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Abstract 
This paper reviews the development of the organizational structure of the electricity sector in Egypt 
during the past three decades and describes the current planning process along with the available 
planning models. A proposed planning methodology using the available planning models addressing 
both supply side and demand side resources is introduced. A case study for the power system long 
term generation expansion planning employing the proposed methodology is presented. Different 
integrated plans representing different mix of supply and demand resources are developed. The plans 
are evaluated using the Artificial Neural Network (ANN) method based on different criteria such as 
plan cost, reliability and uncertainty. 
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1. INTRODUCTION  
Integrated resource planning, or IRP, has many variations when applied to the electric utilities,  but 
can generally be thought of as a process of planning to meet the electricity users’ needs for energy 
services, in the medium- to long-term, in a way that best meets multiple objectives for resource use. 
Broad objectives include optimum use of available resources, minimum overall cost of delivering 
electricity services, maximum reliability of supply and minimum environmental impacts of electricity 
supply and use.  
The recent restructuring of the Egyptian electricity sector into unbundled generation, transmission and 
distribution activities indicated the need to convert from the traditional supply planning – which was 
adopted since many years ago – to the Integrated Resource Planning process. The proposed IRP 
process is dynamic in nature since it constitutes feedback paths at different stages to consider any 
required modifications. 
This paper reviews the development of the organizational structure of the electricity sector in Egypt 
during the past three decades and describes the current planning process along with the available 
planning models. To achieve the optimum utilization of the available supply and demand resources in 
the overall power system planning process in Egypt, a proposed planning methodology is introduced. 
This methodology is applied by using the available planning models addressing both supply side and 
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demand side resources to integrate the Demand Side Management (DSM) programs into the overall 
planning process in the restructured electricity sector.  
A case study for the power system long term generation expansion planning employing the proposed 
methodology is presented. Different integrated plans representing different mix of supply and demand 
resources are developed. The plans are evaluated  using different criteria such as plan cost, reliability 
and uncertainty.  
The process of plan evaluation is performed by constructing a new algorithm based upon the Artificial 
Neural Network method to test the different plans and select the plan with optimum mix of supply and 
demand resources.  
 
2.  RESTRUCTURE OF THE EGYPTIAN ELECTRICITY SECTOR 
The electricity sector has undergone many changes over the past three decades. In 1976, the Egyptian 
Electricity Authority (EEA) was established and given monopoly rights to build, own and operate all 
generation, transmission and distribution facilities and to sell energy to all customers. In 1978, 
regional electricity distribution companies were created under EEA to supply the customers at the low 
and medium voltages.  
In April 1996, EEA started the activities related to the Build, Own, Operate and Transfer (BOOT) 
power projects by independent investors .  
In 1998, EEA generation facilities and high voltage (HV) networks were merged together with the 
distribution companies which were responsible for generation and distribution, while EEA was 
responsible for the planning of new generation and transmission facilities and the operation of the 
extra-high voltage (EHV) network.  
In 2000, the Egyptian Electricity Authority became the Egyptian Electricity Holding Company 
(EEHC), a joint stock company which owns the electricity companies responsible for the generation, 
transmission and distribution of electric energy. A presidential decree was issued establishing the 
Electric Utility and Consumer Protection Regulatory Agency to regulate the electricity supply industry 
so as to ensure that the electricity supply services needs of customers are met in the most efficient, 
cost-effective and sustainable manner.  
In 2001, the generation, transmission and distribution functions of the holding company were 
unbundled to form five regional electricity production companies, one electricity transmission 
company and seven regional electricity distribution companies (became eight in 2002), all under the 
ownership and supervision of EEHC.  
Based on 2002 figures, the total installed capacity in the Egyptian power system reached 16648 MW 
including 13840 MW thermal,  2745 MW hydro and 63 MW wind. The total  EHV (500, 220 and  
132 kV) and HV (66 and 33 kV) substation capacity reached 64153 MVA and the total length of EHV 
and HV transmission lines reached 34976 Km. The number of customers supplied by the transmission 
company at EHV and HV was about 80, while the total number of customers supplied by the eight 
distribution companies on medium and low voltages was about 18 million customers.  

