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Abstract – This paper proposes a reconfiguration methodology that aims for achieving the 

minimum active power loss of radial distribution networks with integration of distributed energy 

resources (DER) in order to improve the distribution system performance. The problems of power 

system operations and planning schemes will be arising due to the presence of DER to the 

distribution systems, such losses will rise and the increase of the voltage at which there are many 

DER. One of the popular efforts to improve the performance of the distribution system is network 

reconfiguration. In this study, reconfiguration method proposed is based on an extended fuzzy 

multi-objective approach. Multi-objective function are considered for minimization of the active 

power loss, deviation of bus voltage, and load balancing among the feeders, while subject to a 

radial network structure in which all loads must be energized. In this case, all objectives may be 

simultaneously weighted. The implementation of the extended fuzzy multi-objective for 

reconfiguration of distribution network with integration of DER on IEEE 77-bus distribution 

network and Yogyakarta 60-bus distribution network are described. The simulation results show 

that a 1.80% of efficiency improvement is achieved for IEEE 77-bus network, and a 0.11% of 

Yogyakarta 60-bus network efficiency improvement is achieved by the method. Copyright © 2014 

Praise Worthy Prize S.r.l. - All rights reserved. 
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Nomenclature 

Ploss Acive power loss. 

Pi  Active power flowing out of bus i.  

Qi  Reactive power flowing out of bus i.  

nb  Number of branch.  

Ri  Resistance at bus i. 

Vi  Voltage magnitude at bus i. 

Nk  Total number of branches in the loop 

including sectionalyzing-branch and tie-

branch when i-th tie-switch is closed. 

Ploss,i  Total active power loss of the system when i-

th branch in the loop is opened.  

Ploss,B  Total active power loss before 

reconfiguration. 

i Minimization factor of power loss. 

(i) Membership value for power loss. 

βi Maximization factor of bus voltage deviation. 

(βi) Membership value for bus voltage deviation. 

NB  Total number of bus of the system. 

Vs  Voltage of the substation, in p.u. 

Vi,j  Voltage of node corresponding to the opening 

of the i-th branch in the loop, in p.u. 

|Ii,m|   Electric current magnitude of branch-m when 

the i-th branch in the loop is opened.  

Ic,m  Line capacity of branch-m. 

i Maximization factor of branch current loading 

index. 

(i ) Membership value for current loading index. 

LBI  Load balancing index, represents the degree 

of loading among feeders. 

IFi,j  Electric current of feeder corresponding to the 

opening of the i-th branch in the loop.  

IFFi,max  Maximum of all the currents corresponding to 

the opening of the i-th branch in the loop = 

max(IFi,j), for j = 1, 2, 3, …, NF. 

i Maximization factor of load balancing index. 

(i) Membership value for load balancing index. 

Dk,i  Fuzzy decision for overal satisfaction. 

OSk Fuzzy decision for optimal solution. 

I.  Introduction 

Most of power distribution systems operate in radial 

structure. The distribution systems have sectionalizing 

switches that remain normally closed and tie switches that 

remain normally open in order to configure distribution 
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networks. Reconfiguration of the network is built through 

switching operation of the switches. In modern electrical 

power distribution systems, the multi-objective network 

reconfiguration problem has assumed significant 

importance. The multi-objectives are considered for 

minimizing the active power loss, load balancing among 

the feeders, and improving voltage profile, while subject 

to a radial network structure in which all loads must be 

energized. Moreover, the great demands of renewable 

energy resources with respect to energy reserve and 

environmental issues make the new small generator 

technologies such as solar photovoltaics, wind farms, 

micro hydro, and other resources more and more popular. 

The technologies that have capacity of less than 10 MW 

commonly powered by renewable energy sources that are 

connected to transmission or distribution systems is 

called distributed energy resources (DER) [1]. It is also 

known as Distributed Generation or Distributed 

Resources. The number and size of DER connected to 

distribution systems is rapidly increasing. The advantages 

of integration of DER in power distribution network are 

typically for grid reinforcement, reducing power losses 

and on-peak operating costs, improving voltage profiles 

and load factors and thus deferring or eliminating system 

upgrades, which is the dominant effect distribution 

system in rural networks [2-7]. Increasing in levels of 

DER will need to change planning and design of 

distribution networks to harness approaches that use 

information and communication technology to actively 

manage the network [8-9].  

