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ABSTRACT 
Over the period 1972-2002, the total primary energy requirements in Egypt has increased from 8 million tones of oil 
equivalent (Mtoe) to 46.3 Mtoe. In the same period, electricity generation has increased from 7.4 TWh to 80.3 TWh. 
The demand for both primary energy and electricity is expected to continue at higher growth rates in the future due to 
the ambitious governmental plans aiming at increasing the gross domestic product (GDP) at an average annual growth 
rate of 8% up to the year 2020. 

Because of the limited fossil fuel energy resources and the almost fully utilized hydro energy, Egypt has been 
considering for sometime the various options for satisfying the increasing demand for electricity, including nuclear 
energy. To this end, a team lead by the Nuclear Power Plants Authority (NPPA) carried out a comparative study of the 
various strategies and options for electricity generation in Egypt with technical assistance from the International Atomic 
Energy Agency (IAEA) utilizing the DECADES Tool. The main objective of the study was to determine the optimal 
electricity generation mix up to the year 2020, including nuclear and renewable (solar and wind) energies. 

DECADES is restricted by some limitation regarding modeling of some energy forms and systems such as simulation of 
Renewable Energy Options (REO), in particular thermal/solar and wind plants and simulation of Independent Power 
Producers (IPP). REO and IPP, as well as the nuclear energy option are expected to play an important role in the future 
electricity generation mix in Egypt. Therefore it is important to consider its effects economically and environmentally 
when studying the best expansion system in Egypt.  

This paper summarizes the study focusing on adaptations made to DECADES modeling to enable simulation for the 
above energy forms and systems, as well as the results of the comparative assessment study. 

 

1 INTRODUCTION 
The availability of energy is a prerequisite of any socio-economic development in all countries, developing 
and developed alike. One of the most important conditions for sustainable development, is the proper 
management and development of primary energy resources. The only significant primary energy resources in 
Egypt are crude oil, natural gas and hydropower. Unless new discoveries are made crude oil reserves will be 
depleted within the next two decades. Hydropower is nearly fully utilized. There is a potential for solar and 
wind energies but the technology for large-scale electricity production is not yet economic. Indigenous 
uranium resources at least at economic prices are very limited. 

Egypt needs will outgrow the primary energies on its territory and risks to become energy importer in the 
near future (probably by the end of the study period i.e. by the year 2020). Nuclear Energy can play an 
important role in providing future energy needs, ensuring better energy mix, and saving fossil fuel for future 
generations to be used mainly for chemical industries. 

Over the period 1970-2000, the total primary energy requirements in Egypt have increased from 7.8 million 
tones of oil equivalent (Mtoe) to 44.2 Mtoe. In the same period, electricity generation has increased from 6.7 
TWh to 73.3 TWh. The demand for both primary energy and electricity is expected to continue at higher 

 1



5th International Conference on Nuclear Option in Countries with Small and Medium Electricity Grids 
Dubrovnik, Croatia, May 16-20, 2004. 
 

growth rates in the future due to the ambitious governmental plans aiming at increasing the gross domestic 
product (GDP) at an average annual growth rate of 8% over the next 20 years. Adequate supply of electric 
energy for domestic as well as industrial and public uses is one of the fundamental conditions for 
development in Egypt, and indeed one of the major challenges. In this regard, electrical system expansion 
planning to achieve the optimum energy mix is of paramount importance. In order to enhance capabilities for 
comparative assessment of different electricity supply options and strategies in the process of planning and 
decision making for the Egyptian electricity sector, Egypt approached the International Atomic Energy 
Agency (IAEA) in 1997 for technical assistance in carrying out a comparative assessment of strategies and 
options for electricity generation in Egypt up to the year 2020. 

The study was carried out during the period 1997-2000 and was updated in the year 2003. The main 
objective of the study was to determine the optimal electricity generation mix up to the year 2020, including 
nuclear and renewable (solar and wind) energies. Under the project, the IAEA provided the planning tool 
DatabasEs and Methodologies of Diferent Energy Sources (DECADES) for electricity generation and 
assisted NPPA and other participating organizations' staff in creating a Country Specific DataBase (CSDB). 
The main findings of the comparative assessment study are presented below. 

 

2 DEVELOPMENT OF ENERGY DEMAND 

2.1 Historical Development 
Total Primary Energy Supply (TPES) has grown over the period 1972-2002 from7.991 million tons of oil 
equivalent (Mtoe) in 1972 to 46.301 Mtoe in 2002, at an average annual growth rate of 6%. Most of primary 
energy supply is petroleum energy (i.e. oil and natural gas), the combined share of which increased from 
89.6% in 1972 to 95.6% in 2002. Natural gas has played an increasing role in TPES over the past 20 years, 
as shown in Table 1. As a result, the share of oil supply in TPES decreased from 88.6% in 1972 to 61.0% in 
2002, while the share of natural gas supply in TPES increased from 1% to almost 35% over the same period 
[1-3]. Non-commercial energy is not included in Table 1, because it is not readily quantifiable. The average 
annual growth rate of TPES over the period 1972-2002 exceeded the population growth rate but was almost 
identical to that of the GDP over the same period. 

Table 2 depicts total final energy consumption (TFC) by source over the period 1972-2002. The TFC 
increased in this period at an average annual growth rate of 6.2%. In the same period, electricity 
consumption increased at an average annual growth rate of 8.3%. This is reflected in the continuous increase 
in electricity share in TFC from 9.9% in 1972 to 17.8% in 2002. The structure of the TFC has been almost 
constant over the study period at 49% for industry, 23% for transport, 24% for other sectors (including 
agriculture, public/commerce and residential) and 4% for non-energy uses. 

There are three main energy sources for electricity generation in Egypt, namely: Oil products, Natural gas 
and Hydro energy. Due to the increasing demand for electricity and the limited hydro resources, the demand 
has been met primarily through installation of fossil fuel thermal power plants. This led to the decline of the 
hydro share in total electricity generation from 69% in 1972 to about 19% in 2002. The utilization of natural 
gas in electricity generation increased dramatically over the past three decades. The share of electricity 
generated by natural gas to the total electricity generated in thermal power plants increased from 4% at the 
end of the 1970s to almost 70% in 2002 [4]. 

