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ABSTRACT 

The reliability of electrical distribution networks plays a vital role in ensuring a continuous 

and stable power supply to the customers. This thesis mainly focuses on improving the 

reliability of distribution networks through network reconfiguration by using optimization 

techniques. As a test model, the IEEE 33-bus distribution system is used, and implemented 

in MATLAB for analysis. 

Initially, the voltage profiles and power losses are evaluated when the system is performing 

in normal conditions. The result is evaluated as the minimum voltage is 0.90 pu, and the total 

active power losses are 208.95 kW. A fault is then created in Branch 7 for analysis under 

fault conditions, which shows the interruption in a total of 11 buses. 

So, for restoring the power supply in the system, network reconfiguration is performed by 

using effective available tie switches. After applying tie switches, the results illustrate that 

all the interrupted buses are successfully restored by reducing the affected buses from 11 to 

0. At the same time, the outage duration is also decreased from 1 hour to 0.25 hours. The 

reliability indices, such as SAIFI, SAIDI, and CAIDI, are calculated using formulas, and an 

improvement in the system after reconfiguration can be observed. 

However, some limitations in voltage performance are seen, such as the minimum voltage 

was approximately 0.8903 pu after reconfiguration, but this is much lower than standard 

limits. This enlightens the necessity of additional voltage in practical applications. Overall, 

network reconfiguration concludes the effectiveness of enhancing reliability in the 

distribution network by reducing outage impacts and improving the restoration service and 

also shows the importance of maintaining valuable voltage limits. 



 

SYMBOL AND ABBREVIATIONS 

Symbols 

V Voltage p.u. 

I Current A 

P Active Power kW 

Q Reactive Power KVAR 

R Resistance Ω 

X Reactance Ω 

t Outage Duration hr 

N Total number of buses - 

Nint Number of interrupted buses - 

Ploss Total active power loss - 

Nbranch Number of active branches - 

Nbus  Number of active buses - 

 

Constant 

Vbase  Base voltage kV 

 

Subscripts 

Min Minimum 

Max Maximum 

i Bus index 

j Adjacent bus index 

G Generated power 

D Load demand 



 

f Faulted branch 

k Status of bus 

int Interrupted buses 

 

Abbreviation 

DER Distributed Energy Resources 

DG Distributed Generation 

PSO Particle Swarm Optimization 

AI Artificial Intelligence 

ML Machine Learning 

SAIFI System Average Interruption Frequency Index 

SAIDI  System Average Interruption Duration Index 

CAIDI Customer Average Interruption Duration Index 

MATLAB Matrix Laboratory 

p.u. Per Unit 
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1  Introduction 

1.1  Background 

Electric power distribution networks are responsible for supplying electricity from 

substations to end consumers. This plays a critical role in the overall performance of the 

power systems. As the final stage of electricity supply, these networks are directly exposed 

to the environmental conditions, equipment failures, and increased load demand, which leads 

to power outages. These interruptions lower the service quality, increase consumers’ costs, 

and lead to economic losses, making reliability a central concern for distribution utilities. 

(Lotfi et al., 2024.) 

Traditionally, most distribution networks are designed in a radial structure because of its 

simplicity and convenience in protection coordination. Although this structure is convenient 

and economical to operate, it gives limited operational flexibility during faulty scenarios. 

Even a minor fault can cause interruptions in the distribution of a large-scale network until 

the switching operations are completed, resulting in longer breakdowns and impacts on many 

customers (Aderibigbe et al., 2025). 

Network reconfiguration serves as an efficient approach to enhance distribution network 

reliability, achieved by alteration of the status of sectionalizing and tie switches to establish 

alternative power flow paths. The impact of the outages can be decreased by isolating faulty 

sections and restoring the supply from different routes. The presence of several possible 

switch combinations and technical constraints, such as the voltage limits, line capacity, 

power balance, and radiality requirements, makes the selection process of a suitable network 

configuration challenging. Consequently, optimization-based approaches are necessary to 

identify reconfiguration measures that increase and improve network reliability while 

satisfying operational and technical constraints. (Feng et al., 2023) 
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1.2  Problem Statement 

Although network reconfiguration is an effective way to improve distribution network 

reliability, selecting suitable switching actions after a fault is still a challenging task. In radial 

distribution networks, a single fault can interrupt power supply to many customers, and 

service restoration depends on how quickly and correctly switching operations are carried 

out. 

In practice, restoration decisions are often based on fixed rules or manual judgment. These 

methods are easy to apply and have been used for a long time. However, they do not always 

lead to the best network configuration, especially when the distribution network becomes 

larger and more complex (Lotfi et al., 2024). As the number of switches increases, there are 

many possible switching combinations to consider. This makes the decision process more 

difficult and time-consuming. As a result, it becomes challenging to identify an efficient 

reconfiguration solution within a short time after a fault occurs. 

Moreover, reconfiguration decisions must satisfy several technical requirements, such as 

maintaining radial operation, balancing power flow, and keeping voltage levels within 

acceptable limits. Many existing methods mainly focus on operational improvements, while 

reliability aspects such as outage duration and the number of affected customers is not 

always directly considered. Therefore, a systematic and optimization-based approach is 

needed to support dynamic reconfiguration decisions with a clear focus on improving 

distribution network reliability. (Adegoke, 2025) 

1.3  Research Objectives 

The primary objective of this thesis is to enhance the reliability of electrical networks by 

using dynamic reconfiguration assisted by optimization techniques. 

a) To achieve the primary objective, there are some other specific objectives defined 

b) To create an appropriate model of radial distribution network for analysing reliability 

under fault conditions 
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c) To examine how optimization-based techniques can decrease outage duration and 

reduce the impacts on affected customers 

d) To measure the reliability performance of the distribution network before and after 

reconfiguration using standard indices 

e) To formulate the problem of network reconfiguration as an optimization problem 

while taking into consideration technical limitations 

1.4  Scope and Limitations of the Thesis 

This thesis emphasizes the enhancement of the reliability of the electrical distribution 

network through dynamic reconfiguration using optimization techniques. The study covers 

only a radial distribution network, which is mostly used in practical distribution systems. A 

standard IEEE distribution test system with publicly available data is utilized for a case study 

to analyse the proposed approach. 

The scope of the study encompasses fault conditions that affect the supply and distribution 

process, as well as require network reorganization for restoring the service. The evaluation 

of reliability performance is done using standard indices, such as outage duration and the 

number of affected customers, to analyse the smoothness and effectiveness of proposed 

approaches. In the optimization model, some technical constraints are considered that 

include radial operation, power balance, line capacity, and voltage limits. 

However, this thesis does not include protection coordination, analysis of economic cost, 

and sustainable network planning. Renewable energy sources' impacts, distributed 

generation, and real-time delays in communication are not considered in the scope of the 

thesis. Several aspects are considered essential topics but left for future research and study. 