Many researches in literature have been studied for 

minimization of active power loss via reconfiguration of 

distribution networks. These study efforts can be broadly 

classified into two categories: conventional approaches 

[3, 10-15] and artificial intelligent (AI) based approaches 

[4-7, 16-25]. The conventional approaches include 

classical and heuristic optimization algorithms. The first 

effort of distribution network reconfiguration with aim 

for loss reduction was proposed by Merlin and Back [10]. 

They have used a conventional technique which 

considering a branch and bound to determine the 

minimum loss configuration. After that, many 

conventional method that aim to reduce the active power 

loss of distribution network. Chen and Cho [11] have 

proposed the energy loss reduction using critical switches 

operation, while Borozan et al. [12-13] have considered 

the application aspects of optimal distribution network 

reconfiguration. An optimization method to determine the 

network configuration with minimum energy losses for a 

given period has proposed by Taleski and Rajicic [14]. 

Lin and Chin [15] have proposed a network 

reconfiguration technique using voltage, ohmic, and 

decision indexes to determine the switching operation. 

For most of conventional approaches, these techniques do 

not necessarily guarantee global optimization. 

The effort of distribution network reconfiguration 

based on AI has proposed by Zhou et al. [16]. They have 

used two algorithms for optimization of distribution 

network configuration in order to service restoration and 

load balancing. In their study, combination of heuristic 

rules and fuzzy logics in optimization purposes for 

efficiency and robust performance is used. The use of 

genetic algorithm (GA) for distribution network 

reconfiguration technique in order to minimize the active 

power loss has proposed by Nara et al. [17], while 

Enacheanu et al. [18] has proposed the GA based on the 

matroid theory and graph theory. Mendoza et al. [19] 

have proposed a new methodology using GA with the 

help of fundamental loops for reconfiguration of 

distribution networks. Jeon et al. [20] and Augugliaro et 

al. [21] have proposed simulated annealing algorithms in 

large scale distribution system for active power loss 

reduction purpose.  

Rao et al. [22] have proposed the use of harmony 

search algorithm (HSA) for optimal large-scale 

distribution network reconfiguration. The algorithm is a 

method which is conceptualized using the musical 

process of harmony searching in perfect state. Farahani et 

al. [23] have proposed network reconfiguration network 

based on a simple branch exchange method of single 

loop. In the method, loops selection sequence affects the 

optimal configuration and the network loss. Also, discrete 

GA is used to optimize the location and size of 

capacitors. The algorithm is tested on an IEEE 77-bus 

distribution system, as used in our study. The applications 

of fuzzy multi-objective method for optimal distribution 

network configuration have presented by Das [24], 

Filipiak and Stepien [25], Niknam et al. [26], and 

Syahputra et al.  [27]. In the method, there are several 

objectives include active power loss, load balancing 

among the feeders, deviation of bus voltage, and branch 

current constraint violation for simultaneously modeled 

and proceed. Criteria for selecting a membership function 

for each objective are not provided in their works. Also, 

weights of each objective are not considered. 

In our study, the formulations of the distribution 

network reconfiguration problem as a multi-objectives 

problem subject to electric and operational constraints 

are performed. The objectives considered are: 

minimization of the active power loss, minimization of 

the deviation of nodes voltage, minimization of the 

branch current constraint violation, and load balancing 

among various feeders.  

The above objectives are transformed into fuzzy sets 

using different type of fuzzy membership functions. 

Radially of the distribution network must remain after 

reconfiguration in which all loads must be simultaneously 

energized. The main advantage of this study is to propose 

a novel network reconfiguration method based on the 

fuzzy multi-objective algorithm with DER in which all 

objectives may be simultaneously weighted. The weights 

of all objectives are dependent on the priority of 

optimization. Weighting of objective functions is an 

important issue in a multi-objective optimization [28-29]. 

The objective of minimization of active power loss is the 

main important in our work.  
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Therefore, the proposed method can provide another 

useful algorithm for the optimization of distribution 

network configuration with DER integration. 

