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Abstract

This study presents an optimization strategy to improve the operation of electrical distribution networks by altering
their topology. The main goals were to reduce real power losses and improve service reliability. These objectives were
combined into a single objective using a weighted-sum approach. The study used two metaheuristic methods, namely,
the genetic algorithm (GA) and particle swarm optimization (PSO), to identify the best switching setups. To maintain
the network as radial and within operational limits, graph-theoretic connectivity rules, such as loop, common, and
prohibited branch vector rules, were applied. For each possible network layout, a sweep-based power-flow algorithm
computed the nodal voltages, branch currents, and total active losses. Reliability was measured using the minimal
cut set technique, and indices, such as SAIFI, SAIDI, and ENS, were calculated. The method was first tested on the
IEEE 33-bus network and then used on a real 43-bus, 11 kV feeder. The results show that PSO is more efficient than
GA, making it a practical choice for optimizing distribution systems.

Keywords :
Active power loss, Network Reconfiguration, Particle Swarm Optimization, System Average Interruption Frequency
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1 Introduction

Recently, researchers have explored various opti-
mization methods to improve electrical distribution
networks. These methods focus on reducing power
losses, improving voltage profiles, and increasing sys-
tem efficiency. Reconfiguring a distribution network
is particularly popular because it can improve per-
formance without major infrastructure changes. By
selecting the appropriate switches to open or close,
the network can operate more efficiently.[1] How-
ever, determining the optimal switch configuration
is challenging in large systems because of the nu-
merous possible combinations. Therefore, advanced
optimization techniques are required to address this
challenge. |2, 3]
Genetic algorithms (GAs) and particle swarm opti-
mization (PSO) are two popular optimization meth-
ods used in power systems. GAs work by mimicking
Authors® Affiliations natural selection, in which solutions are improved
through selection, crossover, and mutation. This
helps the algorithm search widely and avoid becom-
ing stuck in local optima. PSO is inspired by the
motion of birds and fish in groups. In PSO, each
particle is a possible solution that learns from its
neighbors, which helps the algorithm find good so-
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distribution networks.[4]

In this study, GA and PSO were used to determine
the optimal switch settings while maintaining the
radial topology of the distribution network.[5] The
process uses rules from graph theory and the branch
exchange method to ensure that the network re-
mains radial and practical. A load-flow analysis was
performed using the backward-forward sweep (BFS)
method, which is common for radial systems because
it is simple and efficient.|6] The results of the load-
flow analysis were used to measure key indicators,
such as the total power loss, bus voltage, and branch
current.[7] The approach was tested on two distri-
bution systems. The former is the standard IEEE
33-bus radial system, often used to verify optimiza-
tion methods. The latter is a real distribution feeder
from the Biratnagar Distribution Center of the Nepal
Electricity Authority (NEA) (Figure 1). Testing
both standard and real systems demonstrates the
performance of the method in practice.|5, 6]

The optimized results were compared with the orig-
inal network to determine the extent of the perfor-
mance improvement. The comparison examined loss
reduction, improved voltage profiles, and overall ef-
ficiency. These findings demonstrate that GA and
PSO are highly effective for reconfiguring distribu-
tion networks and can assist power utilities in se-
lecting appropriate optimization methods to improve
their systems.

2 Materials and Methods

This section describes the framework used to anal-
yses and optimize the reconfiguration of a radial
distribution network. The study considers a stan-
dard test system with complete data for the line pa-
rameters, load demand, and reliability indices. A
power flow analysis is performed for different switch-
ing configurations to verify that the operating con-
ditions satisfy the voltage and current limits. The
reconfiguration problem was formulated as a multi-
objective optimization problem. The objectives were
to minimize the total active power loss and improve
system reliability. The reliability performance was
evaluated using the system average interruption fre-
quency index (SAIFI). Both objectives were com-
bined using a weighted objective function. Meta-
heuristic optimization techniques implemented in
MATLAB were used to search for the optimal switch
configuration.|8|

