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Abstract:Many power companies tend to adopt protection policy based on the fuse saving rule in order to 

avoid prolonged interruptions in their distribution networks. According to the rule, when a fault occurs, before 

operating the fuse, feeder is going to be withoutelectricity by several cycles of fast reclosing. By presenting 

distributed generation (DG) to a normal distribution network changes the timing of fuse and recloser 

operations, causes a miscoordination between these devices and interferes with declared rule. In this paper, an 

adaptive modification of recloser time dial setting (TDS) is proposed to address this problem. The proposed 

method is tested by simulating an actual distribution feeder located in Abarkuh, Yazd in multiple scenarios 

assuming different capacities and positions for the DG unit. This simulation is conducted usingDigSILENT and 

MATLAB softwares. This paper also uses BBO algorithm to optimize the location and capacity of two DG units 

assumed to be added to the studied feeder. This optimization is focused on minimizing losses while maintaining 

the recloser-fuse coordination as well as other operational constraints. The obtained results indicate the 

effectiveness of the proposed method in ensuring proper recloser-fuse coordination. 
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I. Introduction 
As the time passed by, developing technology and having alacrity to move toward industrialization 

have made increasing demand for electricity. As a result, development of new power sources and interconnected 

current electrical grids are now considered inevitable. Meanwhile, the increased public awareness about 

environmental protection, magnitude of energy consumption and shortage of energy resources has increased the 

tendency toward the use of renewable energies which has led to increasing use of distributed generation (DG) 

systems.  

Integration of new DG systems with the existing networks has created several technical, economic, and 

regulatory challenges. Connecting a new DG system to a normal distribution network enhances the fault current 

and may has adverse effects on the performance of circuit breakers, protective relays, reclosers, and fuses 

designed for mentioned network [1, 2]. 

Presence of  set of DGs in distribution network have a great potential to affects in various ways on the 

fault current, mostly depending on the type of DG. When detecting a fault, some types of DGs immediately cut 

their connection with the network and do not contribute to its fault current variations; these DGs are often based 

on power electronic devices [3, 4]. Another group of DGs use induction generators and this type of generators 

contribute to the fault current as much as several times their nominal current, although for a short period 

[5].Another group of DGs use synchronous generators to produce electrical energy. These DGs are able to 

contribute to the fault current as much as several times their nominal current and duration of this contribution is 

extremely high, unless protective stuff cut them from the circuit [3]. Connecting DG units to a distribution 

networks and changing the range of current variations in that network (both in normal mode and at the time of 

fault) can interfere with the functions of fuses and reclosers. When a temporary fault occurs, the recloser acts 

faster than the fuse; but the additional current generated by DG and decreased current at the feeder may cause 

the fuse to melt before the recloser can do its designated task. Therefore, the presence of DG in distribution 

systems may lead to repeating instances of burned fuses caused by recloser-fuse miscoordination in addressing 

temporary faults, which hampers the basic functions of both equipment and highlights the importance of 

ensuring proper network protection in the presence of DG. 

In this paper, first of all, protective equipment had been used in distribution network has been reviewed 

and then its performance characteristic curves have been used to examine the effect of DG on the recloser-fuse 

coordination. An idea based on adaptive digital relay, has been used to achieve a proper coordination between 
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the fuse and the recloser. After that, the proposed method would be simulated on a model of an actual network 

built in DIgSILENT environment. To perform a more complete study on the issue, the location and capacity of 

two DG assumed to be added to the studied feeder has been optimized; this optimization has been aimed at 

reducing the losses and reaching a proper recloser-fuse coordination. 

 

II. Protective equipment used in distribution networks 
The most important protective equipment used in distribution networks include fuses, overcurrent 

relays, recloser and sectionalizer, a brief introduction on each device is presented in the following.Low cost and 

simplicity of overcurrent (OC) relay have to prevalent use of protective equipment. There are several types of 

these relays including definite time OC relay, inverse time OC relay, instantaneous OC relay, directional OC 

relay, and earth-fault relay; Using each type or a combination of several types of relays depends on the level of 

voltage and radial or annular layout of the network. Sectionalizer is installed in series with the line and fuses. 

