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Feeders for Reliability Centered Maintenance in
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Abstract—With the limited availability of resources and time
in the power industry, condition-based maintenance schemes are
deemed effective to maintain the system desirable performance at
all times. In this context, reliability centered maintenance is the
key to strategically manage the assets in power grids enforcing
the performance metrics to be the system reliability indicators.
To this end and to most effectively allocate the maintenance time
and resources, the most critical components in the grid, i.e., those
needing maintenance the most with massive failure consequences,
should be first identified. This article proposes a new multicriteria
decision-making scheme to identify critical feeders in power dis-
tribution systems. Unlike the previous efforts which have focused
on techniques based on the analytical hierarchical process, a best-
worst method is employed in this article to prioritize the system
reliability criteria based on the experts’ knowledge and judgments.
The proposed approach can achieve a faster and more accurate
outcome in prioritizing the system criteria for maintenance. In
addition, fuzzy theory is utilized to address the prevailing uncer-
tainties in the experts’ judgments and decisions. Finally, TOPSIS
technique is employed to prioritize distribution feeders for future
inspection and maintenance allocation.

Index Terms—Best-worst method (BWM), critical feeders,
multicriteria decision-making (MCDM), power distribution
system, reliability centered maintenance (RCM).

I. INTRODUCTION

R ECENT reports have revealed that many large compa-
nies lose between 2% and 16% of their annual profits

due to the system downtime [1]. Maintenance strategies, if
effectively planned and timely performed, can enhance the
system reliability performance and prevent loss of turnover by
reducing the frequency and duration of system failures. Finding
the best maintenance strategy in the system has long been a
challenging concern. Reliability centered maintenance (RCM)
has been found an effective approach to manage the maintenance
priorities on some critical components, thereby characterizing a
trade-off between preventive and corrective maintenance actions
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with the focus on the reliability measures [2]. RCM potentially
results in higher reliability, quality, profitability, and productivity
of the system with reduced downtime [3].

Most failures in power grids occur in the distribution sec-
tor [4], where effective maintenance planning and scheduling
can significantly enhance system reliability and increase social
welfare. An RCM architecture for implementation in power
distribution systems can include three main stages [5], [6]. The
first stage is to identify and prioritize the system critical feeders
based on specific criteria. The second stage is to inspect the
critical feeders, identify the possible failure modes, and conduct
an analysis of their effects on the system performance. Clearly,
those failure modes with higher impacts on the components and
system performance should be prioritized for maintenance atten-
tion [7]. Finally, the third stage is to select the most effective and
economically attractive maintenance strategy via a cost-benefit
analysis.

Focusing primarily on the first stage, identifying the most
critical components in the system can recast as a decision-
making problem, which can be quantitatively or qualitatively
approached. Quantitative methods include mathematical repre-
sentation of the system model, complex evaluations, and in-
vestigation of the impacts of all components failures on the
system operation and performance [8]–[13]. Quantitative meth-
ods, however, may not be applicable to systems for which the
models are either extremely complex or are not completely
available [14]. Additionally, experts’ knowledge and opinions
are typically neglected in the quantitative assessments. On the
other hand, qualitative methods have been presented that can
effectively capture the experts’ knowledge and experiences in
a simple and understandable manner [15]. Hybrid qualitative–
quantitative methods have been also proposed in the literature for
decision-making on the available alternatives based on various
criteria [8]. Multicriteria decision-making (MCDM) is found as
the most effective decision-making paradigm, which assists ex-
perts and decision-makers to select the most critical alternatives
based on both quantitative and qualitative analyses [16].

