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Abstract—In a deregulated power market, customers would have
more choices for their power service and the improvement of ser-
vice quality has become a challenge to power transmission and dis-
tribution companies. Distribution system reliability that was tra-
ditionally considered within the planning activities is now incorpo-
rated in the operational environment. This paper presents study
results of a multiobjective feeder operation optimization problem
that considers how to balance network efficiency, switching and
reliability costs in a distribution network. The proposed method
divides annual feeder load curve into multiperiods of load levels
and optimizes the feeder configurations for different load levels in
annual operation planning. Customer load profiles and seasonal
varying data of feeder section failure rates and customer inter-
ruption costs are considered. Numerical simulations demonstrate
the time-varying effects on the optimal distribution feeder config-
uration and operation costs. A binary particle swarm optimiza-
tion (BPSO) search is adopted to determine the feeder switching
schedule. Test results indicate that not considering time-varying ef-
fects and using only simplified fixed load and reliability parameters
could underestimate the total loss to the utility and its customers.

Index Terms—Customer interruption cost, distribution feeder
reconfiguration, distribution system operation, system loss, system
reliability.

I. INTRODUCTION

D ISTRIBUTION networks provide the final links between
the transmission systems and customers. Distribution net-

works are divided into subsystems of radial or loop feeders fitted
with a number of switches that are normally closed or opened.
Customers could be supplied from different substations or by
distributed power generations through different routes each with
different reliability records. These paths are characterized by
different mixtures of commercial, industrial and residential cus-
tomers who might impose time-varying load demands and dif-
ferent service reliability requirements.

Operation records have shown that most customer service
interruptions are due to failures in the distribution networks.
It is recognized that distribution network structure affects the
system operating efficiency and effective operations of the
service restoration. To improve service reliability, distribution
network reinforcements and automated switches are applied to
the distribution network, and many distribution applications,
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such as var planning, optimum switching/feeder reconfigura-
tion, and distribution state estimation, are gradually adopted in
distribution management systems (DMS) to improve reliability
and hence service to the electricity customers [1]–[3].

Many algorithms have been proposed to solve the feeder re-
configuration problems. To restructure primary feeders for loss
reduction, a simple formula which removes the need to conduct
many load flow studies was presented in [4] as a planning and/or
real-time control tool. Approximate power flow and loss reduc-
tion formula with varying degree of accuracy were developed
in [5] and [6] to aid the search for optimal feeder configuration.
These methods can also be applied to the load balancing prob-
lems. Using a basic current profile concept, the global optimality
condition of the problem and two solution algorithms were pre-
sented in [7] to determine the open switch positions for loss re-
duction. One is based on the uniformly distributed load model
and the other on the concentrated current (or power demand)
model. A two-stage solution methodology based on a modified
simulated annealing technique and -constraint method for gen-
eral multiobjective optimization problems was developed in [8].

A systematic method to derive the optimal short term and
long term switching planning for loss reduction was proposed in
[9], and a critical switch concept for feeder reconfiguration was
presented. Brown extended the use of feeder reconfiguration to
improve distribution network reliability [10]. A predictive re-
liability model was used to compute reliability indices and an
annealed local search algorithm was used to adjust switch po-
sitions. An interactive fuzzy algorithm and evolution program-
ming method were proposed to solve a multiobjective function
which includes minimum loss and switching operations with
good voltage quality and service reliability. Artificial neural net-
work, particle swarm optimization and heuristic methods were
also proposed for solving feeder reconfiguration and distribu-
tion operation problems [11]–[15]. PSO technique has shown
good potential applications in many problems although it seems
sensitive to the tuning of some weights or parameters. A new
meta-heuristic evolutionary self-adapting PSO was proposed in
[16] to incorporate the best features of evolution strategies and
the PSO technique.

Operational experiences have shown that many influences in
distribution operations, such as feeder node load profiles, feeder
section failure rates and service restoration times, switching
costs and system losses, have time-varying characteristics. To
enhance distribution service reliability and operation efficiency,
these factors should be considered in operation planning.
Time-sequential simulations techniques incorporating the
effects of weather conditions and restoration resources in
the reliability cost/worth evaluation of distribution systems
were presented in [17] and [18]. The study showed that the
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time-varying failure rate and restoration time strongly affect
the results of network reinforcement planning.