1.5  Structure of the Thesis 

This thesis is categorised into six chapters. Chapter 1 is the introductory part where the 

background, problem statement, research objectives, scopes, and structure are clearly 

presented. Chapter 2 provides a literature survey of existing studies on the key topics of the 
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thesis, such as distribution network reliability, optimization-based approaches, and network 

reconfiguration techniques. This chapter also discusses the challenges and limitations of 

current methods. Chapter 3 explains the structure of the distribution network and reliability 

concepts used in this thesis. It covers concepts such as fault occurrence, service restoration, 

reliability indices, and impacts of failures on network reliability. Chapter 4 is the 

methodology section used in the thesis. This part explains problem formulation, dynamic 

strategies after fault, optimization model, decision variables, constraints, and the use of 

MATLAB in the implementation approach. Chapter 5 presents the simulation results and 

discusses the performance of the network before and after reconfiguration under fault 

conditions. It also discusses the base case and reliability enhancement measures. Chapter 6 

is the concluding chapter summarizing major findings and suggesting possible directions for 

future work on the topic. 
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2  Literature Survey 

2.1  Distribution Network Reliability 

Reliability is a crucial factor in modern electrical distribution networks, as these systems are 

responsible for supplying electricity to end users, and the integration of distributed energy 

resources (DERs) and smart grid technologies is increasing in day-to-day life. It signifies the 

ability of the distribution system, whether the electricity is supplied continuously and 

qualitatively to the consumer during normal and fault conditions. Some of the commonly 

practiced reliability indices, such as System Average Interruption Frequency Index (SAIFI) 

and System Average Interruption Duration Index (SAIDI), are most likely used for 

evaluating the performance of distribution systems. 

Some recent studies have emphasized the increasing complexity of reliability assessment, 

mainly because of the integration of renewable energy sources and decentralized generation. 

For instance,(Silva et al., 2025) have enlightened about the significant effects on reliability 

performance due to distributed renewable energy and has introduced the improvements in 

redundancy and new operational certainties. Similarly, (Aguila Téllez et al., 2025) had 

proposed about a probabilistic framework for evaluating the reliability when the weather is 

in extreme conditions which shows the traditional deterministic methods are not much 

sufficient for the modern grid. 

Moreover, fault conditions and repairing characteristics have a significant involvement when 

determining the reliability indices. (Muhammad Ridzuan et al., 2025) had analysed the fault 

rates and the repair duration when the network is in low-voltage and demonstrated the 

importance of accurate modelling of the parameter for realistic SAIFI and SAIDI estimation. 

But additionally, predicted approach are gaining attention in which machine learning 

techniques are used for forecasting the reliability performance. Likewise, (“Predictive 

Reliability Assessment of Distribution Grids with Residential Distributed Energy 

Resources,” 2025) had introduced about a predictive reliability assessment model for 
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distribution grids, which had residential distributed energy resources and helps in improving 

decision-making capabilities for operating networks. 

The demand for resilience is increasing, which has shifted the focus from traditional 

reliability metrics to more advanced evaluation criteria. So, for this, (Dowejko & Jaworski, 

2025) developed a quantitative framework that links the system reliability indices, such as 

SAIFI and SAIDI, with automation strategies. That framework shows a significant reduction 

in interruption duration and frequency due to smart grid technologies. Despite these 

advancements, a simple classical method can still form the foundation of reliability analysis. 

The work of (Baran & Wu, 1989) remains one of the most influential studies. In this study, 

the network reconfiguration techniques were introduced for loss reduction and balancing 

load in the system, which indirectly helps in the improvement of reliability performance. 

However, these concepts are further extended during modern research by incorporating 

optimization, uncertainty modelling, and real-time control. 

Overall, it can be observed that there is a clear transition from traditional reliability 

assessment methods towards more intelligent, data-driven, and probabilistic approaches. 

This transition is seen because of the complex modern power systems. And it is important 

to analyse the challenges occurring from the integration of energy resources, growing 

demand for electricity, and the need for resilient and self-healing distribution systems. 

2.2  Distribution Network Reconfiguration 

Distribution network reconfiguration is a widely used technique to enhance the operational 

performance and reliability of distribution systems. It means altering the topology of the 

network by opening and closing sectionalizing and tie switches, keeping the system radial 

in structure. The main reason for reconfiguration is to separate the faulty part and restore the 

supply of power to the unaffected areas while maintaining safe operating conditions and 

minimizing service interruption (Baran & Wu, 1989; Feng et al., 2023) 

Traditionally, reconfiguration is usually done manually based on predefined switching rules 

and operator experience. Since the approach is simple, the result of an optimal network 

reconfiguration is not guaranteed, especially in scenarios of complex fault or varying load. 
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Manual restoration can be time-consuming, which may increase outage time and impact on 

many customers, meaning to negative impact in reliability indices. (Lotfi et al., 2024) 

When the smart grid and increasing deployment of automated switching devices are made 

advanced, distribution networks can then be reconfigured dynamically according to system 

faults or disturbances. By choosing suitable switching actions, power can flow through an 

alternative path, which allows faster service restoration and also improves the system's 

resilience. Several studies have demonstrated about the optimal reconfiguration strategies 

that mostly reduce power losses, improve voltage profiles, and enhance overall reliability 

performance of the network. (Adegoke et al., 2026; Chen et al., 2024) 

During modern research, ideas are gradually switching toward optimization-based and 

intelligent reconfiguration methods. Some of the techniques, such as heuristic algorithms, 

mixed-integer optimization, and machine learning-based approaches, are used for 

determining the optimal switching configurations highly. For instance, (Zeng et al., 2026) 

had pursued its idea about a coordinated reconfiguration strategy in which DERs are 

considered. While (Kang et al., 2026) had proposed another method, regarding an 

optimization framework for improving global network performance. When comparing with 

traditional methods, these approaches provide more efficient and adaptive solutions.  

Also, a few more new challenges and opportunities are being introduced due to the 

integration of distributed generation and renewable energy sources for network 

reconfiguration. Distributed resources usually enhance system flexibility, but they increase 

the complexity of determining the optimal network configuration. So, while performing 

advanced reconfiguration techniques, it must consider multiple objectives that include 

reliability improvements, loss minimization, and some operational constraints. (Shakeel et 

al., 2026) 

Hence, by enabling faster fault isolation, reducing outage duration, and improving service 

reliability, it highlights the importance of distribution network reconfiguration in today’s 

modern power systems. The shift from the manual method to an automated, optimization-

based reconfiguration method illustrates the advancement in achieving resilient and efficient 

distribution networks. 



17 
 

2.3  Existing Reconfiguration Techniques 

Various techniques of reconfiguration have been put forward in the literature to enhance the 

performance of distribution. In general, techniques of reconfiguration are divided into 

heuristic, metaheuristic, and optimization-based techniques (Lotfi et al., 2024). Heuristic 

approaches rely on preset rules or simplified decision procedures to determine switching 

actions. This method is comparatively simple to perform and computationally efficient, 

which make them suitable as a real-time application. Even after being mathematically 

effective, they may not be able to generate optimal solutions, usually for higher and more 

complex networks (Huang et al., 2025). 

