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الطاقة الشمسية والطاقة الكهربائية والمعوقات بينهما في العراق


Abstract
          Electricity transmission or the intended electricity distribution network is the process of transferring the electric energy generated by the various power stations to the beneficiaries directly. The electricity is transferred through a network. provided that each subscriber is fed separately, i.e., there is no other beneficiary between the station and the beneficiary electricity transmission was done at the beginning of electricity generation by laying wires connected between the station and the subscriber, as Thomas Edison did in the first commercial power station in history, which he established in New York in 1882. However, with urbanization and increased demand, .and the stations being forced to leave the cities. To make space for building housing and buildings. Those concerned continued to transfer energy in the same traditional way, but the matter that developed later because of the stations moved away from consumers; the tide in the normal
 way became no longer feasible and impractical and generated a new problem, the transmission of electricity, i.e., adding safety electrical transportation lines.
The objective of the project is to study the types of electrical network (air and ground) for the transmission of electricity in the world in general, and particularly in Iraq, to identify the problems they are exposed to and the solutions to those problems.
1.2 Introduction
            A power system consists of several generating stations and consumers interconnected by transmission and distribution networks. The objective of any power system is to generate electrical energy in sufficient quantities at the best-suited locations, to transmit it to various load centers and then distribute it to various consumers, and to maintain the quality and reliability of transmission at an economic price. Here, quality implies that frequency and voltage are constantly maintained at a specified value. (In Iraq, the frequency is maintained at 50 Hz and supply voltage at 220v.) Further, interruptions in the supply of energy to consumers should be minimal. [1]
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	Fig.1: Structure of power system	
Energy generated must be sufficient to meet the requirements of consumers. Because of the diverse nature of activities of the consumers (for example, domestic, industrial and agricultural), the load on the system varies from time to time. Hence, the generating station must be in a “state of readiness” to supply the load without any intimation from the consumer. This “variable load demand” has to be effectively tackled with a suitably designed power system. This necessitates a thorough understanding of the nature of the load to be supplied to the consumers. [2]
1.3 Generating Station
              In generating station, the fuel (coal, water, nuclear energy, etc.) is converted into electrical energy. The electrical power is generated in the range of 11kV to 25kV, which is step-up for long distance transmission. The power plant of the generating substation is mainly classified into three types, i.e., thermal power plant, hydropower plant and nuclear power plant. [3]
1.4 Transmission Substation
            The transmission substation carries the overhead lines, which transfer the generated electrical energy from generation to the distribution substations. It only supplies the large bulk of 
power to bulk power substations or very big consumers. [3] 
The transmission lines mainly perform the two functions
1. It transports the energy from generating stations to bulk receiving stations.
2. It interconnects the two or more generating stations. The neighboring substations are also interconnected through the transmission lines.
1.5 Sub-transmission Substation
            The portion of the transmission system that connects the high voltage substations through the step-down transformer to the distribution substations is called the sub-transmission system.The operation of the sub-transmission system is similar to that of a distribution system. It differs from a distribution system in the following manner. [3]
1. A sub-transmission system has a higher voltage level than a distribution system.
2. It supplies only bigger loads.
3. It supplies only a few substations as compared to a distribution system, which supplies some loads.
1.6 Distribution Substation
The component of an electrical power system connecting all the consumers in an area to the bulk power sources is called a distribution system. The bulk power stations are connected to the generating substations by transmission lines. They feed some substations, which are usually situated at convenient points near the load centers. [4]
2.1 Transmission System
             Electrical power transmission involves the bulk movement of electrical energy from a generating site, such as a power station or power plant, to an electrical substation where voltage is transformed and distributed to consumers or other substations.
The interconnected lines that enable the movement of electrical energy are known as a “transmission network,” and these form an electrical power transmission system or, as it is more commonly known the power grid. [5]
2.2 Types of Transmission Systems
1. Single-phase AC system
i. single-phase, two wires
ii. single-phase, two wires with midpoint earthed
iii. single-phase, three wires
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Fig.2: Transmission System
2. Two-phase AC system
i. two-phase, three wires
ii. two-phase, four wires
3. Three-phase AC system
i. three-phase, three wires
ii. three-phase, four wires
4. DC system
i. DC two wires
ii. DC two wires with midpoint earthed
iii. DC three wires
2.3 Transmission Line Components
            Electrical transmission lines are responsible for the bulk transportation of electricity from one point to another. Various components of transmission lines Play their role in the successful transmission of power from plants to utilities. Given below is a brief overview of components used in transmission lines [6]:
2.4 Phase Conductor
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Fig.3: Phase conductor
A conductor is the main component that carries current from one point to another. Very often, a single circuit pole contains three conductors (Since the Major portion of our power system is three phases; one conductor per phase is used). Some poles are designed to carry two circuits; such poles contain six-line conductors. [6]
· Secondary functions of transmission line conductors are to:
a) Maintain electrical safety and minimize adverse effects on the environment.
b) Provide a whole-of-life cost-effective service
2.5 Transmission structures
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Fig.4: Transmission pole structure
The transmission pole is the main structure that carries conductors and keeps them away from the ground. Due to economic reasons, the
conductors used in transmission lines are kept bare. To keep them at an appropriate distance from earth a pylon (pole) of appropriate height is required. [7]
· Secondary functions of transmission line structures are to:
a) Ensure safety of people and the environment
b) Maintain structure geometry to preserve maintenance-safe approach distances for serviceability and ultimate load conditions.
c) Provide an electrical path to earth for fault currents.
d) Provide a whole-of-life cost-effective service.
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Fig.4: Structure Types and Voltages
· Structure types include free-standing and guyed:
 a) Lattice towers / masts;
 b) Steel tubular poles;
 c) Stobie poles; 
 d) Concrete poles.

