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Abstract. The reliability evaluation techniques can be used in measuring of 

reliability indices and also used in optimal system planning, operation and 

expansion. One of the applications in power system planning is to identify those 

devices that can be used to create systems which meet customer demands for 

reliable low cost power and also have low investment costs. In planning and 

design of a distribution system the number of locations and the location itself 

are important consideration for placement of switches. The function of switches 

is to isolate the faulted parts from the healthy parts of the system and improve 

the system reliability. To improve the system reliability more switches are to be 

added to the system. Additional switches, however, result in higher investment 

costs which can be quite significant. It is therefore, important to select the 

optimal number of switches and place the switches in appropriate positions in 

the system, which make the system investment and customer interruption cost 

minimum. This paper formulates the problem of optimal switching device 

replacement from the cost/benefit point of view and presents immune algorithm 

(IA) to solve the problem. The developed immune algorithm is tested with 

Moulali urban distribution system. The optimum number of manual switches 

and automated switches and their locations in a distribution system are selected 

in order to minimize the total system cost, using immune algorithm.  

Keywords: Optimization, Immune algorithm, Switches, Distribution System 

Reliability. 

1   Introduction 

Electrical energy needs are increasing day by day exponentially. With this 

ever increasing demand for electrical energy, the distribution system is gaining 

greater importance in terms of security and reliability. Earlier the focus was laid only 

on power generation and distribution. In the process, the power system reliability 

assumed greater importance in both planning and operation of power system that 

confined only to generation and transmission. The social impact of distribution 

system reliability is now recognised. Supply of uninterrupted energy to customers by 

the power utilities is now considered quite important. Meeting the load demand with 

minimum cost and simultaneously maintaining the standards of the quality  energy 

supply as well as continuous supply of energy has become an the important obligation 

for the energy supplier. Planning, designing, operation, control and maintenance of 

every subsystem at the system as whole, with an acceptable degree of reliability is the 

main task for utilities. Sectionalisation and reconfiguration process techniques follow 

different cost structures. The determination of reliability cost associated with each 

configuration corresponds to a specific degree of reliability. It is desired to determine 

that particular configuration which gives maximum reliability. This process requires 

certain criteria so that the degree of reliability is quantified and optimal solution is 

obtained. The difficulty experienced in this context is an accurate estimation of 

inconvenience to society for power supply, unreliability which is both complex and 

subjective. The continuity of electric power supply is related to the worth of 

reliability. Reliability worth is an indirect expression for the inconvenience 

experienced by the customers in civic life as well as losses expressed in monetary 

units, due to damages. In other words the reliability worth may be considered as a cost 

the utility management is ready to increase to prevent supply interruptions. A general 

term to encompass their considerations that term customer outage costs may be used 

to express worth of reliability in past. There are several methods to estimate the 

customer damage cost that give reliability worth [1] [2]. Reliability indices are 

computed from the estimated customer interruption cost.    
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1.1   Immune Algorithm 

This technique has all the advantages of genetic algorithm but leads to faster 

convergence of the feasible solutions towards the optimum [3]. The immune 

algorithm is applied to test urban distribution system at Moulali, Hyderabad. 

References [4], [5] explain the importance of immune algorithm to several complex 

situations in optimization. In this paper, the objective function for the optimal 

placement of switches’ is expressed as the antigen inputs. The feasible solutions are 

represented as the antibody for the IA to solve the optimization problem. Out of the 

feasible solutions the optimal solution has to be selected. The genetic operators 

including crossover and mutation are then processed for producing antibodies in a 

feasible space. Through operating IA on the memory cell, a very rapid convergence 

will be obtained during the searching process by applying the information entropy as 

a measure of diversity for the population to avoid falling into a local optimal solution. 

For this, each gene is represented by a binary bit 0, 1. If the switch is manual, the 

value is zero, and the switch is automated the value is one. 

1.2   Formulation of the Problem 

    Consider a distribution system with N possible locations where switches can be 

installed. The number of switches that can be installed in the system may be 1 or 2… 

or N. Given a fixed number of switches; there are also many possible location sets. 

For example consider 3 switches, the switches can be placed in location 

(1,2,3),(1,3,4), (1,4,5),……(N-2,N-1,N). For a given number of switches, the optimal 

switch location set can be determined using the immune algorithm. For a system with 

N possible switch locations, the number of switches can be placed anywhere between 

0 and N. 

1.3   Objective function 

The objective function is proposed with the following considerations. 

1) There are four types of main customers, namely residential, commercial, 

industrial and essential services.  