 
3. PROPOSED IRP ORGANIZATION  

A proposed organization for IRP under a restructured electricity sector in Egypt is presented. It 
depends on what is called “Two-Tiers” (or two levels) approach by addressing the central planning at 
the EEHC level and the regional planning at the transmission company and each of the distribution 
companies. The regional plans would fit into the central plan through the coordination between the 
central main IRP group and the nine regional main IRP groups. Figure (1) illustrates the proposed IRP 
organization as presented in a previous publication [1]. 
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Figure (1): The proposed IRP organization 
 

The present paper utilizes the proposed IRP organization in the planning process. An integration of the 
planning models is carried out to prepare an IRP case study suitable for the Egyptian electricity sector. 
 
4.  DESCRIPTION OF THE AVAILABLE PLANNING MODELS 
The optimum operation of the Egyptian power system requires the use of advanced computer software 
in the different areas of power system planning such as load and energy forecast, load research and 
demand side management, generation expansion planning, network analysis and expansion planning 
and tariff studies. The integration of the different planning models is essential for the Integrated 
Resource Planning (IRP) studies and applications. The following sections present the description of 
the planning models used. 
 

4.1 Load and Energy Forecasting Model - Eviews 
Eviews is a set of tools for manipulating time series data and providing sophisticated data analysis, 
regression and forecasting tools on windows-based computers. Eviews can quickly develop  
a statistical relation from the historical  data which can be used to forecast future values of the data.  
Eviews model is used as a forecasting tool for the electric energy. It uses the econometric analysis 
method which depends on the retraction analysis of historical data to study the correlation between the 
electric energy consumption as a dependent variable and the affecting factors such as: Gross Domestic 
Product (GDP), population and electric energy prices as independent variables over a period of 5 to 20 
years as a base for forecasting the electric energy demand. 
 

4.2 Demand Side Management Model – Retail Manager 
Retail Manager is a software program which deals with the  DSM resource options. The evaluation of 
these options may address: diverse types of resource options, flexible contractual/rate alternatives and 
short-term and long-term economic and financial impacts. The benefit/cost calculation for the 
customer is straightforward. The customer has an energy bill and an equipment cost in the status quo. 
Another bill and equipment cost pair will exist with the DSM program. The present value of total cost 
indicates the value of the option from the customers’ perspective. 
Electric energy profiles are the means of modeling the actual use of energy. For each end-user, the 
annual energy consumption and its distribution over the year according to the representative day load 
profiles must be specified. This allows Retail Manager to calculate the impact of a DSM program on 
the customer and utility loads. 
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The software package Electric Generation Expansion Analysis System (EGEAS) is used to develop 
the candidate generation expansion plans and evaluate the least-cost resource plan. EGEAS develops 
the optimum expansion plan in terms of two objective functions: present worth of revenue and 
levelized average system rates in $/MWh. 
 

 

4.4 Network Expansion Model – PSS/E 
Power System Simulator for Engineering (PSS/E) is an integrated set of computer programs that 
handles the following power system analysis calculations: 
• Power flow and related network analysis functions. 
• Balanced and unbalanced fault analysis. 
• Network equivalent construction. 
• Dynamic simulation. 

This package is structured around a carefully designed set of data files which set up in a way that 
optimizes the computational aspects of the key power system simulation functions: network solution 
and equipment dynamic modeling. 
This software package is used for load flow calculation, operation energy loss analysis and network 
power loss calculation. The load flow constraints can be checked and realized for each planning 
scheme using the optimum generation output for each case and excluding the cases that violate the 
load flow constraints. This package is also used for the analysis of problems in the power frequency 
domain. 
 

 

5. CASE STUDY 
5. 1 Demand Forecasting 
The database needed consists of the historical energy sales for the different customers classes during 
the period 1981/1982 – 2001/2002, historical GDP/customer class, population and electrified 
population, current electricity price/customer class, total sales and customer price indices. 
Different values for the load factor and GDP are estimated to get three scenarios of peak load and 
energy forecast (high, medium and low). The demand forecast results are shown in  Table (I). 
For the low scenario, the annual growth rate over the planning period 2003 – 2022 is expected to reach 
5.77% and 6% for the peak load and the generated energy, respectively. 
For the medium scenario, the average annual growth rate over the planning period is expected to reach 
6.39% and 6.53% for the peak load and the generated energy, respectively. 
For the high scenario, the average annual growth rate over the planning period is expected to reach 
7.1% and 7.26% for the peak load and the generated energy, respectively.  
The medium scenario of forecast is used in this case study. 
 