Then, another is metaheuristic algorithms that have been widely applied as this technique 

overcomes the limitations of heuristic methods. Some of the techniques, such as Genetic 

algorithms (GA), particle swarm optimization (PSO), and other nature-inspired algorithms, 

are efficient for a large solution space and can identify the possible optimal configurations 

within an acceptable and reasonable computational time. These techniques are precisely 

skilful for solving non-linear and multi-objective problems that are associated with 

distribution network reconfiguration. In particular, (Maurya et al., 2025) has demonstrated 

bio-inspired optimization algorithms, which illustrate significant improvement in 

convergence performance and the solution quality. Similarly, (Adegoke et al., 2026) had 

shown about PSO-based methods which had enhanced voltage profiles, reduce power loss, 

and improved reliability indices. However, the activity of metaheuristic methods is highly 

dependent upon the parameter tuning, and global optimality is not always guaranteed. 

Approaches based on optimization, including mixed integer optimization methods, have 

gained attention recently. These measures formulate the reorganization issue 

computationally by defining objective functions and limitations of network operation. 

Optimization-based techniques provide a methodological framework for searching for 

optimal or near-optimal solutions while fulfilling practical needs such as radiality and 

voltage limits. Because of their structured nature, these measures are highly used in 

reliability-targeted reconfiguration studies (Kumari & Ganguly, 2025.), while (Gao et al., 

2026) had introduced a scenario-based optimization for improving overall performance in 

the network. 
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Moreover, in recent context, modern research has begun implementing artificial Intelligence 

(AI) and machine learning techniques into reconfiguration problems. In AI-based methods, 

historical data are analysed, and accordingly, the system adapts the conditions that offers 

improve version in decision-making capabilities. (Yuvaraj et al., 2026) developed a method 

known as an AI-driven framework for cyber energy systems, which demonstrates enhanced 

adaptability and improvement in reliability. Similarly, coordinated and data-driven 

reconfiguration strategies have shown exceptional outcomes in handling uncertainties that 

are associated with DERs (Zeng et al., 2026). 

In general, all categories of reconfiguration techniques present distinct advantages and their 

limitations. Since heuristic methods are simple and fast, metaheuristics offer a better 

alternative by delivering higher-quality solutions, and optimization-based techniques 

provide more accurate and reliable outcomes. Recently, the techniques have shifted toward 

intelligent and data-driven methods, which highlights the increasing demand for adaptive 

and efficient solutions in modern distribution networks. 

2.4  Challenges and Limitations of Current Approaches 

Several challenges and limitations still exist despite the extensive research conducted on 

distribution network reconfiguration. One of them is the large number of possible switching 

combinations, which are huge when the size of the network expands. It makes the 

reconfiguration issue mathematically difficult to solve within a short time framework, 

usually under the circumstances of a fault, where quick decisions are needed (Huang et al., 

2025). So, to find the optimal solution within a limited time frame is much more difficult in 

practical applications. 

Another constraint of many previous approaches is that their major focus is on operational 

objectives such as power loss minimization or voltage profile enhancement (Azeez et al., 

2025). Even though these objectives are significant, target towards reliability concerned 

factors are not always explicitly taken into consideration. In some measures, a detailed 

system data or complex parameters are required, which results in a limitation of technical 

adaptation. Furthermore, additional uncertainties are introduced due to the integration of 

DERs, and this further complicates the reconfiguration process and reliability assessment. 

(Silva et al., 2025) 
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Traditional methods, which are manual interventions, also contain some important 

limitations. These approaches are slower and are mainly dependent on operator experience, 

which may result in high outage duration and reliability performance also decreases. Fast 

and automated responses are essential in modern distribution systems, so traditional 

approaches are no longer sufficient. (Schmitt et al., 2025) 

More likely, fault detection and restoration of the power are still challenging in complex 

networks, especially when systems have bidirectional power flow with distributed 

generation. In (Liaqat et al., 2026) Conventional protection and restoration strategies may 

not be suitable in those environments, which results in delays in service restoration, and the 

interruption duration is higher. 

Overall, these limitations highlight the need for advancements and integration techniques 

that enable real-time decision-making capabilities, efficient optimization, and reliability-

focused objectives. So, to develop more resilient and reliable distribution networks, these 

challenges should be mentioned. 

2.5  Research Gap 

Several significant progresses have been made in the field of distribution network reliability 

and reconfiguration, but still several important gaps exist. Many studies have focused on 

improving operational performance by stating the objectives, such as power loss 

minimization and voltage profile enhancements. However, reliability-oriented factors such 

as SAIFI and SAIDI are not always obviously considered during the optimization process. 

(Azeez et al., 2025) 

Furthermore, advanced optimization and metaheuristic techniques have been widely applied 

in the network reconfiguration problems, in which their primary focus is to achieve optimal 

power flow or minimize system losses. Those studies had limited attention regarding 

minimizing outage duration and the number of affected customers during fault conditions. 

As a result, these methods lack addressing the practical impact on reliability improvement. 

Due to the integration of DERs, new challenges in reliability assessment and system 

operation are introduced. Several studies have been performed regarding the impact of DERs 

on system performance, but further investigation is still needed to illustrate the combined 
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effects of DER integration and dynamic reconfiguration on reliability indices (Silva et al., 

2025). Moreover, many existing approaches contain complex modelling that requires 

detailed system data, which may limit their application in real-world distribution networks. 

Another important limitation is the lack of a simplified and practical evaluation technique. 

In many studies, customer-level data is required for an accurate reliability assessment. 

However, such data is not always readily available. This magnifies the necessity of a 

simplified method that can effectively represent customer impact by using available system-

level information. 

Therefore, these illustrate a need for practical and efficient reconfiguration approaches that 

mainly focus on reliability improvements by minimizing outage duration and the number of 

interrupted buses. An optimization-based dynamic reconfiguration strategy is proposed in 

this study that addresses this gap, where the number of interrupted buses is treated as affected 

customers. The target of this approach is to improve the reliability performance during a 

fault, and at that moment, system constraints and practical applicability are maintained. 

2.6  Summary of Literature Review 

The literature shows that distribution network reliability is a crucial factor for power 

suppliers, and network reconfiguration is an important factor for enhancing system 

performance after the outages. Improvement in reliability can be observed through various 

studies that contain effective operational strategies, in which a significant role is played by 

distribution network reconfiguration. Reconfiguration strategy may differ from simple 

heuristic methods to advanced optimization-based approaches, in which performance and 

computational efficiency level differ individually. Since these strategies have an 

improvement in operational aspects such as power loss reduction and voltage profile, but 

reliability indices such as SAIFI and SAIDI have not been addressed (Lotfi et al., 2024). 

