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is more aware and committed about environment and global warming issues.  Therefore 

researches have been conducted in effort to replace conventional and environment 

impacting power generation technologies with lesser environmental impacting renewable 

energy technologies. Renewable energies are believed to cover a considerable portion of 

the total energy production in the near future and their current penetration level is 

encouraging. Wind power, photovoltaic, geothermal, etc are renewable energy 

technologies. 

In Ethiopia, Electric power industry is solely owned by government. The company has 

two branches. Generating electricity and transporting up to the distribution level is the 

responsibility of Ethiopian Electric Power, and managing electricity in liaison with the 

customers is the scope of Ethiopian Electric Utility. EEU works on billing, maintenance 

and operation of distribution lines.  Addis West substation is one of substations available 

in Addis Ababa. Electric power interruption is a day-to-day phenomenon in areas covered 

by the substation. Power outages have undesirable implications both for utility and 

customers. Reliable electricity is key input for betterment of the life of societies and thus, 

evaluating the use of DG to alleviate these problems is the motivation for this research. 

1.2 Problem Statement 

Electricity trade is one of the major consumer markets in the world reaching billions of 

customers. Currently, for considerable portion of the society around the whole world, 

electric interruption can affects a day to day activity. Improving power reliability is one 

of hot subject in power industry. Researches indicate most of the interruption occurs at 

distribution level. In spite of this fact, most of the researches and focuses were on 

generation and transmission part of the power network [1].  

Addis Ababa is sitting city for central government. It is a preferred city for international 

organizations, embassies, industries etc. It is also fast-growing area for development and 

has fast population growth. While the utility struggle to achieve stated reliability 

benchmarks throughout the country, Ethiopia, Addis Ababa receives the best focus from 

utility.  Significant numbers of researches have been conducted on distribution networks 

available in Ethiopia and huge power quality, power loss and reliability gaps are 

identified. Voltage profile and power loss of significant number of distribution networks 
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finds optimum location for DGs. The various load scenarios are modeled and compared 

using PowerFactory software and MATLAB.  

1.6 Organization of the Thesis 

Chapter One: - is introduction part and it provides a brief description about background, 

problem statement, objectives, contributions, and research scope. 

Chapter Two: - explains literature review for the subject matters.  

Chapter Three: - deals with theoretical background of power system in relation with the 

objectives of this thesis. 

Chapter Four: - discusses the methodology and modeling of the thesis in detail. The data 

collection methods, how models are formulated and analyzed discussed here. 

Chapter Five: - results are presented and discussed. Base case results, optimum size and 

location of DGs, improvement gained with the methodology will be discussed. 

Chapter Six: - presents conclusion and suggestions of the work and future work.  

 

 

 

 

 

 

 

 

 

 

 

 

 



5 
 

CHAPTER TWO   -   LITRATURE REVIEW 

2.1 Power Loss and Voltage stability 

During electric power supply, a considerable portion of energy is lost in different part of 

the network. Distribution network is accountable for the majority of this loss. This loss 

happens in each and every part of distribution components: conductors, transformers, 

connections etc. The loss in each component when considered separately may not be high 

but there are many components in the network and their summed effect is significant [2]. 

Among other components, losses in distribution conductors and transformers are more 

significant. The major loss can be classified in to copper loss and core loss. Both copper 

and core losses occur in transformers while only copper loss occurs in distribution 

conductors. No load and Load losses are another way of classifying losses in transformer. 

Load losses are dependent on load of transformer. When loads on transformer vary, the 

loss varies. Hysteresis and eddy current loss contribute to the very majority of no load 

loss in transformers [3]. Copper loss is dominant in distribution network and it is 

dependent on square of the current flowing through the conductor and its resistance. As 

copper loss is dependent on current, unbalanced load results in unbalanced current and 

unbalanced current in turn leads to loss. Also, resistance of conductor is control variable 

to manage copper loss in distribution network.  

 

Voltage stability is one of problems of power networks which needs close look. In power 

system network load variation and voltage level at each terminal in the network is related. 