2.1 Problem formulation for network re-
configuration

Network reconfiguration can be treated as a single-
or multi-objective optimization problem. In the
single-objective case, only one performance indica-
tor, such as power loss or reliability, is minimized.
In the multi-objective case, more than one objective
is considered simultaneously.|6]

2.1.1 Single-Objective Function Formula-
tion

The system performance can be improved by min-

imizing either the total active power loss or SAIFI

reliability index.

a. Total active power loss

The total power loss in a distribution system is cal-
culated as follows:

N N
OF1=PT=3Y" > RyI} (1)

i=1 j=i+1

Where, R;; = branch resistance (2)
I;; = branch current (A)
N = number of nodes

b. System Average Interruption Frequency
Index (SAIFI):

The SAIFI measures the average number of inter-
ruptions experienced by customers in a year. It is
calculated as

Z)\i N;
>N

Where: A = failure rate at
i(interruptions/year)

OF, = SAIFI = (2)

load point

N, number of customers connected to load point 7.

2.1.2 Multi-Objective Function Formulation

In this study, both objectives were given equal im-
portance using equal weighting factors. The com-
bined objective function is expressed as

in F () K, if the configuration not feasible,
min F(z) =
w1 OF1 4 wy OF2, feasible.
(3)

Subject to:
e Radiality constraints,
e Bus voltage constraints,
e Feeder current limitations,
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where v; is the voltage at bus 7 and I; is the feeder
current in branch 1.
The objective function incorporates the following
components.
e Pr: Total active power loss in the distribution
system, W.
e SAIFI: System average interruption frequency
index.
e K : A large penalty value applied when a switch
configuration is infeasible.
e wi, wo are the weights assigned to the two ob-
jective functions.

2.2 Backward-Forward Sweep Load Flow
Method

The backward-forward sweep (BFS) method is
widely used for radial distribution networks because
it is simple, efficient, and avoids the complex matrix
inversions required in conventional Newton-Raphson
methods. It calculates the bus voltages, branch cur-
rents, and power losses iteratively |? |.

A radial network is one in which each node is con-
nected by only one path to the substation, forming
a tree-like structure. BFS works in two main steps:
backward and forward sweeps. A simple three-bus
system is shown in Figure 1.

Backward-Forward Sweep Method

Forward Sweep
(Voltage Update)

Backward Sweep
(Current Calculation)

Bus 1 Bus 2 Bus 3
Vs [ 11, R X4 R [2,Ra, Xz !:}_\/LP,S,Q3

é L’z- Q L’sv Q© lps- Q

Vo= Vi= 1 (R +jXy)

Figure 1: Simple three-bus radial system

Step 1. All bus voltages are initialized (usually set
to 1.0 p.u.).

Step 2. Backward Sweep

Perform Backward Sweep to compute the branch
currents. In the backward sweep, the branch cur-
rents are calculated starting from the end nodes
(leaves) towards the substation (root) using the load
at each node. For branch j supplying node ms:

I[J']Zp(mﬂ/;n;(fmﬂvL STk (4)

downstream

Where:
e [j = branch current (complex),
e Pmo, (Qmsy = active and reactive power at the
receiving node ma,
e Vmy* = complex conjugate of node voltage at
ma,
® > downstream 1k = sum of currents from all down-
stream branches.
Step 3. Forward Sweep
Perform Forward Sweep to update node voltages. In
the forward sweep, bus voltages are updated from
the substation to the end nodes using the calculated
branch currents:

[Vma| = [Vimy — I[5] (r[5] + j=[4])] (5)
Where:

e Vm; = voltage at the sending node (upstream
bus),

e Rj, Xj = resistance and reactance of branch j,

e [; — branch current calculated in the backward
sweep.

