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Abstract

Analysis of the Syrian energy demand and forecasting was briefly introduced. The need to install an average
of 500 MW annually the year 2003 was established. Moreover, short introduction of the main energy
resources in the country was made. A primitive criteria for the selection of SMPR was emphasized. An
emphasis for the process of introducing the first nuclear power in the country was also recognized.

1. INTRODUCTION

Syria has witnessed an important development in the field of electricity demand and generation over the last
twenty five years. Such development corresponded to other developments in many other sectors of life such as
social and economical ones. As a result, huge investment was made in the field of electricity generation where
the total planned to-be-installed capacity will reach about 4000 MW by the 1995. In addition, another project
to install 600 MW thermal plant is being considered.

Recent studies indicate that such capacities as well as already installed ones will meet the demand at both
base and peak power till the years 2003 to 2004. Other statistics indicate that despite the large increase of
population in Syria, the average rate of increase in energy production has reached almost 13% which is one of
the highest rate in the world (see figure 1). Energy forecasting studies indicated that energy demand for the
year 2000 will be about 25 billion KW.h. That means that the rate of increase in energy production will be
around 9% . In addition, for the periods 2000 to 2005 and 2005 to 2020, the rate of increase will be 6% and
5% respectively. In this case, demand on energy will be 42.7 and 70 billion KW.h for the years 2010 and
2020. Considering the rate of increase of population about 3.31%, the expected population for the years 2000,
2010, and 2020 will be 16.79, 23.25, and 32.2 million inhabitants respectively. The person share of produced
energy will be 1489,1836, and 2174 KW.h annually (see figure 2) . However, despite the fact that this share
is lower than the current average worldwide rate which is 2200 KW.h, it is much higher than that in many
developing countries. Keeping the same rate of population increase, the peak power demand will reach 4200
MW in the year 2000 and it will be 7172 and 11682 MW for 2010 and 2020 respectively.

Taking all consideration into accounts, including the already installed and contracted to be installed
capacities, as well as the effective life time of such generating plants, the total available capacity in the year
2000 will be about 6900 MW. This shows the need for additional 8000 MW to cover the demand during the
period 2003 and 2020. It means that, starting from the year 2003, on the average a 500 MW is annually
required, with an approximate cost of 600 million of the 1996-US dollar is needed to cover both the capital
cost of generating and transforming stations. The total cost covering all 8000 MW plants with their required
transforming stations will be around 12 billion 1996-US dollar.

2. ENERGY RESOURCES

Electricity generation in Syria depends on three main resources, namely, water, natural gas, and fuel oil. The
current annual estimated water-generated energy using all possible resources is about 2500 million KW.h
which makes less than 6% of the total production rate. The rest of production should be made out of thermal
resources. This totals to about 40 000 million KW.h in the year 2010, and almost 67 500 million KW.h in
2020. And, based on current average specific fuel consumption, a total of 10 and 17 millions equivalent tons
of fuel oil are required for the years 2010 and 2020 .respectively. Hence, if one considers the current price of
one equivalent ton of fuel oil to be 100 US dollars, an estimated amount of 1000 million US dollars is
required annually in the year 2010, and 1700 million US dollars in 2020 to cover thermal energy production
using gas and fuel oil only.
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Fig. 2. TOTAL CONSUMPTION vs. YEAR

In addition to water resources, natural gas production is expected to make an important contribution to power
production. The total estimated quantity that is expected to be produced in the year 2000 is about 15.85
million m3 daily. The energy designated share out of this total is 13.5 million m3, and the rest is diverted to
be used in industrial and refinery applications. This share is expected to enable the production of 13 600
million KW.h in accordance with current strategy, where Syria is currently implementing a program to
modify all gas driven turbine plants from fuel fired only to combined cycle i.e. fuel oil plus gas fired plants.
The rate of electricity production is expected to reach around 17000 million KW.h after modification of all
plants is over.

Fuel oil is produced locally in Syria at an annual rate of 4.3 million tons. The designated share of this rate for
energy production is estimated to be 2.8 million tons for the year 2010. However, the estimated required
quantity of fuel oil for the same year is approximately 6.580 million ton. In this case, the predicted deficit in
fuel oil is 3.78 million tons. To substitute for such additional deficit, more refineries are required with total
output roughly about 9.5 million tons for the year 2010. Whereas for the year 2020, and even in cases of
keeping the current rate of natural gas production constant, and modification of all gas driven turbines is
finished, the need for fuel oil will be around 12.5 million tons annually. According to the current capacities of
available refineries, the 2020-deficit will be about 10 million tons annually. As a result, Syria should either
import an equivalent of this deficit or erect additional refineries with total capacities equal to 25 million tons,
taking into consideration that fuel oil production percentage is 40%.