II. Power Distribution Network with 

Integration of DER  

In this study, two types of DER are modeled to 

connect to distribution network, solar photovoltaics and 

wind farms, respectively. The operation of the DER is 

considered to be at steady state. Therefore, the DER from 

solar photovoltaics is modeled as injected only active 

power, while DER from wind farms is modeled as 

injected both active and reactive power, Pi and Qi, 

respectively. 

In the first study, the 20-kV radial distribution system 

has examined. The system has one substation, two 

feeders, and 77-bus as shown in Fig.1. The switches of 

the distribution system consist of 114 sectionalizing 

switches and 10 tie switches. Tie switches of this system 

are open in normal conditions. Fig.1 shows the initial 

configuration of distribution network without DER 

integration. Load and branch data of the IEEE 77-bus 

distribution network can be found in [23]. 

In order to analyze the impact of DER integration to 

distribution network, we have installed as many as 14 

DERs on buses 5, 7, 14, 22, 28, 34, 36, 41, 46, 54, 59, 

68, 70 and 74, respectively, as shown in TABLE I. The 

DER models that have used in our study consist of both 

solar photovoltaics and wind farms. DER solar 

photovoltaics with unity power factor and wind farms 

with power factor from 0.8 to 0.9 (lagging) are assumed. 

In the second study, the proposed extended fuzzy 

multi-objective method is implemented in real power 

distribution system. In this case, a 20-kV electric power 

distribution system of the Provincial Electricity Authority 

of Yogyakarta, Indonesia, is selected to illustrate the 

performance of the method. 
 

TABLE I 

DER LOCATION AND CAPACITY ON IEEE 77-BUS  

DISTRIBUTION SYSTEM 

Bus  Number DER Capacity 

(kW) 

Power 

Factor 

5 150 0.8 

7 100 0.9 

14 100 0.9 

22 100 1 

28 150 0.9 

34 50 0.8 

36 100 0.9 

41 150 0.8 

46 100 0.9 

54 200 0.9 

59 100 1 

68 200 0.9 

70 50 0.8 

74 100 0.9 

 

 

 

 
 

Fig.1. IEEE 77-bus distribution network [23]
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Yogyakarta is one of the provinces in Indonesia which 

is located in Java islands. Fig. 2 describes the practical 

one-line diagram of the system. The system has 13 

feeders that are powered by two 60 MVA power 

transformers, but the study has focused on feeder 6, 7, 

and 11, respectively. The selection of the three feeders is 

because the most complex of all existing feeders. All 

three feeders have 60 bus and 56 load points. Load and 

branch data of the network can be seen in Appendix. The 

total capacity of all feeders of the test system is 26547 

kW.  

In order to analyze the impact of DER integration to 

distribution network, we have installed as many as 14 

DERs on buses 5, 8, 12, 15, 16, 28, 33, 36, 37, 43, 46, 

52, 55 and 59, respectively, as shown in TABLE II. 
 

TABLE II 

DER LOCATION AND CAPACITY ON YOGYAKARTA 60-BUS   

DISTRIBUTION SYSTEM 

Bus  

Number 

DER Capacity 

(kW) 

Power 

Factor 

5 150 0.8 

8 100 1 

12 100 0.9 

15 100 0.8 

16 150 1 

28 100 1 

33 100 1 

36 150 0.8 

37 100 0.9 

43 200 0.9 

46 100 0.8 

52 200 0.8 

55 100 1 

59 100 1 

The DER models that have used in our study consist of 

both solar photovoltaics and wind farms. DER solar 

photovoltaics with unity power factor and wind farms 

with power factor from 0.8 to 0.9 (lagging) are assumed. 

 

III. Extended Fuzzy Multi-objective    

Method 

III.1. Problem Formulation  

Network reconfiguration is a very important function 

of automated distribution systems to reduce power losses, 

to improve bus voltage profile, to balance load, and to 

improve system security. Loads can be transferred from 

feeder to feeder by changing the states of sectionalizing 

switches and tie switches. In this paper, network 

reconfiguration for active power loss minimization can be 

formulated as follows: 
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where Ploss is active power loss; Pi and Qi are the active 

and reactive powers flowing out of bus, respectively; nb is 

the number of branch, and Ri and Vi are the resistance and 

voltage magnitude at bus i, respectively. The 

optimization also took into consideration the subject to 

the following: voltage magnitude constraint, current 

magnitude constraint, power source limit constraint, and 

radial network constraint. 