Table 1 Egyptian Energy Indicators 

Year 1972 1977 1982 1987 1992 1997 2002 

Coal Supply, Mtoe 0.340 0.589 0.666 0.758 0.769 0.800 0.841 

Oil Supply, Mtoe 7.084 10.090 15.251 21.091 22.339 23.149 28.248 

N. Gas Supply, Mtoe 0.081 0.343 1.828 4.595 8.187 12.160 16.012 

Hydro Supply, Mtoe 0.486 0.769 0.825 0.716 0.855 1.101 1.200 

TPES, Mtoe 7.991 11.791 18.570 27.160 32.150 37.210 46.301 
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Table 2 Development of Total Final Energy Consumption by Source 
Final Energy Consumption, Mtoe Structure of Energy Consumption, % 

Year 
Coal Oil Gas Electricity Total Coal Oil Gas Electricity 

1972 0.273 5.121 0.002 0.595 5.991 4.6 85.5 0.0 9.9 

1977 0.656 7.583 0.187 1.024 9.359 6.0 81.1 2.0 10.9 

1982 0.638 11.062 1.191 1.575 14.467 4.4 76.5 8.2 10.9 

1987 0.666 14.601 1.871 2.365 19.503 3.4 74.9 9.6 12.1 

1992 0.787 14.841 2.580 3.850 22.059 3.6 67.3 11.7 17.4 

1997 0.764 17.704 3.532 4.324 26.324 2.9 67.3 13.4 16.4 

2002 0.995 21.982 6.702 6.442 36.121 2.8 60.9 18.5 17.8 

 

2.2 Projected Future Energy Demand 
Energy demand depends in a complicated manner on the economic development, population and social 
development. Therefore, a multiple regression analysis was carried out on historical data in the period 1970-
2000 of TPES and GDP in constant 1990 US Dollars, population and the percentage of female illiteracy as a 
measure of social development. The resulting correlation was assumed to hold for the future energy demand 
under three assumed scenarios. The Primary Energy Demand for the medium scenario is summarized in 
Table 3. As indicated in the Table, total primary energy demand in the year 2020 could be as high as 95 
Mtoe. 

Assuming that the present trends will continue in the future, the projected Total Final Consumption (TFC) 
was estimated. The projected TFC by energy source for the medium scenario is shown in Table 4. 

 

Table 3 Projected Demand of Primary Energy by Type, Mtoe 

(Medium Scenario) 

Year Coal Petrolium 
Products N. Gas Hydro TPES 

2005 0.919 29.597 19.726 2.723 52.964 

2010 1.042 34.761 25.833 2.723 64.358 

2015 1.184 40.947 33.416 2.723 78.270 

2020 1.344 48.378 42.872 2.723 95.317 

 

Table 4 Projection of Total Final Energy Consumption by Source 
Final Energy Consumption, Mtoe Structure of Energy Consumption, % 

Year 
Coal Oil Gas Electricity Total Coal Oil Gas Electricity 

2005 0.912 22.242 6.901 6.453 36.508 2.5 60.9 18.9 17.7 

2010 0.989 25.766 9.653 8.098 44.506 2.2 57.9 21.7 18.2 

2015 1.091 30.359 13.506 10.228 55.183 2.0 55.0 24.5 18.5 

2020 1.210 35.898 18.766 12.875 68.840 1.8 52.3 27.3 18.7 
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3 DEVELOPMENT OF ELECTRICITY DEMAND 

3.1 Historical Development 
The utilization of electric energy in Egypt began in 1893 with small diesel engines installed in Cairo and 
Alexandria to supply low voltage direct current electricity to some streets and houses. In 1959, the total 
installed capacity reached 511 MW. Until the year 1960 all power plants were thermal. In 1960, the hydro 
plants were introduced with the commissioning of Aswan Dam hydro station with 345 MW installed 
capacity. The High Dam hydro plant was completed in 1970 with a total installed capacity of 2100 MW. The 
two hydro power plants represented about 65% of the 3775 MW total installed capacity in 1970 and 
generated about 70% of electricity. During the period 1970 - 1980, the number of the thermal power plants 
remained relatively the same with some gas turbine installed from 1978 to 1982 to meet urgent electric 
power requirements without any reserve capacity. 

During the five-year plan (1982/1983-1986/1987) the Egyptian Electricity Holding Company (EEHC) 
launched an ambitious program of power generation expansion. The additional capacity added to the system 
reached 4200 MW. Most of the new additions were thermal units using either heavy oil or natural gas or 
both. At the beginning of the second five-year plan (1987/88-1991/92), and due to the draught conditions, a 
fast track program for constructing power generation plants was launched. A total capacity of 3474 MW of 
which 40% combined cycle was constructed during that period. In 2002, the total installed capacity reached 
17.6 GW of which 63.6% steam plants, 14.8 combined cycle, 6.0% gas turbine, and 15.6% hydro plants [4]. 
The historical development of electricity generation by type over the period 1972-2002 is shown in Table 5. 
During the three decades depicted in the Table, the peak load increased from 1168 MW in 1971/72 to 13326 
MW in 2001/2002. Over the same period, electricity generation increased form 7.3 to 80.3 TWh at an 
average annual growth rate of 8.3%. As of the year 2001 EEHC started buying electricity from independent 
power producers according to BOOT system. An additional quantity of 2.5 TWh to that shown in Table 5 
was bought. 

3.2 Projected Future Electricity Demand 
The energy and load demand forecast is an essential component of the operational and the planning 
management of the power system. Several methods for the long term planning can be used, most of these 
methods are statistical methods based on the analyses of the historical data, and the expected future 
consumer, major load expected to be added, and the change of load behavior. The load forecast modeling for 
the Egyptian electric system becomes the basis upon which many of the calculation and decision involved in 
the load forecast study is made. “Eviews” is the computer package used for this process. 