This device is installed in series with reclosers or power switches with reclosing cycles but in a location farther 

from the power source than those devices. Considering the function and the normal current of reclosers, these 

devices can be essentially considered as low capacity power switches. Reclosers are often installed on important 

branches of distribution feeders in series with other cut-out devices. Recloser switches are designed to remain 

open after performing a certain number of reclosing cycles. So any short circuit causes the recloser to open its 

switch; if this fault is momentary recloser automatically closes its switch and waits for the next event; but when 

this fault is persistent recloser repeats the reclosing cycle a few times and then switch permanently to (OFF) 

state. These devices are often configured to perform three reclosing cycles before switching to OFF state [6]. 

Switches and reclosers are usually equipped with inverse time overcurrent trip devices whose characteristics can 

be expressed as equation (1): 

t =  
A

(MP )p −1
+ B × TDS (1) 

wheret is the protective device operating time and TDS is its  time dial setting ; MP is s current ratio which is 

equal to If(CTS)/Ipickup (the ratio of the current measured by the protective component to the relay’s current set 

point). A, B and p are the constants that must be determined with respect to status of the OC relay characteristic 

curve; the standard values of these constants are listed In Table 1 [7]. 

 

Table 1.Constants of inverse time current characteristic curve 
Characteristic curve A B P 

Inverse 0.0515 0.1140 0.02 

Very Inverse 19.61 0.491 2 

Extremely Inverse 28.2 0.1217 2 

 

The purpose of the fuse is to interrupt a persistent fault by isolating the faulty section of the network from the 

healthy section. Each fuse is designed to melt within a specified time at a specified value of fault current. 

Current-time characteristic of a fuse can be determined with two curves: 

- Minimum Melting Time (MMT) 

- Maximum Clearing Time (MCT) 

 

MMT curve expresses the minimum time it takes for a fuse to melt at a specified current and MCT curve 

expresses the maximum fault clearing time. Fig. 1 shows the MMT and MCT curves [6]. 
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Fig. 1 MMT characteristic (A) and MCT characteristic (B) of a given fuse 

 

The fuse has inverse time-current characteristic. The general equation describing the fuse characteristic curve is 

as follows: 

 

log t = a × log I + b(2) 

 

where I and t are  the corresponding current and time respectively, and a and b are the constants that determine 

the curve. Constant a is the slope of the line I
2
tin log-log plot. The value of this parameter is fixed for all fuses 

installed in the same system. This condition ispractically acceptable because all fuses in the system shouldbe of 

the same type. But constant b has a different value for each fuse. Constant b must be calculated by using 

parameter a and the coordinates of an operating point of the fuse (fault current passing through the fuse and its 

operating time). 

The fault current passing through the fuse would be obtained by performing short circuit calculations. 

At the time of a short circuit, operating time of the fuse can be obtained by dividing the time range of recloser 

(i.e. the time difference between operating time of the slow and fast operating modes)by there the number of 

fuses in the fault path; the following equation can be used for this purpose [8]: 

 

tfuse −i = trec −fast +
i×(trec −slow −trec −fast )

n+1
(3) 

 

where tfuse-i is the operating time of  i-th fuse at the fault path (the closest fuse to the fault is i=1); n is the total 

number of fuses at the fault path; trec-slow is the recloser operating time at slow-mode and trec-fast is the recloser 

operating time at fast-mode. 

 

III. The distributionnetwork's equipment protection coordination rules 
Equipmentprotection coordination is the process of selecting overcurrent protection equipment and 

configuring their time-current settings with the aim of clearing the fault and equipment according to a pre-

determined order of operation. Two protective devices are called coordinated when they have a specific order of 

operation to deal with a fault and do not interfere with each other’s functions. The device that is configured to 

operate first is known as primary protection and is usually closer to the fault location. Other stuff of equipment 

provides the backup protection and only operates when primary protection fails to operate. 

 

3.1. Fuse- Recloser coordination 

Fig. 3(a) shows a distribution feeder that is connected to a load. This feeder protected by a fuse. So fuse 

only acts against a permanent fault. For temporary faults, recloser must cut off the circuit in fast-mode and give 

the fault a time to be cleared. As a result, fuse will not blow by all temporary faults, and slow-mode reclosing 

remains as the fuse backup protection. 
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a) Fuse- Recloser coordination 

 

 
b) Recloser-Fuse coordination range [3] 

Fig. 3 Recloser-Fuse coordination in a simple network 

 

According to Fig. 3(b), coordination between fuse and recloser is somewhat complex. The two vertical 

lines show the minimum and maximum fault current at the circuit downstream the fuse, and the curves must be 

coordinated for these currents. Two dotted curves are MMT (lower curve) and MCT (upper curve) of the fuse. 