 

 
 

Fig. 2. Yogyakarta 60-bus distribution system

20 

19 

18 

17 

16 

15 

14 
13 

12 

11 

10 

 9 
 8 

 7 

 6 
 5 

 4  3 

 2 

 1 21 

22 
23 

24 25 

26 

27 

28 

29 

30 
31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 58 

59 

60 

632 



 

International Review of Electrical Engineering (I.R.E.E.), Vol. 9, N. 3 

ISSN 1827-6660                May – June 2014 

 

 

 

Manuscript received February 2014, revised May 2014, accepted June 2014               Copyright © 2014 Praise Worthy Prize S.r.l. - All rights reserved 

The proposed algorithm transforms the multi-

objectives of the reconfiguration problem into a single 

objective optimization problem using fuzzy set theory. In 

the fuzzy domain, each objective is associated with a 

membership function. The membership function indicates 

the degree of satisfaction of the objective. The fuzzy 

membership functions of [24-26] have not considered the 

weight factor for each objective. The four objectives 

which are constructed in fuzzy membership function 

include: active power loss reduction, maximum bus 

voltage deviation, maximum branch current loading 

index, and load balancing among the feeders.  

III.2. Fuzzy Membership Function for Power Loss  

The main purpose of optimization of distribution 

network configuration is reducing the active power loss. 

Therefore, the first assignment of constructing the fuzzy 

membership function is how to reduce the active power 

loss of the distribution system. The ratio of total active 

power loss after and before reconfiguration may be 

defined as 

k

Bloss

iloss

i Nifor
P

P
,...,3,2,1,

,

,
         (2) 

where, Nk is the total number of branches in the loop 

including sectionalyzing-branch and tie-branch when i-th 

tie-switch is closed; Ploss,i is the total active power loss of 

the system when i-th branch in the loop is opened; and 

Ploss,B is the total active power loss before 

reconfiguration. It can be indicated that if i is high, 

active power loss reduction is low and, hence, a lower 

membership value is assigned and if i is low, the active 

power loss reduction is high and a higher membership 

value is assigned. The fuzzy membership function of the 

objective is assigned to be trapezoidal fuzzy as shown in 

Fig. 3. It has been assumed that min = 0.5, max = 1.0, 

and the weight factor for the membership function is 0.3.  

 
Fig. 3. Membership function for power loss 

 

The membership value of µ(i) can be written as 
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III.3. Fuzzy Membership Function for Bus Voltage  

The purpose of constructing this membership function 

is that the deviation of bus voltage should be less. The 

maximization factor of bus voltage may be defined as  
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          (4) 

 

where, NB is total number of bus of the system; Vs is 

voltage of the substation, in p.u; and Vi,j is voltage of 

node corresponding to the opening of the i-th branch in 

the loop, in p.u. The membership function of the 

objective is also assigned to be trapezoidal fuzzy as 

shown in Fig. 4. It has been assumed that min = 0.05, 

max = 0.1, and the weight factor for the membership 

function is 0.225. 

In fuzzy environment of the research, if the maximum 

voltage deviation is less, then a higher membership value 

is assigned and if deviation is more, then a lower 

membership value is assigned. Fig. 4 shows the 

membership function for maximum node voltage 

deviation. From Fig. 4, the membership value of µ(βi) can 

be written as 
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Fig. 4. Membership function for voltage deviation 

III.4. Fuzzy Membership Function for Branch Current 

Loading Index 

The basic purpose for constructing this membership 

function is to minimize the branch current constraint 

violation. The branch current loading index may be 

defined as 
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where, |Ii,m| is electric current magnitude of branch-m 

when the i-th branch in the loop is opened; Ic,m is line 

capacity of branch-m.  
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 The maximization factor of branch current loading 

index may be defined as 

.1,...,3,2,1,,...,3,2,1

,max
,

,
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i

NmandNifor

I

I
         (7) 