Based on the aforementioned forecasting, the required 12 billion US dollars estimated cost, the additional
cost of fuel resources which will be about 1.7 billion US dollars, and taking into consideration the latest
studies published by IAEA in regard to the increasing demand on electricity in such a way that such demand
will be overcome by the sharp increase in its prices which will lead finally to a global increase on energy
which in turns, might reach 70% at the year 2020, the nuclear option seems very realistic and much
promising one for a country like Syria.
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3.SMPR CONSIDERATIONS

Despite all efforts being invested in the field of energy production in Syria, the situation is still not very
prosperous. Especially if one looks at other disadvantages of installation of such large number of thermal
plants, mainly, the environmental aspects of such sole choice of affordable energy. Therefor, other
considerations are also being investigated. In fact, decision makers tried to go nuclear in the 80' sand still
consider such option ever since. However, the least one could say that financing of such option seems always
formidable. Simultaneously, diversification of energy resources seems to be inevitable and the nuclear option
seems to be the last resort available so long as urgency for such option is increasing with decreasing resources
of hydro, oil, and natural gas.

Recognizing that a single unit should not exceed a given fraction of the grid size, and the annually expected
required energy is about 500 MW, favor of small to medium power reactor is recognized over larger units.
The early choice during the 80's was 440-WER type power plant. Among other consideration at that time
was the size of such relatively medium reactor. Still, the same size option or even smaller one is favored.

Other requirements for the introduction of first nuclear power plant in the country are being investigated
including are : manpower development, organizational structures such as regulations, program planning,
project implementation, plant operation and maintenance, and industrial support.
It is widely known and became apparent that SMPR has many advantages over large nuclear power plants for
the followings:

- Modularization and/or standardization of SMPR in small units tends to lower economic risk through even
distribution among plants,

- SMPR plants are more suitable for small and medium size electric grids,
- SMPR offers lower absolute capital cost and shorter planning and construction time,
- SMPR are more convenient for low load growth as is the case of most developing countries, and
- SMPR plants may offer better reliability in case of loss of load probability.

It should also be mentioned that, standardization feature of SMPR will be a very persuasive advantage for
decision makers in Syria. Among many other reasons, it fits the predicted annual required energy on one side
and requires lower total capital investment for a standardized plant in series on the other side. However, the
first foreseen nuclear power plant project in the country is not expected before 2003. Later on, at least two to
four units are widely perceived.

The main factor that influences the quick implementation of the nuclear option will continue to be the
financing and economics of such project. In other words, the more easy to facilitate financing of nuclear
power plant, the more quickly the decision will be made to embark and implement such project. This might
also be very true for many countries worldwide. Of course urgency for energy is much more recognized in the
developing countries where more than two billion people are without sufficient source of energy or their
energy consumption is much less than the average share of person in many countries. Still, the immediate
prospect of SMPR project in the developing countries is not seen in the near future, say till the end of 2000.
However, the potential market for SMPRs in the range of 300 MW is well established. The estimated number
of such units is expected to exceed 20 over a period of 10 to 20 years starting at the beginning of the 21st
century. Of course, there are considerable number of uncertainties affecting this estimate mainly due to
economics and characteristics of nuclear power plant project implementation.

4. FACTORS FACILITATING SMPR PROJECT IMPLEMENTATION

One of the key factors -influencing decision making is the availability of qualified manpower. In general,
availability of competent manpower continues to pose a major problem that always affect the launching of
nuclear power program and forms a constraint that might hinder the early introduction of such program. It is
well recognized that nuclear technology transfer plays an essential rule in development of adequate manpower
through education and training. The number and qualification of staff will depend strongly on the two sides of
the contract on one hand, and on the national policy of the country embarking on nuclear power program on
the other hand. In all cases, a manpower development program should clearly be established and many years
before the first nuclear power plant is expected to operate.
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Assistance in manpower development before launching of the first nuclear power plant project is considered
the vital rule of IAEA. Such assistance should be stressed not only in manpower training development but
also in many other activities related to the setup of national infrastructure dedicated to the introduction of
nuclear power programmed such as : required organizational infrastructure, national regulating and licensing
structure, survey of national industrial sector and its participation and development within a nuclear power
program, electrical grid analysis, financing...etc. In this regard, computer software and computer simulation
should be very strongly emphasized. It should also be stressed that real time or full scale simulation is not
required as a first step for training. Instead, general purpose and theoretical oriented application could easily
fulfill this task. Later on, the more the national nuclear program is enhanced the more the full scale
simulation and on-job-training is required. In addition, since so many technical papers and documents have
been published regarding SMPR, it is advisable that a yearly updated version about this subject should be
done in order to keep buyers informed on what is available of SMPR in the market. Accompanied with this
updated version, a small scale PC oriented simulator is suggested. Furthermore, sharing of successful and
unsuccessful experience on establishment, execution, and implementation of nuclear power program among
member states through IAEA will enable many countries to study the idea of launching such program very
carefully. Hence, assistance from IAEA will be minimized. Simultaneously, it should be acknowledged that
various publications by IAEA give solid guidelines and advises in this area. Finally, It might be advisable that
IAEA could lead the way by establishing contact with many SMPR producing companies with large share of
experience in designing and manufacturing* such nuclear power plant simulators to make it available for
member states especially from developing countries.
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