2.6 Insulator
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Fig.5: Transmission line insulator
The transmission line insulator is made of porcelain. Its major objective is to insulate the conductor from the pole as well as to support it. The insulator is directly connected to cross an arm of the pole. [8]
· Transmission line insulation has two primary functions:
 a) To insulate energized components from earthed structures at rated operating voltages and specified switching and lightning impulses. 
b) To support the conductor system up to ultimate mechanical load limits and transfer the mechanical loads to structure. 
2.7 Cross arms
Cross arms are used to support insulators. The figure above indicates insulators connected to a double circuit transmission line pylon. [8]
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Fig.6: Cross arms
2.8 Earthing cable
In the previous section, the main phase conductors were observed. Besides the phase conductor, another cable is connected at the top of the pole. The earthing cable is used to provide protection against lightning strokes [9].
· Secondary functional requirements of a transmission earthing system are to:
a) Maintain electrical safety and minimize adverse effects on the environment. 
b) Provide an effective technical solution.
c) Provide a whole-of-life cost-effective service
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Fig.7: Earthing cable
2.9 Spacer
For low voltage transmission of electricity, one conductor per phase is used. However, for high voltage transmission, multiple conductors per phase are employed. In such a case, the spacer is used to keep the conductors apart from each other [9].
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Fig.8: Spacer

2.10 Power Line Markers
Power line markers are used to make transmission lines visible to pilots, drone operators, and other machinery operating in the area. Very often orange-colored balls are used on transmission lines for this purpose [10].
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Fig.9: Power line markers
2.11 Vibration Damper
As the name indicates, the vibration dampers are installed on transmission lines to control vibrations of overhead lines. A vibration damper has two bell-shaped metallic weights fastened to the end of the metallic rod [11].
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Fig.10: Transmission vibration dampers

2.12 Danger plates
Danger plates indicate the voltage level of transmission lines as well as it serves the purpose to warn users not to touch the lines [12].
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Fig.11: Danger plates
2.13 Anti-Climbing Fence
An Anti-climbing fence is used to restrict users from climbing the transmission line poles. They are installed near the base of transmission lines and their sole purpose is to provide safety to the public [13].
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Fig.12: Anti-climbing

3.1 Transmission Lines in Power System
           Transmission lines are nothing, but a long conductor laid either overhead or underground to carry bulk power from generating station to the consumer area. It is classified into three different categories according to the length of the line
3.2 Types of Transmission Lines in Power System
       There are three types of Transmission Lines in Power System:
· Short transmission line
· Medium Transmission line
· Long Transmission line
3.2.1 Short Transmission Line:
The transmission line whose length is less than 50 miles is called a short transmission line. In a short transmission line, shunt capacitance values are negligible. In this, the resistance
 and inductance value of the transmission line will be taken
for the circuit analysis. The operating voltage will be above less than 22kV [2].
3.2.2 Medium Transmission Line:
If the transmission line length is between 50 miles to 150 miles is called a medium transmission line. The shunt capacitance is taken into account for circuit analysis. Line resistance and inductance are considered to be lumped. The operating voltage will be, between 22 kV to 100 kV. Nominal T or nominal π model [2] can represent the medium transmission lines.
3.2.3 Long Transmission line:
The line length is more than 150 miles is called a long transmission line. Line constants are considered as distributed over the length of the line. The lines can be represented as T or π model, they are called equivalent T or equivalent π model. The voltage is above 100kV [2].
Sending End: The end, which supplies power to the consumer.
Receiving End: The end in which the load will be connected.