 

Table 5 Historical Development of Electricity Generation by Type [4] 

Electricity Generation, GWh 

Thermal Year 

Steam Gas Turbines Combined 
Cycle 

Hydro Total 
Generation 

Peak Load, 
MW 

1971/72 2176 79 0 5099 7354 1168 

1976/77 4019 43 0 8520 12581 2097 

1981/82 7964 3458 0 10474 21895 3694 

1986/87 20396 5700 0 9105 3521 5803 

1991/92 28139 5233 1906 10204 45482 7215 

1996/97 30545 371 14754 11987 57656 9235 

2001/02 49367 217 15553 15130 80267 13326 
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The forecast has been developed using the econometric modeling, which uses the statistical methods to 
forecast load and energy as a function of economic and demographic variable. Regression Analysis for time 
series (RATS) is used to develop the forecast (based on the historical data) which relate some dependent 
variables to a set of independent or explanatory variables, i.e. the electricity sales per class to one or more of 
the different econometric factors, i.e. GDP, GDP/sector, POP, GDP/POP, and the electricity price. Using the 
projections for all sales of energy, an estimate of the system losses for the combined system, these values 
yielded total system energy generation requirements.  

NPPA carried out peak load projections by application of an hours use model. Sectorial non-coincident 
contribution to peak values is made based on historical effects. Using the available database of the electricity 
sales and prices for different sectors three scenarios were derived. Table 6 shows the medium scenario peak 
load forecasted, this values is used for the generation planning during that period. 
From the Table it can be noted that: 

• The electrical energy will increase rapidly to meet the sustainable development in the next 20 years. 
The generated energy in year 2020 will equal 23 GWh, which is three times the energy generated in 
year 2000, the average rate of increase equals 5.5% /year. 

• The peak load will increase also with the same rate of the energy, the expected peak load in year 
2020 will equal 35 GW, it also equals three time the peak load in year 2000 

• The relation between the generated energy and peak load is increased gradually with very low rate. It 
can considered constant load factor 

• The new capacity needed to caver the load demeaned is more than 1000 MWe / year, this increment 
of addition will increase when taking into consideration the new capacity needed to substitute the 
retired old units.  

 

Table 6 Forecast of Peak Load – Medium Scenario 

Year Peak Load 
(MWe) 

Rate of 
increase% 

Energy 

(GWh) 
Rate of increase 

% 
Load Factor 

% 

2005 16648 6.0 106311 5.5 72.90 

2006 17563 5.5 112698 6.0 73.25 

2007 18529 5.5 118897 5.5 73.25 

2008 19548 5.5 125436 5.5 73.25 

2009 20624 5.5 132698 5.8 73.45 

2010 21655 5.0 139333 5.0 73.45 

2011 22738 5.0 146299 5.0 73.45 

2012 23874 5.0 153614 5.0 73.45 

2013 25068 5.0 161295 5.0 73.45 

2014 26322 5.0 169822 5.3 73.65 

2015 27638 5.0 178313 5.0 73.65 

2016 29020 5.0 187229 5.0 73.65 

2017 30471 5.0 196778 5.1 73.72 

2018 31995 5.0 206813 5.1 73.79 

2019 33594 5.0 217361 5.1 73.86 

2020 35274 5.0 228446 5.1 73.93 
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4 STRATEGIES AND POLICIES OF THE EGYPTIAN ENERGY SECTOR 
Energy sector in Egypt is managed by two independent Ministries, namely the Ministry Of Electricity and 
Energy (MOEE) and Ministry of Petroleum (MOP). The Strategies and policies adopted by the electricity 
and petroleum sectors are briefly discussed below. 

4.1 Strategies and policies of the Electricity Sector. 
To meet the increasing demand, the electricity sector has developed a strategy based on:  

• Highly reliable and most economic power system with minimum environmental impact. 

• Diversity of primary energy resources and technologies used in electricity generation, while 
maximizing the share of indigenous resources (e.g. natural gas, hydro and renewable energies). 

• Exporting electricity to Europe. 

• Participation of the private sector in electricity generation. 

To fulfill the above strategy, the electricity sector has been considering the following options: 

• Utilization of natural gas as the main fossil fuel for existing and future thermal power plants. 

• Utilization of renewable energy technologies such as wind and thermal/solar systems for electricity 
generation with the objective of generating 5% of the total generated electricity in 2017 from 
renewable energy sources. 

• The privatization of power generation as from the year 2002. In this regard, a decision was taken to 
construct a 2 × 325 MW plant in Sidi Kreir based on the BOOT system. These two units became 
operational in 2002. 

• Grid interconnection with Libya and Jordan, which were completed in 1998 and 1999 respectively. 
The interconnection with Libya and Jordan is part of an ambitious scheme envisaged by MOEE to 
create three integrated networks to link with Europe. These are: the Eastern Network interconnecting 
Egypt, Jordan, Syria, Lebanon, Iraq and Turkey; the Western Network interconnecting Egypt, Libya, 
Tunis, Algeria and Morocco; and the Southern Network interconnecting Egypt with mid Africa 
network to facilitate the export of surplus hydro electricity to Europe via Turkey in the East and 
Spain in the West. 

4.2 Strategies and policies of the Petroleum Sector. 
Due to major recent discoveries, natural gas is likely to be the primary growth engine of Egypt’s energy 
sector for the foreseeable future. The petroleum sector has defined its targets in the following: 

• Limiting the reliance on oil as the basic source of foreign currency in order to maintain the reserve 
over longer periods. Realizing this target calls for limiting production and exports. 

• Increase in national gas production pursuant to new discoveries and executing some extensions in 
the productive wells to increase their productivity. 

• Deepening the reliance on natural gas, especially in the field of electricity generation and in industry, 
particularly in the fertilizer industry. Realizing this target calls for intensifying natural gas 
exploration and development to increase production on the one hand, and the installation of new 
power stations operated by natural gas and/or modifying the existing stations to operate by natural 
gas, on the other.  

• Carrying out projects to utilize associated gases in oil fields instead of burning them. 