Step 4. Check convergence:
|[Vnew i — Vold i| < e (6)

Step 5. Total Power Loss:

N N
Pr=>Y > Ryx*I; (7)

i=1 j=i+1

The total power loss of the system is the sum of
the branch power losses. The voltage and the power
loss formulae, as mentioned above, are subject to the
following constraints:

e Bus voltage constraints, Vinin < V; < Vipax,

e Feeder current limitations, I; < Inax

2.3 Methodologies for Reliability Evalu-
ation

This study employs an analytical reliability evalu-
ation based on the minimal cut set technique to
estimate both load-point reliability and overall sys-
tem unreliability. The System Average Interruption
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Frequency Index (SAIFI) is adopted as the primary
customer-oriented indicator of service continuity. In
addition, the overall system performance was as-
sessed using other standard reliability measures, in-
cluding the System Average Interruption Duration
Index (SAIDI), Average Service Availability Index
(ASAI), and Average Energy Not Supplied (AENS).

2.3.1 Computation of Load-Point Reliability

Indices

Three basic load-point reliability parameters are
used to determine the overall reliability performance
of a radial distribution system (RDS) [? |.

(a) Average number of outages experienced
by a load point per year i, \;:

A=) Ay (8)

jENe

where:

Ne = set of all elements whose failure will interrupt
load point ¢

Ae,j = failure rate of element j (failures/year).

(b) Average annual outage duration at load
point i, U; (h/year): This indicates the total ex-
pected outage time experienced at load point iii, per
year:

U= Aejrij (9)

jENe

where 7; ; = repair time (outage duration) at load
point ¢ due to the failure of element j (hours).

c) Average outage duration at load point i, r;
(h): This is the average duration at load point i.

UZ‘
i = — 1
" i (10)

In general, the reliability of a distribution system is
evaluated by examining the frequency of long inter-
ruptions and the number of affected customers. The
following indices are used to measure the sustained
interruption performance in a radial distribution sys-

SAIDI =

Sum of total customer interruption durations

Total number of customers served
Y UiN;
> Ni

(hours/customer-year)
(11)

IT. SAIFI (System Average Interruption Fre-
quency Index): The average number of interrup-
tions per customer:

SAIFI — Total number of customer interruptions

Total number of customers served
YN,
>N

(interruptions/customer-year)
(12)

III. CAIDI (Customer Average Interruption
Duration Index): The average duration of an in-
terruption for the affected customers:

Sum of customer interruption durations

CAIDI =
Total number of customers interrupted
= 72 v (hr)
> AilV;

(13)

IV. ASAI (Average Service Availability In-
dex): The ratio of available service hours to de-
manded hours:

ASAT — Total number of hours availability

Total demanded hours

S(8760 N; — U; N;)
- P.U.
S 8760 N; (P-U)

(14)

V. AENS (Average Energy Not Supplied):
The average energy not supplied per affected cus-
tomer:

Total energy not supplied (ENS)

AENS =
tem (RDS): Total number of customers served
I. SAIDI (System Average Interruption Du- > LaUs MW
ration Index): The average total duration of inter- DS N, ( 1/customer-year)
ruptions per customer: (15)
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2.4 Feasibility of Network Reconfigura-
tion

Reconfiguring a distribution network is challenging
because of the vast number of possible switch com-
binations, which makes exhaustive load flow analy-
sis impractical. To overcome this, efficient methods
such as the Branch Exchange Method and the Se-
quential Switch Opening Method have been devel-
oped. In this study, the Branch Exchange Method is
employed to maintain a radial network while ensur-
ing all loads remain supplied. To prevent infeasible
configurations, such as isolated nodes, loop vectors,
common branch vectors, and prohibited group vec-
tors [7] are used to guide tie switch selection. Specific
rules are applied to avoid node isolation and reduce
the search space, enhancing the efficiency of the re-
configuration process while achieving objectives such
as loss reduction and reliability improvement.

2.5 Methods for Solving the Optimiza-
tion Problem

This study applies Genetic Algorithm (GA) and
Particle Swarm Optimization (PSO) to determine
the optimal network configuration, aiming to reduce
power losses and improve system reliability.

2.5.1 GA Approach

The genetic Algorithm (GA) is a population-based
optimization technique inspired by the principles of
natural evolution. It begins with an initial pop-
ulation of solutions that are iteratively improved
through crossover and mutation operations. Elitism
is used to preserve the best solutions in each gen-
eration. These operations are applied repeatedly in
successive generations to create progressively better
populations than

the previous generation. The overall GA process is
shown in Figure 2[? |.