Balancing operation costs, network efficiency and cost of re-
liability is one of the important tasks for transmission and dis-
tribution companies under deregulated environment. In many
traditional feeder reconfiguration methods, fixed load and pa-
rameters were used for one snap shot optimization. To achieve
optimal network efficiency, switching operations can be exe-
cuted periodically according to seasonal load changes, relia-
bility records and costs of the network. In the meantime, it is
desirable to minimize the number of switching operations to re-
duce the possibility of switching surges and minimize operating
costs.

In this paper, a multiobjective sequential optimization
problem considering seasonal factors is formulated and a
feeder reconfiguration solution method is proposed. Reliability
costs in the system operational environment along with system
losses and switching operational costs are included. System
load level, customer sectors characteristics, seasonal switching
concept in operational practices, and reliability time-varying
models are used to determine critical switches and switching
times. The proposed solution procedure divides a whole year
daily average load curve of a service area into multiple load
level periods and determines the optimal feeder configurations
for each period. Customer load profiles and practical distribu-
tion system reliability data from outage management system
(OMS) are used. Load variations, starting from small changes
to only a few load levels for a year, are investigated and op-
timal feeder switching schedule is determined. While pseudo
chronological sequential simulation and its variants methods
may be excellent for distribution network planning purposes,
the proposed method would require less computational efforts
as compared to the sequential Monte Carlo method. Test results
presented in this paper show that using only simplified fixed
load and reliability parameters as have done in traditional
methods could underestimate the total loss to the utility and
customers as a whole.

II. TIME-VARYING MODELS

In many distribution systems, automatic and metering devices
are being installed to control and monitor the networks. Feeder
section loadings and interruption events occurring at the distri-
bution feeders over specific time periods are recorded and can
be used to analyze the time-varying effects of distribution feeder
reliability. System fault statistics have shown that failure rates
and durations have cyclical patterns due to seasonal/climatic and
social variations.

Customer interruption cost studies have shown time depen-
dence of costs, and a large portion of the incidents occur in
periods when the loads and interruption costs are high [19].
To make a realistic assessment of annual operation and ser-
vice reliability costs, the influence of these time dependent pat-
terns, including correlations, is investigated. Fig. 1 shows typ-
ical monthly peak loads of different types of feeders in a ser-
vice area and Table I lists the average failure rate of three types
of feeders during a year. It is shown that residential, commer-
cial and industrial feeder demands and their failure rates are
time varying. Various models with different complexities can

Fig. 1. Examples of monthly peak loads of different feeders.

TABLE I
RECORDED AVERAGE MONTHLY FAILURE RATES IN A LARGE

SERVICE AREA (NUMBER OF OUTAGES/MONTH)

Fig. 2. Daily load profiles of three typical customer sectors.

be used to include the time-varying effects. The models used in
this study are described in the following.

A. Feeder Section Load Model

Each feeder section has several load points and the equivalent
load of a section is obtained by summing individual loads within
the section. Considering typical customer daily load profiles (as
shown in Fig. 2), feeder/substation daily peak loads and pro-
portions of customer types at individual feeder sections, feeder
section load profiles can be established. The peak load for each
feeder section on day (or load level) d can be determined by

(1)

where and are the estimated section peak load
and the load weighting for day d, respectively. denotes the
average section load for customer type i that can be obtained by
using the data in the Customer Information System (CIS).
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B. Failure Rate Model

Historical data show that the failure rates of distribution
equipment vary with geographic location, weather and load
level. Recorded data, such as those listed in Table I, can be used
to estimate the failure rates with respect to system components
and feeder sections. In certain areas, operation experiences
have indicated a high correlation between failure rates and
feeder loadings. Thus, if seasonal outage data are incomplete,
the failure rate weighting factors can be determined based
on the correlations between failure rate and feeder section
loads. Section failure rates at one load level can be obtained by
multiplying the average failure rate with the time dependent
weighting factors. It can be expressed as

(2)

where and are the average failure rate (failure/km)
and failure rate of day (or load level) , respectively.
is the failure rate weighting for day (or load level) .