• Linking the oil producing fields to the petroleum refineries, and the natural gas fields to the 
consumption sites through national networks. 
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5 DECADES TOOL [5] 
In order to promote international co-operation in planning for sustainable energy supply, the joint inter 
agency project called DECADES was established at the beginning of 1993. Nine international organizations1 
agreed to join their efforts towards a common objective, namely: to enhance capabilities for comparative 
assessment of different electricity supply options and strategies in the process of planning and decision 
making for the electricity sector. The project is meant to promote the development of sustainable strategies, 
which provide energy services required for supporting economic growth and improving quality of life, while 
minimizing the health and environmental impacts from energy supply. Besides the need to focus the efforts 
on realistically achievable targets, the choice of the electrical power sector was motivated by the importance 
of this sector in terms of sustainable development. 

The DECADES project requires a comprehensive and consistent set of information for comparative 
assessment of different energy sources for electricity generation. Such a set of data is broad and complex and 
includes a number of data already compiled and stored in existing databases. Therefore, DECADES 
databases were designed in a modular fashion. 

• The DECADES project databases include: 

• Technology Inventory Databases containing technical and economic data as well as emissions and 
other burdens for electricity generation chains 

• RTDB n Reference Technology Database (RTDB) containing generic data on technical, economic, 
and emissions parameters of energy chains that use fossil fuels, nuclear power, and renewable 
energy sources for electricity generation. 

• CSDB n Country Specific Databases (CSDBs) storing data on electricity generation technologies for 
a country or region which are not stored in the RTDB. CSDBs follow the structure and format of 
RTDB, but are intended to be used for country or regional case studies. The CSDB contains a 
Demonstration Country database which may be used for practicing the techniques described in the 
manual, evaluating the DECADES software capabilities or as source of default data. 

• VSDB n Vendor Specific Database (VSDB) will have an extended structure capable of 
accommodating commercial equipment and facilities currently operated in energy chains for 
electricity generation and on specific projects for electricity supply system expansion, including their 
costs and health and environmental characteristics. 

• TOXDB n Toxicology Database (TOXDB) storing data on dose effect relationships and coefficients 
for selected toxic emissions and releases from the energy chains described in RTDB. 

• HEIES n Impacts Database (HEIES) containing information on health and environmental impacts 
associated with different energy related facilities and fuel chains. 

• DMS Database Management System (DMS) allows a user friendly access and display, printing, 
query and transfer of numerical data from DECADES databases to the analytical tools or other 
external models. 

• The DECADES tools support three levels of analysis: 

• n Plant-Level Analysis is used for preliminary screening of different electricity generation options. 
Emission factors for main air pollutants are estimated based on fuel characteristics and power plant 
performances. 

                                                      
1 The participating organizations were: the European Commission (EC), the Economic and Social Commission for Asia and the 
Pacific (ESCAP), the International Atomic Energy Agency (IAEA), the International Bank for Reconstruction and Development 
(IBRD/World Bank), the International Institute for Applied Systems Analysis (IIASA), the Nuclear Energy Agency of the OECD 
(OECD/NEA), the Organization of the Petroleum Exporting Countries (OPEC), the United Nations Industrial Development 
Organization (UNIDO) and the World Meteorological Organization (WMO). Other international organizations, such as the United 
Nations Environment Programme (UNEP) and the World Health Organization (WHO), are contributing to the project within their 
area of expertise. The International Energy Agency of OECD has attended some of the DECADES activities as an observer. 
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• n Chain-Level Analysis provides general data and analysis sufficient to present a broad view of the 
major tradeoffs between technical, economic, health and environmental aspects of energy chains. 

• n System-Level Analysis allows users to quickly screen electric generation system expansion 
strategies and to conduct comprehensive studies to develop mixes of energy chains which meet 
electricity demand for a country or region. The system level planning tool contains three electric 
system analysis options, ranging from preliminary analysis tools based on screening curves to 
sophisticated least-cost optimization with dynamic programming. 

 

6 ADAPTATION TO DECADES TOOL 
DECADES is restricted by some limitation regarding modeling of some energy forms and systems such as 
wind energy, BOOT unit system and interconnection system. Due to the important role expected for these 
systems in the future electricity supply in Egypt, it was necessary to adapt models within DECADES to 
properly simulate these systems to enable full utilization of DECADES in the comparative assessment of the 
various strategies and options for electricity generation in Egypt up to the year 2020 and develop a realistic 
electric system expansion plan. The simulation of Wind, Independent Power Producers (IPP) and Grid 
Interconnection systems are briefly described below. 

6.1 Simulation of Wind Turbines 
New and Renewable Energy Authority (NREA) is responsible for research and development, construction, 
and operation and maintenance of the projects for such new and renewable energy as wind, solar and 
biomass, putting an emphasis on the wind energy. NREA has conducted many pre feasibility and feasibility 
studies concerning the establishment of small and large scale wind farms in Egypt that leads to the fact that 
the utilization of wind energy in Egypt is technically viable and economically feasible. In line with the 
electricity sector strategy, NERA has promoted the development and construction of wind farms with a total 
output of 600 MW (60 MW x 10 sites) in Zafarana site on the Red Sea by the year 2005. NERA started to 
implement projects with a total output of 300 MW using loans from developed countries. Accordingly, the 
planned units were considered as committed units in this study and the 300 MW project was considered as a 
candidate unit.  

The nature of wind as an energy source is very much similar to the nature of run of river energy source. 
Therefore, it was represented as hydro project under a 2nd hydro type (Hydro 2). 

6.1.1 Main assumptions 

• The same hydrological conditions and the same hydro period (4 periods). 

• A standard 600 kW wind turbines were selected to the different capacities of wind farm plants. 

• The data required for technical and economic characteristics in the data base in DECADES plant 
level analysis under hydro energy source was taken to be those provided by NERA for the 300 MW 
Zafarana Farm. 

6.1.2 Data manipulation 

The technical data obtained from Wind Atlas developed by NREA were: 

i) Wind speed for 24 hours of a typical day per month 

ii) Capacity (kW) corresponding to speed from 3 m/s up to 25 m/s. 

Economic data of wind turbines were based on OECD International Energy Agency estimates [6]. Site 
specific features and cost were not taken into consideration because emphasis was focused on testing the 
simulation. 

