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ABSTRACT

With the increasing demand, aging infrastructure and integration of highly intermittent renewable energy
sources, modern electrical power distribution systems are confronted with a greatly increasing challenge to
comply with ever more stringent reliability expectations. This empirical research article proposes a thorough,
database case study in which we scrutinize the structural and operational refinements of an urban electricity
distribution network with a view to optimize its basic reliability indicators. Focusing on implementing new
network modernization strategies automated reclosers, optimal sectionalizer placement, and targeted vegetation
management we analyze a rich dataset of thousands of historical interruption events collected over a multi-year
baseline period via machine learning. Using statistical analysis, the core reliability metrics (SAIFI, SAIDI,
CAIDI and ASAI) are computed from both pre- and post-amendment of the system operations. The working
definitions show a decrease in the number and significantly less time for sustained sustained outages at the
primary test feeders. Notably, SAIFI ameliorated by 25.4%, and SAIDI reduced by 31.8% which directly
correlates with enhanced efficiency in operations and confirmed cost savings for the utility provider through
mitigation of unserved energy costs. In addition, this research conducts an important comparative review with
historic literature and traditional predictive models to show that localized empirical data analysis with strategic
automation application provides one of the best efficiencies for capital versus generic full system retrofits. The
verified results provide a solid method for distribution engineers to prioritize capital expenditures, improve grid
resilience and respond financially to high regulatory performance requirements found in modern smart grid

environments.
Keywords: Power Distribution System!, Reliability Indices’, SAIFF, SAIDF, Smart Grid Automation’, Outage

Analysis®, Empirical Case Study’.
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1. INTRODUCTION
1.1 Background and Context of Power Distribution Reliability

As the last link between the high-voltage transmission grid and variety of end-use consumers, operational
reliability of electrical power distribution systems is vital to economic performance and modern civilizations
operation. Traditionally, distribution networks have been planned in a radial configuration which means
whenever there is a localized single point of failure on primary feeder line, large number of customers are
exposed to prolonged outages. Today, the remarkable density of utility network capability to provide energy is
undermined by mandatory pressure from public regulatory bodies and commercial consumers. Reliability
engineering of distribution systems is based on quantifying performance by means of standardized statistical
indices which monitor outage behaviour over predetermined observation periods. Grids are becoming multi-
dimensional, bi-directional cyber-physical systems with distributed energy resources, and a level of complexity
that transforms the maintenance of a stable and resilient distribution infrastructure from primarily reactive
maintenance routines to highly proactive monitored and data driven system optimization, planning &

modernization frameworks.
1.2 Problem Statement and Operational Challenges

Distribution system management faces various possible challenges out of which the most prominent challenge is
due to overhead lines being exposed to environmental hazards, equipment aging and poor construction
segmenting. The investigated urban distribution network has been suffering from excessive mean interruption
time metrics (MTIM) over years, resulting in huge revenue losses and regulatory penalties due to aging
infrastructure and traditional manual switching. In cases of lightning strike or vegetation contact, or other faults
that can cause component failure, existing systems lack advanced automated switching devices and maintenance
crews may need to follow long radial feeders manually in order to isolate the damaged segment and restore
power from healthy zones. This antiquated procedure greatly increases the aggregate service restoration time,
causing the duration indices to elevate. As a result, there is an immediate need for methods to empirically
identify the key contributing causes for these systemic failures; design a grid-hardening strategy tailored for
mitigation, and isolate the actual service improvement that selective automation can ensure or related possible

strategies through state-of-the-art dynamic network topology reconfiguration.
1.3 Research Objectives and Scope of the Case Study

The purpose of this paper is to combine reliability modelling theory and utility practice by providing an
extensive case study of a live metropolitan distribution network with significant outage levels. Particularly, the
main objective is to systematically assess actual utility impacts on common reliability indices when automated
reclosers, remote-controlled sectionalizes and optimized vegetation control programs are implemented in a case
study. This study considers three years of historical interruption data (with processing and cleaning) and
parameterization of the baseline parameters rigorously. Next, we simulate and perform detailed engineering
interventions on five different radial feeders and evaluate their performance for two years following

implementation. The novel contribution of this paper is providing clear, empirical evidence using statistical
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validation techniques as to the systematic impact that localized investments can have on reducing outage
impacts and increasing energy availability both at utility and basin scales, while also creating a framework for

scaling this approach when upgrading other facets of the utility.
2. LITERATURE SURVEY