2.5.2 PSO Approach

Particle swarm optimization (PSO) is inspired by
the collective foraging behavior of birds and fish.
In PSO, each particle represents a potential solu-
tion characterized by its position (xi) and velocity
(vi). A group of particles, known as a swarm, ex-
plores the search space to identify optimal solutions.
In this study, each particle encodes the switch con-
figuration as a binary vector. The position of each
particle is updated based on its previous experience,
the best solution found by the swarm, and its cur-
rent velocity. The update process is governed by the
following equation:

vf“ = w-vf—i—cl.rl(pf —xf) +02.7”2(9f —ﬂff) (7)

bt = b it (8)

)

In these equations, w represents the inertia weight,
cl and c2 are acceleration coefficients, and rl and
r2 are random numbers between 0 and 1. The term
pi(k) denotes the best position achieved by an indi-
vidual particle, and gi(k) represents the best position
found by the entire swarm. The complete computa-
tional procedure is summarized in the flowchart in
Figure 3.

Start

b 4
Read system data
Define loop vectors, common branch vectors,
prohibited group vectors, CR, MR, etc.

v
Initialization using heuristics
>
v
»| Selection of parents ‘
Modified Crossover

v
| Crossover |
v

v Any rule violaw(..i? 5 Y 2
Correction using loop vectors,
common branch vectors &
N prohibited group vectors
-
v
No. of crossover < CR?
N N
>
» Mutation |
v Modified Mutation
v - Any rule violated? - h g

b 4

Correction using loop vectors,
common branch vectors &

N ===
prohibited group vectors

h 4
No. of mutations < AMR?
N
v
Perform load flow, apply constraints,
cvaluate fitness.

v
Elitism

v
Is
termination criteria
Satisfied
97

Y
v
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Figure 2: Network reconfiguration by Genetic algo-
rithm optimization (GA) approach
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|Compute component reliabi.lity|
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v
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:

Compute objective |

v
Update position and velocity of
particles in PSO

e

| Optimal switch configuration |

Figure 3: Network Reconfiguration by Particle
swarm optimization approach.

|Modiﬁed branch data|

3 Simulation Result

The effectiveness of the proposed reconfiguration ap-
proach was assessed by comparing the system per-
formance between the original network (base case)
and the optimized configuration obtained using both
Genetic Algorithm (GA) and particle swarm opti-
mization (PSO). A MATLAB program was devel-
oped to implement the optimization procedure for
the distribution network reconfiguration. The pro-

this radial distribution system (RDS) are detailed in
Table 1.

Table 1: Bus Data for IEEE-33 Bus Radial Distri-
bution System

Parameter Value
Base voltage (kV) 12.66
Number of nodes 33
Branches 32
Number of tie lines 5
Total active load 3715
(kW)

Total reactive load 2300
(kvar)

Tie lines available 33, 34, 35, 36, 37

Figure 4: Single line diagram for IEEE 33 bus radial
distribution system.

3.1.1 Base Case Results
The baseline performance of the IEEE 33-bus system
was assessed by calculating the initial power loss,
voltage profile, and key reliability indices. The re-
sults are presented in Table 2.

Table 2: Base Case Results for IEEE 33-Bus Distri-
bution System

posed methodology was tested on the IEEE 33-bus Parameter Value
radial sy.ste@ ar'ld the 43-bus feeder from the Birat- Active Power Loss 211.00 kW
nagar Distribution Center of NEA. Minimum Voltage 0.9038 p.u.
3.1 IEEE 33-Bus Test System System Unreliability 0.001392
The analysis in this study employed the IEEE 33-bus SAIFI 2.'0918 mterrup-
o . tions/customer /year
test network, which is a common benchmark for dis-
_— . . . SAIDI 2.0748
tribution system studies. This network, illustrated
- . : hours/customer /year
in Figure 4, comprises 33 buses interconnected by 37
. CAIDI 0.9919
branches. Standard line and bus parameters, refer- . .
. . hours/interruption
enced from sources [9, 10], were utilized in the model.
. : ASAI 0.999763
In this configuration, every bus serves as a load con- AENS 3.69
nection point, except for the substation located at kWh Jeustomer /year
bus 1. The standard nominal data for each bus in Y
Enhancements of Distribution System ... Bista et al. 25
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3.1.2 Active Power Loss Reduction as the