Voltage level and reactive power demand are also related. Then, reactive power demand 

needs to be observed and adjusted to avoid deviation of voltage. Voltages need to be 

maintained with in preset margin whenever possible. Different mechanisms are available 

to improve voltage profile like engaging on load tap changing transformers, installation 

of capacitor, implementing voltage failure observation mechanisms and using voltage 

regulators [4]. Authors in [5], stated measures suggested to avoid or reduce voltage 

collapse. System design and various operating measures adopted in order to prevent 

voltage collapse are: 
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H. Willis in [14] implements an analytical method. The method use proportions to find 

location and size of DG. The proportion utilize is two-third method. In another analytical 

method, loss sensitivity factor is used in assigning DG. Equivalent current injection was 

used and admittance matrix and related time and memory consuming function were 

avoided [15].  

 

As another approach, integrating DG and capacitors at the same time for the aim of loss 

reduction indicated in [16]. For the distribution network they have used a method which 

combines fuzzy and genetic algorithm. Combining different algorithm together was 

assessed by different researchers. In [17] also, the Authors try to combine genetic 

algorithm with particle swarm optimization.  

 

In [18], optimization implemented is PSO. Algorithm effectiveness is assessed by 

implementing different types of DGs.  In [19] voltage sensitivity index and loss factor 

together are implemented. PSO led multiple DG integration used in [20]. Load growth 

considered as constraint. They proved and conclude the benefit of multiple DG 

integration. The basis for minimization of power loss, decrease in voltage drop etc by 

integrating DG in distribution network is, the reduction of currents running in portion of 

the network following supply of partial loads by DG. But researches clearly indicated 

that, if DGs are integrated improperly, rather there will be adverse effect to the network 

[21], [22], [23]. 

2.2 Power Reliability  

DG can be integrated in different approach like parallel operation and back up. Many 

researches indicate the benefit of DG for reliability. When a utility fails, a portion or the 

entire network can be supplied by DG depending on the arrangement and coordination 

components in the network and size of DG. Hence DG helps in reliability. Also the 

degree of improvement depends on the location of the DG.   

In [24], the authors study the effect of DG engagement for reliability. The two scenarios 

considered were as isolated system and parallel operated system. When a DG unit is 

applied as standby, there is some time of interruption till the DG starts. Hence, for 
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reliability, the effect will be only on outage duration, and interruption frequency remains 

unchanged. In [25], Authors correlated the relationship between the DG accessibility to 

customers and reliability improvement. It concludes, the more the DG is accessible to the 

customers, the more the improvement is. So it is advantageous to have DG at the load 

centers. 
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CHAPTER THREE   -   THEORETICAL BACKGROUND 

The benefit of electric energy in modern society is unquestionable. It is one of the first 

inputs for development. In conventional power system, electric energy is produced with a 

very low voltage of below 30 KV due to insulation issues. Also, conventional power 

station exists hundreds of kilometers away from the load centers for varies reasons like, 

availability of resources, safety and security. Therefore to transmit power to the load 

centers and to overcome losses, it is necessary to step up the voltage to higher levels. The 

energy before reaching to the end users has to pass through very long transmission lines, 

sub transmission lines and distribution lines. The voltage at distribution network is low 

compared to transmission line. Also the majority of end users equipments and loads use 

very low voltage levels. Therefore step down substations are used to reduce the voltage 

level. 

 

 

Figure 3-1: Power generation transmission and distribution 



10 
 

3.1 Power Loss 

Power loss is the difference between generated and consumed by end users equipments. 

Or can be said the difference between sent and received. Energy lost in transmission and 

distribution networks and their components mainly as copper loss and iron loss. Copper 

loss is energy dissipated in conductors which is dependent on current and resistance. 

While the iron losses are losses that occur in transformers. Many factors can be 

accounted for this loss like, improper cable size, poor power factor, over load, improper 

length of cables, unbalanced current, etc. The major portion of power loss is copper loss. 