Reliability indices assessment and enhancement in electrical distribution systems have been the focus of an
extensive research effort, both academic and industrial, which spans over several decades. The early pioneering
work of Billinton and Allan et al. [1] provided the conventional mathematical basis for assessing distribution
network reliability by developing analytical approaches such as state-space analysis /network modeling to
estimate mean failure rate and average annual outage duration time over a set period. These initial strategies
were founded on deterministic assumptions, treating the failure rates of components as fixed parameters. That
said the stochasticity of real world environmental interactions, load fluctuations, and wear on structure had not
been accounted for as actual distribution networks progressed in complexity and spatial distributions which was
a limitation of many deterministic models. This prompted investigation into the use of probabilistic methods and
simulation based approaches to more closely mimic the true operational risks that electrical utilities face under

different external conditions (e.g., [2], [3]).

The integration of the distribution automation devices, under the light of smart grid concepts, was covered
extensively in the literature as a highly effective method for minimizing outage impacts. Outalha et al. A study
[4] determined optimal placement of auto-reclosers and sectionalizers in radial feeders, demonstrating that this
automation could isolate faulted zone(s) within few seconds and reduce unnecessary tripping of upstream circuit
breakers during transient faults. This level of isolation is performed best and results in a drastic reduction in the
number of customers affected by an event that directly reduces SAIFI. Brown [5] provided further insights into
the contribution of Supervisory Control and Data Acquisition (SCADA) systems, which facilitate automated
Fault Location, Isolation, and Service Restoration (FLISR) operations. FLISR technologies give utilities the
option to adaptively reconfigure network topologies after a fault by relatively in real time rerouting electricity
through new paths for restoring service in healthy components of the grid, greatly reducing System Average

Interruption Duration Index (SAIDI) [6], [7] and increasing overall system availability.

With automation garnering attention, researchers have also thoroughly investigated the demerits of conventional
physical grid-hardening interventions such as aggressive vegetation management and modifying mechanical
components. Research papers by Radmer et al. According to [1], weather-related outages represent up to 80% of
all network faults, thus highlighting the importance of preventative measures such as tree trimming and
overhead line insulation. Their empirical results indicated that even though automation reduces the impact of a
fault, physical grid-hardening acts to prevent the fault in advance. Recent literature has directed more attention
to integrating these passive physical defenses with active automation techniques through the use of multi-
objective optimization algorithms. As an example, [9], [10], [11] has applied genetic algorithms and particle
swarm optimization methods to quantify the optimal geographical coordinates for new reclosers that would give

the greatest reliability gain return per dollar capital expenditure.
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The new reality of utility operations with big data in the past two decades has replaced traditional, manual
logbooks for tracking reliability with automated Outage Management Systems (OMS) and Advanced Metering
Infrastructure (AMI). IEEE Standard 1366 [12] does provide an advanced and standard data analytic framework
with strict steps for pinpointing the individual approaches to identify event interruptions, i.e., momentary or
sustained fault, along with establishing statistical routes such as Major Event Days (MEDs) from those driven
by extreme weather. Additionally significant gap remains in long-term, empirical assessments of mixed-
intervention strategies on operating metropolitan networks into the literature. Field of study Existing papers
mostly rely on idealized computer simulations or synthetic test feeders, e.g., IEEE 34-bus or 123-bus test
systems, which do not accurately capture the unpredictable operational variables, human factors and legacy
equipment constraints of active utility grids. This case study seeks to fill the gap by providing a concrete,
empirical instance of a complete system upgrade that tested academic reliability models against real-world field

data collected over several years.[13], [14], [15].
3. METHODOLOGY

This case study uses a systematic three-phase empirical methodology (i.e. baseline data collection, algorithm-
based grid optimization interventions implementation and statistical evaluation of post-intervention) Stage 1
involved extracting the past five years of raw interruption logs from the utility's digital Outage Management
System (OMS). The accompanying raw data was preprocessed to remove transient disruptions (i.e. shorter than
five minutes) and rectify incomplete logging records. The other sustained outages were mitigated by cause
(what started the event), location of feeder, duration, and number of customers. Baseline reliability indices for
the first five feeders under study were then computed using these collated datasets, providing a concrete level of
performance that all subsequent structural upgrades and automation efforts could be rigorously compared to and
justified against. The second stage consisted of designing and deploying targeted grid-hardening and automation
strategies throughout the distribution system. Using a predictive reliability software engine, a fault vulnerability
profile was developed for each line segment to optimize placement of automated reclosers and remote-
controlled sectionalizers. Reclosers were located on midpoints along long radial lines to divided the feeders into
independent protection zones and sectionalizers were positioned at important lateral junctions permitting branch
faults to be isolated without opening the trunk line. Concurrent with this, an aggressive, data driven vegetation
management cycle was implemented, targeting line segments which had consistently high frequency of tree-
related faults in the past. The holistic approach ensured that the network had physical hardening against external
threats and fault tolerant, self-automated segmenting to survive active faults without affecting customer service.
The last phase involved math modeling and statistical testing of the reliability gains. The mathematical
framework is based on the standard IEEE 1366 formulations to calculate core reliability indices. Let A;denote
the failure rate, N;the number of customers affected by interruption event i, and U;the annual outage duration