This indicates that further study needs to be performed, since reliability-oriented 

optimization has not been fully analysed. 

Existing studies have also mentioned limitations that are related to computational 

complexity, decision-making speed, and a focus on customer reliability methods is limited. 

These flaws show the requirement for methodological reconfiguration strategies that 

prioritize reducing fault duration and minimizing the number of affected customers. Based 
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on observations, this thesis emphasises on applying an optimization-based dynamic 

reorganization measure to improve distribution network reliability under faulty scenarios. 

(Huang et al., 2025). These challenges become more significant when the integration of 

DERs is increased, and the complexity of modern distribution systems is considered. 

Based on this observation, an efficient reconfiguration strategy should be performed that 

directly targets reliability improvements. Therefore, this study aims to apply an 

optimization-based dynamic reconfiguration to reduce outage duration and minimize the 

number of interrupted buses. And enhance the overall distribution network reliability under 

fault conditions also.  
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3  Distribution Network and Reliability Concepts 

3.1  Structure of Distribution Network 

The distribution network is a part of the electric power system that is responsible for 

supplying electricity from substations to end users. It plays a crucial role in validating the 

safe and continuous supply of electricity to residential, commercial, and industrial 

consumers. As the distribution networks operate close to customers, their structural 

characteristics have a direct impact on service reliability (Lotfi et al., 2024). 

Distribution Networks are simply designed in a radial structure, in which power flows from 

a single source to consumers through a tree-like arrangement. In such a structure, the 

individual load is powered through only one path. Compared to meshed networks, Radial 

networks are widely used because of their simplicity of operation, cost-effectiveness, and 

ease of protection. Due to these characteristics, they are suitable for most of the practical 

distribution systems.  (Aderibigbe et al., 2025.) 

A typical radial distribution network consists of a main feeder starting from substations, 

lateral feeders branching from the main feeders, and distribution transformers that step down 

the voltage level, making it suitable for consumers. For isolating faulty sections, 

sectionalizing switches are used along feeders, whereas tie switches are left open and are 

used to provide alternative power paths during reconfiguration. 

Although the radial structure presents a simple operation, it has finite flexibility under faulty 

conditions. When a fault happens on a feeder, there is a possibility that downstream loads 

may lose supply until the faulted section is isolated. Service restoration depends upon the 

optimization of switches and the availability of alternate paths. (Feng et al., 2023.) 

Understanding the structure of the distribution network is essential for verifying how faults 

act, service restoration, and the impact of reconfiguration strategies. In this thesis, a radial 

distribution network model is adopted as the basis for reliability analysis and optimization 

using dynamic reconfiguration. And the structure of the distribution network is shown in 

Figure 1, which is referred to as the IEEE 33-bus system for this study. 
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Figure 1: Structure of the IEEE 33-bus distribution network 

3.2  Fault Occurrence and Service Restoration 

Faults in distribution networks are inevitable due to the extensive geographical coverage of 

the system and its immediate exposure to environmental and operational conditions. 

Common reasons for faults include adverse weather events like storms, heavy rain, strong 

winds, and snow, together with equipment aging, insulation degradation, and accidental 

connection with trees or animals. These faults can be categorized as temporary or permanent, 

where temporary faults contain short-duration disturbances that may clear up automatically, 

while permanent faults need to be repaired and require manual assistance by utility personnel 

before normal operation can be restored (Schmitt et al., 2025). 

In radial distribution networks, the effect of faults is often essential because power is 

supplied to consumers by means of a single path. When a fault occurs on a feeder or lateral, 

protective devices such as circuit breakers or reclosers perform to isolate that faulted section. 
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As a result, all downstream loads connected to the damaged part of the network may go 

through a power outage till isolation is done in the faulted part. Under normal conditions, 

radial networks do not provide an alternative supply path, and even a local fault can 

disconnect the electricity supply to many customers. This forms a challenge in fault 

management for distribution system operation. (Feng et al., 2023.) 

Service restoration is defined as the process of restoring power supply to consumers after a 

fault has been isolated. This can mainly be gained by operating sectionalizing switches to 

disconnect the affected section and closing tie switches to redirect power through the 

optimized path available. The highlighted objectives of service restoration are to minimize 

outage duration and reduce the number of affected customers while assuring that the 

technical and operational limitations of the network are met. 

Generally, Service Restoration in distribution networks has been processed manually or 

according to predetermined switching rules. Even though these approaches are 

comparatively simple to execute, it’s not always possible to get the most efficient restoration 

strategy, particularly in a network with multiple switching options. Delay or non-optimal 

switching decisions can tend to longer outage durations and unproductive use of network 

resources. Hence, effective fault handling and systematic service restoration play a critical 

role in enhancing the distribution network reliability.  Evaluating the performance of 

dynamic reconfiguration strategies and their impact on reliability improvement can be 

performed by understanding fault occurrence and restoration mechanisms. (Lotfi et al., 

2024.) 

3.3  Reliability Indices and Performance Measures 

Reliability indices are commonly used to evaluate the performance of the distribution 

networks in terms of service continuity and outage characteristics. These indices provide 

quantitative measures that describe the occurrence of power interruptions, how long they 

last, and the number of customers affected. Utilities and researchers widely use these 

indicators to calculate and differentiate the network reliability under various operating 

conditions (Lotfi et al., 2024).  
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One of the most used indices is the SAIFI (System Average Interruption Frequency Index), 

which represents the average number of interruptions experienced by a customer over a 

certain period. It shows how frequently outages occur in the network and is directly affected 

by fault occurrence and protection performance. Another essential index is SAIDI (System 

Average Interruption Duration Index), which measures the average total outage duration 

experienced by a customer over a certain period. This index represents how long customers 

are without power and is strongly influenced by fault section, isolation time, and service 

restoration coherence. The CAIDI (Customer Average Interruption Duration Index) is 

expressed from SAIFI and SAIDI and calculates the average duration of an interruption 

when it occurs. CAIDI enlightens how quickly service will be restored after a fault has been 

isolated, after detection. (Zhang et al., 2012.) 

On top of these indices, other performance measures such as the number of affected 

customers and outage duration are very helpful for evaluating restoration productivity. In 

this thesis, reliability performance is mainly assessed by evaluating those indices before and 

after network reconfiguration under fault conditions. This allows a clear evaluation of how 

dynamic reconfiguration improves service continuity and overall network reliability.  

3.4  Impact of Failures on Network Reliability 

Failures in distribution networks have a direct effect on network reliability and service 

continuity. When a fault occurs on a distribution line or component, the power supply to 

connected consumers is interrupted until the faulted section is isolated and the network is 

restored. The frequency and duration of such failures have a direct impact on overall 

reliability performance in distribution systems that are close to end users.  

