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In traditional distribution networks, due to the radial structure and subscriber power 

supply, in the event of errors in the main feeders, downstream subscribers experienced 

a long blackout, which reduced the reliability level of the network. With the expansion 

of the use of scattered generations, storage resources and the use of load response 

methods, load retrieval is provided in the downstream area. In this paper, a method is 

proposed for locating sectionners and distributed generations in distribution networks 

with the aim of creating flexible micro-grids. By creating an island, disassembling and 

restoring loads of more importance in the distribution network, on the one hand, it 

reduces the amount of fines paid by the distribution company to Subscribers and 

economic interests of the distribution company, and, on the other hand, by improving 

reliability, provides customer satisfaction. 
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1. INTRODUCTION

Reliability is one of the most important indicators of 

electrical networks. In recent years, this index has been 

instrumental in increasing social welfare. So the need for high 

quality and reliable electrical energy has become one of the 

important goals of power companies. The reason is the 

increase in the presence of sensitive loads, which could lead to 

financial, technical and security damage to the required 

electricity. In distribution networks, reliability can be 

improved in two ways: 

• Reduce the frequency of errors

• Reducing the time needed to recover lost loads

In traditional networks, methods and strategies are set to 

implement the above programs. Cost / benefit studies that are 

considered as the core of a suitable strategy for enhancing 

reliability are required to consider the extent to which each 

method is effective against the cost involved. Different 

methods are selected with regard to determining the range of 

impact of each method and the cost of execution, and the 

expected level of reliability. Studies conducted to improve the 

reliability of distributed networks and studies carried out in 

various papers show that the use of distributed generation 

resources, the use of intelligent drag programs, and the 

improvement of positioning methods and the use of power key, 

can be the most effective factors in improving performance 

indicators in reliability indicators [1, 2]. In this paper, a new 

method for locating simultaneously distributed resources and 

sectionners is presented with the direct control of subscribers. 

In this way, the subscribers conclude a pre-paid contract with 

the distribution company based on their reliability, and the 

location of the distributors and the location and capacity of the 

distributed generation resources and the determination of the 

cut-offs will be based on the optimal profit. In this paper, based 

on the location of the error and the situation of the sectionners, 

the optimal micro-grid are formed, considering the total 

capacity of distributed generation sources, the capacity of the 

loads and in the case of emergency loading programs, by 

providing a new method, the optimal arrangement of recovery 

loads, based on the frequency stability of the network and the 

optimal profit of the distribution company. In the first part, a 

review is presented of the work done in the field of locating 

DG and sectionners. In the second section, we will introduce 

the micro-grid and the tools contained therein, in the third 

section, an overview of the reliability insurance rules in the 

distribution networks, and in the fourth section, the proposed 

method is presented with the objective function. In the fifth 

part of the proposed method in a sample network numerical 

results will be considered using numerically optimized genetic 

algorithms. 

2. REVIEW OF STUDIES ON THE LOCATION OF DG

RESOURCES AND SWITCHING DEVICES

The field of placement of DG units in the system has been 

studied a lot. The reference [3] reports the positive effects of 

the installation of the DG in Virginia, [4] using a genetic 

algorithm to provide a new method for locating DGs, in order 

to increase the reliability of subscribers and couriers [5]. It 

provides a network based approach to automation and 

consumption management programs to improve reliability. 

Also, the reference [6] performs location based on time-

varying loads. A lot of methods have been considered in the 
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field of locating the sectionners. In the reference [7], the 

problem of optimal placement of the sectionners has been 

investigated by using optimization of steel electroplating 

method. In this method, the subscribers are divided into 

categories including major, industrial, agricultural, 

commercial, household, governmental and administrative 

subscribers, and given the blackout time, the amount of 

damage to each group is obtained. Reference [8] provides a 

model for the problem of the placement of the sequencer in the 

distribution network, in which the energy costs are not sold, 

the investment required to install the key and the state in which 

the sectionners operate with error. Various articles have also 

been presented in the field of locating the sectionners and 

distributed generation sources in the distribution network. An 

innovative algorithm has been proposed in which the location 

of the sequencer takes into account the presence of distributed 

generation resources. In this study, considering two different 

modes for critical loads, a similar algorithm is proposed for 

locating the sequencers in both states. In these two situations, 

the behavior with the most important loads is different. In the 

first case, maximizing the feeding of the important load is 

considered as the target. In the latter case, with a harder view, 

feeding all critical loads are considered as customary [9, 10]. 