These data were correlated via a 6th order equation between the speed and the capacity as shown in Figure 
1.. The representative days were arranged in 4 periods. Knowing the numbers of hours/each period and 
knowing that one column is connected to a 600 kW generator, the data for each capacity in the system level 
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analysis required within the study was calculated. A correction factor is deduced through comparing the total 
energy calculated for 300 MW wind farm with that provided by NREA. 

y = -0.0003x6 + 0.0241x5 - 0.7162x4 + 9.4842x3 - 52.984x2 + 136.21x - 130.66
R2 = 0.9984
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Figure 1 Wind Speed vs. Power 

6.2 Simulation of BOOT Units 
Following the privatization policy of the electricity sector in Egypt, EEHC signed a number of contracts with 
IPP to construct power plants in Egypt within BOOT system. The first was signed with INTERGEN to build 
a power plant 2x325 MWe in Sidi Kreir. The second, contract was signed with EDF, to build a power plant 
2x325 MWe in Ouon Musa.  

6.2.1 Main features of IPP units 

Studying the above mentioned contracts and the associated agreements, it was concluded that the cost of 
BOOT units can be divided into two main components: 

Capacity charge: which represents the total capital cost, which must be paid regardless of the quantity of 
energy produced. It has two portions one is the capital reinvestment cost which is applicable during the 
concession period only the second is the fixed operation and maintenance cost (local and foreign). 

Energy charge: which represents the produced energy, this cost is also divided into two parts; fuel cost and 
variable operation and maintenance cost.  

Fuel purchase agreement states that the IPP is to buy certain amount of fuel annually. The cost of this 
amount of fuel is to be paid by EEHC. It has been noticed that these units are characterized by high fixed 
O&M cost with the capital reinvestment cost applicable only during the 20 years concession period. 

6.2.2 Adopted simulation: 

At the beginning the BOOT unit was simulated as one unit. During the analysis of the system results it has 
been noticed that the capacity factor of these units was very much smaller than it should be according to the 
power purchase agreement. So another simulation is needed. This new simulation has to guarantee a 
continuous minimum operational capacity equivalent to that generated from the 75% of the annual fuel 
requirement. In the same time it has to allow the rest of the capacity to be manipulated according to 
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economical bases. This simulation, of course, will be adjusted according to the unit status (candidate / 
committed). 

6.2.2.1 The simulation of committed unit: 

The committed unit is simulated as two units as illustrated in Figure 2 and described follows: 

Base unit: has a capacity corresponding to the obliged amount of fuel (75% of the annual fuel requirement) 
and has the total fixed operation and maintenance cost equals to the total fixed cost of the original unit. To 
insure that this unit satisfies 100% capacity factor, a portion of variable cost is converted to fixed cost in an 
iterative process in which, the heat rate is lowered by certain value and the cost corresponding to the 
difference in heat rate is calculated and capitalize then added to the fixed O&M cost. 

Peak unit: it has a capacity corresponding to the difference between the original unit and the simulated base 
unit, the equivalent forced outage and schedule maintenance of the original unit are considered those for this 
unit. 

6.2.2.2 The simulation of candidate unit 

This unit is simulated as one unit. The technical and economical data of the simulated unit is the same as that 
of the real unit except that the present value of the total capital reinvestment cost is re-levelized on the unit 
lifetime (30 years) instead of the concession period (20 years). For the purpose of competitiveness of this 
unit with the option this now be the main portion of the fixed O&M cost, as the unit will have no overnight 
cost. 

 

 
Base Unit (X) 

 

MAIN UNIT 

 
Peaking Unit (1-X)

 

Figure 2 Schematic Representation of BOOT Unit Simulation  
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6.3 Simulation of Interconnection System 
As mentioned before in grid interconnection with Libya and Jordan has been completed and is operational. 
However, due to the unavailability of interconnection data, it was not possible to quantify the effect of 
interconnection on the electricity systems for the different scenarios. A brief description of the methodology 
for modeling the different cases of export and import energy is given below. 

6.3.1 Simulation of energy import  

• Long term base load imported energy: In case of the nature of the imported energy is constant 
quantity it is considered as base load energy and simulated as thermal power plant with out net 
overnight cost and maintenance and its production cost equal to the cost of imported energy. 

• Variable imported energy: In case of the nature of the imported energy is variable amount based on 
the load demand of the imported country it is considered as beak load and simulated as hydro plant.  

6.3.2 Simulation of energy export  

The exported energy is simulated as load only by modifying the system load based on the nature of the 
exported energy 

• Constant exported energy: Simulated as a load by shifting the load duration curve with a certain 
amount corresponding to the exported energy. 

• Variable exported energy: Simulated as a load by considering the variable exported energy as a daily 
load added to the original daily load to generate the modified daily load curve and generate the new 
LDC. 

 

7 ELECTRIC SYSTEM EXPANSION PLAN TO 2020 
DECADES was used to develop the Egyptian electric system expansion plan up to the year 2020. A base 
scenario representing the general trend in the electricity sector and applies the current strategies and policies, 
and three alternative scenarios assuming greater role for nuclear power were considered. The base scenario 
was used as a reference in the comparative assessment of the alternative scenarios, which are intended to 
illustrate possible, but not predictive, futures incorporating voluntary policy measures, institutional changes 
and technological progress that would affect the development of nuclear power programs in Egypt. The main 
technical and economic characteristics of Candidate power plant technologies are listed in Table 7. 