Different classes of MCDM methods have been proposed
in the literature applied to problems in various domains. For
instance, the analytic hierarchy process (AHP) method was used
to evaluate building refurbishment in [17]; the integrated fuzzy
AHP (FAHP)-TOPSIS was applied for water loss management
in [18]; the analytic network process method was employed
for selecting sustainable suppliers in [19]; and the integrated
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best-worst method (BWM) and VIKOR technique were pre-
sented for prioritizing the airports in [20]. In power systems,
however, the application of MCDM methods has been observed
less focused, particularly in the development and implementa-
tion of the RCM plans. For instance, a framework based on the
theoretical reliability models integrated with the practical AHP
method was employed in [21] to identify the critical components
in power transmission systems for RCM implementation. In
[22], the DEMATEL method was employed to identify the opti-
mal electric vehicle stations by taking advantage of grey theory
to cope with the decision ambiguity. The uncertainty in experts’
judgment when conducting the pairwise comparisons was also
addressed by the fuzzy theory in two different problems: iden-
tification of critical components in power distribution systems
using FAHP [6] and evaluating the risk of the electric vehicle
charging infrastructure through fuzzy TOPSIS technique [23].
Overall, the AHP method was employed in the past literature
to identify the system critical components for RCM implemen-
tation in power systems. The BWM approach, newly proposed
in [24]–[26], can effectively offer higher accuracy in pairwise
comparisons in a shorter timeframe. This is achieved due to the
lower number of requisite pairwise comparisons between criteria
and an appropriate consistency ratio (CR) [24].

This article proposes a BWM-TOPSIS framework to identify
the critical feeders in power distribution systems. Criticality is
evaluated based on the reliability criteria, i.e., system average
interruption frequency index (SAIFI), system average interrup-
tion duration index (SAIDI), energy not supplied (ENS), and
the customer interruption cost (CIC). To this end, the reliability
criteria are first prioritized by the system decision-maker. The
feeders are then ranked with respect to the reliability weights.
In doing so, opinions of experts are sought in pairwise com-
parisons. Unlike previous studies, this article proposes a BWM
approach to prioritize the system criteria. In addition, fuzzy
BWM (FBWM) is employed to capture the uncertainties in
the pairwise comparisons between criteria, and the results are
compared with the conventional BWM. Finally, the weights are
utilized to prioritize distribution feeders through the TOPSIS
approach, and sensitivity analysis is performed to verify the
robustness of the analytics. The feeder prioritization results are
compared with AHP and FAHP methods to demonstrate the
validity and effectiveness of the proposed framework.

The rest of this article is structured as follows. In Section II,
the applications of BWM, FBWM, and TOPSIS methods are
presented. Section III is devoted to case studies and the numeri-
cal evaluations of the proposed methods. Sensitivity analysis is
presented in Section IV. Conclusions are eventually drawn in
Section V.

II. PROPOSED APPROACH TO CRITICAL FEEDER

IDENTIFICATION

MCDM methods are employed in this article to identify the
critical feeders in power distribution systems. MCDM tech-
niques provide a platform for decision-makers to apply their
knowledge and experience in order to choose the optimal alter-
natives with respect to specific criteria. Accordingly, a critical
task for the decision-makers is to perform precise pairwise

Fig. 1. Flowchart of the proposed feeder prioritization approach.

TABLE I
LINGUISTIC TABLE FOR PAIRWISE COMPARISONS

comparisons between a series of decision criteria [16]. As shown
in Fig. 1, the BWM technique is applied in this article to achieve
the optimal weights for system criteria according to the pairwise
comparisons received from the electric utility experts. Accord-
ingly, the feeders are prioritized through the TOPSIS technique
[27]–[30]. Details of the proposed approach are described in the
following.

A. BWM

The BWM method, developed for the first time by J. Rezaei,
in 2015, is the latest MCDM technique and is founded based
on pairwise comparisons. The experts should implement pair-
wise comparisons between the decision criteria based on their
experiences and opinions according to the linguistic table shown
in Table I. In general, the implementation of the BWM method
includes five main steps as follows [24]–[26].

Step 1. Definition of the criteria for feeder prioritization.
A set of criteria c = {c1, c2, . . . , cn} is determined for

decision-making. The criteria can be the system reliability in-
dices such as {SAIFI (c1), SAIDI (c2), ENS (c3), and CIC (c4)}.

Step 2. Selecting the best (most important) criterion and
the worst (least important) criterion by each expert.
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Step 3. Pairwise comparisons of the best criterion with
respect to the other criteria.

Each expert performs pairwise comparisons based on the
Saaty scale [31] shown in Table I. The achieved vector would be
AB = (aB1, . . . , aBn), where aBj demonstrates the privilege
of the best criterion against the other criteria.

Step 4. Pairwise comparisons of the other criteria and the
worst criterion.

Each expert compares all criteria against the worst criterion
according to the linguistic Table I. The obtained vector can be
AW = (a1W , . . . , anW )T , where ajW shows the merits of the
other criteria against the worst criterion.