Table (I): Forecast of peak load and generated energy 
 

LOW 
SCENARIO 

MEDIUM  
SCENARIO 

HIGH  
SCENARIO YEAR 

(or Period) Peak 
Load 
(MW) 

Energy 
Gen. GWh 

Peak  
Load 
(MW) 

Energy 
Gen. GWh 

Peak  
Load 
(MW) 

Energy 
Gen. GWh 

2006/2007 18241 115769 19050 117946 19650 123078 
GR% 

02/03-06/07 6.48% 6.88% 7.41% 7.28% 8.089% 8.20% 

2011/2012 24540 156820 26191 163275 27830 175522 
GR% 

07/08-11/12 6.11% 6.26% 6.57% 6.72% 7.21% 7.36% 

2016/2017 31913 205333 34883 220087 38401 243872 
GR% 

12/13-16/17 5.39% 5.54% 5.90% 6.15% 6.65% 6.80% 

2021/2022 40954 266179 46019 294006 52578 337460 
GR% 

17/18-21/22 5.12% 5.33% 5.70 5.96% 6.49% 6.71% 

AVG GR% 
02/03-21/22 5.77% 6.00% 6.39% 6.53% 7.10% 7.26% 

 

 
4.3 Generation Expansion Model – EGEAS 



 5

Primary Energy Resources in Egypt 
The survey of the available resources is important to identify the most efficient mix among these 
resources for the electricity generation purposes. The primary energy resources available in Egypt are: 
oil, natural gas, coal, hydro, uranium and thorium, solar, wind and biomass. 
 

Description of Supply Plans 
Three base generation plans have been developed for the study period 2003-2022:  
Base Plan (1): where the natural gas fuel cost is the existing subsidized price of 14.1 pt/m3  
(0.65$/mm Btu). 
Base Plan (2): the fuel cost is increased to the liquified natural gas price of 1.8$/mm Btu through the 
next 5 years. 
Base Plan (3): the fuel cost is increased to the liquified natural gas price of 1.8$/mm Btu through the 
next 10 years. 
 
 

Development of Supply Plans   
The results of the three base supply plans are as follows: 
Base Plan (1): The peak load at the end of  the study period is 46 019 MW while the total new added 
capacity during that period is 31200 MW.  The total system cost is estimated to be 42144.575 million$ 
with a present value of 17359.784 million$.  
Base Plan (2): The peak load, new added capacity at the end of the study period are the same as base  
plan (1). The total system cost is estimated to be 63621.902 million$ with a present value of  
24172.667 million$. 
Base Plan (3): with the same peak load and new added capacity as the previous 2 plans. The total 
system cost is estimated to be 59285.123 million$ with a present value of 22383.032 million$. 
 

 

5.3. DSM Planning 
Demand-side management, or DSM, refers to programs or projects undertaken to manage the demand 
for electricity by reducing the electric energy use, or changing the timing of electricity use, or both. 
Development of DSM Programs 
In light of the screening of DSM measures and technologies, seven programs are proposed for 
implementation during the planning period 2003-2022 .  
The programs encourage the use of compact fluorescent lamps (CFL) in the residential and 
commercial sectors, efficient lighting in the streets, and the use of efficient motors and the application 
of incentive- based load shifting in the industrial sector. 
The proposed DSM programs are: 
1- Moderate CFL program for residential customers (2009 – 2013). 
2- Aggressive CFL program for residential customers (2009 – 2013). 
3- Moderate CFL program for commercial customers (2004 – 2008). 
4- Aggressive CFL program for commercial customers (2004 – 2008). 
5- Efficient lighting program for street lighting (2004 – 2008). 
6- Efficient motors program for industrial customers (2008–2022). 
7- Load shifting program in cement industry (2004 - 2022). 
Description of the Candidate DSM Plans 
A DSM plan is a combination of a number of DSM programs. Two DSM plans are considered as 
candidates: moderate DSM plan and aggressive DSM plan.  
The moderate DSM plan includes the residential and commercial programs with moderate 
participation rates (programs 1 and 3) in addition to the remaining DSM programs (programs 5, 6 and 
7). On the other hand, the aggressive DSM plan includes the residential and commercial programs 
with aggressive participation rates ( programs 2 and 4 ) in addition to the remaining DSM programs 
(programs 5, 6 and 7). 
Development of DSM Plans 
The costs of the DSM plans and their impact on the supply side are investigated. Table (II) shows the 
total energy and average annual peak load savings for the moderate DSM plan during the planning 
period 2003 – 2022. The total energy and average annual peak load savings resulted from the plan at 
the  end  of  the planning  period  are  8219  GWh  and 182  MW,  respectively. The  total  net present 
 