The following rules must be applied to coordinate the fuse and recloser: 

- MMT of the fuse must be greater than the recloser's fast-mode clearing time. The minimum distance 

between the curves must be maintained. Suggested minimum factors are: 1.25 times for one reclosing, 1.35 

times for two fast reclosing with one second or more  reclosing period, 1.8 times for two fast reclosing with 

half-second  reclosing period. 

- MCT of the fuse must be smaller than the recloser's slow-mode clearing time. 

 

IV. The impact of DG on recloser-fuse coordination 
Fig. 4(a) shows the effect of a generator in distribution feeder on recloser-fuse coordination. The main 

effect is that currents passing through the fuse and recloser are not the same. Fuse current is increased while 

reclosercurrent is reduced. Recloser current is reduced because the generator keeps a voltage fault at the 

beginning of the branch. This change in fuse and recloser currents decreases the margin of coordination. Fig. 

4(b) shows this issue with the fast curve of recloser and MMT of the fuse. 

 
a) A feeder with one recloser, one fuse, and one DG source 
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b) The impact of DG on coordination between the fuse and the recloser (fast-mode) 

Fig. 4 The impact of DG on recloser-fuse coordination 

 

Black circles in Fig. 4(b) show the feeder’s clearing time and current in the absence of generator. In 

this state, recloser configuration the fuse selection must be with respect to this coordination margin. 

Hollow circles show the clearing time and current in the presence of generator. In this state, currents 

are not the same and MMT of the fuse is affected. The difference between the recloser opening and fuse MMT 

is decreased. So fuse may melt or even cut off the current. Fuse meltdown without cut off will wear out the fuse 

and may cause unwanted cut offs in the future faults or at heavy loads. The presence of DG does not affect the 

coordination of recloser’s slow-mode operation. Fuse acts faster and recloser acts slower which actually increase 

the coordination margin. But this margin added for slow-mode operation cannot be used to deal with fast-mode  

problems; because generator is not permanently under the fault condition and protection of distribution feeders 

should be coordinated in such a way that covers all situations. 

 

V. Adaptive protection scheme 
The adaptive relay used in this study, first stores the characteristics of fuse and recloser. After the 

determination of currents passing through the fuse and recloser by SCADA and distribution automation system, 

the maximum current passing through the fuse and recloser will be calculated. Then the ratio of recloser current 

to fusecurrent (IR/IF) will be calculated separately for each phase. If this ratio is equal to one, it is assumed that 

the fault has occurred after the fuse (or there is no fault at all) and at this stage DG has not been added to the 

circuit yet. When IR/IFratio is greater than one, it is assumed that the fault has occurred at the path upstream the 

fuse. When this ratio is smaller than one, it is assumed that the fault has occurred at the path downstream the 

fuse; in this condition, DG contribution to the fault current can push this ratio to lesser than 1 and this 

contribution may even lead to recloser-fuse miscoordination. When IR/IFratio is smaller than one, recloser’s fast 

characteristic which is directly linked with TDS will be corrected by multiplying TDS of fast reclosing by 

IR/IFratio. So the recloser’s fast characteristic in the current-time plane will move downward and recloser will 

act faster than its previous state.  Flowchart of the proposed adaptive relay is shown in Fig. 5. 
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Fig. 5 Flowchart of adaptive relay for recloser-fuse coordination protection scheme 

 

VI. Biogeography-Based Optimization 
In 2008, Simon introduced a new algorithm called biogeography-based optimization (BBO) which can 

be effectively used to solve various optimization problems [9]. In this paper, this algorithm is used to optimize 

the capacity and location of DG in a real distribution feeder, by minimizing of losses and maintaining the 

recloser-fuse coordination while using the adaptive relay scheme expressed in the previous section. Some of the 

BBO features are similar to those of other biology-based optimization methods, such as genetic algorithm and 

particle swarm optimization (PSO). However, BBO has a few additional features that make this biology-based 

optimization method quite unique [9]. BBO is a powerful algorithm suitable for solving a variety of nonlinear 

optimization problems and therefore is selected to be used in this paper. 

 

6.1.The Basics of biogeography 

In [9], Simon has modified the mathematics of biogeography so that they can be used for engineering 

optimization problems. Mathematical models of biogeography use mathematical equations to show how a 

biological entity migrates from one habitat to another, grows and multiplies, and how it goes extinct. 