Step 5. Assessment of the optimal weights for the criteria.
The weights of the decision criteria are assessed based on the

following nonlinear optimization procedure [24]:⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

minmaxj

{∣∣∣ wB

wj
− aBj

∣∣∣ , ∣∣∣ wj

wW
− ajW

∣∣∣ }
S.t.∑

j wj = 1

wj ≥ 0, for all j= 1, 2, . . . , n.

(1)

According to (1), the maximum absolute difference between
the weight ratios and the number of pairwise comparisons should
be minimized. Equation (1) can also be rewritten as follows:⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

min ξ

S.t.∣∣∣ wB

wj
− aBj

∣∣∣ ≤ ξ, for all j∣∣∣ wj

wW
− ajW

∣∣∣ ≤ ξ, for all j∑
j wj = 1

wj ≥ 0, for all j= 1, 2, . . . , n.

(2)

In some cases, particularly when the number of criteria is more
than three, the multioptimality solution is a challenge. Hence,
the above nonlinear equation can be linearized [25] to achieve a
single optimal solution as follows:⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

min ξL

S.t.∣∣ wB − aBjwj | ≤ ξL, for all j∣∣ wj − ajWwW | ≤ ξL, for all j∑
j wj = 1

wj ≥ 0, for all j= 1, 2, . . . , n.

(3)

By solving the above problems, the optimal
weights(w∗

1, w∗
2, . . . , w∗

n) for decision criteria are obtained.

B. Fuzzy BWM

In some cases, experts and decision-makers cannot overcome
vagueness, subjectiveness, and uncertainty when conducting
the pairwise comparisons. Therefore, the FBWM method is
used to eliminate the ambiguity and enhance the accuracy. The
major difference between the BWM and FBWM is in using
fuzzy numbers for pairwise comparisons. Each triangular fuzzy
number (l, m, u) includes lower-bound (l), middle-bound (m),

TABLE II
TRIANGULAR FUZZY SCALE FOR PAIRWISE COMPARISONS

and upper-bound (u). Hence, Table II can be used to cover
a wider range of experts’ insight for pairwise comparisons.
The membership function of the triangular fuzzy numbers is
displayed as follows [32]:

μN (x) =

⎧⎪⎨
⎪⎩

x−l
m−l , l ≤ x ≤ m
u−x
u−m , m ≤ x ≤ u

0, otherwise.

(4)

1) Fuzzy Rules Definition: If A = (l1, m1, u1) and B =
(l2, m2, u2) are two triangular fuzzy numbers, the fuzzy arith-
metic operators are [32]

Addition:

A⊕B = (l1 + l2,m1 +m2, u1 + u2). (5)

Subtraction:

A � B = (l1 − u2,m1 −m2, u1 − l2). (6)

Multiplication:

A⊗B = (l1l2,m1m2, u1u2). (7)

Inverse:

A−1 =

(
1

u1
,
1

m1
,
1

l1

)
. (8)

Equation (2) is fuzzified in line with [26] as follows:⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

min ξ̃∗

S.t.

ξ̃∗ = (k∗, k∗, k∗)∣∣∣∣ (lwB ,mw
B ,uw

B)
(lwj ,mw

j ,uw
j )

− (lBj ,mBj , uBj)

∣∣∣∣ ≤ (k∗, k∗, k∗)∣∣∣∣ (lwj ,mw
j ,uw

j )
(lwW ,mw

W ,uw
W )

− (ljW ,mjW , ujW )

∣∣∣∣ ≤ (k∗, k∗, k∗)∑n
j=1 R (w̃j) = 1

lwj ≤ mw
j ≤ uw

j

lwj ≥ 0

j = 1, 2, . . . , n.