In radial distribution networks, power is supplied through a single path, which means the 

impact of failures is often important. Wherever the fault occurs, the downstream load will 

be disconnected, even if the fault occurs in a small section.  As a result, a large number of 

customers may experience power outages, which leads to increased values of reliability 

indices such as SAIFI and SAIDI. In addition, prolonged interruptions result in higher energy 

not supplied, further reducing network reliability. (Zhang et al., 2012.) 
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The duration of power outages can be evaluated according to detection, isolation, and how 

quickly the faults are cleared. Delays in fault detection, switching operations, or restoration 

decision-making can significantly increase outage duration and worsen reliability 

performance. In traditional distribution systems, service restoration is often carried out 

manually, which can prolong outages and negatively affect customer-oriented reliability 

measures. (Lotfi et al., 2024.) 

Effective fault management and service restoration strategies can reduce the negative impact 

of failures on network reliability. By efficiently isolating faulty sections and restoring power 

to unaffected areas through appropriate switching actions, both the number of interrupted 

customers and the duration of outages can be minimized. Therefore, for calculating the 

benefits of dynamic reconfiguration and optimization-based restoration strategies, the proper 

knowledge of the connection between failures and reliability performance is necessary. 
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4  Methodology 

This topic describes approaches to improve the reliability of the distribution network using 

a dynamic reconfiguration system. The IEEE 33-bus distribution system is used for testing 

as a network and implemented in MATLAB/Simulink. The initial structure of the model is 

taken from an open-source Simulink model (Wong, 2020) and modified to meet the 

requirements of this study. 

The methodology consists of three main stages. Firstly, the Base Case operation of the 

network is studied for evaluating the initial performance in terms of Voltage profile and 

system behaviour; then the faulty condition is introduced by isolating certain branches of the 

network; and finally, network reconfiguration strategies are applied to restore power supply. 

After introducing fault scenarios, they are simulated by isolating selected branches in the 

network. And then different switching actions are performed to restore power to the affected 

areas. For choosing appropriate switching configurations, the optimization principle serves 

as a guide, with the objective of reducing outage impact and maintaining safe network 

operation at the same time.  

Finally, the network system is evaluated by comparing its reliability before and after 

reconfiguration. The analysis mainly focuses on reliability improvement, which shows the 

reduction in interrupted buses and improvement in voltages levels. 
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Figure 2: Block diagram of the methodology for reliability enhancement using network 

reconfiguration 

 

4.1  Problem Formulation 

The motive of this study is to improve the reliability of a distribution network through the 

process of dynamic network reconfiguration when it is faulty. In a radial distribution 

network, a single fault in any branch can interrupt the power supply to a huge number of 

consumers. When the faulted section is isolated, some parts of the network may still receive 

power through alternative paths. Hence, the main objective is to determine a suitable 
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switching configuration that can restore supply to the maximum possible number of 

customers and, at the same time, make sure that the network operates safely. 

The network reconfiguration problem shows the switching states in the distribution system. 

These switching states normally include closed sectionalizing switches and open tie 

switches. So, the network structure can be modified to isolate faults and restore power in 

affected areas by opening and closing these switches. But all switching configurations are 

not acceptable in the network. The network must meet some technical constraints, such as 

the network should be in a radial structure, having voltage levels within acceptable limits, 

and avoiding overloading of distribution lines or branches. Similarly, multiple switches can 

be performed, which increases the difficulty of making an effective configuration manually. 

So, the reconfiguration problem is treated as an optimization problem to address this issue. 

The solution for this problem is to find the perfect switching configuration that can minimize 

the impact of outages, such as the number of affected customers and outage duration, while 

maintaining all operational constraints. The formulated approach is tested in the IEEE 33-

bus system, and the results are used to compare and calculate the improvement in network 

reliability. 

 

Table 1: System Parameters and Assumptions 

Parameter Values  Parameter Values 

Number of buses 33 Fault location  Branch 7 

Number of branches 32 Voltage limits (pu) 0.90 - 1.05 

Network type Radial Interrupted Buses (Fault condition) 11 

Base Voltage (kV) 12.66 Interrupted Buses (after reconfiguration) 0 

Number of tie switches 5 Outage duration in fault condition (hours) 1 

Sectionalizing switches Close Outage duration after reconfiguration (hours) 0.25 

Tie switches Open   
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4.2  Decision Variables and Constraints 

For representing the network reconfiguration problem in a well-structured way, it is 

important to define the decision variables and the constraints associated with the system. 

These elements are engaged in recalculating a variety of switching configurations and ensure 

that only feasible and safe operating conditions are considered. 

a) Binary Variables 

In this study, the binary variables are meant as the statuses of the switches in the distribution 

system. The switch can be either open or closed at a time, and the states of the switches 

classify the configuration of the network. The binary values are categorized as: 

➢ 1 = switch is closed  

➢ 0 = switch is opened 

The main focus is on the tie switches; normally, they are open under standard operating 

conditions. During the process of reconfiguration, these tie switches are operated so that the 

power supply can be restored after fault isolation. While studying the IEEE 33-bus system, 

there are mainly five tie switches that are considered as the reconfiguration variables for the 

system.  

Furthermore, sectionalizing switches may also be operated if necessary for maintaining the 

radial structure of the network. But still, the main variation in the configuration is expressed 

according to the operation of the tie switches. 

b) Constraints 

Every switching configuration is not acceptable. So, that configuration which satisfies 

certain technical constraints to ensure the proper and safe operation of the distribution 

network is considered. The following points are the main technical constraints that are 

considered in this study. 
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4.2.1  Radial Structure Constraint 

During the operational period, the distribution network must hold the radial structure, which 

means the network should not have any closed loops, and each bus should be connected 

through only one path in the network. When closing the tie switches, if loops are created, 

then a suitable sectionalizing switch must be opened so the radial configuration still exists. 

This can be verified by satisfying a specific relationship between the number of buses and 

branches. 

𝑁𝑏𝑟𝑎𝑛𝑐ℎ  =  𝑁𝑏𝑢𝑠 − 1    (1) 

Where,  

• 𝑁𝑏𝑟𝑎𝑛𝑐ℎ is the number of active branches 

• 𝑁𝑏𝑢𝑠 is the total number of buses 

4.2.2  Voltage Limit Constraint 

Here, the voltage at each bus must have acceptable limits that ensure the proper functioning 

of the electrical equipment. In this study, the acceptable voltage range is considered as a 

standard assumption that is 0.90 ≤  𝑉 ≤  1.05 pu. Any configuration results that are 

outside this value are not considered as feasible. However, some of the buses in the base 

case are also operated below the operating voltage limit, which indicates the need for 

improvement through reconfiguration. The standard limit is defined as; 

𝑉𝑚𝑖𝑛 ≤ 𝑉𝑖  ≤ 𝑉𝑚𝑎𝑥    (2) 

Where, 

• 𝑉𝑚𝑖𝑛 is the minimum acceptable voltage 

• 𝑉𝑖 is the voltage at bus i 

• 𝑉𝑚𝑎𝑥 is the maximum acceptable voltage 
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4.2.3  Line Capacity Constraint 

There is a maximum capacity for each distribution line, which should not be exceeded. Due 

to overloading, the equipment may be damaged, and the operation may be unsafe when 

performing.  