7.1 Base Scenario 
General policy concerning the energy sources is based on the limited hydro potential, limited low grade coal 
resources, large natural gas resources and high potential of renewable energy sources (solar and wind). This 
combination of energy sources enables the system to work under good environmental conditions. The first 
solar unit -as an integrated solar thermal- unit will be operated by year 2005 reaching a capacity of 750 MWe 
by year 2009 and the first wind farm will be connected to the grid by year 2002 reaching a capacity of 450 
MWe by year 2007. The electricity sector is also considering the nuclear energy and plans to commission 
two 600 MWe nuclear units by the years 2009 and 2010. As part of the privatization and restructuring policy, 
BOOT projects are part of the general policy of the electricity sector. EEHC plans to construct 6x325 MWe 
units under the BOOT system. These were considered as committed units. However, to examine the BOOT 
competitiveness compared to other candidates the BOOT unit was simulated as one of the candidates in 
Table 7.  
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Table 7 Technical and Economic Characteristics of Candidate Power Plant Technologies 

TECHNOLOGY Gas Turbine Combined 
Cycle 

Steam 
Turbine-1 

Steam 
Turbine-2 BOOT Plant Integrated 

Solar-thermal Nuclear-600 Nuclear-1000 Nuclear-100(*) 

Technical Characteristics

Net Power, MW 100 476 325 627 325 150 600 975 100 

Min. Power, MW 100 380 195 380 245 120 480 750 90 

Efficiency, % 27.3 50.02 41.35 44.6 39.52 55.6 32.8 33 44.7 

Heat Rate at Minimum 
Load, kcal/kWh 3150 1790 2200 2070 2211 1584 2647 2630 1933

Heat Rate Average 
Increment, kcal/kWh 3150 1439 1900 1770 2070 1393 2516 2508 1933

Economic Characteristics

Net overnight cost, 
US$ million 350 500 620 600 0 1420 1870 1637 1545

Domestic fuel cost, 
USc/Gcal 1752 1752 1752 1752 1752 1752 0 0 0

Foreign fuel cost, 
USc/Gcal 0 0 0 0 0 0 260 222 219

Fixed O&M 
(US$/kW.Month) 0.67 0.33 0.83 0.83 6.67 0.46 5.8 5.91 2.16

Variable O&M 
(mills/kWh) 3 0.9 0.4 0.4 0.5 6 0.5 0.5 0.97

         

         

         

         

          

         

         

         

         

         

         

 
(*) This candidate was used to represent small reactors. Data was based on published information on South African Pebble Bed Modular Reactor (PBMR). This reactor is still 

in the development process, therefore, the cost and other data do not represent actual commercial conditions. 
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7.1.1 Assumption for the Base Scenario 

• All candidates listed in Table 7 are included in this scenario with the exception of Nuclear-1000 and 
Nuclear-100. 

• By studying the load curve characteristics and historical hydro data it was found that the Egyptian 
load curve is divided into four periods starting November, with one hydro condition. 

• The maximum share of combined cycle in the system has been specified by EEHC as 20% of the 
system.  

• The electricity sector aims at supplying 5% of the country’s total energy from wind energy. 

• Based on the existing system; the medium load projections; addition and retirement schedules and 
the capability of addition, the reserve margin has been set to be: 

o From year 2001 up to year 2003  between 3% and 35% 
o From year 2004 up to year 2006  between 10% and 35% 
o From year 2007 up to year 2020 between 15% and 35% 

• The interest and discount rates are set to be 8%. 

• The fuel cost is based on the international oil price of 24 $/bbl equivalent. 

7.1.2 Screening curves for the candidates 

The screening curve indicates the relative preliminary competitiveness of the different candidates used in the 
study. Annual production costs were obtained by summing up the yearly portion of the levelized investment 
costs, fuel costs and the operation and maintenance (O&M) costs.  

The least expensive candidate was the combined cycle unit during the whole capacity factor range, followed 
by the steam turbine-2 (650 MW), steam turbine-1 (350 MW), BOOT Plant (325 MW), respectively. The 
Gas Turbine (100 MW) is competing up to capacity factor of about 50%. After a capacity factor of about 
50% to the Gas Turbine (100 MW) becomes the most expensive option followed by the Integrated Solar-
thermal Plant. 

7.1.3 Results 

Table 8 presents the optimal solution of the base scenario, the total cost of which is about US$B 45. The first 
seven wind farms (hyd2), first five integrated solar thermal units, and the two nuclear units in Table 8 are the 
units specified in the plan. Applying the previously mentioned assumptions, the results are obtained with 
observed high competitiveness of wind farms and steam turbine 650 MWe units. The addition of steam 
turbine 650 MWe units has been restricted to two units per year because of the nature of the Egyptian load. 
BOOT plants were not competitive at all, even with the fair distribution of fixed costs over the 30 years 
operating life time. The integrated solar thermal units were also out of competition.  

The final optimal solution contains neither BOOT plants nor additional integrated solar thermal units other 
than the planned ones. The maximum share of total additions was that of steam turbine-2 (650 MW) with 
about 45.6% followed by combined cycle, steam turbine-1 (325 MW), wind farm, gas turbine (100 MW), 
Nuclear-600 (600 MW) and integrated solar thermal plant with shares of 18.9%, 15%, 7.4%, 6.6%, 4% and 
2.5% respectively. The renewable energy accounts for 7.8% of the added capacities and 5.5% of the total 
system. 

Figure 3 shows the fuel consumption over the study period. As observed the consumption follows a start line 
trend over the whole period, the main exception is at the points corresponding to years 2008, 2009 and 2010. 
At year 2008, the addition of wind farms represents about 49% of total system additions –at that year- 
(committed and optimal solution), at year 2009 the addition of nuclear capacity represents 36% of the total 
addition and finally at year 2010 the addition of wind farms and nuclear capacities represents about 75% of 
the total addition. Other than that, the addition of wind farms represents between 2% at year 2003 and 18% at 
year 2013. That relatively small contribution, explains the unobserved effect of wind farms on the fuel 
consumption. The time at during which the Egyptian reserves of natural gas will be consumed has been 
calculated based on: 
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a) Constant natural gas consumption: based on the fuel consumption over the study period, the electricity 
sector will consume the total proven reserves – 42.5 trillion cubic feet (tcf), as of January 2000 - in 45 
years and the total proven and probable reserves -162.5 tcf, as of January 2000- will be consumed in 
170 years. 

b) Constant increase rate: based on a 5.5% increase rate -calculated as the average over the last 5 years of 
the study period- electricity sector will consume the total proven reserves in 36 years and the proven 
and probable reserves in 55 years. 