(9)

The solution to (9) will result in the optimal fuzzy
weights(w̃∗

1, w̃
∗
2, . . . , w̃∗

n), where w̃∗
n are fuzzy weights. Equa-

tion (10) is used to convert the fuzzy weights into crisp
weights(w∗

n). The crisp weight is obtained by the following
equation, which is the graded mean integration representation
of the fuzzy weights [26]

R (w̃j) =
(lj + 4mj + uj)

6
for j = 1, 2, . . . , n. (10)
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TABLE III
VALUES OF THE CONSISTENCY INDEX BASED ON EACH FUZZY NUMBER

FOR FBWM

2) Consistency Ratio Definition: Varying in a range between
0 and 1, CR represents the reliability of the achieved weights. A
zero value for CR corresponds to completely reliable weights,
while a CR = 1 shows the full inconsistency in the pairwise
comparisons. Rezaei [24] and Sen and Haoran [26] demon-
strated that the CR metric should be assessed for nonlinear
and FBWM, while ξl in (3) directly reflects the value of CR
for linear types [25]. As the linear BWM is employed here in
the case studies, only the procedure to assess the CR in the
fuzzy problem is described. The pairwise comparison is fully
consistent if ãBj × ãjW = ãBW ; otherwise, an inconsistency
will be reported. Hence, when both ãBj and ãjW are equal to
ãBW , the greatest inconsistency is resulted. Consistency index
(CI) for FBWM is assessed by solving (11) [26]

(CI)2 − (1 + 2uBW )× CI +
(
u2
BW − uBW

)
= 0 (11)

where uBW is the upper bound of the maximum ãBW =
(lBW , mBW , uBW ), which is used in the pairwise compar-
isons. CI is assessed based on (11), and the results are illustrated
in Table III for each fuzzy number. Finally, the CR index is
calculated by

CR =
ξ∗

CI
(12)

where ξ∗ is the crisp value of ξ̃∗ = (k∗, k∗, k∗) which is found
by solving the optimization (9).

C. Topsis

The TOPSIS technique is an MCDM approach that is used
for prioritizing the distribution feeders with respect to the given
criteria. A decision matrix is defined here as presented in (13)

a1
...

am

⎛
⎜⎜⎝

x11 . . . x1n

...
. . .

...

xm1 · · · xmn

⎞
⎟⎟⎠

c1 . . . cn

(13)

where {a1, . . . , am} is a set of feeders and {c1, . . . , cn} is a
set of criteria; xij shows the score corresponding to feeder i with
respect to criterion j. The TOPSIS technique consists of six steps
[27]–[30] that are summarized as follows.

Step 1. Organize the decision matrix.
Step 2. Normalize the decision matrix through (14).

rij =
xij√∑m
i=1 x

2
ij

with i = 1, . . . ,m and j = 1, . . . , n

(14)

Step 3. Establish the weighted normalized decision matrix
by multiplying the weights obtained from BWM or FBWM
by normalized matrix achieved in Step 2.

pij = wj × rij (15)

Step 4. Determine the positive and negative ideal solutions.
The type of criteria should be specified first and the ideal

solution is then determined. While the benefit criterion (J1)
refers to those that experts are eager to enhance (e.g., quality),
cost criterion (J2) refers to those criteria that the experts are eager
to decline (e.g., cost). If p+j and p−j are, respectively, positive and
negative ideal solutions, therefore

p+j = (max pij if j ∈ J1; min pij if j ∈ J2) (16)

p−j = (min pij if j ∈ J1; max pij if j ∈ J2) . (17)

Step 5. Evaluate the Euclidean distances as follows:⎧⎨
⎩

S+
i =

(∑(
pij − p+j

)2)0.5

S−
i =

(∑(
pij − p−j

)2)0.5 (18)

where S+
i is the distance of feeders from the positive

ideal solution, and S−
i is that from the negative ideal

solution. Hence, the feeder with the shortest distance from
the positive ideal and the longest from the negative ideal
will have the best qualification. In order to determine the
critical feeders, the process is reversed.
Step 6. Evaluate the relative closeness for each feeder to
the ideal solution and prioritize them based on (19)

di =
S−
i

S+
i + S−

i

. (19)

In this step, the value of closeness to the positive ideal
solution is measured. The highest value of di corresponds
to the feeder with the best condition, while the lowest value
is associated with the most critical feeder which initially
requires inspection. Thus, the criticality list is derived by
sorting the feeders from the lower to higher di values.

III. REAL CASE STUDY

In this section, the presented methods are applied to a real
power distribution system in order to determine the critical feed-
ers for maintenance. As shown in Fig. 1, the weights for criteria
are first assessed through BWM and FBWM; the results are next
compared through the CR index; and finally, the more accurate
weights are used to sort 20 feeders through an application of the
TOPSIS technique.