value (NPV) of the cost of the moderate DSM plan during the planning period reached about  
132.3 million$. 
 

5. 2 Supply Side Planning  
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Table (II): Total energy and average annual peak demand savings for the moderate DSM plan      
during the period 2003 – 2022. 

 
Period Total Energy Saving (GWh) 

Average Annual peak 
Demand Saving (MW) 

2003-2007 502 118 
2008-2012 1517 171 
2013-2017 2481 209 
2018-2022 3719 232 
2003-2022 8219 182 

 

Table (III) shows the total energy and average annual peak load savings for the aggressive DSM plan 
during the planning period 2003 – 2022. The total energy and average annual peak load savings 
resulted from the plan at the end of the planning period are 10017 GWh and 216 MW, respectively. 
The total NPV of the cost of the aggressive DSM plan during the planning period reached about  
133 million$. 
 

Table (III): Total energy and average annual peak demand savings for the aggressive DSM plan 
during the period 2003 – 2022. 

 
Period Total Energy Saving (GWh) 

Average Annual peak 
Demand Saving (MW) 

2003-2007 697 136 
2008-2012 2293 228 
2013-2017 3268 267 
2018-2022 3759 235 
2003-2022 10017 216 

 
 

5.4 Integrated Resource Planning 
Description of Integrated Resource Plans 
The IRP plans are obtained from the combination of the 3 supply plans with the 3 DSM plans.  This 
will result in 9 different IRP plans as follows: 
IRP plans (1), (2), (3): They are the combination of the base supply plans (1), (2), (3) with no DSM 
plan.  This means that the IRP annual load demand will not differ from the base supply plans.  
IRP plans (4), (5), (6): These plans are the combination of the base supply plans (1), (2), (3) with the 
moderate DSM plan.  This means that the annual demand of these IRP plans will result from the 
supply plans demand and the moderate DSM plan reduction in MW. 
IRP plans (7), (8), (9): These plans are the combination of the base supply plans (1), (2), (3) and the 
aggressive DSM plan. The annual demand of these IRP plans will consist from the supply plans 
demand and the aggressive DSM plan reduction.  
Development of Integrated Resource Plans 
IRP plans (1), (2), (3): The peak load is expected to reach 46019 MW by year 2022 and the total 
added capacity is 31200 MW in each of the 3 plans. 
The total system cost is 42144.575, 63621.902 and 59285.123 million$ with a present value of 
17359.784, 24172.667 and 22383.032 million$ for the 3 IRP plans respectively. 
IRP plans (4), (5), (6): The peak load is expected to reach 45745 MW by year 2022 and the total 
added capacity is 30875 MW in each of the 3 plans. 
The total system cost is 41955.451, 63358.603 and 59031.306 million$ with a present value of 
17289.556, 24080.069 and 22294.075 million$ for the 3 IRP plans, respectively. 
IRP plans (7), (8), (9): The peak load is expected to reach 45745 MW by year 2022 and the total 
added capacity is 30875 MW in each of the 3 plans. 
 