(min/customer/year). The reliability indices are defined as follows:

The System Average Interruption Frequency Index (SAIFI), representing the average number of sustained

interruptions experienced by a customer per year, is given by:

YAN;

T

SAIFI =
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where Nyis the total number of customers served.

The System Average Interruption Duration Index (SAIDI), which indicates the average total outage duration

experienced annually by each customer, is calculated as:

X (UNy)

T

SAIDI =
Another important reliability indicator is the Customer Average Interruption Duration Index (CAIDI), which
represents the average restoration time per sustained interruption for affected customers:

SAIDI

Finally, the Average Service Availability Index (ASAI) expresses the percentage of time that the power system

remains available to the average customer over a year:

SAIDI
ASAl =1 — ( )

8760

where 8760 represents the total number of hours in a year.
4. DATA COLLECTION AND ANALYSIS
4.1 Baseline Outage Data by Feeder (Pre-Intervention)

Table 1: Annual Reliability and Customer Interruption Statistics for Distribution Feeders

Feeder ID Total Customers | Annual Total Customer- | Total Customer-
(N_T) Outage Count | Interruptions Hours Interrupted

Feeder A 2,500 42 15,400 32,200

Feeder B 1,800 35 12,600 28,800

Feeder C 3,200 55 22,400 51,200

Feeder D 4,100 28 14,350 25,830

Feeder E 1,500 48 11,250 27,000

40000
3 30000
§

an00e |

10000 4

Figure 1: Comparative analysis of total customer-interruptions and cumulative customer-hours

interrupted across five distribution feeders (A through E) over an annual period
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The complete summary of the baseline operational data from five main radial feeders (Feeder A~E) before any
upgrades to the power network is provided in Table 1 shows the year history of annual outages, total customer-
interruptions and customer-hours interrupted for each feeder with customer size associated. This basic
information showcases that Feeder C had the lowest baseline performance since it served a mid-to-large
customer base of 3,200 consumers but was subject to a total of 55 separate outage events resulting in an
astounding accumulation of 51,200 customer-hours of downtime. For example, Feeder B is a notably smaller
feeder servicing an inferior number of customers, however it still registered an outsize number of customer-
hours interrupted (28,800), denoting that faults on this particular feeder experienced uncommonly long
restoration durations. This empirical summary which has not been filtered in any manner serves to define the
basis for diagnostic targeting: all 5 monitored feeders had a total customer-hours interrupted >165,000

hours/year combined, indicating very significant system flaws.
4.2 Categorization of Outage Causes

Table 2: Classification of Power Outage Causes and Their Operational Impact

Outage Cause | Number of | Percentage of | Avg. Duration | Total

Category Incidents Total (%) per Incident | Outage
(Hours) Impact

(Hours)

Vegetation /  Tree | 72 34.6% 3.2 230.4

Contacts

Equipment / Component | 58 27.9% 2.8 162.4

Failure

Weather / Lightning | 45 21.6% 4.5 202.5

Strikes

Human Error /|18 8.7% 1.9 342

Accidents

Animal /  Wildlife | 15 7.2% 1.2 18.0

Interference

2304 W Mumber of Incident;

idents
Total Qutage Impact (Hours)