2) The failure rate (FR), the average repair time (RT) and the connected load (kVA, 

kW) are known for each type of customer at every load point. 

3) Feeder length in every section connecting various consumers is known in meters.   

It is desired to minimize the total cost of the system in terms of both investment 

cost and customer interruption cost .The investment cost may be interpretated as that 

cost which may be require to incur location /relocation of switches as well as cost of 

switches that are to be replaced after their life time is over. Outage cost both the 

customer and utility are included in customer interruption cost. The outage costs are 

calculated for all configurations of switches at every section for all contingencies. Let 

TCS be total system cost. CIC is customer interruption cost. INVC is the investment 

cost which includes total cost for changes in the disposition of switches. 

Then the objective function is defined by   

Min TCS =  ∑(ICi

n

i=1

+ UCi) + P × CR + Q × CRR                  (1) 

Where  

CIC =  ∑(ICi

n

i=1

+ UCi)                                                       (2) 

In Equation (1) 𝑈𝐶𝑖 is the utility outage cost due to outage of section i, 𝐼𝐶𝑖 is the 

customer outage cost due to outage in section i. P is the total number of switches, the 

number of switches to be relocated is Q. The cost of each switch is CR; the cost for 

relocation of each switch is CRR. The customer outage cost at each main section i 

depending on amount of load, load types and outage duration. 

ICi = λi(Ci1L1 + Ci2L2 + Ci3L3 + ⋯   + CinLj)                                                                               
(3) 

Where λi is the failure rate of section i, Cij is the customer cost multipliers in every 

section due to a fault at section i, and Lj is the amount of load at each section. The 

customer cost multiplier Cij can be given as follows. 
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𝐶𝑖𝑗 =  𝑅𝑖𝑗(𝑓𝑟𝑒𝑠 × 𝑅𝐸𝑆𝑖+𝑓𝑜𝑡ℎ × 𝑂𝑇𝐻𝑖 + 𝑓𝑐𝑜𝑚 × 𝐶𝑂𝑀𝑖 + 𝑓𝑖𝑛𝑑 × 𝐼𝑁𝐷𝑖)       

(4) 

Where 𝑅𝑖𝑗  𝑖𝑠 the interruption duration in section j due to a fault is occurring in 

section i. And 𝑅𝐸𝑆𝑖 is the load percentage of residential customers, 𝑂𝑇𝐻𝑖 is the load 

percentage of other customers, 𝐶𝑂𝑀𝑖 is the load percentage of commercial 

customers, 𝐼𝑁𝐷𝑖 is the load percentage of industrial customers. In the above 

Equation 𝑓𝑟𝑒𝑠  is the average cost damage function of residential customers per kWh, 

𝑓𝑜𝑡ℎ is the average cost damage function of other customers per kWh, 𝑓𝑐𝑜𝑚 is the 

average cost damage function of commercial customers per kWh and 𝑓𝑖𝑛𝑑  is the 

average cost damage function of industrial customers per kWh. Utility outage cost at 

main section i can be given as follows. 

UCi = λi(Bi1L1 + Bi2L2 + Bi3L3 + ⋯   + BijLj)                               (5) 

Where Bij is the utility cost multiplier of section j due to a fault at sections i. Which is 

can be defined as the following Equation. 

Bij =  Rij(Cre × RESi + Cot × OTHi + Cco × Coi + Cin × Ini)             (6) 

Where 𝐶𝑟𝑒, 𝐶𝑜𝑡ℎ, 𝐶𝑐𝑜 𝑎𝑛𝑑 𝐶𝑖𝑛 are the averages sales price of residential, others, 

commercial and industrial customers per kWh respectively. The outage duration  𝑅𝑖𝑗  
in each section is depends upon the amount of load, number of sections, position of 

sections and amount of load that can be transferred. 

1.4 Case Study 

   In order to demonstrate the application of immune algorithm a case study is 

performed using 33/11 kV Moulali distribution feeder. The number of switches and 

their locations are not optimized. The optimal location for placement of automated 

switches on the distribution feeder shown in Fig. 1 is obtained with the help of 

immune algorithm. The developed program based on immune algorithm is 

implemented in MATLAB software. This feeder which has 21 sections with 19 load 

points is shown in Fig. 1. This distribution feeder consists of mixed loads such as 

residential loads, industrial loads, commercial loads and general municipal loads. In 

this entire feeder contains in addition to 14 domestic loads 16 commercial, 8 

industrial and 9 civic supply loads, such as water supply, street lights etc. There are 5 

miscellaneous loads. The civic supply and miscellaneous loads are given the name as 

general loads.  