C. Customer Interruption Cost Model

The average customer interruption costs (CIC) for industrial,
commercial and residential customers have been studied in
many countries [19]. In a practical system, the average CIC for
a given load level and outage duration also changes with time.
Time dependent cost weighting factors can be developed based
on CIC survey data. Feeder sections with different reliability
records supply power to different types of customers and
usually have different lengths; therefore, each feeder structure
forms a corresponding reliability profile. Considering failure
rates at individual load points, expected duration of the outages
and customer damage functions, the interruption costs for a
particular load point, feeder or system can be calculated. To
address the importance of service reliability in a deregulated
market environment, daily peak load model can be used in
computing the CIC, i.e., it can be assumed that the timing of
interruptions coincides with the daily peak load periods. The
formulations used to calculate the reliability costs are given in
the next section.

III. PROBLEM FORMULATION AND SOLUTION METHOD

A multiobjective feeder scheduling problem is formulated to
identify critical switches for quasi-seasonal distribution feeder
reconfiguration. The objective function is to minimize the total
cost of customer interruption, line loss and switching costs

(3)

where TC denotes the total annual operation cost for a distribu-
tion system. Moreover, TCIC, TCLOSS and TSC represent the
total annual costs of customer service interruption, line loss and
switching operations, respectively. Note that weightings can be
designated to individual components if it is desired.

When examining possible system reconfigurations, it is im-
portant not to violate equipment rating and voltage drop criteria.
Excessive equipment load may accelerate loss of life and unsafe

line clearances. Moreover, line voltage drops may violate reg-
ulatory obligations and damage customer equipment. A power
flow for each system configuration (using a current-voltage it-
eration algorithm) [5] is performed in the proposed procedure
to identify voltage and capacity violations. The voltage and cur-
rent magnitudes at each bus and branch must be within its limits,
and can be expressed as

(4a)

(4b)

where and are the allowable minimum and max-
imum voltage magnitudes. and are the allowable
minimum and maximum branch current magnitudes, respec-
tively. Moreover, represents the voltage magnitude of bus
i in feeder , while is the branch current magnitude of
branch in feeder . and are the numbers of buses
and branches of feeder , respectively. NF denotes the number
of feeders.

A. Feeder Loss

Using the distribution system load flow solution, the power
loss of a branch in feeder f at hour t of day (or load level) d can
be expressed as

(5)

where denotes the line loss of branch in feeder
at hour t of day . is the resistance.

The cost of annual line loss can then be expressed as

(6)

where represents the energy cost ($/kWh), and it can also be
the market energy price.

B. Feeder Switching Operations Costs

By considering the costs of maintenance, switching oper-
ations, switch surge and switch lifetime, this study assumes
switching operation cost (SC) to be a certain percentage of
a feeder sectionalizer’s installation cost. The total annual
switching cost (TSC) is calculated by

(7)

where denotes the total number of switch status changes
from load level k to . Moreover, NL represents the number
of load levels in the study.

C. Peak Load Failure Model for Calculating Customer
Interruption Costs

Since service interruption incidents may occur in periods
when load and interruption costs are high, to emphasize the
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importance of service reliability at peak load period, it is
assumed that failure occurring time coincides with the system
daily peak load. CIC of feeder f on day (or load level) d can be
estimated by

(8)

where denotes the interruption cost due to outages in Sec-
tion of feeder on day (or load level) and represents
the number of switches at feeder . Moreover, and
are the peak load and outage rate (failure/km), respectively.
represents the length of Section of feeder , while is
the per kilowatt interruption cost ($/kW) of load at Section .

can be expressed as [3]:

(9)

where , , and , ,
are the load percentages and the interruption cost func-

tions of residential, commercial and industrial customers, re-
spectively. Meanwhile, is the duration of service interrup-
tion of Section for a fault at Section .

Annual customer interruption costs can then be expressed as

(10)

The distribution feeder scheduling procedure shown in
Fig. 3 is used to determine the operating dates and positions
of switches for feeder reconfiguration. Preliminary study has
shown that distribution network reconfiguration is required
when the feeder loads or failure rate indicate seasonal changes,
thus, to speed up the solution process, different load variations,
starting from small changes to only a few load steps for a year
are investigated. The proposed feeder scheduling procedure is
described as follows.
Step 1) Prepare feeder section load data, annual average

failure rate, average CIC of different types of cus-
tomers, switch operations cost, transformer and line
ratings.

Step 2) Compute time-varying feeder section loads, failure
rates, and interruption cost rate weighting factors
based on the models described in Section II.