Geographical areas with favorable conditions for the species have high Habitat Suitability Index (HSI). A 

habitat with higher HSI has higher number of species that experience limited immigration to nearby habitats and 

restricted number of species that they host. Parameters λ and μ are immigration rate with a maximum value of I 

andemigration rate with a maximum value of E respectively, are function of number of species the habitat 

supports (S). BBO algorithm uses two operators: migration and mutation. 

 

6.2. Formulation of DG capacity and location optimization problem with respect to protection issues 

One of the advantages of incorporating distributed generation in distribution systems is the reduced 

losses. So the location and capacity of DG both play significant roles in the loss reduction; meanwhile the basic 
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requirements of DG and distribution system should also be provided. Mathematical relationships of non-linear 

optimization problem which optimize the use of DG in distribution feeder (objective function) according to its 

operational conditions (constraints) are as follows: 

obj. Fun = min   
Pi

2  + Qi
2

Vi
2  × ri+1    

n
i=1 (4) 

where n is the number of buses; Pi and Qi are the active and reactive power in the path between buses i and i + 

1;  ri+1 is the resistance in the path between buses i and i + 1. 

Limits of voltage variation range are expressed as the following inequality constraint (in accordance with ±5% 

standard): 

 

Vmin < Vi < Vmax (5) 

 

Where Vmin, Vmax are the minimum and maximum allowed voltages and Vi is the voltage of i-th bus.  

Another constraint that adding a DG system necessitates is the constraint that limits the maximum load of the 

lines. This constraint is expressed as following inequality: 

 

Si+1,i < Si,i+1
max > Si,i+1(6) 

 

Where Si, i+1 andSi+1, iare the apparent power at each side of the path between buses i and i + 1, and Smax is the 

maximum allowable power at that path. 

Conditions and constraints of DG system are expressed as the two following inequalities: 

 

𝑆𝑚𝑖𝑛
𝐷𝐺 < 𝑆𝑖

𝐷𝐺 < 𝑆𝑚𝑎𝑥
𝐷𝐺 (7)     

p. f.min
DG < p. f.i

DG < 𝑝. 𝑓.max
DG (8) 

 

Inequality (7) expresses the minimum and maximum power output of the generator, and inequality (8) 

expresses the minimum and maximum power factor of generator. 

Another important issue in this optimization problem is the matter of recloser-fuse coordination after 

adding the DG system, so this coordination must be checked for each solution of this algorithm. If the 

coordination conditions are not met, the adaptive scheme must be used to modify the recloser-fuse coordination 

and if applying the adaptive scheme cannot guarantee the coordination, that solution is unacceptable. 

 

VII. Simulation 
In this paper, an actual medium voltage feeder located in Yazd power distribution network (Feeder 3 

Abarkuh) was used for studies. Fig. 6 is the schematics of studied feeder in DIgSILENT environment. This 

figure shows the location of fuses (red dots) and 20 candidate locations for the installation of DG system (black 

squares). 

 
Fig. 6 Schematics of the studied feeder 

 

7.1.Recloser characteristic 

One recloser was located at the beginning of the feeder. Recloser characteristic was considered to be in 

the form of relationship (1). For recloser configuration, the relay was assumed to have extremely inverse 

characteristic. Current setting (MP) of OC relay (Ipickup) of recloser was defined as follows: 
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Ipickup = OLF ∗ In       (9)  

 

Where OLF is the overload factor which was considered to be 1.5 [8] and Inis themaximum current 

passing through the recloser which can be obtained through load flow calculations.For the studied feeder this 

currents was calculated to 190 A.Therefore, I pickup was calculated to 285 A. The time dial setting (TDS) of 

recloser was considered to be 0.5 for fast mode reclosing and1.5 for slow reclosing [8]. In this paper, TDS 

allowable range was considered to be 0.5 to 1 [8]. 

 

7.2. Fuse characteristic 
Fuse characteristic was considered to be in the form of relationship (2). In this relationship, constant a was 

considered to be -1.8 [10]. for all fuses; the parameter b corresponding to each fuse was calculated separately by 

using relationships (2) and (3) and the method explained in section 2. These calculations were carried out 

without adding DG to the system. Assuming fault at different locations leads to the calculation of different (b)s 

for each fuse, therefore the highest calculated value should be selected for that fuse, otherwise the fuse with 

smaller b may operate sooner than  recloser or other fuses. The time margin for fuse and recloser functions was 

considered to be 0.1 second [8]. Table 2 shows the values of b for each fuse. 