In [11-13], sectionner location is taken into account in the 

context of distributed generation resources. With the presence 

of the DG instead of separating the loads from the network, at 

the moment of the error, it is possible to retrieve the 

downstream area with the help of resources by opening the 

sectionners. Also, [14] shows that the use of off-load programs 

can help maintain optimum conditions. 

 

 

3. PREPAID AND FINES FOR PRIORITIZATION 

SUBSCRIBERS 

 

Conventional methods for regulating electrical distribution 

networks have weaknesses in financial discussions, risk 

allocation, subscriber performance, and reliability value. The 

rate of return and the PBR fully take on the risk of blackout 

and exclude the possibility of a joint presence in determining 

the quality of the service. Several methods have been 

developed to determine the fines of distribution companies for 

the duration of subscribers' blackouts. In this paper, reliability 

estimates have been proposed to determine the value of each 

charge and the amount of blackout loss for each subscriber 

group. Using reliability insurance in calculations, instead of 

conventional methods for determining the loss of blackout, 

increases the level of subscribers' ability to determine the 

energy value and expected reliability level. Reliability 

insurance is able to significantly improve the reliability of 

reliability service than traditional methods such as financial 

incentive schemes. In this way, subscribers reduce the risk of 

blackout risk by paying initial premium, and the reliability of 

the subscribers can vary with their performance in choosing an 

insurance plan. This feature eliminates the confusion of 

operators and legal bodies in determining the optimal level of 

service quality on the network; because in this way, the value 

of reliability and a desirable level of service can be clearly 

understood from subscriber insurance contracts [15-17]. 

Different subscribers, in view of their sensitivity to the power 

of their loads, conclude a contract with the respective 

distribution company, which determines the amount of 

prepayment as well as fines. Referring to the proposed 

relationship in reference [17] and given the level of reliability 

in the current network, the amount of prepayment of 

subscribers and fines of distribution companies in exchange 

for blackout hours will be derived from (1). 

 

𝑃 = 𝑅(1 − 𝑟) (1) 

 

P: Premium paid by subscribers 

R: Blackout penalty 

r: reliability of network  

 

 

4. THE PROPOSED METHOD 

 

In locating DG resources and switching devices, it should 

be noted that the appropriate location of these two devices is 

not independent, and will be dependent on the final location of 

each, as well as the capacity of the distributed generation 

source, to another location, as well as the type of loads located 

on each network. Therefore, we have to solve the three factors 

of the location of the sectionners, the location of the 

installation of distributed generation resources and the 

capacity of each resource at the same time. If we are not at the 

design stage and there is a network of multiple sectionners, 

then also given that the distribution network is not designed to 

provide the reliability of each consumer, therefore, an open 

network development with the same goal should be adopted. 

In most cases, projects that electricity distribution companies 

are undertaking to locate switching devices or distributed 

generation resources is to develop or modify the network 

structure. In these networks, there are usually a number of 

switching devices already, although they are in non-optimal 

locations. Usually moving or removing some old devices is not 

economic. In these cases, the goal is not replacement of 

previous device and optimal location, but the goal is optimal 

placement of new equipment. Therefore, the optimal location 

for a network that has no sectionner is completely different 

with a network that already has these devices. An algorithm 

that is currently being offered will also include old devices if 

any, and locate newer devices with regard to previous devices. 