A. Weight Evaluation for Decision Criteria

Here, the results derived from the fuzzy and conventional
BWM methods are compared, and the results with weights
corresponding to lower CR are applied for sorting 20 feeders.
The following four reliability criteria are considered to identify
and prioritize the critical feeders [33].
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1) SAIFI: One very commonly used reliability index in power
distribution systems is the failure rate of the load points,
indicating the number of failures in a given period of
time. Accordingly, SAIFI can be assessed as a customer-
oriented reliability index that indicates the average failure
rates for each customer in a year. Increasing failure rates
can reflect the deterioration level of a feeder. As a result,
a higher SAIFI represents a more critical feeder

SAIFI =

n∑
i=1

λiNi

/
n∑

i=1

Ni (20)

where λi is the failure rate and Ni is the number of
customers in load point i.

2) SAIDI: Outage duration is defined as the period of time the
feeder has failed or load curtailment has occurred. SAIDI
is a reliability indicator that indicates the average outage
duration for each customer in a year. The longer outage
duration will result in a higher SAIDI. Consequently, the
feeder with a higher SAIDI is recognized as a more critical
feeder for maintenance and resource allocation

SAIDI =

n∑
i=1

UiNi

/
n∑

i=1

Ni (21)

where Ui is the annual outage time of load point i.
3) ENS: It is a reliability indicator that measures the amount

of ENS (MWh) due to the failures or outages in a feeder.
It is apparent that the ENS is derived from the outage
duration and failure rate. As a result, a feeder with a higher
ENS is found more critical for maintenance

ENS =
∑
i

LiUi (22)

where Li is the average demand at load point i.
4) CIC: It is a monetary indicator that represents the value

of electricity that is not supplied due to the outages. The
value of the electricity outage varies based on the type of
customers (e.g., residential, commercial, and industrial).
The feeder with a higher CIC is considered with higher
priority for maintenance planning and scheduling

CIC =
∑
i

ENSi ×VOLLi (23)

where ENSi is the ENS (MWh/year) and VOLLi

($/MWh) is the value of lost load at load point i.
Pairwise comparisons are made between the criteria with

respect to the views and experiences of six experts. The best and
the worst criteria are determined by each expert. Tables IV and
V, respectively, show the importance of the best criterion against
other criteria and the importance of other criteria over the worst
criterion from each expert’s perspective. For instance, according
to the viewpoint of expert 1, ENS is very strongly important
compared to SAIFI, according to the definition presented in
Table I. The linear BWM is applied, the results of which are
derived in (3) and tabulated in Table VI. The results demonstrate
that the ENS with a weight of 0.46 and CIC with a weight of
0.14 are, respectively, the most and the least important decision
criteria.

TABLE IV
PAIRWISE COMPARISONS BETWEEN THE BEST CRITERION OVER

OTHER CRITERIA

TABLE V
PAIRWISE COMPARISONS BETWEEN OTHER CRITERIA OVER THE WORST ONE

Application of BWM method has three main advantages over
the other state-of-the-art weight assessment methods such as
AHP. Fewer numbers of pairwise comparisons, higher con-
sistency, and the use of integer numbers solely for making
easier comparisons are the main advantages, which have been
verified in [24]. While 2n− 3 number of pairwise comparisons
are required in BWM, a total of n(n− 1)/2 comparisons are
performed in AHP, where n is the number of criteria. This
reduction in the number of comparisons, especially when the
number of criteria is high, leads to a more consistent CR in BWM
than AHP [24]. In order to illustrate the advantages of BWM
against the AHP method, our experts are asked to make pairwise
comparisons between the criteria based on the AHP method.
Table VII shows the pairwise comparisons for the third expert
according to the AHP method, where the corresponding CR is
found 0.2. However, the CR of 0.2 violates the desired threshold
of 0.1 resulting in a compromised outcome with less accuracy
[31]. This indicates that the obtained results by AHP application
are not reliable in our case, and comparisons should be revised
which need more time and more experts’ collaboration. Table VI
shows that the CR of the third expert is found 0.065 when
the BWM method is applied, which indicates a more reliable
outcome in our studied application.