 

The trapezoidal fuzzy membership function of the 

objective is shown in Fig. 5. When the value of branch 

current index exceeds unity, a lower membership value is 

assigned and as long as it is less than or equal to unity, 

the maximum membership value is assigned. It has been 

assumed that min = 1.0, max = 1.15, and the weight 

factor for the membership function is 0.2. From Fig. 5, 

the membership value of µ(i) can be written as 
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Fig. 5. Membership function for current loading index 

 

III.5. Membership Function for Feeder Load Balancing 

 Load balancing is one of the main objectives of 

distribution network reconfiguration. Load balancing 

index (LBI) represents the degree of loading among 

feeders. This index measures how much a branch can be 

loaded without exceeding the rated capacity of the 

branch. An effort to increase the margin of heavily loaded 

feeders is to transfer part of their loads to lightly loaded 

feeders of distribution system.  

 The load balancing index may be defined as  
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    (9) 

 

where, IFi,j is electric current of feeder corresponding to 

the opening of the i-th branch in the loop; IFFi,max is the 

maximum of all the currents corresponding to the 

opening of the i-th branch in the loop = max(IFi,j), for j = 

1, 2, 3, …, NF. 

The maximization factor of load balancing index may 

be defined as  
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       (10) 

 

 
Fig. 6. Membership function for the load balancing index 

 

Fig. 6 shows the membership function for load 

balancing index. From Fig. 6, the membership value of 

µ(i) can be written as   
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It has been assumed that min = 0.10, max = 0.50, and 

the weight factor for the membership function is 0.275.  

III.6. Fuzzy Multi-objective Algorithm 

Fuzzy multi-objective method in this study has been 

extended by adding a weighting factor to each objective 

function.  

The addition of this weighting is an extension of the 

method presented in reference [24]. Giving weight 

factors are important in multi-objective optimization, but 

it has not been used in the distribution network 

reconfiguration.  

The weighting of the objective function is for power 

losses by 0.3, for the objective function of the bus voltage 

by 0.225, for the current branch loading index by 0.2, and 

for load balancing by 0275. The proposed extended fuzzy 

multi-objective algorithm for the optimization of 

distribution network configuration in this study is shown 

in Fig. 7. 

IV. Test Results 

In order to demonstrate the effectiveness of the 

proposed method, it is applied to two test electrical 

distribution systems, i.e. IEEE distribution system of 77-

bus with DER integration and Yogyakarta Indonesia 

distribution system of 60-bus with DER integration.  

The optimization of distribution network configuration 

with considering DER using extended fuzzy multi-

objective method was implemented in Matlab software, 

and the simulations were performed on an Intel® 

core(TM) i5-3337U CPU@1.80 GHz, 4 GB RAM. 
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Fig. 7. An extended fuzzy multi-objective algorithm for network 

reconfiguration 

 

IV.1. IEEE Distribution System of 77-Bus with DER 

Integration 

In the first study, the IEEE distribution system of 77-

bus has examined, as shown in Fig.1. For base case, 

before reconfiguration the network, the total active power 

loss of the network under study is 229.64 kW. The active 

power loss dispersed of each bus of distribution network 

for the base case has shown in Fig. 8. In this state, the 

minimum voltage is 0.914 p.u magnitude that occurred on 

bus 76.   

From the result of our case study, it can be seen from 

the 77-bus test system that integration of DER has the 

effects of reduction the active power loss over feeders in 

this particular case. Load flow simulation results show 

that the total active power loss of the system with DER 

integration is 179.87 kW, or, in other words that the 

efficiency of distribution network is 94.63%, as shown in 

TABLE III. For voltage profile evaluation has resulted 

that the minimum voltage is 0.934 p.u in bus 76. 

 
 

 
 

Fig. 8. Distribution of power loss before reconfiguration for IEEE 77-

bus test system 

 

 
 

Fig. 9. Distribution of power loss after reconfiguration for IEEE 77-bus 

test system 

 
After experimenting the extended fuzzy multi-

objective technique for reconfiguration purpose, the total 

active power loss is 165.07 kW, or the other words, the 

efficiency of distribution network under study is 95.05%, 

as shown in TABLE II.  