3.3 Advantages of AC transmission system
Below are the advantages of the AC transmission system [15]:
1. Alternating voltages can easily be stepped up and down, which is complex in DC transmission types.
2. Transforming of power in AC electrical substation is much easier than motor-generator sets in a DC system.
3. Maintaining an AC substation is quite easy and more economical compared to DC.
3.3 Disadvantages of AC transmission system
Despite the good benefits of AC transmission system, some limitation still occurs. Below are the disadvantages of AC power transmission [15]:
1. AC systems require a higher volume of the conductor when compared to DC systems.
2. The reactance of the line usually affects the voltage regulation of the electrical power transmission system.
3. These types of transmission systems are more likely to be affected by corona discharge than a DC power transmission system.
4. An AC system requires proper synchronizing before interconnecting to or more transmission lines together. However, synchronizing can be neglected in DC power transmission types.
5. An AC system can cause skin effects and proximity effects.
6. Construction of AC electrical power transmission network is more completed than DC system.
3.4 Fundamental Concepts of Electrical Power Transmission 
        Voltage, current, power, and electrical energy are some of the most frequently used terms when discussing transmission line characteristics. Voltage. The voltage of a transmission line determines the line’s ability to transmit electricity. This electric force, or electric potential, is measured in volts (V), or more typically in kilovolts (kV); 1 kV = 1,000 V. Current [16]. 
The current through a transmission line is a measure of the amount of electricity that is moving through a conductor. Current flow through a conductor is measured in amperes (amps). Power. Power flowing through a power station is measured in watts (W), or more typically megawatts (MW), where one MW = 1,000,000 W. 
Unfortunately, real power is often used synonymously for complex power. This simplification neglects the effects that reactive power can have on system stability and system operation. Electrical energy. Energy is a measure of the ability to do work. The energy required by a load or provided by a generator is the product of power and time and is usually expressed in kilowatt-hours (kWh). [17]
3.5 Technical Limits to Power Transfers 
         Power transfers above a predetermined safe operating transfer limit can cause excessive conductor temperature, which causes line conductors to expand in length. In addition, excessive operating temperatures may weaken the conductor, reducing its expected life. For underground conductors, high operating temperatures can damage insulation. Because aboveground transmission lines are suspended on fixed-distance tower structures, an expanding conductor manifests itself as sagging that reduces conductor distance to ground at the midpoint between towers. Because of line weakness at higher temperatures, this sagging can become permanent Voltage drop. [18]
  Because the electric power grid provides an interconnected set of transmission lines, the flows that one might expect to occur over the transmission line that directly connects Area A to Area B occur over all of the interconnected lines in varying amounts. In Iraq, this frequency is very near 50 hertz. Assuring synchronization maximizes power transfers and minimizes utility and customer equipment damage. [19]
4.1 Study of Electrical Power Transmission Networks in Iraq
     We have visited the Dora electrical station, as well as the sub-stations in Al-Qadisiyah, Al-Harithiya and Al-Yarmouk, and several questions were directed to the engineers responsible for those stations, and we were provided with information about the electrical network in those areas.

[image: ]
[image: ][image: ][image: ][image: ]

4.2 Types of electrical networks in those areas
1- Overhead electrical networks
2- Underground electrical networks.
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4.3 Advantages of overhead electrical networks
1- Easily identify electrical faults in the event of an accident or any external problem.
2- Low cost of maintenance or repairs.
3- The possibility of using the pneumatic electrical networks for newly formed areas.
4.4 Disadvantages of overhead electrical networks
One-The overhead electrical networks is affected by fluctuations in the weather conditions (rain, wind, dust storms, etc.)
2- Wires and transformers are affected by high temperatures in the summer.
3- Easy infringements on the electrical network by consumers
4- Frequent electrical network faults due to consumers infringements on the electrical network and random expansion of residential areas.
4.5 Advantages of underground electrical networks
1- The underground electric network is unaffected by fluctuations in the weather conditions (rain, wind, dust storms, etc.).
2-Wires and transformers are not affected by high temperatures in the summer, because the wires are buried inside the ground and the transformers are kept inside cases.
3- Difficulty infringements on the electrical network by consumers.
4- Few electrical network faults.
4.5 Disadvantages of underground electrical networks
One-The high economic cost of repairing electrical faults when they occur.
2- Difficulty locating an electrical fault when it occurs.
3- Air electrical networks cannot be used for newly formed residential areas.
4- Underground electrical networks cannot be used in narrow streets
[bookmark: _gjdgxs]
4.6 Overhead eelectrical networks problems
One-The random expansion in residential areas caused the so-called (electric jams), which is the inability of wires and transformers to withstand the new loads added to the electrical network.
Two-The current electric overhead networks are old and suffer from lack of maintenance and frequent electrical faults.
4.7 The solutions of overhead eelectrical networks problems
1- Replacing old electrical wires and transformers with new ones
2- To solve the problem of electric jams, new transformers must be added to the electrical network and the old wires should be replaced with new ones with a larger cross-section to withstand the increase in loads because of the random expansion of residential areas 
3- It is preferable to replace the overhead electrical networks with underground electrical networks, as they are more efficient than the overhead electrical network


CONCULTION
        After studying the electrical networks and electric power transmission lines in Iraq and identifying the problems in them, there are some proposals and recommendations in order to develop them and find solutions to those problems.
1- Consumers should not bypass electrical networks, especially overhead networks.
2- Cooperation of consumers in paying the electricity they owe in order to provide the necessary amounts of money needed for network maintenance and the renewal of transformers and old wires.
3- Converting electrical networks in residential areas from overhead networks to underground networks in order to reduce the phenomenon of (electric jams) and withstand increased electrical loads on the network due to population expansion.
4- Increasing secondary stations in residential areas to convert 33KV to 11KV to solve electric jams.
5- Carry out periodic maintenance of electrical stations, secondary stations and electrical power transmission networks to reduce problems on them.
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