Table 8 Optimal Expansion Plan of Base Scenario 

Year Gas 
Turbine 

Combined 
Cycle 

Steam 
Turbine-1 

Steam 
Turbine-2 

BOOT 
Plant 

Integrated 
Solar-

thermal 

Nuclear-
600 

Wind 
Farm 

2005 3 2 1 1 0 1 0 6 

2006 3 3 2 1 0 1 0 6 

2007 3 4 4 1 0 3 0 7 

2008 3 4 5 1 0 3 0 9 

2009 3 5 5 1 0 5 1 9 

2010 3 5 5 1 0 5 2 10 

2011 5 5 7 1 0 5 2 10 

2012 5 6 8 3 0 5 2 10 

2013 7 7 9 3 0 5 2 11 

2014 11 7 10 6 0 5 2 11 

2015 12 7 12 8 0 5 2 11 

2016 12 9 13 9 0 5 2 11 

2017 12 9 15 10 0 5 2 12 

2018 14 9 17 11 0 5 2 12 

2019 20 11 19 14 0 5 2 12 

2020 20 12 22 14 0 5 2 13 
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Figure 3 Natural Gas Consumption over the Study Period – Base Scenario 

7.2 Alternative Scenarios 
Because of the limited fossil fuel energy resources and the almost fully utilized hydro energy, Egypt has 
been considering for sometime the introduction of nuclear energy for electric power generation and seawater 
desalination. In the past decade, Egypt carried out a number of feasibility studies related to the introduction 
of nuclear energy for electricity generation and/or seawater desalination [7-10]. The results of these studies 
indicated that the introduction of nuclear power in Egypt for electricity generation or seawater desalination 
or both, is technically feasible and economically competitive. The long term plan of the electricity sector 
includes the introduction of two 600-MW nuclear power plants for the cogeneration of electricity and water.  

The expected time to interconnect the EL-Dabaa nuclear power plant is Year 2009/2010. These two units are 
taken within the context of the present study as "committed plants". To assess the potential role of nuclear 
energy in Egypt, other nuclear candidates such as 1000 MW (e) WCRs and Nuclear-100s (pebble Bed) 100 
MW (e), were included in the assessment. Three nuclear variants were considered for nuclear power 
evolution up to year 2020, corresponding to different policies that might be implemented. These are: 

1- Logical variant (I): This variant specifies the introduction of the nuclear power in the way that 
suitable to the technological capabilities of the country. Therefore, the logical schedule was taken into 
consideration i.e. the second project starts about 5-6 year from the operation of the first one, then one 
unit per year is a feasible schedule. 

2- Free variant (II) : In this variant there is no constraints to the introduction of the nuclear power i.e. 
DECADES can select the nuclear options without constraints to examine the competitiveness of this 
technology with the fossil fuel technologies and to fined the maximum potential of the nuclear power. 

3- Free nuclear variant with variable discount rate (III): This variant is similar to Variant (II) with 
changing the discount rate to quantify its effect on the potential of the nuclear. 

7.2.1 Assumption for the Alternative Scenario 

Main assumptions for the alternative (nuclear) scenarios include in addition to those assumed for the base 
scenario the following: 
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• All the nuclear candidates listed in Table 6 are included. 

• Two nuclear units of 600 MW are considered as a committed unit only in variant I (Logical Variant). 
But in variants II and III all nuclear options are considered as candidates to examine their 
competitiveness with each other and with the fossil fuel candidates. 

• For variant III three values of interest rate (5%, 10%, 15%) beside to the basic value of the study 
(8%) were assumed. 

The results of Alternative scenarios for the year 2020, Variants I, II and III are compared to the base scenario 
in Table 9. A brief discussion of each variant is presented below. 

7.2.2 Results of the Alternative Scenarios 

7.2.2.1 Results of Variant-I 

In Variant-I some constraints to the introduction and addition of nuclear power plants were considered due to 
the fact that there is no nuclear experience in Egypt. Therefore, the logical schedule takes into account the 
time needed for the various project activities in line with the gained experience. The optimal solution for 
Variant-I is shown in Table 9. The total cost of Variant-I is about US$B44.7. It should be noted that the first 
seven wind farms, first five integrated solar thermal units, and the two 600-MW nuclear units in Table 9 are 
considered as committed units as specified in the electricity sector plan. 

The results show the high competitiveness of nuclear options (Nuclear-600, Nuclear-100), wind farms and 
steam turbine-2 (650 MW) units. Both BOOT Plants and Integrated Solar-thermal units were not 
competitive. The final optimal solution contains no BOOT Units or additional integrated solar –thermal units 
to those already committed. The maximum share of total additions in Variant-I was that of Steam Turbine-2 
with about 36%, followed by Combined Cycle, Nuclear-1000, Nuclear-100, Wind Farm, Steam Turbine-1, 
Nuclear-600, Gas Turbine and Integrated Solar-thermal with 19%, 16%, 7%, 7%, 6%, 4%, 3% and 2% 
respectively. 

Table 9 Comparison of Alternative Scenarios with Base Scenario 

Gas 
Turbine 

Combined 
Cycle 

Steam 
Turbine-

1 

Steam 
Turbine-

2 

BOOT 
Plant 

Integrated 
Solar-

thermal 

Nuclear-
600 

Nuclear-
1000 

Nuclear-
100 

Wind 
Farm 

Base Scenario         

20 12 22 14 0 5 2 0 0 13 

Variant I         

10 12 6 17 0 5 2 5 20 13 

Variant II         

10 12 3 4 0 5 1 15 20 13 

Variant III         

Interest Rate = 5%         

3 12 1 5 0 5 0 18 40 13 

Interest Rate = 8%         

10 12 3 4 0 5 1 15 20 13 

Interest Rate = 10%         

9 12 9 15 0 5 0 5 34 13 

Interest Rate = 15%         

11 12 14 20 0 5 0 0 34 13 
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Figure 4 Natural Gas Consumption over the Study Period – Variant-I 

 

Figure 4 shows the natural gas consumption behavior over the study period for variant I. Natural gas 
consumption increases gradually, except for two regions at which the contribution of wind farms and nuclear 
power become large enough to impact the natural gas consumption. The first region is between years 2008 - 
2010 where the natural gas consumption is almost constant due to the addition of wind farms at year 2008 
representing about 45% of the total system addition, at year 2009 the addition of nuclear capacity 
representing about 43.7% of the total system addition, and at year 2010 the addition of wind farms and 
nuclear capacity represent about 100% of the total addition. The second region during the period 2016 - 2020 
at which the natural gas consumption decreases due to the relatively high contribution of nuclear capacity as 
its representation about 71.6%, 77%, 67% and 37% at years 2016, 2017, 2018, and 2019 respectively.  