025

150 1

Count / Total Hours

100 4

Figure 2: Distribution of power outage events categorized by cause, comparing the absolute number of
incidents against the total cumulative outage impact in hours
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Table 2 shows the number and impact of outage root causes throughout the whole system network being
evaluated in the baseline period. There are five root causes associated with historical incident data which are;
vegetation contacts, equipment malfunction, weather events, human interventions and barrier failure of wildlife.
According to the empirical decomposition, Veg intrusions on top is actually the primary driver of 72 total
system outage (34.6% of all outages) However, due to their widespread environmental damage and highly
hazardous conditions which limit the response of field maintenance crews, weather and lightning strikes
displayed an average duration per incident of 4.5 hours for total hours due to operational severity; a remarkable
202.5 total system downtime hours per year. The second largest category (27.9 percent) reflects equipment
failures due to degradation of aging transformers, line splices and insulators All of this establishes the basis for a
two-pronged approach in which aggressive tree-trimming programs can reduce incident frequency, while also

embracing advanced automation to help mitigate longer outages caused by weather and equipment failures.
4.3 POST-INTERVENTION OUTAGE DATA BY FEEDER (AFTER 12 MONTHS)

Table 3: Post-Intervention Reliability Performance and Customer Interruption Statistics for Distribution

Feeders

Feeder ID Total Annual Post-Intervention Post-Intervention
Customers Outage Cust-Interventions Cust-Hours
(N_T) Count

Feeder A 2,500 28 10,250 19,500

Feeder B 1,800 22 8,100 15,400

Feeder C 3,200 36 14,400 29,800

Feeder D 4,100 20 9,840 16,400

Feeder E 1,500 31 7,500 16,200

Table 3 shows the empirical data obtained from these feeders exactly one year after the complete
implementation of the distribution automation and vegetation management programs at each feeder. Comparing
the performance features to the baseline metrics directly, we see that there is a dramatic downward shift in all
the key parameters. Feeder C is an example of a specific feeder in which the total number of customer-
interruptions has been significantly reduced across the entire network, decreasing from 22,400 to 14,400 and its
total customer-hours of interruption dropping from 51,200 to 29,800. Feeder D showed very good response with
a total customer-hours reduced to 16,400 from the baseline of 25,830. These pervasive reductions across all five
feeders suggest that the combination of mid-point reclosers and optimized line maintenance was quite effective,
yielding immediate operational relief and proving that the system changes changed the distribution network

failure and restoration dynamics.

Table 4 provides an account of the physical assets and engineering interventions that have been deployed on
each feeder to achieve the reliability improvements, thus enabling reproducibility of the study. For each feeder,
we scaled the level of capital investment and equipment deployment proportionately to its physical length and

baseline risk profile. Feeder C is the longest line at 24.8 km and has been the most problematic, hence it was
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allocated the highest smart devices density (3 microprocessor-controlled automated reclosers and 6 remote

sectionalizers) along with a vegetation clearance cut of 18.2 km.
4.4 Technical Specification and Deployment of Automation Devices

Table 4: Distribution Feeder Infrastructure Upgrades and Preventive Maintenance Measures

Feeder ID | Feeder Automated Sectionalizers Vegetation
Length (km) | Reclosers Deployed Clearance
Installed (km)
Feeder A 18.5 2 4 12.0
Feeder B 14.2 1 3 9.5
Feeder C 24.8 3 6 18.2
Feeder D 22.1 2 5 8.0
Feeder E 12.6 1 3 11.4

On the other hand, for the shortest line (Feeder E = 12.6 km) and more stable lines, only one recloser along a
line with 3 sectionalizers count were needed to identify appropriate segmenting locations. This intentional
allocation shows that the reliability improvements were not accomplished by rubber-stamping choked, unguided

capital expenditure but rather from strict engineering design directly aligned with localized grid vulnerabilities.
4.5 Summary of Pre vs. Post System Aggregates

Table 5: Comparative Analysis of System Reliability Performance Before and After Intervention

System Metric | Pre- Post- Absolute Percentage

Parameter Intervention Intervention Reduction Improvement
Baseline Results

Total Annual Outages | 208 137 71 34.1%

Total Customer- | 75,600 50,090 25,510 33.7%

Interruptions

Total Customer-Hours | 165,030 97,300 67,730 41.0%

Interrupted

Average Fault | 45.2 12.4 32.8 72.6%

Isolation Time (min)

Average Crew | 58.0 42.5 15.5 26.7%

Response Time (min)

Table 5 provides a summary of the changes in overall system-wide performance by summing across all five
monitored feeders for pre-intervention and post-intervention. As regards the empirical evidence that you qualify
as definitive improvements across all critical operational metrics Total annual outages on the network decreased

from 208 to 137 a 34.1% reduction largely due to the vegetation management program. Perhaps most
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remarkably, the average time taken to isolate a fault fell from 45-2 minutes all the way down to just 12-4
minutes — thanks to automated reclosers and fast remote switching. This 72.6% reduction in isolation time
validates the primary engineering hypothesis of this case study that automation hardware can reduce isolation

times thereby minimizing the duration that customers upstream of faults are interrupted.
5. RESULTS AND DISCUSSION
5.1 Core Reliability Indices Comparison (Statistical Summary)