The power loss dispersed of each bus of distribution 

network with DER integration after reconfiguration has 

shown in Fig. 9. From the results of our study which has 

shown in Fig. 8 and Fig. 9, it is observed that the losses 

in almost every bus is reduced, except at 4, 6, 16, 17, 18, 

19, 20, and 53, where the losses are increased because of 

shifting of loads onto these feeders. The minimum 

voltage is 0.949 p.u magnitude that occurred on the bus 

76. 
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Read the bus, load, and branch 

data of a distribution system 

Run the load-flow program to determine power 

loss, bus voltage, and branch currents 

Compute the voltage difference across the open 

tie switches: Vtie,(i) for i = 1,2,…, n-tie 

 

 

Identify Vtie,max =Vtie,(k) 

 

Output 

results 

Select the tie switch “k” and identify the total 

number of loop branches Nk 
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No 

For i = 1 to Nk, compute µi, µi, µi, and µi 

using (3), (5), (8), and (11), respectively, and 

evaluate: Dk,i = min{µi,µi,µi,µi}; 

Obtain OSk = max{Dk,i}, for i = 1, 2, … Nk 

Stop Vtie,max>0.01? 

 

Determine the membership values of all objective 

functions  

 

Determine the weights of all objective functions 

i = i+1 
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TABLE III 

THE SIMULATION RESULTS OF IEEE 77-BUS DISTRIBUTION NETWORK 

Test Case 

Parameters of Analysis 

Active 

Power 

Loss 

(kW) 

Efficiency 

of Distri-

bution 

Network 

(%) 

Minimum 

Voltage 

(p.u.) 

Tie 

Switches 

to be 

Closed 

Sectiona-

lizing 

Switches to 

be Open 

Distribution 

network 

without DER 

before 

reconfigura-

tion  

229.64 93.25 
0.914 

(V76) 
NA NA 

Distribution 

network with 

DER before 

reconfigura-

tion 

179.87 94.63 
0.934 

(V76) 
NA NA 

Distribution 

network with 

DER after 

reconfigura-

tion 

165.07 95.05 
0.949 

(V76) 

Line3, 

Line4, 

Line6, 

and Line7 

J9, J16, 

J21, and 

J33  

 

Voltage profile for each bus of IEEE 77-bus test 

system has shown in Fig. 10. As can be seen in Fig. 10 

and TABLE III that the minimum voltage magnitude 

before reconfiguration is 0.914 p.u which occurred on 

bus 76, while the minimum voltage magnitude after 

reconfiguration is 0.949 p.u which occured on the same 

bus. Impact of DER installations in several locations of 

IEEE 77-bus test system is an increase in the magnitude 

of the bus voltage significantly. The maximum voltage 

after reconfiguration is 0.999 p.u magnitude which 

occurred on bus 36, as shown in Fig. 10. 

 

 
 

Fig. 10. Voltage profile for each bus of IEEE 77-bus test system 

 

From the result of the IEEE 77-bus radial distribution 

network test system that DER has the effects of loss 

reduction improvement and increasing in voltage 

magnitude over feeders, and the topological structures of 

optimum network in base case are different from those 

with DER integration. Based on the 77-bus radial 

distribution system with DER integration, the proposed 

method in this paper has significant loss reduction in 

order to improve the performance of electrical 

distribution system with considering the DER integration. 

IV.2. Yogyakarta Distribution System of 60-Bus with DER 

Integration     

In the second study, the proposed method is tested on a 

real-life 60-bus Yogyakarta power distribution system. In 

this case, a 20-kV electric power distribution system of 

the Provincial Electricity Authority of Yogyakarta, 

Indonesia, is selected to illustrate the performance of the 

method, as shown in Fig. 2. The system has 13 feeders 

that are powered by two 60 MVA power transformers. 

For base case, before reconfiguration the network, the 

total active power loss of this system is 656.20 kW, or, in 

other words that the efficiency of distribution network is 

97.53%, as shown in TABLE IV. The loss dispersed of 

each bus of distribution network for the base case has 

shown in Fig. 10. In this state, the minimum voltage that 

occurred on bus 50 is 0.907 p.u magnitude.  
 