Distributed generation sources can cover a regional error in 

blackout time. The first requirement for this issue is the 

presence of a sequencer along the line to separate the error 

region. Given that the capacity of distributed generation 

sources is limited, in some cases, the whole downstream area 

cannot be assigned a fault; therefore, we need to have 

sectionners in different positions of the line so that we can 

provide a source for the resource by cutting off less important 

loads. In terms of capacity, it has the capacity to provide the 

load in that area. The cost function is considered in accordance 

with (2): 

 

𝑓𝑜 =   [∑𝑃𝑖 × 𝑄𝑖   −∑((1 − 𝑟𝑖) × 𝑅𝑖 × 𝑄𝑖))

− 𝐼𝑛𝑣𝐶𝑜𝑠𝑡 × [(1 + 𝑚)𝑛 × (
𝑚

(1 +𝑚)𝑛 − 1
)] 

(2) 

 

In the cost function, the parameters used are as follows: 

Q: The duration of blackout each time in a one-year period 

P: Prepayment cost by subscribers to the distribution company 

R: Penalty payment from distributor companies to subscribers 

per hour of blackout 

Invcost: The cost of purchasing, installing, repairing and 

dismantling the jM source 

m: interest rate 

n: Operation Period 
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It should be noted that different subscribers, having regard 

to their sensitivity to the power of their loads, conclude a 

contract with the respective distribution company, which 

determines the amount of prepayment as well as fines. 

Distribution companies must, in each case, prioritize the 

provision of loads in the micro-grid, in light of the availability 

of power in each micro-grid, and benefits and losses caused by 

the blackout management. Also, considering the network 

conditions, the duration of the blackout due to events, the cost 

of installing sectionners and the source of the distributed 

generation, and fines from blackouts of sensitive subscribers, 

it should be noted in the location and capacity for DG 

resources and sectionners. 

 

 

5. NUMERICAL RESULTS 

 

Loads are divided into three categories: household, 

commercial, and industrial. Due to the reliability of network 

in the initial state and relationship (1), the prepayment is 

considered to be 1.3.5 kWh/$ and the fines are 80,280 and 400 

kWh/$ respectively. The power factor for all loads is 0.95. The 

cost of installing and maintaining distributed discharges (per 

kilowatt) and sectionner respectively is 700 and 4000 $. The 

duration of the period is 10 years and the inflation rate is 20%. 

The average keying kit time is 15 minutes and the time 

required for the dispersion of distributed generation resources 

is 45 minutes. Distributed sources of resources are available in 

500, 1000 and 1500 kilowatt groups. The network was selected 

based on the real network of Babolsar Beach Boulevard to 

simulate the proposed algorithm. Green Spots are Candidate 

Points for installing sectionner and Blue Spots are Candidate 

for installing distributed generation resource. The sample 

network is shown in Figure 1. 

5.1 First scenario: The simultaneous allocation of 

distributed generation and sectionner in the current 

distribution network  

 

In this scenario, all input information is the same as the 

initial information. Table 1 shows the installation costs and the 

profit generated by the reliability enhancement. In addition, 

Tables 4 and 5 show the location of the sectionner, the location 

and capacity of the DG.  

 

5.2 Second scenario: The effect of reducing the duration of 

switching and launching of distributed generation sources 

 

In this scenario, it is assumed that in the event of an increase 

in the level of technology in the design of sectionners, the time 

required for switching operations is reduced as well as 

distributed generation sources. The following tables show the 

half effect of switching and being on the circuit of distributed 

generation resources to the cost of reliability and profit of 

distribution companies. 

Tables 4 and 5 show the location of sectionner, the location 

and capacity of the DG, and Table 2 shows the installation 

costs and the profit generated by the reliability enhancement. 