 
The total system cost is 41911.587, 63302.136 and 58983.612 million$ with a present value of 
17268.775, 24054.112 and 22271.824 million$ for the 3 IRP plans, respectively. 
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6.1 Evaluation Method: Artificial Neural Network (ANN)  
The artificial neuron [2] was designed to mimic the first-order characteristics of the biological neuron. 
In essence, a set of inputs is applied, each representing the output of another neuron. Each input is 
multiplied by a corresponding weight, analogous to a synoptic strength.  All of the weighted inputs are 
then summed to determine the activation level of the neuron.  
6.2 Evaluation Criteria 
Back-propagation is a systematic method for training multi-layers Artificial Neural Networks. It has a 
mathematical foundation that is strong if not highly practical. Despite its limitations, back-propagation 
has dramatically expanded the range of problems to which artificial neural networks can be applied, 
and has generated many successful demonstrations of its power.  The back-propagation training 
algorithm is an interactive method employing the gradient descent algorithm for minimizing the mean 
square error cost function between the actual network output and the target output for each pattern in 
the training set.  The application of the generalized delta rule in the back-propagation algorithm 
requires two stages.  In the first stage after calculating the network output and comparing it with the 
target output, the delta error is calculated for the output layer [3]. In the second stage, this error signal 
is passed through each layer in the network in backward direction, from output layer to input layer, to 
calculate the appropriate weight changes. The first set of neurons (connecting to the inputs) serves 
only as distribution points; they perform no input summation. The input signal is simply passed 
through to the weights on their outputs. Each neuron in subsequent layers produces NET and OUT 
signals.   
6.3 Evaluation of the Results and Selection of the Preferred IRP Plan 
The system cost, peak load, generated energy, added capacity, reserve margin, DSM peak load 
reduction, DSM energy saving and DSM cost for all proposed IRP plans are given in Table (IV).  
 

Table (IV): Data of IRP Plans 
 

Pl
an

 Peak 
Load 
MW 

Generated 
Energy 
GWH 

Added 
Cap. 
MW 

Installed 
Cap. 
MW 

Reserve 
MW 

Supply 
System 

Cost 
million $ 

Max. 
DSM 

 Reduction 
MW 

DSM 
Saving 
GWH 

P.V. 
 DSM 
Cost  

Million $ 
1 46019 3618020 31200 52160 4140.6 17359.784 0 0 0 

2 46019 3618020 31200 52160 4073.4 24172.667 0 0 0 

3 46019 3618020 31200 52160 4108.9 22383.032 0 0 0 

4 45745 3609801 30875 51835 4176.4 17289.556 274 8219 132.3 

5 45745 3609801 30875 51835 4167.47 24080.069 274 8219 132.3 

6 45745 3609801 30875 51835 4167.47 22294.75 274 8219 132.3 

7 45745 3608003 30875 51835 4211.5 17268.775 292 10017 133 

8 45745 3608003 30875 51835 4198.02 24054.112 292 10017 133 

9 45745 3608003 30875 51835 4202.54 22271.824 292 10017 133 
 

To evaluate the IRP plans, four sets of weights for the IRP plan variables addressing: IRP plan cost 
(variable 1), reserve capacity (variable 2), and DSM plan cost (variable 3), are chosen as follows: 
Set 1 (base case): with equal weights for variables 1,2 and 3. 
Set 2: with equal weights for variables 1 and 2, while the weight of variable 3 is about one fourth of 
each of the other weights. 
Set 3: with higher weight for variable 2 and lower weight for variable 1 while keeping the weight of 
variable 3 unchanged, with reference to the case of Set 2. 
Set 4: with higher weight for variable 1 and lower weight for variable 3 while keeping the weight of 
variable 2 unchanged, with reference to the case of Set 3. 
 
 
 
The evaluation process resulted in identifying the preferred IRP plan as follows: 
For Set 1: IRP 7 is the preferred plan. 
For Set 2: IRP 8 is the preferred plan. 
For Set 3: IRP 4 is the preferred plan. 

 

 

6. EVALUATION OF INTEGRATED RESOURCE PLAN MODEL  
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For Set 4: IRP 6 is the preferred plan. 
 

7. CONCLUSIONS 
The paper addressed the issue of the Integrated Resource Planning (IRP) in the restructured electricity 
industry in Egypt. A proposed IRP methodology is presented. It is a dynamic process and can be 
reviewed during the planning period. An IRP case study employing the proposed methodology is 
carried out on the Egyptian power system for the period 2003-2022. Nine IRP Plans are developed and 
subject to evaluation using four sets of weights for the IRP plan variables (IRP plan cost, reserve 
capacity and DSM plan cost). Each set of weights resulted in the selection of a specific IRP plan as a 
preferred plan based on the relative value of variable weight. 
The methodology presented can be used to identify the optimum mix of supply and demand side 
resources according to certain predetermined criteria. 
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