 
 

Fig. 11. Distribution of power loss before reconfiguration for 

Yogyakarta 60-bus test system 
 

 
 

 

Fig.12. Distribution of power loss after reconfiguration for Yogyakarta 

60-bus test system 

 

From the result of our real-life case study, it can be 

seen from the Yogyakarta 60-bus test system that 

integration the DER has the effects of loss reduction 

improvement over feeders in this particular case.  

By using load flow simulation, it is resulted that the 

total active power loss of the system with DER 

integration is 649.82 kW, or, in other words that the 

efficiency of distribution network is 97.55%, as shown in 

TABLE IV. For voltage profile evaluation has resulted 

that the minimum voltage that occurred on bus 20 is 

0.929 p.u magnitude. 
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Fig. 13. Voltage profile for each bus of Yogyakarta 60-bus test system 

 
TABLE IV 

THE SIMULATION RESULTS OF YOGYAKARTA 60-BUS DISTRIBUTION 

NETWORK 

Test Case 

Parameters of Analysis 

Active 

Power 

Loss 

(kW) 

Efficiency 

of Distri-

bution 

Network 

(%) 

Minimum 

Voltage 

(p.u.) 

Tie 

Switches 

to be 

Closed 

Sectiona-

lizing 

Switches to 

be Open 

Distribution 

network 

without DER 

before 

reconfigura-

tion  

656.20 97.53 
0.907 

(V50) 
NA NA 

Distribution 

network with 

DER before 

reconfigura-

tion 

649.82 97.55 
0.929 

(V20) 
NA NA 

Distribution 

network with 

DER after 

reconfigura-

tion 

631.07 97.64 
0.937 

(V20) 

3/S3-   

265 

and  

90/S3-

125Z 

80B/S1-      

172Z 

and  

141/S3-

125Z 

 

After experimenting with extended fuzzy multi-

objective technique for reconfiguration purpose, 

optimization result of Yogyakarta distribution network 

configuration that the best configuration is achieved by 

connecting both tie switch of 3/S3-265 and 90/S3-125z 

for on position, while both sectionalizing switch of 

80B/S1-172Z and 141/S3-125z for off position. The total 

active power loss in this case is 631.07 kW, or the other 

words, the efficiency of distribution network under study 

is 97.64%, as shown in TABLE IV.  

The power loss dispersed of each bus of distribution 

network with DER integration after reconfiguration has 

shown in Fig. 11. From the results of our study which has 

shown in Fig. 10 and Fig. 11, it is observed that the 

losses in almost every bus is reduced, except at 3, 7, 11, 

16, 17, 23, 34, 40, 43 and 55, where the losses are 

increased because of shifting of loads onto these feeders.  

Voltage profile for each bus of Yogyakarta 60-bus test 

system has shown in Fig. 13. As can be seen in Fig. 13 

and TABLE IV that the minimum voltage magnitude 

before reconfiguration is 0.907 p.u which occurred on 

bus 50, while the minimum voltage after reconfiguration 

is 0.937 p.u which occurred on the bus 20. The impact of 

DER installation in several location of Yogyakarta 60-

bus test system is increasing on bus voltage magnitude 

significantly. The maximum voltage after reconfiguration 

is 0.999 p.u magnitude that occurred on bus 43, as shown 

in Fig. 13. 

From the result of our case study of Yogyakarta 

distribution system, it can be seen from the 60-bus radial 

distribution network test system that DER has the effects 

of loss reduction improvement over feeders in this 

particular case, and the topological structures of optimum 

network in base case are different from those with DER 

integration. Based on the Yogyakarta 60-bus radial 

distribution system with DER integration, the proposed 

extended fuzzy multi-objective method in this paper has 

significant loss reduction in order to improve the 

performance of electrical distribution system with 

considering the DER integration. As shown in TABLE 

IV, by using the proposed method, not only efficiency of 

distribution network are more increased but also 

minimum voltages at bus of the network are increased 

compared to the network before reconfiguration. 