FBWM is applied to capture the uncertainties within the
pairwise comparisons. The Fuzzy numbers cover a larger scope
of experts’ viewpoints. Therefore, it can lead to more accurate
weights. Fuzzification is applied to each expert’s numbers based
on Table II. The fuzzy pairwise comparisons are demonstrated
in Tables VIII and IX. Table VIII shows the fuzzy pairwise
comparisons between the best criterion over the other crite-
ria. Similarly, Table IX shows the fuzzy pairwise comparisons
between other criteria over the worst one. Table X indicates
the obtained weights based on the insights from each expert.
Table XI shows the final mean weights obtained by FBWM,
where the ENS with a weight of 0.371 and CIC with a weight
of 0.187 are, respectively, rated as the best and worst criteria by
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TABLE VI
WEIGHT OF CRITERIA OBTAINED BY APPLYING THE LINEAR BWM

TABLE VII
PAIRWISE COMPARISON FOR THE THIRD EXPERT (AHP METHOD)

TABLE VIII
FUZZY PAIRWISE COMPARISONS BETWEEN THE BEST CRITERION OVER OTHER CRITERIA

TABLE IX
FUZZY PAIRWISE COMPARISONS BETWEEN OTHER CRITERIA OVER THE WORST ONE

TABLE X
WEIGHT OF CRITERIA OBTAINED BY FBWM FOR EACH EXPERT

all experts. Results derived from BWM and FBWM techniques
demonstrate the CR of 0.0922 and 0.048, respectively. Hence,
FBWM results in a lower CR, which indicates that the weights of
criteria are more accurate and reliable. Therefore, the weights
achieved from FBWM are employed to prioritize the critical
feeders through the TOPSIS method in the following.

B. Feeders Ranking

In this section, the TOPSIS technique is utilized to determine
and prioritize the critical feeders. The decision matrix including
the information from 20 feeders based on the defined criteria is
shown in Table XII. Weights derived from the FBWM technique
are multiplied by the normalized decision matrix to establish
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TABLE XI
FINAL MEAN WEIGHT OF CRITERIA DERIVED BY FBWM

TABLE XII
DECISION MATRIX

TABLE XIII
WEIGHTED NORMALIZED MATRIX

the weighted normalized matrix based on (15) as displayed in
Table XIII. All the four criteria are considered as the cost criteria,
since a higher value for such criteria results in lower system
performance. In other words, the feeders with higher values
of SAIFI, SAIDI, ENS, and CIC should be viewed as more

TABLE XIV
FEEDERS RANKING LIST: COMPARISONS OF BWM AND FBWM

critical feeders. According to (16) and (17), the minimum value
in each column of the weighted normalized matrix is determined
as p+j and the maximum value of each column is determined
as p−j . The Euclidean distances from the positive and negative
ideal solutions for each feeder are assessed based on (18). The
feeder with the least distance from the positive ideal and the
longest distance from the negative ideal solution is selected as
the best condition. Conversely, if the Euclidean distance of a
feeder from the positive ideal is longer and from the negative
ideal is shorter, that feeder will be more critical. Finally, feeders’
prioritization is done in the light of (19). While the highest
value of di corresponds to the feeder with the best condition,
the lowest di is associated with the most critical feeder, which
needs to be placed on the inspection and maintenance priority
list. Therefore, critical feeders should be ranked from the lowest
to the highest value of di, where the inspection should be started
with the lowest in the list.

The prioritization of critical feeders for both FBWM and
conventional BWM is shown in Table XIV. F12 is found the
most critical with the highest ENS, SAIFI, and almost SAIDI
indicators among other feeders for both fuzzy and conventional
BWM. Therefore, it should be placed first in the inspection
priority list. Similarly, F6 with a slightly different score occupies
the second priority in the list of the critical feeders, while F13
receives the best conditions among all feeders for both FBMW
and BWM. However, due to the difference weights assigned
to the decision criteria when using FBWM and BWM, the
feeder prioritization outcome is different for several feeders.
For example, while F9 is placed in priority #11 by weight
assessment through FBWM, it is located in position #9 in the
case of BWM application. This is because the weights of criteria
directly impact the priority of feeders. FBWM, which considers
the uncertainty of judgments and has lower CR, is recognized
as a more accurate weight assessment approach to achieve the
optimal critical ranking list.
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Fig. 2. Critical feeder ranking chart.

