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Abstract: The power system vulnerability leads to faults and the severity of the fault may lead to prolonged load-shedding. The 

power system needs to be configured in extreme failure scenarios for protecting the network from further contingencies and pro-

longed load-shedding. Distributed generation resources (DGs) can be useful to form intentional islands after faults to maintain the 

continuity of power supply to loads based on their weightage during faulty periods and to reduce overall load shedding duration. 

Power system is bound to collapses and secondary collapse in the formed island is possible. This research represents a novel method 

of impedance based path finding for intentional islanding, which adapts itself with the changes in the demands, DGs outputs or 

further severities during restoration period. In this adaptive islanding approach, network adjusts itself with the changes in either 

the load demands or renewable DGs outputs and rearranges the restoration plan by curtailing or adding some of the loads through 

controllable switches. Further a secondary collapse in the existing island is studied by injecting multiple faults at various positions 

of the network to validate the system resilience to cope with severities. A short-term load forecasting approach is used to predict 

changes in load demands and variations in DG outputs during the islanding scheme. During the restoration period, these variations 

are tracked and the islands are modified accordingly. In order to minimize the overall generation cost by using less fuel, an eco-

nomical approach is used in the selection of controllable DGs. The proposed approach is formulated as a multi-objective, that in-

corporates several operational constraints and simulation is carried out using the modified IEEE 69-bus distribution system to assess 

the efficacy of the proposed model. 

Keywords: Adaptive Island, Minimum spanning tree, Load forecasting, Controllable switches, Distributed generations 

 

1. Introduction 

  After a major natural disaster occurs, most customers are affected because of disruption in feeders for the power 

distribution. Major catastrophe shatters the power distribution system (PDS), power facilities may be destroyed and 

numerous faults are inevitable [1] as a result of which utility power may not be available due to anti-islanding protection 

[2], and independent DGs are disconnected from the grid, allowing the end user to lose power. Improving resilience 

requires mechanisms to restore distribution networks quickly utilizing all available resources. In this case, local power 

resources in the PDS can be utilized to resume power supply to the important loads and decrease losses. Distributed 

power sources such as micro-turbines, energy storage (ES), and Photovoltaic (PVs) are considered worthwhile resources 

for service recovery [3]. 

Earlier researchers focused on scheming expert systems and heuristic search methods [4, 5] for restoration prob-

lems. Algorithms such as Soft computing, including genetic algorithm (GA), particle swarm optimization, simulated 

annealing, and fuzzy set approaches, have also been proposed [6, 7]. Mathematical programming for an unbalanced 

distribution system has been proposed for service restoration in [8, 10].  

Restoring the distribution system using active distribution network methods were also proposed [11, 14]. For ex-

ample, restoration algorithms based on spanning tree search were proposed to restore critical loads in [11, 12]. Some 

suggested methods use DGs to restore loads after an extreme case, splitting the distribution system into many smaller 

micro-grids [13], [15, 16]. These methods, however do not consider tie switches, limiting them inapplicable to the DSR 

problem. 
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The resilient micro-grid formation of PDS following a natural disaster was reviewed in [17]. Load restoration was 

accomplished by micro-grids, while load priority, DGs output forecasting, and load-shedding was not in sight. 

By developing multi-agents in the [18], power system restoration with multiple DGs was suggested. There was no 

analysis of the load variability and uncertainty of DGs. In terms of optimal power distribution for the islands, uncer-

tainties of loads and DGs during the partition period are important factors. Different approaches have studied the un-

certainties of the power system. A two-stage robust optimization model for the distribution network reconfiguration 

problem with load uncertainty was proposed by the authors in [19]. In [20], the problem of substation time-varying 

loads and uncertainty has been studied. The heuristic method of interval analysis is used in [21] to demonstrate the 

effect of uncertain parameters on the results of the reconstruction. The affine arithmetic approach for the assessment of 

voltage stability was used in [22]. A range arithmetic method for power flow problems like interval data was proposed 

by the author in [23]. Under the transmission line parameter uncertainties, the synchronized phasor measurement data 

and state variables were used in rectangular forms to perform the state estimate in [24].  

The stochastic micro-gird operating framework under the uncertainties of load, generation and contingencies is 

described in [25]. A two-stage optimal controlled islanding and restoration scheme, along with different loads, was 

proposed by authors in some other studies, such as [26]. DGs are divided into two groups in [27] and only DGs with 

battery-power storage systems are considered controllable. The goal of island operations in [28] is to minimize power 

mismatches, while [29] is to pay more attention to the limits of power flow.  

The authors have not discussed the adaptability and resilience of the restoration scheme with the secondary col-

lapses in the islands. Islanding approach to respond the changes in loads or DGs also need considerable attention to 

provide adequate flexibility for optimum supervision, sustainability, and self-healing functions of the power system. 