Table 6: Comparative Reliability Indices of Distribution Feeders Before and After System Intervention

Feeder ID | Pre-SAIFI | Post-SAIFI | Pre-SAIDI | Post- Pre-ASAI | Post-ASAI
(int/yr) (int/yr) (hr/yr) SAIDI (%) (%)
(hr/yr)
Feeder A 6.16 4.10 12.88 7.80 99.853% 99.911%
Feeder B 7.00 4.50 16.00 8.56 99.817% 99.902%
Feeder C 7.00 4.50 16.00 9.31 99.817% 99.894%
Feeder D 3.50 2.40 6.30 4.00 99.928% 99.954%
Feeder E 7.50 5.00 18.00 10.80 99.795% 99.877%

Table 6 lists the core reliability indices as calculated by SAIFI, SAIDI and ASAI for both individual feeders
detailed in an statistical summary of the pre- and post-intervention landscapes. For all five feeders, we see a
simultaneous decline in both interruption frequency and duration accompanied by an increase in the overall
reliability of service. For instance, Feeder E saw its high baseline SAIFI of 7.50 interruptions per customer per
year drop to 5.00 while the SAIDI decreased from 18.00 hours per year to 10.80 hours /year This is also
reflected in the Average Service Availability Index (ASAI), which improved from 99.795% to 99.877% on
Feeder E's availability. In utility operations, while the fractional percentage increase in ASAI seems small
numerically, it corresponds to massive reductions in cumulative system unserved energy and thereby provides
real financial value and regulatory benefit. It shows that by modifying each feeder, the performance of all

evaluated feeders can be improved independent of their starting baseline.
5.2 ANOVA Validation of Reliability Index Variations

Table 7: ANOVA Results for Pre- and Post-Intervention Reliability Performance Analysis

Source of | Sum of | Degrees of | Mean F-Statistic | P-Value | F-Critical
Variation Squares Freedom Square
(8S) (af) (MS)
Between Groups | 42.55 1 42.55 14.83 0.0049 5.32
(Pre/Post)
Within ~ Groups | 22.96 8 2.87
(Feeders)
Total System 65.51 9
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Table 7 also summarises the results of a single factor level ANOVA performed to test whether the improve
reliability between pre and post periods is statistically significant in the distribution network. The null hypthesis
was that the modifications had no statistically significant impact on the reliability indices of the system,
meaning that any observed changes were due to random variation. This hypothesis is rejected according to the
ANOVA results. The observed F-statistic (14.83) is much larger than the theoretical F-critical (5.32) for the
specified d.f. Additionally, the P-value that has been calculated is 0.0049 which is significantly lower than the
conventional cutoff value of alpha = 0.05 Because it is such a small P-value, this statistically conclusive
evidence demonstrates that the measured decreases in SAIFI and SAIDI were a direct result of the engineered
automation and grid-hardening measures, therefore eliminating any possibilities of random data fluctuations,

thus affirming the study results mathematically.
5.3 Financial and Operational Cost-Benefit Metrics

Table 8: Economic Evaluation of Distribution Feeder Reliability Improvement Investments

Feeder ID Capital Operational Avoided Penalty | Payback Period
Expenditure ($) Savings ($/yr) Cost ($/yr) (Years)

Feeder A 45,000 18,500 12,000 1.48

Feeder B 32,000 14,200 8,500 1.41

Feeder C 78,000 31,000 22,500 1.46

Feeder D 55,000 24,000 15,000 1.41

Feeder E 28,000 11,500 7,000 1.51

The cost-benefit analysis of the engineering project incorporated in two-dimensional space is shown in Table 8.
The financial metrics aggregate the upfront capital expenditure (CAPEX) for acquisition and installation of
hardware with its annual operational savings against avoided regulatory fines. Some operational savings were
realized by avoiding unserved energy losses and reducing required overtime hours from field crews while
avoided penalties resulted from satisfying utility commission reliability targets. The empirical evidence
indicates that even very significant initial investments like $78,000 on Feeder C for example leads to
outstanding financial returns. The calculated payback period across all five stands of independent feeders is,
therefore, not only notably consistent with one other but also rapid (between 1.41 and 1.51 years). This fast
payback is indicative of the investment attractiveness of smart gird automation and proactive line maintenance

as a dual benefit robust financial returns along with proven technical benefits.
5.4 Statistical Analysis and Performance Interpretation

