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Abstract

Over the past few years, Iraq has encountered successive wars that
have destroyed much of the important infrastructures and have led to a
reduction in spending on them. Especially the electrical infrastructure
including the Iraqi Electricity Power Grid network (IEPG) and its
components which is considered one of the motivations of this work.
Moreover, there are no studies that consider the /EPG network in terms of
modeling and analysis. In general, the /JEPG network divides into three main
types of electric power stations. The main source of power is Generation
Power Stations (G.P.S) and the second is Ultra High Voltage Stations 400
(U.H.V.S). The third is High Voltage Substations 132 (H.V.S.S) which
supplies the consumers with electricity directly. Finally, there are
transmission lines connecting these stations (400 kv and 132 kv).

Recently, Iraq has suffered from a severe shortage of electricity
production and consumer supply. At the same time, the demand for
electricity has increased due to population and economic growth. Whereas,
the demand for electricity is increased from 11000 MW in 2007 to 16000
MW in 2013. While it has increased in 2018 to 24500 MW and has recently
reached about 30000 MW with a low in electricity production simultaneously
which is considered the main problem in the /EPG network. These problems
have led to frequent interruptions in the supply of electricity and the
occurrence of complete and partial shutdowns. As mentioned, during the
events of the past few years, the scale of damage to the infrastructure of the
IEPG network has put challenges of electricity generation and transmission
into the limelight. Therefore, several models for the /EPG network
development have been proposed in order to raise the level of electricity
production to cover the needs of consumers. These models reflect the most
prominent problems that the /EPG network faces on a periodic or annual
basis, or during emergency events that occur suddenly. For instance, Model
A with its scenarios A1, A2 and A3 reflect the rehabilitation of the idle power
stations. While the Model B with its scenarios B/, B2 and B3 refer to expand
and develop the /JEPG network. At the same time, Model C with its scenarios
C1, C2 and C3 are proposed for reinforcement of transmission lines 400 kv
and 132 kv among stations. Finally, Model D is suggested for constructing
several solar power stations based on solar radiation distributed in the
western and south of Iraq. The main objective of this work is to improve the
performance of the /EPG network in a way that lives up to the Iraqi



individual's ambition in terms of electricity consumption. This is done by
suggesting a theoretical topological representation to help engineers working
in this field to analyze and study the overall /EPG network performance by
assuming real-life models that represent challenges to the power grid
administrators.

Therefore, this work contributes to the modeling of the current
IEPG network using Complex Network (CN) concepts. Also, presenting
recommendations and proposals to benefit from them to advance the current
reality of the national /EPG network. Recently, the field of CN has taken a
modern and efficient direction with various applications in our life. CN are
used to form complex phenomena in graph-based models composed of nodes
and the edges connecting them. As well as the use of Complex Network
Analysis (CNA) by using network metrics such as node degree, clustering
coefficient, path length, centrality, closeness, betweenness, density and
diameter, to mention a few. The topology of the complex interconnections
of power grids is one of the problems that can be encountered in
understanding or analyzing the network. Therefore some countries around
the world use CN concepts to model and analyze their electric power grid
networks. In the context of this work, the /EPG network is modeled in the
form of nodes and edges using Gephi software based on the CN concepts.
This 1s done by representing the power stations as nodes and the transmission
lines connecting the stations as edges. The number of nodes and edges are
about 315 power stations and 432 transmission lines. This work provides a
professional visualization of the /EPG network that has been modeled based
on the population distribution and coordinates of power stations. The
proposed models can be adopted by officials and engineers specialized in
this field in order to visualize the /EPG network performance from a
different and modern statistical perspective. Also, each proposed model with
its scenarios are visualized and analyzed. After that, these proposed
scenarios within each one model are compared to choose the best scenario
that might give a radical solution to the electricity problem in Iraq.

After analyzing, the best results have been concluded in the
scenarios 43, B3, C3 and Model D separately. Whereas, Scenario 43 reflects
the highest values in terms of network metrics. For instance, it includes 320
power stations, 447 transmission lines, average degree distribution is 2.794,
clustering coefficient is 0.223, the diameter is 46, the average path length is
18.532 and the density is 0.009. Moreover, Scenario B3 is the best in terms
of its connections and its number of stations. Such as, 350 power stations,



510 transmission lines, average degree distribution is 2.914, clustering
coefficient is 0.203, the diameter is 49, the average path length is 18.821 and
the density is 0.008. Besides, Scenario C3 has 310 power stations, 443
transmission lines, average degree distribution is 2.858, clustering
coefficient is 0.225, the diameter is 48, the average path length is 18.402 and
the density is 0.009. Finally, the properties of Model D 1is 315 power
stations, 436 transmission lines, average degree distribution is 2.786,
clustering coefficient is 0.202, the diameter is 48, the average path length is
18.557 and the density is 0.009. However, this result of all the scenarios for
each model does not diminish the importance of the rest of the scenarios
within the same model as achieving them together is very important to obtain
the desired results for improving and developing the national /EPG network
performance.
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