIMATE INVESTMENT COSTS AMI PIASING FOR NEW NATURAL GAS DEVELOPMENTS - SYRIA
(USS MIILION)

1985 1986 1987 1988 1919 1990 1991 1992 1993 1994 1995 1996

U I DtR-1L-ZOR
l'lpdl ine 10
C.Wpl "-sor 3
SubtltdI 13

I' I 11 IllSS - I4OMS f XP'ANSION
liv.14l I bldnk valves I
t:tMnprossor 6 6
litimmnl/procesb/exNtrdction 10 10
I'iitiuctionl/gdthering 40 50 50 10
'*,.,llidi 1 56 66 50 10

1: , HAIMY14A BASIN - DAMASCUS 
*

AppIlraisal wells (6) 5 15 10
1Ieuulmenl/proces5ing/extrdclIion 20 20
I'tuduction (40 wolls & gathering 40 60 60 40
Il'p.line to Damascus users sO 80
SublUldl S Is ISO 160 60 40

CI S P'AIMYRA BASIN - NW SYRIA
Pipeliineg - field - 111MS (50KM1 13 13

IKIMS - IIAMA II II
IIOMS - IARIOUS 22 fl

I iuli IreatmenI/process/extraction 20 20
I'r0duction (40 wells) & gathering 30 40 40 40 30
Su.bluldl 96 107 40 40 30

I: 4 !11lI IJII
I ilvd Iselimenl/proce">/extraction 20 20
I',uduLliun A galherinJ 20 25 25 5
S1iI,IiiI1I 20 45 45 5

GNANLU IOIAL 6 97 216 210 90 85 141 112 40 40 30
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PUBLIC ELErTRICITY ESTABLISHMENT INVESTMENTS 1980-1984

1980 1981 1982 1983 1984

Generation
Mehardeh 13,437 12,979 1,075 6,254

Banias 231,681 185,876 90,561 32,928

Kattinsh 3,001 5,409 573 2,011

Replacements, renovations 63,137 49,896 29,184 38,208

Power Station South Region (Rabil) 2,141 8,169 19,506 23,701

Nuclear project 15 155 1,337 1,275

Gasturbine stations 17,793 22,565 979 44

Diesel power stations 10,598 1,810 4,931 314

Subtotal Generation 187,250 341,803 281,859 148,146 105,535

Transmission
400 kV 49,239 41,954 56,807 33,424

230 kV 59,821 33,706 20,644 27,556

66 kV 26,215 13,832 22,481 15,713

400/230 kv substations 8 2 1,746 2,213
230/66 kV substations 73,380 64,151 43,605 20,101
66/20 kV substations 62,495 42,830 47,277 24,846

20 kV lines 3,242 7.801 6,613 7,431
Subtotal Transmission 294,285 273,400 184,276 199,172 131,284

Distribution
20 kY/lines 82,317 104,277 105,311 67,421

20 kV/0.44 kV lines 78,839 73,000 76,134 45,472

Distribution substations 54,082 122,986 85,549 60,411

6.6 to 20 kV conversions 6,976 4,653 2,230 796
110/1-90 V to 220/380 V conversions 4,870 1,556 480 3

Connections - 34.987 43,183 30,043 24,460
Subtotal Normal Distribution 288.872 262,071 349,655 299,747 198,563

Rural: 20 kV lines 87,367 122,572 148,342 134,916
L,T, lines 87,584 103,952 95,911 63,786
distribution substations _ 24,477 27,138 20,843 56,407

Subtotal Rural Expansion 223,791 199,428 253,662 265,096 255,109

Pole factories Homs and Deif Eszor -- 15,532 26,932 20,751 11,337

Subtotal Distribution 512,663 477,031 630,249 594,594 465,009

General

Repair shop Adraa 5,903 4,240 1,644 508
Headoffice and other buildings 54,039 55,572 58,788 33,696

Transport facilities 16,208 11,208 12,061 14,589
Study expansion power stations 825

Subtotal General 58,769 76,150 71,020 72,493 49,618

Total 1,052,967 1,168,384 1,167,404 1,014,405 751,446



PUBLIC ELECTRICITY ESTASLISHIENT
EXPENDITUR£ SCHEDULE FOR GENERATING PLANT -

(USSOOO)

Nuclear
Steam Gas turbine Tichreen Plant

1987 1988 1989 1990 1991 1992 1987 1988 1989 1990 1992 1993 Total 1993/94 Total

1985 6,1 9.5 15.6 15.6
1986 12.2 15,0 47.2 17.5 91.9 91.9
1987 24.4 30,0 12.4 26.3 47.5 23.2 160.8 105.6 266.4
1988 12.2 60.0 29.8 28.5 15.0 S1.0 21.3 217.8 105.6 323.4
1989 6.1 30.0 59.6 47.0 41.5 26.8 56.2 12.0 279.2 158.4 439.6
1990 15.0 29.8 84.0 93.0 9.0 17.5 24.0 12.0 284.3 158.4 442.7
1991 12.4 37.0 166.0 18.0 48.0 24.0 305.4 158.4 463.8
1992 18.5 83.0 36.0 48.0 48.0 233.5 158.4 391.9
1993 41.5 18.0 72.0 48.0 179.5 105.6 285.1
1994 9.0 36.0 72.0 117.0 105.6 222.6
1995 36.0 36.0 _36.0

61.0 150,0 144,0 215.0 425.0 90.0 83.0 ' 80.0 98.0 95.C 240.0 240.0 1,921.0 1,056.0 2,977.0

Present Value at 1O0 1,143.0 637.9 1,780.9

o/ Pricing and Comnissloning Schedule 2/ Assumed Expenditures Schedule:

CommissIoning Gas '
Cost Alt 1 Alt 2 Year Steam Turbines Tichreen Nuclear JS

MW USSAW

Hydro
Tichreen 4x100 a 400 1,200 1992/93 1 10 15 5 10

2 20 75 10 10
Steam 3 40 10 20 15
Mehardeh 3 150 350 3-1987 3-87 4 20 20 IS

4 150 350 6-87 6-87 5 10 20 15
Banlas 3 170 350 12-87 12-87 6 15 15

4 170 350 3-88 3-88 7 10
Al Rabil 1 200 550 3-89 3-89 8 10

2 200 550 9-89 9-89
3 200 550 3-90 3-91
4 200 550 1-91 3-92

Locatlon A 1 400 550 1-91 3-93
2 400 550 6-91 3-96

Nuclear assumed beyond horizon

Gas turbines planned:

Souedle 150 250 1-87 1-87
Jbisa 150 250 1-SO 1-89
Homs 300 550 1-88 1-88
Additlonal required 200 550 1-90 1-91

3,660
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