Optimization Objective
For the single-objective case focused solely on mini-
mizing active power loss (w1 = 1, wy = 0), the GA
and PSO converged on the same optimal topology:
open branches 7, 9, 14, 32, and 37. This configu-
ration achieved a power loss of 139.55 kW and im-
proved reliability, lowering the SAIFI to 1.8666 in-
terruptions/customer/year. However, PSO demon-
strated markedly faster computational performance,
reaching the solution in 10.79 s compared to GA’s
32.80 s. The outcomes are presented in Table 3 and
Figure 5.

3.1.3 System Average Frequency Interrup-
tion (SAIFI) as an Optimization Ob-
jective

To minimize only SAIFI (w3 = 0, we = 1), GA

and PSO found the same optimal network state

with open branches at 7, 10, 14, 17, and 27.

This state lowered the SAIFI to 1.7274 interrup-

tions/customer/year, increasing reliability at the ex-

pense of a higher power loss (150.35 kW). PSO
proved computationally faster, finding the solution
in 13.90 s, whereas GA required 28.76 s. The results

are presented in Table 4 and Figure 6.

3.1.4 Active Power Loss Reduction as the
Optimization Objective
For the single-objective case focused solely on mini-
mizing active power loss (wl=1, w2=0), the GA and
PSO converged on the same optimal topology: open
branches 7, 9, 14, 32, and 37. This configuration
achieved a power loss of 139.55 kW and improved
reliability, lowering the SAIFI to 1.8666 interrup-
tions/customer/year. However, PSO demonstrated
markedly faster computational performance, reach-
ing the solution in 10.79 s compared to GA’s 32.80
s, a difference of 38 iterations. The outcomes are
presented in Table 3 and Figure 5.

3.1.5 Minimization of both objective active
power losses and SAIFI.

In the bi-objective optimization scenario with equal
weighting (w1=0.5, w2=0.5), both the Genetic Algo-
rithm (GA) and particle swarm optimization (PSO)
converged to an identical Pareto-optimal configura-
tion, opening branches 7, 9, 14, 28, and 32. This con-
figuration yielded a balanced compromise, reducing
the active power loss to 139.98 kW and the SAIFI
index to 1.7559 interruptions per customer annu-
ally. These figures represent improvements of 33.66%

and 16.06%, respectively, compared to the base case.
This solution illustrates a fundamental tradeoff. The
earlier single-objective focus on power-loss minimiza-
tion achieved a slightly lower loss (139.55 kW) at the
expense of a higher SAIFI, indicating worse relia-
bility. Conversely, optimizing solely for SAIFI pro-
duced a better reliability index (1.7274) but required
the acceptance of higher power losses (150.35 kW).
The bi-objective result thus provides a practical mid-
dle ground, offering substantial gains in both met-
rics without the extremes of either a single-objective
outcome. Computationally, PSO maintained its ef-
ficiency advantage, converging in 13.73 s for this bi-
objective case, whereas GA required 25.38 s. The
complete comparative results are presented in Table
5, which demonstrates the compromise nature of the
multi-objective solution. Table 5. Comparison of al-
gorithm performance for the minimization of active
power loss and SAIFI criterion (with w1=0.5 and
w2=0.5).