The addition of wind farms and nuclear capacity at the year 2020 represents about 48% of the total system 
addition. Other than that, the addition of wind farms and nuclear capacity represent a small contribution 
which results in unobserved effect on NG consumption. The electricity sector, according to Variant-I, will 
consume the total proven reserves - 42.5 tcf, as of January 2000 – in 48 years. 

7.2.2.2 Results of Variant-II 

This variant represents the free scenario for nuclear options in which the 600-MW WCR is included in the 
candidates in addition to a 100-MW PBMR and 1000-MW WCR. There is no constraint on the addition of 
nuclear capacity. The only restriction is on the introduction of nuclear power because of the construction 
period for the two reactors (600 and 1000 MW) and the unproven technology for the 100-MW PBMR.  

So consider the introduction of the three type of reactors at years 2009, 2011and 2012 for Nuclear-600, 
Nuclear-1000 and Gas Turbine, respectively. The high investments required for the nuclear power and the 
capabilities of the country are not taken into consideration in this Variant. 

Table 9 shows the optimal solution Variant-II, which costs about US$B 44.3. The first seven wind farms, 
first five integrated solar thermal units and the combined cycle units (which represents 20% as a maximum 
sharing); are considered as committed units as specified in the plan.  
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The results show the high competitiveness of nuclear options Nuclear-1000 and Nuclear-100 as well as wind 
farms. The nuclear option Nuclear-600 and the two steam turbine options (325 and 650 MW) units were the 
least competitive. Similar to Variant-I, final optimal solution of Variant-II contains no BOOT Units or 
additional integrated solar –thermal units to those already committed. The maximum share of total additions 
was that of Nuclear-1000 (1000 MW) with about 50%, followed by Combined Cycle, Steam Turbine-2, 
Wind Farms, Nuclear-100, Steam Turbine-1, Gas Turbine, Nuclear-600 and Integrated Solar-thermal Unit 
with total share of 19%, 8%, 7%, 6%, 3%, 3%, 2% and 2% respectively. 

Figure 5 shows the development of natural gas consumption for Variant-II. The impact of the introduction of 
nuclear power is higher than that of the wind farms on the natural gas consumption due to the large capacity 
of nuclear power. 

The natural gas consumption goes up from year 2001 until year 2008, and then it deflects in the year 2009 
due to the introduction of nuclear option (600 MW) which represents about 43% of the total system addition 
in this year. The maximum natural gas consumption is at 2010 at which there is no addition of nuclear 
capacity. Although one wind farm option of (300 MW) was added in 2010, its impact was augmented by the 
addition of one 325 MW Steam Turbine.  

After the year 2010 the natural gas consumption continues to decline until year 2020, with the exception of a 
slight reversal in the trend in 2017, despite the high contribution of wind farms and nuclear capacities. The 
reason is that the combined cycle unit were taken as a base unit with high capacity factor and the units of 
wind farms and nuclear were operated as peak units with low capacity factor. Based on the NG consumption 
over the study period, the electricity sector will consume the total proven reserves - 42.5 tcf, as of January 
2000 – in 58.5 years.  
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Figure 5 Natural Gas Consumption over the Study Period – Variant-II 

 

7.2.2.3 Results of Variant-III 

This variant represents sensitivity analysis of Variant-II with respect to interest rate, which has a strong 
impact on the nuclear option. Interest rates of 5%, 10% and 15% were compared with the basic interest rate 
of 8%. Table 9 shows the results of the sensitivity analysis for the total system addition at the year 2020. 
Nuclear-100 is highly competitive for all interest rates due to its low construction period. The 
competitiveness of Nuclear-1000 decreases with increasing the interest rate. The Nuclear-600 option is not 
competitive for all interest rates. In general, the nuclear share in the expansion plan decreases with increasing 
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the interest rate. As a result, the natural gas consumption increases with increasing interest rate and thus, the 
total emissions are increased, as shown in Figure 6.  
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Figure 6 The Relation between the Total Emissions and Discount Rate 

 

8 CONCLUSIONS 
A comparative assessment of various strategies and options for electricity generation in Egypt up to the year 
2020 was carried out utilizing DECADES tools through technical assistance from the IAEA. 

The simulation of Wind Farms, BOOT units and Grid Interconnection was carried out through adaptation 
and manipulation of existing models within DECADES Tools. 

The comparative assessment included one base scenario reflecting current strategies and options adopted by 
the electricity sector and three alternative scenarios which are intended to illustrate possible, but not 
predictive, futures incorporating voluntary policy measures, institutional changes and technological progress 
that would affect the development of nuclear power programs in Egypt. 

The assessment of the base scenario indicated that final optimal solution contains neither BOOT plants nor 
additional integrated solar thermal units other than those committed under EEHC plan. 

The assessment of alternative nuclear options indicated that, similar to base scenario, both BOOT Plants and 
Integrated Solar-thermal units were not competitive under any of the three nuclear variants considered. 

The most competitive nuclear option is Nuclear-100 which does not seem to be affected significantly by 
changes in interest/discount rate due to its short construction time. However, this reactor does not exist 
anywhere and the data used in the analysis has to be validated by experience. 

Large WCRs above 1000 MW seem to be more competitive than Medium sized WCRs (~600 MW).  

The nuclear share in the expansion plan decreases with increasing the interest rate. As a result, the natural 
gas consumption increases with increasing interest rate and thus, the total emissions are increased. 

Under the assumptions adopted for this study, wind energy seems competitive for all the scenarios. However 
its positive environmental impact regarding emissions is limited due to its small share in the expansion plan 
for all scenarios. 
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