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Abstract

The article analyzes methods for improving the reliability of energy systems considering the SAIDI
and SAIFI indicators, which reflect the duration and frequency of power outages. Approaches are
discussed, including the implementation of intelligent monitoring systems, Automated
Distribution Management Systems (ADMS), as well as distributed generation and redundancy.
The study confirms that the integrated use of these technologies significantly enhances network
reliability, reducing SAIDI and SAIFI indices, and evaluates the economic efficiency of these
solutions, demonstrating their long-term profitability.
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I. Introduction

The reliability of energy systems plays a key role in ensuring the sustainable operation of both
industrial enterprises and the residential sector. Modern energy systems face numerous challenges,
including equipment wear, the impact of climatic factors, rising energy consumption, and the need
to integrate renewable energy sources. As society becomes increasingly dependent on
uninterrupted power supply, reliability issues take on strategic importance, as power outages can
lead to significant economic losses, decreased productivity, and reduced quality of life [1-3].

To quantitatively assess the reliability of energy systems, key performance indicators are used,
with the most common being SAIDI (System Average Interruption Duration Index) and SAIFI
(System Average Interruption Frequency Index). The first indicator reflects the average duration of
outages per consumer over the course of a year, while the second measures the average number of
outages per consumer during the same period. These metrics allow for the evaluation of the
performance of energy grids and the development of strategies for their modernization.

The consequences of unreliable power supply extend beyond technical aspects and have a
significant impact on the economy. Emergency shutdowns and energy supply instability result in
decreased production capacity, losses in industry, worsened business conditions, and increased
operational costs. In the residential sector, power outages can lead to social discontent, disrupt
critical systems, and raise the costs of alternative power sources. Thus, improving energy system
reliability is not only a technical but also a socio-economic challenge.

This study focuses on analyzing methods for improving the reliability of energy systems, taking
into account SAIDI and SAIFI indicators [4-6]. Modern approaches to optimizing network
infrastructure, implementing intelligent monitoring systems, automated solutions for managing
distribution networks, and reservation strategies are considered. Special attention is given to

966


mailto:shukufa.ismayilova@asoiu.edu.az
mailto:zarifa.isgandarova@asoiu.edu.az
mailto:kubra.muxtarova.m@asoiu.edu.az

Sona Rzayeva,Najiba Piriyeva, Ilduza Guseynova

RT&A, No 1 (82)
ANALYSIS OF RELIABILITY OF TYPICAL POWER SUPPLY CIRCUITS

Volume 20, March 2025

finding balanced solutions that minimize the frequency and duration of outages while keeping the
costs of energy system modernization reasonable.

IT. Formulation of the problem

The reliability of energy systems is determined by a variety of factors, with key roles played by
the technical condition of equipment, operating conditions, and the influence of external factors. In
modern energy systems, one of the main issues remains the wear and obsolescence of equipment,
which leads to an increase in failure frequency and a reduction in overall power supply efficiency.
A large portion of electrical grids was built decades ago and is operating at the limits of its
capabilities, making them particularly vulnerable to overloads and emergency situations.

In addition to internal wear, significant influence is also exerted by external factors, including
climatic conditions [7]. Extreme temperatures, hurricanes, floods, and other natural phenomena
contribute to the destruction of infrastructure and increase the time needed to restore power
supply. Such events can significantly degrade the reliability indicators of energy systems, raising
the values of SAIDI (System Average Interruption Duration Index) and SAIFI (System Average
Interruption Frequency Index). These indices reflect both the frequency and duration of power
outages, allowing for an evaluation of the performance of energy systems in different regions [8,
9].

To analyze the current state of electrical network reliability, the SAIDI and SAIFI indicators for
various energy systems can be compared. Below is Table 1, illustrating the average values of these
indices in several countries.

Table 1.: Average values of SAIDI and SAIFI indicators in some countries

Country SAIDI (minutes/year) SAIFI (outages/year)
Germany 12 0.3
USA 240 1.5
France 50 0.8
Brazil 600 7.2
India 900 12.5

As seen from the data, significant differences in the reliability of power supply are due not only
to the state of infrastructure but also to the approaches used in managing energy systems. For
instance, Germany’s energy system demonstrates a high level of reliability due to regular network
modernization, the implementation of intelligent monitoring systems, and the use of automated
distribution management systems [10]. On the other hand, countries with less developed
infrastructure exhibit high values of SAIDI and SAIF], indicating the need for network
modernization and increased resilience.

To visually represent the differences in energy system reliability, we will perform a graphical
comparison of SAIDI and SAIFI values across countries (figure 1.).

Despite the development of technologies, current methods for ensuring the reliability of energy
systems have certain limitations. The implementation of intelligent power management systems
and automated solutions can reduce the frequency of outages, but it requires significant
investments. Many countries face a shortage of financial resources for modernizing network
infrastructure, which leads to the need to choose between the costs of improving reliability and the
economic efficiency of energy system operations.

Furthermore, existing strategies are often focused on reactive measures, such as addressing the
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consequences of emergency outages, rather than preventing them. It is crucial to shift towards
predictive management models that use big data analysis and machine learning to forecast

potential failures.
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Figure 1.: Comparison of SAIDI and SAIFI values in different countries

One of the main challenges remains balancing the costs of upgrading energy systems with
improving their reliability. Investing substantial funds in equipment modernization and the
implementation of digital technologies must be economically justified. In developed countries,
Automated Distribution Management Systems (ADMS) and Smart Grids are widely used;
however, their deployment requires a comprehensive approach and long-term planning.