V. Conclusion 

In this paper, an efficient method for optimization of 

distribution networks configuration including DER 

integration in order to improve the performance of the 

networks has been presented. The effectiveness of the 

method has been demonstrated by an IEEE 77-bus 

distribution network test system and Yogyakarta 60-bus 

test system. The excellence of the proposed method is the 

capabilities of reducing the active power loss and 

increasing the voltage magnitude of each bus of 

distribution network in order to improve the performance 

of the network. The simulation result show that for IEEE 

77-bus test system, a 1.80% of distribution network 

efficiency improvement is achieved by the method. And, 

the simulation result for Yogyakarta 60-bus test system 

show that a 0.11% of distribution network efficiency 

improvement is achieved by the extended fuzzy multi-

objective method. 

 

Appendix 

TABLE A 

LOAD AND BRANCH DATA OF YOGYAKARTA 60-BUS  

DISTRIBUTION SYSTEM 

Bus    

Number 
Active 

Power (kW) 

Reactive  

Power (kVAr) 

Resistance  

of Line () 

Reactance  

of Line () 

1 270.0 194.9 0.03360 0.12845 

2 630.0 454.8 0.18144 0.69363 

3 90.0 65.0 0.04032 0.15414 

4 279.0 201.4 0.05376 0.20552 

5 1368.0 987.6 0.37632 1.43864 

6 328.5 237.2 0.10080 0.38535 

7 495.0 357.4 0.11424 0.43673 

8 382.5 276.1 0.20832 0.79639 

9 225.0 162.4 0.17472 0.66794 

10 427.5 308.6 0.12096 0.46242 

11 585.0 422.3 0.20160 0.77070 

12 652.5 471.1 0.10080 0.38535 
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13 1125.0 812.2 0.28224 1.07898 

14 571.5 412.6 0.34272 1.31019 

15 0 0.0 0.06720 0.25690 

16 1732.5 1250.8 0.32256 1.23312 

17 495.0 357.4 0.16800 0.64225 

18 450.0 324.9 0.18144 0.69363 

19 1012.5 731.0 0.06720 0.25690 

20 1057.5 763.5 0.52416 2.00382 

21 247.5 178.7 0.16128 0.61656 

22 697.5 503.6 0.06720 0.25690 

23 180.0 130.0 0.02016 0.07707 

24 292.5 211.2 0.06720 0.25690 

25 495.0 357.4 0.13440 0.51380 

26 2236.5 1614.6 0.45696 1.74692 

27 225.0 162.4 0.02688 0.10276 

28 2596.5 1874.5 0.23520 0.89915 

29 3262.5 2355.4 0.09408 0.35966 

30 3028.5 2186.4 0.44352 1.69554 

31 90.0 65.0 0.06048 0.23121 

32 180.0 130.0 0.17472 0.66794 

33 405.0 292.4 0.16800 0.64225 

34 1507.5 1088.3 0.30240 1.15605 

35 427.5 308.6 0.30240 1.15605 

36 1422.0 1026.6 0.66528 2.54331 

37 0 0.0 0.01344 0.05138 

38 3145.5 2270.9 0.59136 2.26072 

39 1404.0 1013.6 0.22848 0.87346 

40 630.0 454.8 0.18144 0.69363 

41 1215.0 877.2 0.66528 2.54331 

42 0 0.0 0.04704 0.17983 

43 450.0 324.9 0.29568 1.13036 

44 337.5 243.7 0.12096 0.46242 

45 67.5 48.7 0.07392 0.28259 

46 855.0 617.3 0.65856 2.51762 

47 144.0 104.0 0.10752 0.41104 

48 0 0.0 0.02016 0.07707 

49 1125.0 812.2 0.02016 0.07707 

50 549.0 396.3 0.31584 1.20743 

51 787.5 568.5 0.16128 0.61656 

52 315.0 227.4 0.36288 1.38726 

53 1035.0 747.2 0.47712 1.82399 

54 1386.0 1000.6 0.28224 1.07898 

55 157.5 113.7 0.16800 0.64225 

56 787.5 568.5 0.38304 1.46433 

57 135.0 97.5 0.10752 0.41104 

58 261.0 188.4 0.22176 0.84777 

59 1291.5 932.4 0.55776 2.13227 

60 1444.5 1042.9 0.21504 0.82208 
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