Step 3) Based on the typical daily average load curve of the
studied system, specify an amount of load change to
determine the number of load levels to be studied.
For example, if the load difference between the max-
imum and minimum of the system annual load pro-
file is, say 32% of the average value of the curve,
and given a load change of 0.5% from previous load
level, then 64 load levels will need to be studied.

Fig. 3. Flow chart of annual feeder scheduling.

Step 4) Take the switching costs into account and use a
BPSO search technique to determine the optimal
feeder configuration at each load level.

Step 5) When the changes in feeder section loads and failure
rates are small, the optimal feeder configuration
would be the same in successive load step periods
until such time as the time-varying effects are sig-
nificant. At this point new normally open switches
can be determined and the operating costs including
system loss and CIC in the previous load level
period and switching cost are added to the overall
cost. Upon completion of the process, the annual
switching operations dates and status of switches
can be determined.

D. BPSO Solution Technique

In this study, a BPSO technique is used to determine the op-
timal system configuration in each load level period. Through
cooperation and competition among the population, population-
based optimization approaches, such as genetic algorithm (GA)
and PSO, often can find good solutions. These optimization ap-
proaches update the population of individuals by applying op-
erators according to the fitness information obtained from the
environment so that the individuals of the population can be ex-
pected to move towards better solution areas [21][21]. In the
BPSO method used in this study, the particle is represented
as . The particle represents switch
status, and D denotes total number of switches of the system.
The best previous position (the position with the best fitness
value) of the th particle is recorded and represented as

. Meanwhile, the rate of position change (ve-
locity) for particle is expressed as . In
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a binary space, a particle can move to nearer and farther corners
of the hypercube by flipping various numbers of bits; velocity
of the particle can be described by the number of bits changed
per iteration, or by the Hamming distance between the particle
at time and .

The moving velocity is defined in terms of the changes in the
probabilities that a bit will be a particular state. Thus a particle
moves in a state space restricted to 0 and 1 on each dimension,
where each represents the probability of bit taking the
value 1, since it is a probability and must be constrained to the
interval [0.0, 1.0]. Different versions of PSO algorithms have
been proposed to enhance the efficiency of the solution proce-
dure. This study uses the following logistic function transfor-
mation to update the movement :

(11)

where is a sigmoid limiting transformation and
is a quasi-random number selected from a uniform distribution
in [0.0, 1.0]. The following update scheme is used :

for

for

(12)

(13)

else

end

end

end

where denotes the best previous position of the particle,
represents the best among all the particles and m is the pop-

ulation size. Furthermore, D is the dimension size, and ,
are learning factors, and w is the inertia weight.

For feeder reconfiguration applications, to retain the radial
structure and reduce search requirements, the following modi-
fied procedure is used to update the state of :

for

(14)

end

for

(15)

Else

End

end

where q denotes the number of normally opened switches. The
second loop limits the number of state changes to the number of
feeders. The inertia weight, w, has the same effect of the temper-
ature parameter in the simulated annealing technique. Notably,
a larger inertia weight facilitates a global search while a smaller
inertia weight facilitates a local search.

The BPSO procedure used is as follows :
Step 0: set population size (m) and stop criterion.
Step 1: randomly select m feasible solutions , and com-
pute p for each , is the minimum in all ’s, the initial
values of ’s are set to zero.
Step 2: use (12) to calculate the rate of the position change
(velocity), for particle .
Step 3: use (13) or (15) to update .
Step 4: use (3) to calculate the objective function.
Step 5: if the evaluated value (total cost) of each particle is
better than the previous , is set to this value. If the best

is better than , is replaced by this value.
Step 6: if stop criterion is satisfied, is the optimal solu-
tion, otherwise, go to Step 2.

IV. NUMERICAL RESULTS

Several test systems were tested, to exhibit the time-varying
effects in annual feeder switching planning, the test results of a
simplified three-feeder system [4] and an 18-feeder system are
presented here. The following parameters assumptions are used
in the study.

— The cost of electricity is $6.5625 cents per kWh
— One switching cost is set to $203 which is one-twentieth

of a new switch installation cost.
— The average CIC for an outage lasting for 1 h are $0.482,

$9.085, and $8.552 per kW for residential, industrial, and
commercial customers, respectively.

— The number of particles m in BPSO is set to 50, and the
stop criterion is 50 generations.