 

Table 2.The values of constant b for the fuses in feeder 3 Abarkuh 

 
 

7.3. Simulation method 

The contribution of DG units to the fault current depends on their type and electrical specifications. In 

this paper, we decided to use synchronous generator due to its continuous contribution to the fault current and 

also imported the DG and transformers parameter and specifications from a real DG system.  

Three different scenarios are assumed for this simulation. Each scenario assumes a different capacity 

and location for the DG added to the studied network. According to Fig. 6 the following three scenarios are 

investigated: 

Scenario1: 2 MW DG located at B05 

Scenario1: 3 MW DG located at B10 

Scenario1: 4 MW DG located at B16 

 

The main task of DG is to produce active power, so the power factor of DG is assumed to be 0.95 for 

all scenarios. Also, all load flow calculations are based on the assumption that DG operates in PQ mode. 

In all scenarios mentioned above, a short-circuit fault must be simulated for all the points downstream 

of each fuse, and then currents of fuse and recloser must be recorded. The relationships (1) and (2) must then be 

used to calculate and obtain the fuse operating time and the recloser’s fast curve(if TDS value has been 

supposed equal to 0.5), and subsequently the difference between the operating time of recloser’s fast-mode and 

that of fuse. The time margin for recloser-fuse coordination is 0.1 second, so a less than 0.1 value for this 

difference indicates the lack of recloser-fuse coordination, because in this situation ambient conditions such as 

temperature may cause the fuse to operate sooner, or fuse may get damaged and malfunction in later temporary 

faults. 

The absence of an appropriate time margin between the operating time of the fuse (closest to the fault) 

and that of Recloser’s fast-mode necessitates a change in TDS. Therefore, in accordance with the recloser-fuse 

coordination adaptive protection scheme presented in section 5, TDS must be multiplied by IR/IF ratio to get new 

TDS value. 
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In the case that this multiplication does not lead to an appropriate time margin, newly acquired TDS 

must again be multiplied by IR/IF ratio. The process must continue until reaching an appropriate time margin 

between fuse function and recloser function. 

Tables3, 4 and 5 show the results of these steps for each defined scenario. Those fuses that had not a 

proper coordination margin (dark colored) were modified by adaptive protection scheme. The TDS of 4
th

 step, 

which was acquired by multiplying the TDS of 3
rd

 step by IR/IF ratio, led to an appropriate coordination margin 

for the fuse F1.  

 

Table 3. The steps of adjusting TDS settings for the first scenario, 2 MW DG located at B05 

 
Table 4. The steps of adjusting TDS settings for the second scenario, 3 MW DG located at B10 
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Table 5. The steps of adjusting TDS settings for the third scenario, 4 MW DG located at B16

 
 

7.3.1.Simulation results of recloser-fuse coordination  

The previous section defined three different scenarios for adding a hypothetical DG to a real feeder. 

These scenarios considered different capacities and location for that DG. The studied feeder had seventeen fuses 

at different locations and one recloser at the beginning of the feeder. Locations of the short circuit were selected 

in such a way that results can almost be generalized to all parts of the feeder because the highest possible fuse 

fault currents were there. These points included the nearest bus downstream of a fuse so that under the fault 

condition that fuse would experience the maximum short circuit current. After performing the short circuit 

calculations for different parts of the feeder, the new fast reclosing TDS setting that ensured the minimum 

recloser-fuse coordination time margin was obtained.  

Modern distribution systems that are equipped with advanced distribution automation are able to 

transfer data between measuring equipment, relays and control center. In these systems, intelligent electronic 

devices (IED) report the occurrence of a fault and the currents passing through lines to the control center. Using 

this information, the system applies the necessary changes to the recloser fast curve TDS to maintain 

coordination between fuses and recloser, in order to control fuse behavior regard for fuse saving rule against 

temporary faults. 

 

7.4. Optimization of DG capacity and location in order to maintaining recloser-fuse coordination 

In this section, BBO optimization algorithms introduced in section (6) is used to optimize the capacity 

of DG and its location on the studied feeder to minimize the losses while maintaining recloser-fuse coordination. 

In this section, DIgSILENT software is used to carry out load flow and short circuit calculations and MATLAB 

is used for optimization and protection coordination processes. 