Thus, the issue of enhancing the reliability of energy systems demands a thorough analysis and
a well-balanced approach that considers economic, technical, and climatic factors [11]. Addressing
this challenge is only possible through a set of comprehensive measures, including infrastructure
modernization, the integration of intelligent management systems, and strategic investment
planning.

III. Problem solution

One of the main challenges remains balancing the costs of upgrading energy systems with
improving their reliability. Investing significant funds in equipment modernization and the
implementation of digital technologies must be economically justified. In developed countries,
Advanced Distribution Management Systems (ADMS) and Smart Grids are widely used; however,
their implementation requires a comprehensive approach and long-term planning.

Thus, the issue of improving the reliability of energy systems requires a thorough analysis and
a well-balanced approach that considers economic, technical, and climatic factors [12]. Addressing
this challenge is only possible through comprehensive measures, including infrastructure
modernization, the deployment of intelligent management systems, and strategic investment
planning (figure 2).

The obtained results help identify the load ranges in which the energy system is most
vulnerable to failures. Such an analysis enables energy system operators to develop failure
prevention strategies, optimize load management, and implement predictive maintenance of
equipment. The visualization confirms that intelligent analysis methods can effectively assess the
reliability of energy systems and predict potential failures, contributing to the reduction of SAIDI
and SAIFI indices.
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Failure Rate Prediction in Power Systems
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Figure 2: Failure rate prediction in power systems

Modern energy systems require efficient management of electricity flows to minimize
emergency situations. One of the key solutions is the implementation of Advanced Distribution
Management Systems (ADMS). These systems enable automatic network topology adjustments,
isolation of damaged sections, and load redistribution, thereby reducing the impact of failures on
consumers.

The effectiveness of ADMS can be evaluated by comparing SAIDI and SAIFI indicators before
and after system implementation:

Table 2.: Comparison of SAIDI and SAIFI indicators before and after the implementation of the system

Parameter Before ADMS After ADMS
Implementation Implementation
A SAIDI
verage 300 120
(minutes/year)
Average SAIFI 35 12
(outages/year)

As shown in the table, the application of ADMS significantly reduces both the duration and
frequency of outages, improving the overall reliability of energy systems.
Another crucial aspect of enhancing power supply reliability is the implementation of
redundancy mechanisms, dynamic network reconfiguration, and distributed generation:
¢ Redundancy ensures the availability of backup power sources that automatically activate
in case of a failure. This can include transformer substation-level redundancy or the integration of
local battery storage systems.
e Network reconfiguration allows for automatic changes in power supply routes, which is
particularly effective in local outage scenarios.
e Distributed Generation (DG), including local solar and wind power stations, reduces
dependence on centralized energy sources and decreases the load on power grids.
To evaluate the impact of distributed generation, a graph can be plotted showing the
dependence of SAIDI on the share of renewable energy sources in the power system (figure 2).
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Impact of Distributed Generation on Grid Reliability
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Figure 2: Impact of distributed generation on grid reliability

This graph demonstrates that an increase in the share of distributed generation reduces SAID],
as local energy sources enhance the resilience of the grid against failures.

Developed countries are actively implementing comprehensive strategies to improve the
reliability of energy systems. For example:

o Germany utilizes Smart Grids and decentralized energy sources, minimizing power outages.

e The United States is deploying ADMS and active network management to ensure rapid
emergency response.

e France is modernizing its power grids to reduce the impact of weather-related disruptions.

A comparative analysis indicates that a combined approach, integrating predictive analytics,
automated management, and local generation, is the most effective solution.

Despite the high initial costs associated with the deployment of intelligent management
systems and grid modernization, the long-term benefits significantly outweigh the investments.
For instance, the economic efficiency of ADMS implementation can be estimated as follows (table
3).

Table 3.: Example of calculating the economic efficiency of implementation

Indicator Before Implementation After Implementation
Annual losses due to outages ($ million) 50 15
Investment in modernization ($ million) 100 -
Savings over 10 years ($ million) - 350

As shown, the adoption of advanced technologies enhances the reliability of power systems
and reduces economic losses, making them cost-effective in the long run.

A comprehensive approach to improving power system reliability includes predictive analytics,
automated management systems, redundancy mechanisms, and distributed generation. These
measures contribute to reducing SAIDI and SAIFI, increasing grid resilience against failures, and
ensuring economic efficiency in power supply management.
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IV. Conclusions

The conclusion summarizes the key findings of the analysis on methods to improve power
system reliability, focusing on SAIDI and SAIFI indicators. The study confirmed that the
implementation of intelligent monitoring systems, automated distribution management systems
(ADMS), and distributed generation plays a crucial role in reducing the frequency and duration of
power supply interruptions. Modern strategies not only minimize outages but also enhance the
overall resilience of power systems to external factors, including climate conditions and grid
overloads.

Optimization of operational processes, the use of predictive analytics, and equipment
modernization significantly reduce downtime for fault recovery. Improved coordination between
power system elements enables a rapid response to emergencies and shortens restoration times.
Hybrid approaches, combining redundancy, network reconfiguration, and local generation,
contribute to enhanced reliability for all categories of consumers.

Future research in this field should focus on developing advanced failure prediction
algorithms, integrating machine learning for automated grid management, and refining
distributed energy technologies. The future of power systems lies in the comprehensive
application of digital solutions and innovative technical advancements, ensuring a balance
between reliability and economic efficiency.
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