— After tuning, the learning factors c1 and c2 are set to 2.
— Dimension sizes D are 16 and 87 for three-feeder and

18-feeder systems, respectively.
— Inertia weight w is unity.

A. Three-Feeder System
Figs. 4 and 5 show the feeder section peak loads on the second

Wednesday in a month and the failure rates of six different
months of the test system.

The original configuration of the three-feeder system is
shown in Fig. 6, where feeder F1 is mostly a residential feeder,
feeder F2 is a commercial feeder and feeder F3 is an industrial
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Fig. 4. Feeder section loads.

Fig. 5. Failure rates of feeder sections.

Fig. 6. Configuration of the three-feeder system.

feeder. To simply the presentation, only four fixed time periods
with different load levels, outage rates, repairing times and CIC
are assumed, and they are shown in Table II.

Annual Operating Costs of the Original Feeder Configuration
With/Without Time Dependence of Parameters: For the config-
uration shown in Fig. 6, the annual total cost without consid-
ering time-varying effect (all weighting factors are set to unity)
is $609 056, including $444 125 CIC, and $164 931 line loss.
Without reconfiguration and considering the time dependent ef-
fects, the total cost is $833 453, including $654 301 CIC and
$179 152 line loss for the original configuration. This result in-
dicates the possible differences in overall costs for studies using
the peak load failure model and the fixed average load, and the
reliability parameter models adopted in previous studies.

TABLE II
WEIGHTING FACTORS FOR TIME-VARYING PARAMETERS

Note: � � ���, � � �, � � ���.

TABLE III
COSTS FOR THREE-FEEDER SYSTEM

Annual Minimum Operation Cost After Considering Time-
Varying Effects: Table III shows the reduction of total costs by
feeder reconfiguration. Using the assumptions made in the test
system and considering the time-varying effects, the BPSO so-
lution suggests that tie switches should be transferred from S14,
S15, and S16 to S2, S12, and S13 respectively, to obtain im-
proved operation if one feeder configuration for a whole year is
assumed. Neglecting the switching cost, the annual cost is re-
duced to $677 705. In this case, the switching operations trade
saving in the line loss to achieve a large reduction in the relia-
bility cost.

After executing the procedure shown in Fig. 3, an annual
operation cost of $606 327 is achievable. The total cost thus is
$227 000 lower than the case shown in the third row of Table III.
The solution identifies two switching dates and 12 switch status
changes. The optimal feeder configurations at different periods
are shown in Figs. 7 and 8, respectively. In Q1 and Q4, the
parameters have a mid level (M) weighting and the opened
switches are S8, S12, and S13. In Q2, the optimal configuration
does not change from the previous period, because weighting
factors of parameters of feeder F1 change from middle (M) to
low (L) and those of feeder F3 change from middle (M) to high
(H). In Q3, the opened switches transferred from S8, S13, and
S12 to S14, S9, and S4, respectively. Because the weighting
factors changed rapidly from low (L) to high (H) in feeder
F1, which discourages the connection of the load to feeder
F1 to minimize the CIC. In feeder F3, the weighting factors
change from high (H) to low (L), resulting in an increase of
load connected to feeder F3.

B. Eighteen-Feeder System

The original configuration of the 18-feeder system is shown
in Fig. 9. Feeders F1, F4, F7, F10, F13, and F16 are residen-
tial feeders. Feeders F2, F5, F8, F11, F14, and F17 are com-
mercial feeders and the rest are industrial feeders. The test re-
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Fig. 7. Switches S8, S12, and S13 are opened from day 1 to day 180 and day
273 to day 365.

Fig. 8. Switches S4, S9, and S14 are opened during day 181 to day 272.

Fig. 9. Eighteen-feeder distribution system example.

sults are shown in Table IV. Original network configuration is
used in Case SW0 that has either fixed parameters or
time-varying weighting (TVW). After preliminary study, Case
1SW has one better switch status for the entire year if no sea-
sonal switching is desired. PSO searches are then performed for
different load level periods to considering time-varying effects
in annual feeder operation planning.