The second experiment shows that, given the improved 

design of distribution network equipment and the reduction in 

the time required for the separation and commissioning of DGs, 

due to reduced time required to recover the load, as well as an 

increase in the level of service to the subscribers, which led to 

an increase the reliability of network under study, companies' 

profits from installing DG resources and sectionners, with a 

reduction in the duration of recovery operations, has an inverse 

relative. In the other word, the faster the operation takes place, 

the profits of companies will increase with a high coefficient. 

 

 
 

Figure 1. Case study network 
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Table 1. Equipment installation costs and profitability due to 

improved reliability 

 
Cost $ 

The cost of buying and installing sectionner 2400 

The cost of buying and installing DG 63000 

Profit from improved reliability 401330 

Net Income Distribution Company 335930 

 

Table 2. Equipment installation costs and profitability due to 

improved reliability 

 
Cost $ 

The cost of buying and installing sectionner 2800 

The cost of buying and installing DG 42000 

Profit from improved reliability 401800 

Net Income Distribution Company 357000 

 

5.3 Third scenario: The effect of reducing the number of 

failures 

 

In this scenario, it is assumed that by implementing the 

measures in the planning and exploitation of the network 

studied, the number of errors in all sections will be halved. 

Regarding the information on the error rate in Table 2, in 

simulation for this scenario, all values are multiplied by 0.5. 

Tables 4 and 5 show the location of the sectionner, the location 

and capacity of the DG, and Table 3 shows the installation 

costs and the profit generated by the reliability enhancement. 

The third experiment shows that by improving the reliability 

level in distribution networks or, in other words, reducing the 

number of errors, given that due to the optimum situation of 

the network, the total duration of the blackout has decreased 

and, consequently, the need for the equipment is also 

prescribed. The profits earned by companies by installing the 

equipment will be less than the network does not have a secure 

state. Figure 2 illustrates the benefit of improved reliability in 

the reviewed scenarios. 

 

Table 3. Equipment installation costs and profitability due to 

improved reliability 

 

Cost $ 

The cost of buying and installing sectionner 1600 

The cost of buying and installing DG 168000 

Profit from improved reliability 392180 

Net Income Distribution Company 222580 

 

 
 

Figure 2. Distribution company profit from sectionner 

installation and DG in different conditions 

 

In Tables 4 and 5, the optimum location of the sectionner, 

are presented as well as the location and capacity of the 

installation of distributed generation sources at the proposed 

candidate points.  

 

Table 4. Locations of sectionners in different scenarios 

 
Candidate points for installing sectionners 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

First scenario 0 0 0 1 1 0 0 1 0 1 0 0 0 1 1 

Second scenario 1 0 0 1 1 0 0 1 1 1 0 0 0 0 1 

Third scenario 0 0 0 0 0 1 0 0 1 0 0 1 0 0 1 

 

Table 5. Location and capacity of distributed resources in different scenarios 

 
Candidate points for installing DG 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

First scenario 500 0 0 0 0 0 0 0 0 0 0 0 500 0 500 

Second scenario 0 0 0 0 0 0 0 0 0 1000 0 0 0 0 0 

Third scenario 0 500 0 0 0 500 0 0 1000 500 0 0 1000 0 500 

 

 

6. CONCLUSION 

 

In recent years, with the restructuring of network 

management as well as the importance of decision-making and 

the need of consumers for the level of reliability they need, has 

caused that reduced number of blackout do not define as the 

sole target of the network's users. But reducing the amount of 

investment and increase the profit rate are considered as an 

effective and desirable goal. In this paper, with the optimal 

location of sectionner and DG and the creation of flexible 

microgrid, on the one hand, it reduces the amount of fines paid 

by the distribution company to the subscribers and, as a result, 

improves the economic benefits of the distribution company. 

And on the other hand, by improving the reliability level fits 

the common request, increases the satisfaction level of 

subscribers. With regard to the proposed model and its 

implementation in a real sample network, numerical results 

compare the profitability of distribution companies in different 

network conditions due to the installation of switching devices 

and distributed generation sources and has been confirmed the 

importance of the proposed method. 
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