1.5  Feeder Modelling and Reliability Evaluation 

For this feeder system the values for failure rate for each section, the quantum of 

each load is obtained from the actual load survey. Out of several factors that are 

technically important to locate the automatic switches optimal point, the following are 

mainly considered.    

 Loss minimization 

 Failure rate 

 Load and nature of the load and its importance 

 Nodes (Tapping points where failures are more observed from survey data are 

considered as important nodes) 

These factors are included, through vaccination process, to achieve results that 

achieve most possible benefits of the optimization process. This method has a few 

parameters that are to be selected before execution. They include pool size, crossover 

rate and the mutation rate. Pool size, crossover rate and the mutation rate are 

determined as 60, 0.8, and 0.1 respectively. 

 
Fig. 1. Moulali Distribution Feeder 
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Each manual type switch used in sectionalizing process cost is Rs 30,000. The 

automation type switch is used in the system at an assumed cost of Rs 

3,000,00/switch. The repair cost for manual switch is 25% of the original cost; 

similarly repair cost for automated switch is 20% of its original cost. 3% of the capital 

cost is assumed to be yearly maintenance charges. The life time for every manual 

switch is taken as 15 years. 

 

Table 1. Total Cost of system with manual Switches installed 

Switch 

location 
S1 S2 S3 S4 S5 S6 S7 S8 

TCS 

Bit 0 0 0 0 0 0 0 0 Rs  46,62,583.09 

 

     From Table 1 it can be observed that TCS for the feeder with manual switches is 

Rs 46, 62,583.09. From Table 2  the total system cost for the feeder having all 

automated switches at every location is Rs 46, 66,441.90. 

 

Table 2. Total Cost of system with Switches installed at every location 

Switch 

location 
S1 S2 S3 S4 S5 S6 S7 S8 TCS 

Bit 1 1 1 1 1 1 1 1 Rs 46,66,441.90 

 

From the Table 2 it can be seen that total cost of system after automation is much 

higher than the total cost of system without any automation. This is because 

investment cost is much higher than the customer interruption cost. So there is a need 

for optimal placement of switches. By applying the immune algorithm technique, the 

following results are obtained Table 3. 

 

Table 3. Total Cost of system with Switches installed at optimal locations 

Switch  

location 

S1 S2 S3 S4 S5 S6 S7 S8      TCS 

Bit 0 0 1 0 0 0 1 1 Rs. 34,08,167.84 

 

Table 3 shows the results obtained from the position of switches when the 

optimization technique Immune Algorithm is applied to Moulali urban distribution 

system. From the Table 3 it can be seen that the optimal solution of TCS Rs 34, 

08,167.84 is obtained from Immune Algorithm. Therefore, Table 3 shows the results 

of the proposed technique considering the customer interruption cost. There is a 

significant reduction in the overall cost i.e. 26.90%, using the proposed optimization 

technique compared to the initial location of switches. Immune algorithm not only 

gives the optimal solution but also gives the solution for multiple numbers of 

switches. Table 4 shows in case of multiple switches the locations (i.e. optimal 

locations) where the switches are to be installed. Here in this case dealing with the 

optimal number of switches, the solution is only three automated switches, and they 

must be installed at locations S3, S7 and S8. 
 

Table 4.  TCS against no. of Switches and its locations 

        No.  

of Switches           Position              TCS(Rs) 

0 - 46,62,583.098 

1 3 35,24,389.662 

2 3,8 34,10,262.087 

3 3,8,7 34,08,167.846 

4 3,8,7,5 35,98,103.123 

5 3,8,7,5,2 38,19,279.721 

6 3,8,7,5,2,6 40,62,318.377 

7 3,8,7,5,2,6,4 43,56,441.901 

8 3,8,7,5,2,6,4,1, 46,66,441.901 
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Table 4 shows the results obtained from the position of switches when the immune 

algorithm is applied to Moulali urban distribution system. From the Table 4 it can be 

seen that the optimal solution of TCS Rs 34,08,167.84 is obtained from Immune 

Algorithm. The functional relationship between the total cost of investment and the 

customer interruption cost exhibiting a minimum condition decreasing initially and 

then increasing after the minimum is crossed as shown in Fig. 2 

 

.  