A deep data analysis validates a significant improved transformational change in the reliability profile of the
distribution network. The system-wide SAIFI reduction also indicates a result of the measures taken, since the
physical hardness of the grid, most immediately through focused vegetation management efforts, reduced both
transient and permanent faults. At the same time, the significant reductions in SAIDI and CAIDI underscore
how well your automated reclosers and sectionalizers are performing. These devices enabled the utility to isolate

faults instantaneously, by splitting long radial feeders into independent protection zones. As a result, the outage
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only had limited impact on end customers and no impact was felt by upstream customers. This behavior
changed the restoration timeline from hours-to-days down to minutes, as remote operators could retask healthy
sections through SCADA configurations without having to wait for a manual patrol that previously extended

baseline metrics by days.

Month-over-month outage logs were analysed to find the standard deviation of these improvements. In the pre-
intervention period, outages were extraordinarily volatile with extremely large standard deviations in prime-
response outage distributions indicative of extreme sensitivity to localized seasonal weather patterns and storm
events. The further away from 0, the larger variations in monthly outage duration, but post-intervention data
exhibits much tighter bundling of monthly outage durations demonstrating how automation functions as a
stabilizing buffer that segregates and protects from external environmental shocks. This stabilization is essential
for industrial and commercial consumers who need almost entirely predictable, continuous power supplies to
sustain manufacturing operations, thereby showing that the modernization project improved not just quantitative

metrics but also qualitative consistency of service-level delivery.
5.5 Critical Analysis and Comparison with Past Work

Lessons gleaned from varying between the empirical results of this case study and historical literature help
illuminate grid modernization efficiency. Many traditional academic studies, such as that from Billinton and
Allan [1], argued substantial reliability improvements were only possible with bulk reconductoring, or full
undergrounding of overhead lines. Undergrounding provides almost complete immunity from weather-related
faults, but at an astronomical capital cost that can be well over a million dollars per mile. This case study shows
how a data-driven, targeted deployment of automated reclosers and optimized vegetation management can
reduce the SAIDI by 31.8% for a minuscule portion of the cost to completely undergrounding existing facilities
thereby confirming today's progressive smart grid integration emphasis on more affordable, local applications

on top of all-optical networks [4], [5].

Moreover, the empirical results attain levels beyond what conventional predictive simulation models yield in
theory. Standard simulation tools are often trained on non-specific, manufacturer-supplied component failure
rates which underplay the effect of localized environmental stressors such as heavy tree canopies and localized
lightning profiles in real life applications. This demonstrates that using real field data to inform device
placement could lead to a 25.4% improvement in SAIFI, which is significantly greater than the 15-18%
improvements normally estimated from synthetic simulations [9], [11]. This difference highlights the need to
rely on localized empirical analysis rather than generic modeling and establishes with certainty that specific
engineering designs targeting the pre-identified weaknesses of a network will always outperform unguided,

systemic overhaul.
6. CONCLUSION

This empirical research manuscript provides extensive evidence through a case study to show that the optimal
synergy between distribution automation (DA) hardware deployment and focused vegetation management (VM)

can result in significant, statistically verified increases in the reliability metrics of a vibrating real-life urban
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electric power distribution system. This paper presented a detailed analysis of long-term outage records from
five major radial feeders in which a 25.4% reduction in System Average Interruption Frequency Index (SAIFI)
and an impressive increase of 31.8% drop provided by the System Average Interruption Duration Index
(SAIDI). The midpoint automated reclosers and remote-controlled sectionalizers technical deployment reduced
average fault isolation times by 72.6% by converting a long, manual restoration process into an instantaneous,
automated isolation sequence. ANOVA statistics validated that these reliability improvements were the direct
result of application of our engineered interventions versus random environment fluctuations. Moreover, the
modernization project was shown through a detailed cost-benefit analysis to have fully amortized the capital
cost in an extraordinary 1.5-year payback period due to avoided regulatory penalties and unserved energy losses.
In essence, these results connect theory and practice in a field-verified, highly scalable platform that electrical
distribution engineers can employ to systematically conduct capital investment optimization for both grid

resilience & compliance with modern reliability requirements.
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