Power need to travel hundreds of kilometers before reaching end users. Energy is 

dissipated along the entire length of the conductors. As copper loss is dependent on the 

current, power is transmitted at higher voltages level for long distances to reduce current.  

Also selection of proper conductor is another method to manage or reduce power loss as 

it is also dependent on the resistance of the conductor. Skin effect, temperature, spiraling 

etc also affects power loss directly or indirectly. 

3.2 Power Stability 

Power stability denotes the ability of power network response. Refers to whether the 

system remains in its designed normal state after disturbances. Voltage stability can be 

affected by improper integration of distributed generation. Stable voltage readings of a 

network can be utilized as an indicator for good power quality network. As a nature of 

power system, loads in a network changes every second. These load variations are 

accounted as one of the main reasons for voltage instability. Controlling voltage limit is 

very important because it directly affect customers. The wide variation in voltage level 

�F�D�Q�� �G�D�P�D�J�H�� �F�X�V�W�R�P�H�U�V�¶�� �H�T�X�L�S�P�H�Q�W�� �R�U�� �L�Q�W�H�U�I�H�U�H�� �Z�L�W�K�� �S�U�R�S�H�U�� �R�S�H�U�D�W�L�R�Q�� �R�I�� �F�X�V�W�R�P�H�U��

equipment. 

3.3 Reliability Assessment Methods 

Reliability is a concept used in different fields. From electric power perspective, it deals 

about the supply of electric energy in a network adequately and without interruption to all 

customers.  







11 
 

                        

Figure 3-2: Power reliability classification 

 

Adequacy refers to the generation capacity of the network to supply whatever demand 

happens at any time. The demand of electricity increase every day due to life style 

change, industrialization, innovative equipment engagement etc. Therefore, assessment 

and forecasting of demands and increasing the generation capacity to meet the demand is 

continuous jobs of electric utility providers. Security denotes the resilience of the power 

network. How well the net work responds to disturbances. Therefore reliability 

assessment is important. 

Different mechanisms are available to assess reliability of a system. For power system, 

analytical procedure called Markov and Simulation type named Monte Carlo are widely 

used. Analytical reliability based on mathematical formulas. Monte Carlo uses historical 

failure and repair data of network elements on statistical distribution [26]. 

3.4 Markov Method 

This method uses quantitative approach. And straight forward and simple mathematical 

formulas are used. Duration and frequency of failure of components in the network is the 

basis for this analysis [27]. Basically there are two states for each component in the 

network. Either the component is on working state or in repair state.  

Figure 3-3, shows the working and repair state of a component in graphical manner [28]. 
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P0 is probability of an element of a network to be on repair status    

P1 is probability of an element of a network to be on operation status   

f  is frequency  

 �BL
�s
�6

L
�ä�Û�ã
�ãE�ä

 (3-4) 

3.4.1 Series System  

In some networks or part of a network, supply is from only from one side and current 

flows in one route and to one direction. This means network components are connected in 

series, which means one after the other. The customer at the end of the line gets the 

supply if and only if all the components connected in series between the source and the 

customer is in working state. In other words, if one of the components fails, the customer 

will not get the supply. Figure 3-5 expresses this idea 

                          

Figure 3-5: Series components 

For series connected components to get failure rate of the system, failure rate of each 

components must be summed as shown in Eq 3-5. 

 
�ã�æL �ã�5 E�ã�6 L Í �ã�Ü

�6

�5

 (3-5) 

For series connected components in order to get outage time Eq. 3-6 can be used. 

 �N�æL
�ã�5�N�5 E�ã�6�N�6 E�ã�5�ã�6�N�5�N�6

�ã�5 E�ã�6
 (3-6) 

Where: 

�ã�5 & �ã�6  Failure rate of component 1 and 2 

�N�5���¬ ���N�6  Outage time of component 1 and 2 
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3.4.2 Parallel Structure  

In some arrangements, a customer can get its supply through two or more supply routes. 

We call this arrangement parallel. The supply to the customer to be disconnected, all the 

routes has to be disconnected or fail. Equations to calculate failure rate and outage time 

referring to Figure 3-6 is indicated in Eq. 3-7 and Eq. 3-8 respectively. 