 

7.4.1. Objective function, constraints and variables of BBO algorithm 

The goal of objective function considered in this paper is to reduce the losses of distribution network in 

the presence of two DG unit. Constraints that must be adhered to are discussed in subsection 6.1. Considering 

the high number of buses (at 70-80 meters intervals) in the studied feeder, checking all buses by optimization 

algorithm cause the search space to grow significantly, leading to a very time-consuming operation. Therefore 

20 buses of this network were selected (B01 to B20) and DGs must be connected to one of those. The maximum 

number of species (Smax) was considered to be 25. The maximum rates of migration (E and I) were considered to 

be 1, the maximum mutation rate was considered to be 0.01 and elitism rate (the rate by which algorithm keeps 

the best solutions) was considered to be 2 species per iteration. Habitats were initialized with random values. 

The maximum number of iterations was set to 50, and this number was defined as the stop condition. 

 

7.4.2. Optimization Results 

After running the BBO optimization algorithm and reaching the stop condition, algorithm reported the 

following results describing the optimum location and capacity of two newly added DG units for minimizing the 

losses while maintaining the recloser-fuse coordination: 

Location of first DG: Bus B08 

Capacity of first DG: 2 MW 

Location of second DG: Bus B16 
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Capacity of second DG: 2 MW 

 

The optimal locations of DG units in terms of maintaining the recloser-fuse coordination protection and 

also maintaining the operation constraints set by the BBO algorithm are shown in Fig. 6. Fig. 7 shows the curve 

expressing the process of obtaining the optimal solution.  

 
Fig. 7 The changes curve in the objective function value 

 

7.4.3. Recloser-fuse coordination after optimization 

Table 8shows the TDS settings for the fast reclosing operation that maintains the recloser-fuse 

coordination. According to the Table 8, it can be seen that when TDS is 0.5 only three fuses are coordinated 

with the recloser, and as the TDS value decreases the number of fuses that are coordinated with the recloser 

increases. Ultimately, multiplying the third TDS by IR/IFratio gives the new TDS as 0.24 which increases the 

coordination time margin of the first fuse to 0.104 second. 

 

Table 8. Recloser protection settings and operating times of fuse and recloser for the optimized DG units 

 
 

VIII. Conclusion 
Most electricity distribution companies tend to protect the fuses from temporary faults according to 

fuse saving rule by configuring the reclosers upstream of the fault to cut off feeders before any damage to their 

fuses. Adding a DG unit to a normal distribution network causes the distribution feeder fault current to increase 

and therefore interferes with the mechanisms protecting the fuses from temporary faults by causing 

miscoordination between fuses and reclosers. As a result, the issue of recloser-fuse coordination in the presence 

of DG units has become one of the major concerns of power distribution companies and grid integrity protection 

authorities. 
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In this paper, an idea based on adaptive digital relay was implemented to achieve proper fuses-recloser 

coordination in the presence of DG units in radial distribution systems. This idea is based on changing the time 

range of recloser by the use ofIfuse /I recloserratio. Mentioned idea involved checking for recloser-fuse 

miscoordination at the time of a temporary fault in a DG-containing network and then multiplying the TDS by 

Ifuse /I recloserratio to decrease the recloser fast-mode operating time. The process of changing TDS continues until 

reaching an appropriate margin between the fuse operating time and recloser fast-mode operating time. This 

method modifies the recloser’s fast characteristic without any change in fuse characteristics, and therefore 

prevents the fuse from melting before recloser performs its fast-mode operation. The technique used in this 

paper leads to an improved recloser-fuse coordination margin. 

This paper studied an actual feeder located in Abarkuh-Yazd to ensure that simulations would be more 

close to reality. Generators modeled in simulations were also based on actual specifications of DG units 

gathered from a manufacturer of small-scale generators. The described method for adaptive modification of 

recloser was then tested for different scenarios which assumed different capacities and locations for the DG unit. 

Results of these tests showed the possibility of applying adaptive modification scheme for all tested scenarios. 

To perform a more thorough study on the issue, biogeography-based optimization algorithm (BBO) 

was sued to optimize the location and capacity of two DG units on the studied feeder. Objective of this 

optimization was to minimize the losses and it incorporated the recloser-fuse coordination as a constraint along 

with other operational constraints. 

Using the technique described in this paper requires multiple measurements and the minimum number 

of measurements is as much as the number of fuses in the system. It should be mentioned that in the presence of 

DG units, maintaining the fuse protection rule requires the recloser to have synchronization checking 

equipment. 
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