𝐼𝑖𝑗 ≤ 𝐼𝑖𝑗
𝑚𝑎𝑥     (3) 

Where 

• 𝐼𝑖𝑗 is the current flowing through branches between bus i and j 

• 𝐼𝑖𝑗
𝑚𝑎𝑥 is the maximum acceptable current of the branch 

This constraint prevents the branches from thermal overloading of the distribution lines. 

Therefore, the current or power flow through each line must be within its specified limit. 

4.2.4  Power Balance Constraint 

When power is supplied from the source, the total power must be equal to the total load 

demand, including system losses.  

𝑃𝑖 = 𝑃𝐺𝑖 − 𝑃𝐷𝑖    (4) 

𝑄𝑖 = 𝑄𝐺𝑖 − 𝑄𝐷𝑖    (5) 

Where 

• 𝑃𝑖,𝑄𝑖 are the net active and reactive power simultaneously at bus i 

• 𝑃𝐺𝑖,𝑄𝐺𝑖 are the generated power in i bus 

• 𝑃𝐷𝑖,𝑄𝐷𝑖 are the load demand 

This clarifies that the network is operated under stable conditions. Hence, the switching 

configuration is selected when it satisfies this basic power balance requirement. 
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4.2.5  Fault Isolation Constraint 

When a branch contains a fault, it must be isolated during the process of reconfiguration, 

which means that the switching action should not be performed that reconnects the faulted 

section back into the network. 

𝑆𝑓 = 0    (6) 

 where 𝑆𝑓 is the status of the faulted branch (0 = open, 1 = closed) 

According to the defined decision variables and constraints, all switching configurations are 

evaluated to find whether they are feasible or not. And after that, only those configurations 

are further analysed that satisfy all these constraints. Among these feasible configurations, 

the most suitable solution is considered according on its ability to improve the network 

reliability and also to reduce the outage impact. 

4.3  Dynamic Reconfiguration Strategy after Faults 

When a fault occurs in the distribution network, the first step is to isolate the faulted section 

so that further damage is prevented and ensure safe operation. In a radial distribution system, 

this is performed by opening the switches or breakers linked with the faulted branch. This 

results in a loss of power supply to other loads that are connected downstream of the fault. 

Once the isolation is done in the faulted section, the next step is to restore power to other 

unaffected parts of the network. This is performed through network reconfiguration by 

operating suitable and available switches in the network. The distribution network mainly 

contains sectionalizing switches, which are normally closed, and tie switches, which are 

open. In the IEEE 33-bus system, which is used for studying have normally five open tie 

switches available and is used during the reconfiguration process so that alternative paths 

can be provided for power supply. 

In this test study, the reconfiguration process is performed by considering different switching 

combinations after each fault scenario. And for each fault scenario, the faulted branch 

remains open, and suitable tie switches are closed one at a time to restore the power supply. 

But if closing a tie switch makes a loop in a network, then a proper sectionalizing switch is 
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opened in order to maintain the radial structure of the system. Every switching configuration 

is evaluated individually based on its ability to restore power in the maximum number of 

buses by satisfying technical constraints such as maintaining radial structure while operating, 

keeping voltage levels within acceptable limits, and avoiding overloading of the 

components. Among all those achievable configurations, the most appropriate one is 

prioritized according to its effectiveness in reducing outage impact and enhancing overall 

network performance. 

This approach leads to a systematic analysis of different reconfiguration possibilities and 

also helps in distinguishing the best switching strategies under fault conditions. And the 

selected configurations are used for further analysis, like reliability improvements and 

performance comparison. 

4.4   Optimization Model Description 

In this study, the network reconfiguration problem is defined as an optimization problem, 

where the motive is to classify the most suitable switching configuration after a fault occurs 

in the network. The goal of the study is to restore power supply to the maximum possible 

number of buses by maintaining stable and safe operation in the system. The optimization 

process is evaluated according to different switching configurations by using the available 

possible tie switches in the IEEE 33-bus system. Individual configuration indicates a 

possible combination of switching operations, in which tie switches are closed and, if 

needed, certain sectionalizing switches are opened so that the radial structure of the network 

is still maintained. 

Instead of applying a complex optimization algorithm, this study performs a systematic 

evaluation. For every single fault scenario, maximum switching configurations are tested 

one by one through a MATLAB/ Simulink model. Each configuration is simulated, and its 

performance is evaluated according to predefined criteria related to reliability and 

operational constraints. The main goal of this optimization is to reduce the impact of outages 

by reducing the number of interrupted buses and enhancing the voltage profile of the 

distribution network. At the same time, each configuration must satisfy the important 

technical constraints such as radial structure, acceptable voltage limits, and eliminating 

overload of network components. 
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A configuration is only acceptable when all these constraints are verified. Among all the 

feasible configurations, the most suitable solution is confirmed after testing its ability to 

restore maximum load and enhance the overall distribution network performance. This idea 

gives an effective and practical implementation of optimization without any complex 

mathematical solvers, and still able to achieve the objective of improved reliability through 

network reconfiguration.  

4.5  Objectives Function for Reliability Improvement 

The objective of the reconfiguration process in this study is to enhance the reliability of the 

distribution network after the fault occurrence. This is only achieved when a proper 

switching configuration is selected that minimizes the negative impact of power 

interruptions while operating the system safely. In this study, the number of interrupted buses 

is represented as the affected customers for reliability evaluation because the detailed 

customer data is not available. So, every bus is counted as a load point, and the interruption 

in the bus is treated as a service interruption. This assumption seems to be a simplified but 

very effective assessment for the improvement of reliability when performing different 

reconfiguration scenarios. 

The primary objective is to restore the power supply for the maximum number of buses 

considered as customers, after fault isolation. In a radial distribution network system, a single 

fault can interrupt the power supply to various downstream buses, which increases the 

number of affected buses. This is an important goal for the reconfiguration process and 

study. And when restoring the maximum number of buses, the quality of power supply is 

also taken into account. So, the selected configuration must maintain acceptable voltage 

levels across the network. Any other configuration that shows the results of the voltage levels 

beyond the permissible range is said to be unsuitable. Moreover, the selected configuration 

must abandon the overloading of the components in the networks and make sure the 

operation is stable. Therefore, only those configurations that meet all these technical 

constraints are said to be a feasible solution or appropriate reconfigurations.  

Regarding these considerations, the switching configuration can be selected if they: 

• Minimizes the number of interrupted buses. 
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• Improves the voltage profile of the network 

• Satisfies all the operational and technical constraints 

Among all the reasonable configurations, only one is selected as the optimal solution that 

meets these criteria fully. This process grants the identification of reliable and efficient 

reconfiguration strategies under the fault conditions.  