It is worthwhile to study the impacts of the criteria weights
on the feeder prioritization outcome. For instance, if the same
weights are assigned to all criteria, F7 will be found more critical
than F14. However, the proposed optimal criteria weighting
mechanism shows that F14 is more critical than F7, as presented
in Table XIV. Fig. 2 shows a chart of the prioritized feeders
based on the criticality values. Prioritization results are plotted
according to the proposed scheme. On the contrary, weights of
criteria are evaluated by AHP [31] and FAHP [34] methods and
feeders are finally ranked by the AHP method. The chart clearly
demonstrates that the criticality prioritization can change based
on various weights derived from different methods. For instance,
F12 is determined as the most critical feeder by FBWM and
BWM, while F1 is manifested as the most critical feeder in
FAHP and AHP framework. F13 is placed in the last priority by
the proposed method, while it is settled with a slight difference
in priority #19 when using the FAHP and AHP. F6 and F4 are
the only feeders with the same ranking in all methods. The most
changes in ranking results are between the proposed framework
and the weight assessment through both fuzzy and conventional
AHP. These ranking differences are primarily due to the follow-
ing two reasons: first, differences in weight assessment methods
mentioned in Section III-A and second, the discrepancies in
ranking evaluation methods. The results confirm that the criteria
weights play a key role in the final decision on the critical feeders.
Thus, the FBWM method, which well captures and manages
the uncertainty in the expert’s judgments and features a smaller
number of pairwise comparisons when compared against other
methods, is recommended for deriving more accurate weights
and, subsequently, finding the critical feeders more precisely.
In terms of prioritization, the TOPSIS method results in more
credible results than AHP. This is because TOPSIS considers
the distances between the ideal solutions, while AHP only relies
on pairwise comparisons and obtained weights.

IV. SENSITIVITY ANALYSIS

Sensitivity analysis is here performed to investigate the ro-
bustness of the feeders’ prioritization decisions with respect to
variations in criteria weights in line with the presented studies
in [7] and [35]. To this end, ENS weight is varied from 0.1 to
0.9 and weights of other criteria are also varied in proportion as

TABLE XV
CRITERIA WEIGHT CHANGES IN DIFFERENT RUNS

Fig. 3. Feeder prioritization for nine different weighting arrangements.

shown in Table XV. Fig. 3 indicates the feeder ranking based on
the variation of weights through the TOPSIS method. Results
present that for an ENS weight higher than 0.3, F12 is found as
the most critical feeder, and F13 and F5 are the least important
ones. If ENS weight changes to lower than 0.3, F12 would
rank second in the criticality list, and F13 would be the last.
The priority of feeders such as F9 may change significantly
with weights variations. Thus, the results indicate that feeders’
prioritization is relatively sensitive to the weights of criteria and
calls for mechanisms to accurately weigh the decision criteria.

V. CONCLUSION

In order to effectively cut the cost of repairs and prevent poten-
tial widespread power outages, asset management practices in
power systems should be performed with the proper allocation
of maintenance budget and resources to critical feeders. This
article proposed an MCDM framework to identify the critical
feeders in power distribution systems. The process included two
main steps: First, to determine the weights of criteria through
which decision-makers can identify critical feeders, and second,
prioritizing the feeders based on the weighted criteria and the
severity of feeders’ deterioration. SAIFI, SAIDI, ENS, and CIC
metrics of reliability were defined as the decision-making crite-
ria. Pairwise comparisons were performed by six experts and the
decision criteria were weighted through BWM. Moreover, the
FBWM was applied to overcome the prevailing uncertainty and
vagueness in pairwise comparisons. Numerical results indicated
that the CR obtained through the FBWM was lower than that
when using the conventional BWM, which in turn, resulted
in more reliable weights. The ENS and CIC were found the
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most and the least important criteria, respectively. Feeders were
prioritized with respect to the given criteria through the TOPSIS
technique in which F12 and F6 were identified as the most
critical feeders. F13 was also the feeder with the best condition
among all feeders and, therefore, was found less critical for
maintenance. As a result, F12 and F6 should be inspected first
to avoid the system shutdowns in the future. Sensitivity analysis
was applied to examine the effectiveness of the final decisions.
The results from the conducted sensitivity analysis verified that
the optimal weights of the decision criteria have an indispensable
role in finding the critical feeders.
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