                              

Figure 3-6: Parallel arrangement 

 

Average failure rate for structure shown in Figure 2-6 

 �ã�ã L
�ã�5�ã�5�:�N�6 E�N�5�;

�sE�ã�5�N�5 E�ã�6�N�6
L �ã�5�ã�6�:�N�5 E�N�6�; (3-7) 

Average outage time for structure shown in Figure 2-6 

 �N�ã L
�N�5�N�6
�N�5�>�N�6

 (3-8) 

3.4.3 Reliability Indices 

There are different indices developed to assess reliability from different perspectives. 
Some of the perspectives are customer , system and Energy.  

System Average Interruption Frequency Index is given by Eq. 3-9. It is calculated by 

dividing the total number of interruptions by the total number of customers connected in 

the network and it is an average value.  

 

 �5�#�+�(�+L
�6�K�P�=�H���J�Q�I�>�A�N���K�B���?�Q�O�P�K�I�A�N���E�J�P�A�N�N�Q�L�P�E�K�J�O

�6�K�P�=�H���J�Q�I�>�A�N���K�B���?�Q�O�P�K�I�A�N���O�A�N�R�A�@
 (3-9) 
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Customer Average Interruption Frequency Index is given by Eq. 3-10. It is calculated by 

dividing the total number of interruption durations by the total number of customers 

affected by interruptions. It is an average value but considers those only affected by 

interruption and also customers encounter multiple interruptions considered only once. 

 �������	�� L
���‘�–�ƒ�Ž���•�—�•�„�‡�”���‘� �̂��…�—�•�–�‘�•�‡�”���‹�•�–�‡�”�”�—�’�–�‹�‘�•�•

���‘�–�ƒ�Ž���•�—�•�„�‡�”���‘� �̂��…�—�•�–�‘�•�‡�”���ƒ�ˆ�ˆ�‡�…�–�‡�†
 (3-10) 

System Average Interruption Duration Index is given by Eq 3-11. It is calculated by 

dividing the total number of interruption durations by the total number of customers 

connected to the network and it is gives and it is an average value 

 ���������� L
���‘�–�ƒ�Ž���•�—�•�„�‡�”���‘� �̂��…�—�•�–�‘�•�‡�”���‹�•�–�‡�”�”�—�’�–�‹�‘�•�•���†�—�”�ƒ�–�‹�‘�•�•

���‘�–�ƒ�Ž���•�—�•�„�‡�”���‘� �̂��…�—�•�–�‘�•�‡�”���•�‡�”�˜�‡�†
 (3-11) 

Customer Average Interruption Duration Index is given by Eq. 3-12. it is calculated by 

dividing sum of total interruption duration by total number of customer interruption. It is 

basically gives average time of restoration for each interruption. It can also be calculated 

from dividing SAIDI by SAIFI 

 ���������� L
���—�•���‘� �̂��…�—�•�–�‘�•�‡�”���‹�•�–�‡�”�”�—�’�–�‹�‘�•���†�—�”�ƒ�–�‹�‘�•�•
���‘�–�ƒ�Ž���•�—�•�„�‡�”���‘� �̂��…�—�•�–�‘�•�‡�”���‹�•�–�‡�”�”�—�’�–�‹�‘�•�•

 (3-12) 

Average Service Availability Index is given by Eq. 3-13. It is calculated by dividing 

available hour of the supply by the total hour of customer demand. It is a fraction number 

between one and zero. When it is one it is to me, the supply was available for all hours of 

the customer demand and if it is zero, the supply was not available for a single our of 

customer demand.  

 �������� L
���—�•�–�‘�•�‡�”���Š�‘�—�”�•���‘� �̂��ƒ�˜�ƒ�‹�Ž�ƒ�„�Ž�‡���•�‡�”�˜�‹�…�‡

���—�•�–�‘�•�‡�–�”���Š�‘�—�”�•���†�‡�•�ƒ�•�†�‡�†
 (3-13) 

 


