 
 

Fig. 2. TCS for multiple numbers of switches 

As the number of switches increases Customer Interruption Cost decreases 

and investment cost increases. But the rate of increase/decrease of both curves is not 

the same. Investment cost curve increases at higher rate. So the bottommost part of 

the curve gives the minimum TCS and the optimal solution. Using information about 

configuration of automated switches on the feeders, the possible outcome for cost 

function and the information required contains in the memory cell binary values 

(crossover, mutation and vaccination), the immune algorithm not only gives the 

configuration for optimal placement for automated switches but also include social 

benefits in this process. Customer interruption cost is nonlinear functions of failure 

durations, and provide an important new dimension in the switching optimization 

process, as they provide the opportunity to incorporate actual customer considerations 

in the analysis. The optimization technique includes load point reliability in the switch 

selection problem. 

2 Reliability Assessments and Economic Evaluation of Moulali 

Distribution Feeder 

Incremental automation increases the system cost while it also increases the system 

reliability. An economical limit has to be determining for the degree of automation 

which requires an acceptable limit for reliability. The placement of switches to be 

automated has to be carefully considered for maximum benefit. The most probable 

location for automated switches on the feeder for minimum interruption to the 

customer is required. The number of load points served by switch determines 

automation on laterals [6]. The results are in minimum loss and quick restoration of 

power supply to the rest of the system.  

 

Table 5.  Reliability Assessment of Moulali Feeder for the following configurations 

Indices 
Switches S1, S2, S3, S4, S5, S6, S7, S8 in below 

Configurations 

 Without DA With DA MMAMMMAA 

SAIFI(int/cust) 0.4852 0.4852 0.4852 

SAIDI(hr/cust-yr) 10.2294 9.8369 10.039 

CAIDI(hr/int) 21.0828 20.2739 20.690 

ASAI 0.9988 0.9988 0.9988 

ENS(MWh/yr) 3139.20 3015.87 3079.85 

AENS(MWh/cust-

yr) 
1.2310 1.1826 1.2077 
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Studying and comparing the reliability indices obtained for different 

configurations, from the Table 5 it can be seen that the system is reliable and 

economical when the switches S1, S2, S3, S4, S5, S6, S7 and S8 are configured in 

MMAMMMAA mode.  

3. Estimating Expected Interruption Cost of Moulali Feeder 

       In which the Moulali distribution feeder ECOST calculated by calculating the 

ECOST of all load points in Moulali feeder using the sector CDF. Finally the 

summation of ECOST of all the load points gives the Moulali feeder ECOST.  

Table 6.  ECOST –Moulali urban feeder  

Load Point ENS(kW) ECOST(Rs) 

LP1 77.97 68.82 

LP2 322.66 284.36 

LP3 270.27 1081.63 

LP4 251.88 181.95 

LP5 70.07 41.91 

LP6 255.70 525.80 

LP7 155.17 116.74 

LP8 10.65 2.441 

LP9 13.75 0.49 

LP10 216.38 81.88 

LP11 463.77 580.62 

LP12 306.66 251.92 

LP13 242.54 133.31 

LP14 14.24 8.58 

LP15 16.66 4.70 

LP16 147.48 135.14 

LP17 192.16 136.72 

LP18 13.25 13.25 

LP19 37.60 37.60 

  3079.85 3687.944 

 

The ECOST obtained for Moulali Feeder is Rs. 3687.944 for an average load 

intake of 313.173 MW.  

 

4. Conclusion 

In case of distribution system complete automation may not be economical; 

as such partial automation may be a better alternative. Any solution for increased 

reliability has to be cost effective. In this context the reliability indices provide 

guidance for providing a given degree of reliability, striking a balance with economy. 

Cost analysis used in this work gives interruption cost with greater precision .The cost 

analysis also revealed the various factors on which the system reliability depends. 

Cost analysis also explains the data dependence on the number of interruptions and 

their durations for reliability and its worth. Decreasing the former through a 

automation, reliability worth can be increased. From the case study undertaken the 

two ways restoration method also plays an important role in addition to optimal 

placement of switches to achieve a reliable and cost effective distribution system. In 

this paper Immune Algorithm for optimal placement of switches is developed and 

applied. In planning and design of a distribution system the number of locations and 

the location itself are important for consideration of placement of switches. The 

number and placement of the switches has considerable effect on the reliability of 

distribution feeder as well as on the total system. This paper formulated the switch 

selection problem from the customer and utility point of view. An immune algorithm 

is used to find the optimal location set for a given switch. The results obtained from 

the study of a Moulali distribution system are used to illustrate the optimization 

procedure. The number of switches and their locations for urban distribution system 

are optimized. The results are compared with the original switch locations. The 

immune algorithm provides an efficient tool, which can be used by distribution 

system planners, to find the optimum number of switches and their positions. This 
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gives us a particular range of interruption cost for the feeder to be economical and 

helps in improving and maintaining the reliability cost more effectively. 
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