As can be seen in Table IV, instead of using fixed parameters
for a whole year ,
when time-varying effects are included for the original network
configuration, the annual total cost is $1273.732 thousand
dollars. If the same system data and optimal feeder configu-
ration of the system are used, the total annual cost becomes
$932.865 thousand dollars. A reduction of $340 867 (about

TABLE IV
RESULT IN DIFFERENT DELTA LOAD OF 18-FEEDER DISTRIBUTION SYSTEM

TABLE V
OPENED SWITCHES IN THE CASE OF 0.02 p.u. LOAD CHANGE

27%) is obtainable if the network is operated under better
configuration. Based on the cost and reliability models used
in this study, Table IV indicates that, for a 0.02 p.u. system
load change from the beginning of previous period, a new
feeder reconfiguration is desirable. As shown in Table V, the
optimal solution requires eleven feeder reconfigurations over
a whole year and the statuses of 94 switches are changed. The
total annual cost is $859.599 thousands dollars which has a
reduction of $414.133 thousand dollars (33%) reduction from
the total operating cost of the original configuration. The open
switches and switching timings are shown in Table V.

In order to verify the results, the method proposed in [5] is
implemented and used as a reference for comparison. The fol-
lowing is the implemented solution procedure:

1) Given a feasible configuration
2) Find all M open switches

For

(close i-th open-switch and open only one of the N
switches in the loop to maintain the radial structure of
the feeders)

For

Calculate the cost function and compare the solutions
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TABLE VI
TEST RESULTS OF 100 PSO RUNS WITH DIFFERENT LOAD VARIATIONS

Store optimal configuration

End

End

Store optimal configuration and use it as the new feasible
configuration

3) Stop when there is no improvement in the objective func-
tion, otherwise go to 1.

Test results have shown that most of the 100 PSO trials in
each load level provide the same optimal solution as that given
by above procedure. However, it is noted that in some trials a
few open switch positions are different and result in a slight dif-
ference in total cost. This is due to the fact that, in each outer
loop of above procedure only one open switch is closed to form
a loop, with other open switches remain intact, and the optimal
break point of the loop is determined to minimize the cost and
maintaining radial. While in the proposed BPSO method, it uses
several searching points like GA and the searching points grad-
ually get close to the optimal point. Our experiences indicate
that, with proper implementation, BPSO execution time could
be lower than that of the above procedure.

Since PSO is one of the stochastic optimization methods,
the performance of the solution would hinge on the choice of
seeds of random numbers and the search strategy adopted in
each implementation. The results are evaluated statistically and
Table VI shows the statistics of 100 BPSO trials for the case
of 0.02 p.u. load change. As can be seen, if a lower number
of seasonal network reconfiguration is required, the proposed
BPSO trials would give the same solutions. On the other hand,
if a smaller load change is specified for the feeder reconfigura-
tion study, then depending on the convergence criteria adopted,
a slight range of solutions could be expected from BPSO. Even
with this phenomenon, experiences show that a high number of
trials have the same
solution.

The network configurations during the off-peak and peak load
seasons during SW2 and SW10 periods are shown in Figs. 10
and 11, respectively. The results obtained seem reasonable and
explicable, that is, when feeder load, failure rates and conse-
quently, interruption costs of a route become higher due to sea-
sonal changes, the proposed solution procedure would manage

Fig. 10. Feeder configuration in off-peak load season (SW2).

Fig. 11. Feeder configuration in peak load season (SW10).

to reduce the loads connected to this route and seek other routes
having lower failure rates to share some of the load demands.
This process also considers the system line loss and switching
operation costs to minimize total cost. It is assumed that the ex-
pected number of interruptions in a given distribution system
remains the same irrespective of the selected operational struc-
ture. The costs associated with undelivered customer demands
are strongly affected by the system configuration, particularly
by the structures supplying customers with high interruption
sensitivity. The optimization algorithm, suggested in this paper,
creates system patterns with high reliability paths supplying
highest priority customers, thus explaining the reduction in total
interruption costs.

V. CONCLUSION

Electric power industry has confronted many challenges in
the deregulated environment since the customers may require
different service quality, and the improvement of service quality
and efficiency has become increasingly important. This paper
addresses the assessment of interruption costs in distribution
systems and the impacts of seasonal time variation effects in an-
nual distribution feeders operation planning. The proposed se-
quential solution procedure can be used to model time-varying
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effects and find the optimal feeder reconfiguration plan to re-
duce system loss, switching and reliability costs. Based on the
time-varying models used in this study, simulation results have
indicated that using only simplified fixed load and reliability pa-
rameters as have done in previous studies could underestimate
the total loss to the utility and customers as a whole.
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