For the bi-objective case, a broader set of perfor-
mance indices was evaluated to fully assess the im-
pact of network reconfiguration on the IEEE 33-bus
radial distribution system. This extended analysis
included the System Average Interruption Duration
Index (SAIDI), Unreliability, Average Service Avail-
ability Index (ASAI), and Average Energy Not Sup-
plied (AENS). The values of these indices, both be-
fore and after reconfiguration, are listed in Table
6 and illustrated in Figure 6. Furthermore, a di-
rect comparison between the base case and reconfig-
ured network is presented in Table 6 and visualized
in Figure 7, focusing on node voltage magnitudes
and branch-level power losses. The reconfiguration
led to a substantially improved voltage profile, with
the minimum bus voltage rising from 0.9038 p.u.
to 0.9413 p.u. at bus 18. This enhancement indi-
cates a more balanced and stable voltage distribution
throughout the system. Concurrently, the analysis of
branch power losses confirmed a notable reduction,
demonstrating that the optimal switching configu-
ration achieved a more efficient load sharing among
feeder sections.

3.2 NEA-43 bus radial distribution
feeder of Biratnagar Distribution
center

We further tested the practical viability of the pro-
posed technique by applying the reconfiguration al-
gorithm to an actual operational feeder, the NEA
43-bus system at the Biratnagar Distribution Centre
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Table 3: Comparison of Algorithm Performance for Active Power Loss Minimization

Optimization Open Branches Power Loss SAIFI Calculation Time
Approach (kW) (interruptions/customer /year) (s)

GA 7-9-14-32-37 139.55 1.8666 32.80

PSO 7-9-14-32-37 139.55 1.8666 10.79

Optimization Algorithm Performance Comparison

Convergence Comparison Computation Time Comparison

35

0.74

GA
PSO|

073} 1 0l
0.72

071 r

]
o

o]
(=]

0.7

o

069
0.68 .‘

067 -

Objective Function Value
Computation Time (seconds)

S

0.66 . - - ! 0
0 10 20 30 40 50 60 GA PSO

Iteration

Figure 5: Convergence characteristics of the GA and PSO for active power loss minimization.

Table 4: Comparison of Algorithm Performance for SAIFI Minimization

Optimization Open Branches Power Loss SAIFI Calculation Time
Approach (kW) (interruptions/customer/year) (s)

GA 7-10-14-17-27 150.35 1.7274 28.76

PSO 7-10-14-17-27 150.35 1.7274 13.90

Optimization Algorithm Performance Comparison
Convergence Comparison Computation Time Comparison

0.865 30

[—sGA |

—— PSO
0.86 - 1
25}

0.855

(5]
o

0.85}

0.845 -

0.84

Objective Function Value
=

Computation Time (seconds)
o

0.835 ¢

0831

0.825

0 10 20 30 40 50 60 GA PSO
Iteration

Figure 6: Convergence characteristics of the GA and PSO for the minimization of the SAIFI criterion.
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Table 5: Comparison of Algorithm Performance for Active Power Loss and SAIFI Minimization (w; = 0.5,
wo = 0.5)

Optimization Optimal Power Loss SAIFI Calculation
Approach Configuration (kW) (int./cust./yr.) Time (s)
GA 7-9-14-28-32 139.98 1.7559 25.38
PSO 7-9-14-28-32 139.98 1.7559 13.73

Table 6: Variation in the Performance Indices after Network Reconfiguration

Description Base Case After Reconfiguration % Reduction
(U)l = 0.5, Wy = 0.5)

SAIDI (hours/customer /year) 2.0748 1.4220 31.47%
Unreliability 0.001392 0.001095 21.37%
ASAT (p.u.) 0.999763 0.999838 31.47%
Minimum Voltage (p.u.) 0.9038 0.9413 38.99%
AENS (kWh/customer) 8.69 5.92 31.97%
Energy Loss per Year (kWh) 1823040 1209427.20 33.67%
Final Switch Open 33-34-35-36-37 7-9-14-28-32 -

Distribution System Reconfiguration: Before vs After Comparison

Node Voltages Comparison Branch Power Loss CL:nmpa[ison System Power Loss Comparison

60 250

200
—— Base Case
| =——m— After Reconfig |

0 10 20 30 5. 10 15 20 25 30 System PowerSystem Power Loss
Node Mumber Branch Number

g

B
o

]