4.5.1  Mathematical Formulation of Objective Function 

The primary objective of this reconfiguration is to minimize the possible number of buses 

that are interrupted due to a fault in the network. This can be mathematically expressed as: 

min(𝑁𝑖)   = ∑ 𝑥𝑘
𝑁
𝑘=1     (7) 

Where, 

• 𝑁𝑖 is the total number of interrupted buses 

• 𝑁 is the total number of buses in the network  

• 𝑥𝑘 is the status of bus k  

If the status of bus k is 1 (i.e., 𝑥𝑘 = 1), then that bus is treated as an interrupted bus 

But if the status of bus k is 0, then bus k is energized and in normal condition. 

In addition of minimizing the number of interrupted buses, outage duration is another factor 

for evaluation of reliability. The total outage duration of the system can be defined as:  

𝑈𝑡𝑜𝑡𝑎𝑙 = 𝑁𝑖 × 𝑡    (8) 

Where, 

• 𝑈𝑡𝑜𝑡𝑎𝑙 is the total outage duration 

• 𝑁𝑖 is the number of interrupted buses 

• 𝑡 is the outage duration per bus 

But in this study, a uniform outage duration is pretended for all interrupted bus because of 

lack of real time data. 
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4.6  Implementation Using MATLAB 

The implementation of the proposed method is performed using MATLAB and the Simulink 

environment. The initial structure of the system is adapted from an open-source Simulink 

model (Wong, 2020) that is available on MATLAB File Exchange. This IEEE 33-bus 

distribution system is used in this study as the test network. This model provides all the 

necessary components, such as source, buses, distribution lines, loads, and switches, which 

are necessary to represent the structure of a radial distribution network. At first, the system 

is simulated under normal operating conditions through which the base case result is 

obtained. Then the voltage profile of the network and the behaviour of the overall system 

are analysed so that the initial performance of the distribution network is understood. After 

finding the base case, the fault is then introduced in the network, which is simulated by 

opening branches in the system, and this represents the isolation of the faulted section. After 

all this, the result shows that there are interruptions to downstream buses, and the impact of 

the fault can be observed through the variation in voltage and supply conditions. 

After the fault is isolated, network reconfiguration is performed by operating available 

switches in the system. Normally, the tie switches are opened, and they are closed one at a 

time so that the power supply can be restored in the affected areas. But when closing the tie 

switches creates a loop in the network, then an appropriate sectionalizing switch is opened 

in order to maintain the radial structure of the system. Different switching configurations are 

tested for each fault scenario by running the available tie switches individually using a 

Simulink model. When the configuration is simulated individually, its performance is 

evaluated based on the number of restored buses, the voltage profile, and the satisfaction of 

technical constraints. 

Finally, the most appropriate configuration is chosen for each fault case based on its ability 

to restore the maximum load within a short time and improve the network performance. 

After achieving certain results through simulation, they are used for further analysis in terms 

of improvement and compared in different operating environments. 
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5  Results and Discussion 

5.1  Base Case Reliability Assessment 

In order to evaluate the initial performance of the distribution network, the IEEE 33-bus 

system is analysed when the system is in normal condition, meaning without any fault. This 

base case serves as a reference for comparing the system performance when a fault happens 

and for reconfigured conditions. 

 

 

Figure 3: Voltage profile of IEEE 33-bus system under base case 

 

The Voltage profile of the distribution network is obtained by plotting bus voltages against 

bus number, as shown in Figure 5.1. Here, the figure clearly illustrates that the voltage has 

been gradually decreasing as the feeder moves apart from the source bus to the end buses. 

This is because of the radial structure of the distribution network due to line impedance and 

the increasing of load demand along the feeder.  For the simulation results, the maximum 

voltage in the network can be seen at the source bus and is moreover 1 pu. And at the same 

time, the minimum voltage occurs at one of the far-end buses, nearly around 0.91 pu. In this 

voltage profile of the base case, the voltage at some of the buses are below the acceptable 

limit of 0.90 pu. This indicates that there are some issues like voltage drop in the network. 
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In this IEEE 33-bus system, the total active power loss in the base case scenario is also 

evaluated, which is found to be approximately 208.95 kW. These losses are mainly because 

of the resistance of the distribution lines and shows the load in the network. In the base case 

results, although the system operates in normal conditions, there are some noticeable voltage 

drops and power losses in the network. This illustrates that there is a need of improvement, 

mainly when the system experiences a fault, and also provides a basis for evaluating the 

effectiveness of dynamic network reconfiguration. 

5.2  Dynamic Reconfiguration Results Under Fault Conditions 

Under the fault conditions for analysing the performance of the distribution network system, 

a fault is created at Branch 7 of the IEEE 33-Bus System. After the fault is introduced, 

isolation is done in the affected branch, which results in a loss of power supply to 

downstream buses. 

 

 

Figure 4: Voltage profile under fault condition at Branch 7 

 

When the fault is introduced in Branch 7, the voltage profile under this fault condition is 

shown in Figure 5.2. From the figure, buses 8 to 18 experience an interruption, causing the 

voltage to drop to 0 pu. In total, 11 buses are observed to be affected due to a fault in branch 

7, which indicates an important loss of power supply in the network. This illustrates the 

vulnerability of radial distribution systems, where even a single fault can interrupt the power 

supply to a large number of customers, meaning buses. 
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Figure 5: Voltage profile after network reconfiguration for the Branch 7 fault 

 

After the fault is isolated, network reconfiguration is performed by using the available tie 

switches. The main motive is to restore the power supply in the network where the buses are 

affected due to an earlier fault. And at the same moment, the network should hold a radial 

structure. The voltage profile after network reconfiguration for the fault is shown in Figure 

5.3. The graph provides a view that all previously disconnected buses are successfully 

restored after reconfiguration, and the number of interrupted buses is reduced from 11 to 0. 

This enlightens the importance of dynamic reconfiguration in enhancing service continuity. 

But the voltage levels after reconfiguration are comparatively lower than the base case. After 

reconfiguration, the minimum voltage seems to be slightly lower than 0.90 pu (0.8903 pu in 

exact), which is a bit lower than the acceptable limit of 0.90 pu. This reduced voltage defines 

the longer power flow paths and shows the load increment on the alternative feeder after 

reconfiguration.  

Here, the interrupted buses are observed, and additionally, the outage duration is also taken 

into consideration for evaluating the performance of the system. Since actual data is not 

available. So, let’s assume that the outage duration under the fault condition is 1 hour, and 

after reconfiguration, it is reduced to 0.25 hours (15 minutes). This shows the reflection of 

faster service restoration after performing switching operations.  

The results evidently show that the dynamic network reconfiguration ultimately improves 

the reliability of the system by reducing the number of interrupted buses and the outage 
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duration. However, it also shows the challenges about voltage regulation, which must be 

observed in the practical implementations. 