=]

Voltage (pu)
8

Power Loss (kW)
L] w

S = =
Power Loss (KW)

— Base Case
—— Aftar Reconfig

=]
w
=]

(=]
=

o

Reliability Indices Comparison ASAIl and Unreliability Comparison

r

.
=]

35
8 ; || 0.8}
I Base Case =30
I Adter Reconfig =
o 6f o 08 : ! i £ 25
El ] I Base Case g 20
= ] I e Reconfig =
= = — E————— =
4k 04+ 215
[=8
£ 10
2 02t
in s .
ol . A . ol 0
SAIFI SAIDI AENS ASAl Unreliability

....................... [ PSR | ) RSO
R . N S i i
u_ ‘ : HEE TS HE 1|
3 i ; 3 40
kL H
1 2 3 4 15 1 8 7 8 9 10 il 12 13 14 % 16 17 ' 19 0 AN 12 B HN B 26 P E | - LA -
=  mmeesss==== Tie line a2
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H (43) T 3% ] source node R 47

1 Branch node

Figure 8: Bus Data for NEA-43 bus radial distribution system.

(see Figure 8). The necessary data, including gen-
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eral system information, line and bus parameters,
and customer counts per node, were sourced from
the utility and are compiled in Table 7.

To further inform the reliability analysis, monthly
tripping and shutdown records were obtained from
the Tanki substation. These data were used to de-
rive the feeder’s annual outage duration and failure
frequency. Subsequent calculations yielded specific
failure metrics: a failure rate of 3.75 failures per
kilometer per year and an annual outage duration
of 89.95 h for the 16-kilometer feeder section. These
computed values served as foundational inputs for
estimating load-point unavailability and calculating
customer-oriented reliability indices. For the scope
of this study, all other system components, including
transformers, circuit breakers, protective switches,
and connection nodes, were modelled as perfectly re-
liable to simplify the analysis.

3.2.1 Base Case Results

The base case results of the load flow and reliability
assessment using the cut-set approach are presented
in Table 8.

3.2.2 After network reconfiguration

A multi objective optimization study was conducted
on a 43-bus distribution network, simultaneously
targeting the minimization of active power loss and
the System Average Interruption Frequency Index
(SAIFI). The Particle Swarm Optimization (PSO)

Table 7: Bus Data for the NEA 43-Bus Radial Dis-
tribution System

Value

NEA Biratna-
gar Distribu-
tion Center
Total Number of 11 kV Feeders under 26

DCS

Description
DCS Name

Test Feeder Name 11 kV
Bhirkuti
Feeder

Length of Feeder 16 km

Base MVA 1000

Base kV 11 kV

Number of Buses 43

Number of Branches 42

Number of Tie Lines 5

Total Active Load 5000 kW

Total Reactive Load 1000 kvar

Tie Lines 43, 44, 45, 46,
and 47

Table 8: Base Case Results Summary

Parameter Base Case

Optimization Approach -
78.67

Power Loss (kW)
System Unreliability 0.255740
SAIFI
(interruptions/customer /year) 27.7750
SAIDI (hours/customer/year) 55.5500
CAIDI (hours/interruption) 2.0000
ASAT (p.u.) 0.993659
AENS (kWh/customer /year) 85.60
Minimum Voltage (p.u.) 0.9497
Final Switches Opened 43, 44, 45,
46, and 47

algorithm was employed for this purpose, with equal
weighting factors (w = 0.5 and w = 0.5) assigned to
balance both objectives.