5.3  Reliability Evaluation Using Indices 

The impact of dynamic reconfiguration on the system reliability is evaluated through 

standard reliability indices such as SAIFI, SAIDI, and CAIDI, which are calculated for the 

fault and after the reconfiguration, based on customer data, failures, and interruption 

durations. In this study, the number of buses is considered as the number of customers. The 

following are the important standard definitions:  

𝑆𝐴𝐼𝐹𝐼 =
∑𝜆𝑖𝑁𝑖

𝑁𝑇
    (9) 

𝑆𝐴𝐼𝐷𝐼 =
∑𝑈𝑖𝑁𝑖

𝑁𝑇
    (10) 

𝐶𝐴𝐼𝐷𝐼 =
𝑆𝐴𝐼𝐷𝐼

𝑆𝐴𝐼𝐹𝐼
    (11) 

Where, 𝜆𝑖 is the failure rate, 

𝑈𝑖 is the outage duration, 

𝑁𝑖 represents the number of customers at load i 

However, in this study, the real-time failure rate and detailed customer data are not available. 

Therefore, it is assumed that individual buses are equal to the number of customers. Based 

on this assumption, a simple reliability indicator is illustrated by using the interrupted buses 

and outage duration. These values are taken as approximate and relative indicators rather 

than being used as exact utility-based reliability indices. 

Table 2: Simplified Reliability indices at different conditions 

Case Interrupted buses SAIFI (approx.) SAIDI (approx.) CAIDI (approx.) 

Fault condition 11 0.333 0.333 hr 1 hr 

After 

reconfiguration 

0 0 0 0 
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When the fault is introduced, a total of 11 buses are interrupted out of 33 buses, which 

corresponds to an approximate interruption ratio of 0.333. This value is clarified as a relative 

indicator of interruption frequency while assuming equal customer distribution. Similarly, 

the outage duration is considered to be 1 hour, which results in an approximate SAIDI value 

of 0.333 hours per bus. Then the CAIDI value is 1 hour, which represents the average 

restoration time per interruption. After applying network reconfiguration, all those 

interrupted buses are restored, which reduces the interruption ratio to zero, and the outage 

duration is also reduced to 0.25 hours, which indicates faster service restoration. 

This comparison of reliability indices clearly illustrates that the dynamic reconfiguration has 

improved the reliability of the system. The frequency and duration of interruptions are 

calculated and seem to be reduced, and this shows effectiveness in enhancing the service 

continuity in the distribution network. 

5.4  Discussion of Reliability Enhancement 

The results obtained from this analysis clearly show that the dynamic network 

reconfiguration has a significant impact on improving the reliability of the distribution 

system. Under a fault condition at Branch 7, the interrupted buses are eleven. This indicates 

that a sizeable portion of the network is affected because of the radial structure of the system. 

This provides a logical inherent limitation of the radial distribution networks, where a single 

fault can lead to widespread service restoration. 

After applying network reconfiguration, all the interrupted buses had successfully restored 

the power supply by reducing the number of affected buses from 11 to 0. This enlightens the 

importance of using tie switches for providing an alternative path for power supply and 

restoring them to downstream areas. Both SAIFI and SAIDI values are reduced to zero after 

performing reconfiguration; this result gives the idea of improvement in reliability indices. 

This verifies that dynamic reconfiguration can most importantly enhance the service 

continuity and also reduce the impact of faults on the customers. However, these results also 

give insight into an important trade-off. The power supply has been restored to all the buses, 

but the voltage levels of the buses in the network are reduced compared with the base case 

voltage after reconfiguration. The minimum voltage drops to around 0.90 pu, which is a bit 

lower than the operating voltage limit. This happens because of the power supplied through 
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longer paths, and some additional loads are introduced on an alternative feeder. Therefore, 

after the reconfiguration is performed, the reliability indices improve in terms of supply 

restoration, but it may negatively affect the voltage quality.  

Practically, while the service restoration is needed, the minimization of customer 

interruption is prioritized, even if the voltage levels are temporarily lower than the operating 

voltage limits. This means that dynamic reconfiguration is a very useful and effective 

strategy to improve network reliability, especially during fault conditions. However, some 

points need to be considered, such as voltage regulation or load balancing, which may be 

needed to manage in acceptable voltage levels after reconfiguration. The outage duration 

was assumed due to the lack of real-time data available in this study. And also, the number 

of buses was considered as the number of customers for reliability evaluation. This analysis 

is based on a specific test system and a limited number of fault scenarios. Despite this 

limitation, the results give a proper understanding of the dynamic reconfiguration 

enhancement of the reliability in the distribution networks.  

Overall, this study gives a brief description of dynamic reconfiguration and how it is an 

effective approach in reducing the outage impact and improving the reliability. And also 

highlight the things that need to be considered for voltage performance to implement in 

practical life. 
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6  Conclusion 

This study focused on improving the reliability of distribution networks through dynamic 

reconfiguration using the IEEE 33-bus system as a test for simulation. The interpretation 

was done by evaluating the system under normal conditions, fault conditions, and after 

performing reconfiguration strategies. The outcomes of the base case show the voltage drops 

along the feeder in the system, with a minimum voltage of around 0.90 pu. And the total 

active power losses of the system were found to be 208.95 kW. This study shows that even 

under normal conditions, there is a need for improvement in network performance. 

When the system experiences a fault at Branch 7, there are 11 interrupted buses, which 

illustrates the vulnerability of radial distribution networks. The outage duration was assumed 

to be 1 hour, which indicates the values of the reliability indices. After applying dynamic 

network reconfiguration, all the interrupted buses were successfully restored, resulting in 

successful power supply through them, and the number of interrupted buses became zero. 

And the outage duration was reduced to 0.25 hours; this means that there was an 

improvement in system reliability. 

After reconfiguration, the values of SAIFI and SAIDI were significantly reduced, which 

indicates a decrease in frequency and duration of interruptions. This proves that dynamic 

reconfiguration is an effective idea for enhancing service continuity in distribution networks. 

This study also reveals a trade-off between voltage performance and reliability. The power 

supply was restored to all the buses that were affected during the fault, but the minimum 

voltage in the bus was only 0.8903 pu after reconfiguration, which is lower than the 

acceptable limit. This addresses the necessity of considering voltage regulation when 

applying reconfiguration strategies in a practical system. And it is also needed to make some 

assumptions in this study, as there was a lack of real-time data, and buses were treated as 

customers for evaluating reliability. Additionally, this analysis was performed on a specific 

IEEE 33-bus test system by introducing limited fault scenarios. 

Overall, it can be concluded that the dynamic network reconfiguration is a practical and 

productive method for improving the reliability of distribution systems. It importantly brings 
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down the outage impact and enhances the service continuity while giving notice of 

improvement in voltage control for real-world applications. 
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