The outcomes of network reconfiguration are pre-
sented in Table 3.8 and Figure 9, revealing substan-
tial enhancements in both technical and reliability
performance. Following optimization, the total real
power losses declined from 78.67 to 55.60 kW, mark-
ing a reduction of 29.32%. The system unreliabil-
ity was reduced by 35.88%, falling from 0.255740 to
0.163982. Key reliability metrics also showed major
improvement: SAIFI and SAIDI both decreased by
38.01%, indicating fewer and shorter customer inter-
ruption. Although the Customer Average Interrup-
tion Duration Index (CAIDI) remained unchanged,
the Average Service Availability Index (ASAI) in-
creased slightly from 0.993659 to 0.996069, reflect-
ing enhanced service continuity. Furthermore, the
Average Energy Not Supplied (AENS) improved by
35.07%, signifying a marked decrease in unmet en-
ergy demand. The system voltage profiles also im-
proved, with the minimum bus voltage increasing
from 0.9497 per unit to 0.9621 per unit, as shown
in Figure 10.

These gains were achieved through optimal adjust-
ment of the network layout. The set of open switches
changed from the initial configuration of 43, 44,
45, 46, 47 to an optimized set of 34, 36, 5, 24,
30, as illustrated in Figure 11. In summary, the
PSO-driven reconfiguration strategy successfully im-
proved the overall system efficiency, strengthened re-
liability, and promoted more effective distribution
network operation.
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Table 9: Variation in the Performance Indices for the 43-Bus Distribution System

Parameter Base Case

After Reconfiguration Improvement (%)

Optimization Approach -
78.67

Power Loss (kW)

System Unreliability 0.255740
SAIFI (interruptions/customer/year) 27.7750
SAIDI (hours/customer /year) 55.5500
CAIDI (hours/interruption) 2.0000
ASAI (p.w.) 0.993659
AENS (kWh/customer /year) 85.60
Minimum Voltage (p.u.) 0.9497

Final Switches Opened

43, 44, 45, 46, 47

PSO -
55.60 29.32
0.163982 35.88
17.2165 38.01
34.4331 38.01
2.0000 0.00
0.996069 0.25
55.58 35.07
0.9621 1.26

34, 36, 5, 24, 30 -

Distribution System Reconfiguration: Power Loss and Reliability Indices Analysis

Main Reliability Indices

ASAI and Unreliability

Total System Power Loss
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Figure 9: Performance indices before and after the reconfiguration.
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Figure 10: voltage profiles, before and after reconfiguration.

From the cash flow presented in Figure 12, the to-
tal initial investment for implementing the network
reconfiguration is estimated at Rs.17,95,600. Addi-
tionally, an annual operation and maintenance cost,

assumed to be 5% of the initial investment, is ex-
pected. The key financial feasibility indicators were
calculated. The results show that the investment is
highly attractive: the discounted payback period is
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Figure 11: NEA-43 bus RDS reconfiguration.
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Figure 12: cash flow diagram for the economic analysis.

approximately 3.71 years, the Internal Rate of Re-
turn (IRR) is 31.54%, and the Benefit-Cost Ratio
(B/C) is 1.88, which is greater than one. All three
metrics confirm the project’s viability.

3.3 Conclusion

This study presents a developed method for dis-
tribution network reconfiguration that simultane-
ously minimizes active power losses and the Sys-
tem Average Interruption Frequency Index (SAIFT).
The methodology evaluates both single- and dual-
objective optimization frameworks, comparing the
performance of Genetic Algorithm (GA) and particle
swarm optimization (PSO) techniques. The analy-
sis determined that the PSO algorithm, configured
with equal weighting for the two objectives, yielded
the most effective results.

The proposed approach was initially validated us-
ing the standard IEEE 33-bus test system and sub-
sequently applied to a practical 11 kV distribution
network from NEA Biratangar, confirming its ap-
plicability in real-world scenarios. The reconfigura-
tion yielded substantial performance gains, includ-
ing a significant reduction in active power losses,
enhanced reliability indices, and improved voltage

profiles. A decrease in SAIFI directly indicates a
lower frequency of customer interruption. Concur-
rent improvements in system downtime, unsupplied
energy, and annual energy losses further demonstrate
the comprehensive effectiveness of this method.

An economic assessment revealed a favorably short
discounted payback period, establishing the financial
viability of implementing the proposed reconfigura-
tion strategy. In conclusion, this study verified that
the developed technique offers a robust, reliable, and
cost-effective solution for enhancing the distribution
system performance.
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