In addition, the cost-effective selection of controlled type DGs (Diesel) in the islands with varying demands is also not 

focused. To address these issues of islanding-based restoration schemes, an ideal approach for adaptable islands to 

deal with the uncertainties and optimal scheduling of DGs throughout the restoration period is proposed. The overall 

contributions of the proposed approach are demonstrated as follows: 

• Primary Island is determined using novel path finder coefficient using the search-based approach at the 

beginning of the restoration scheme. Graph theory (Prims algorithm) is the search-based approach used to 

form the islanding structure. Changes (load changes and variations in the generation of renewable DGs) 

are tracked during the second stage of the restoration scheme and the islands are modified accordingly. At 

some point of islanding scheme multiple faults are injected and adaptability of island to cope with such 

severity is dealt. Controllable switches are used to execute the switching operations to ensure the islands 

are adaptive to the changes. Adjustment of the island is in the form of either expansion or curtailment of 

the loads depending upon the load demands and generation capacity difference. This expansion or shrink-

ing of the islands is accomplished through controllable switches.  

• A cost-effective power sharing framework for controlled DGs (Fuel powered DGs) is proposed, in which 

DGs are chosen for the islands, taking into account the minimum generation cost factor. DGs are catego-

rized on the basis of the minimum cost per kW of generation and the selection of economic DGs depends 

on the difference in load demand/power generation and the available generation of renewable DGs. 

  

The rest of this paper is organized as follows. Section 2 describes the restoration strategy. The problem formulation 

is described in section 3. Section 4-8 are about island formation, case studies, results discussion, comparison, and con-

clusion, respectively. 

2. Restoration Planning 

This section includes the framework of the proposed approach, implementation of graph theory and description 

of some new variables which will be used in the decision-making process of the proposed restoration framework. 

 

2.1. Restoration Framework 

 

When PDS is isolated as parts and divided by natural disasters into unsupplied islands, then the restoration of 

power supply cannot be assured by the conventional changing topology style restoration process. However by means 

of switches and DGs, PDS may be purposely divided into single or multiple islands to continue to supply power to 

priority loads, while meeting different island constraints. A DG-based island is an autonomous device promising a local 

group of small DG units and loads. 
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Figure 1, shows the intentional islanding of PDS, which is formed by the connecting distribution feeders and DGs. 

In an effective restoration scheme, number of tie switches and sectionalizing switches are activated to restore the loads 

of outage area. The combination of these switches will lead to multiple open loop configurations (radial configurations) 

to restore the load. 

There is a need for wise decisions to carry out switching operations for restorations in order to run the restored 

PDS radially. Furthermore, because the time taken for the recovery process depends on the number of switching oper-

ations, the number of switching operations should be kept to a minimum. The IEEE Standard 1547-2018 standards 

supports the idea for DG-based islanding. In extreme events, DGs can be utilized to increase the restoration of priority 

loads by forming intentional islands. 

 

 
 

Figure 1. Understanding of intentional islanding and switching operations 

 

2.2. Graph theory implantation on Distribution network 

 

The distribution network can be represented as a directed or undirected graph by converting its structure into a 

graph. An undirected graph has no direction between the two vertices associated with each line, or its lines, or directed, 

meaning there is a distinction between one node and another. There have been many graph theories used to optimize 

the power system, and each one has its purpose and benefits. In this approach, Prim's minimum spanning tree is im-

plemented to simplify the power system issues after setbacks have devastated it [30]. 

 

In the proposed islanding-based restoration problem, certain variables are introduced and are explained below: 

 

a)  A binary variable Sij is introduced with each line section including switches, where 0 value of Sij indicates switch 

is opened, and 1 indicates closed switch joining buses i and j. 

b)  Status for bus/node energization is represented with Bn, it will be either 0 or 1. 

c)  To know if the load is restored through the switch or remains disconnected is presented by Lsn. It is also repre-

sented with values 1 or 0. 

d)  DGn status 1 or 0 represents connected/ disconnected to island. 

3. Problem Statement 

In this section we explain a mathematical formulation of islanding-based service restoration using all available 

resources, including DGs. This section is divided in three sub-sections. Sub-section one presents mathematical approach 

for objectives subsection two explains about the conditions to satisfy the objectives during islanding periods whereas 

third subsection is about problem formulation of the constraints used in this novel approach. 

  

 

3.1. Objective functions 
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This approach is formulated as multi-objective consisting of the following main objective functions: 

• Minimum Load Shedding: The first objective function is to minimize the total amount of loads to be 

shed. This objective is described as follows:  

1

min( ( )DG LD

n

i i

i

v P P
=

−       (1) 

PDG is the power supplied to load by DGs and PLD is power demand of bus i, and vi is the weight coefficient of ith bus. 

• Minimum Switching Operations: The second and most important objective of proposed approach is the 

minimum switching operations during islanding periods. Formulation is given below:   

 

( ) ( )

min( (1 ) )ij

SS TS

ij

ij ij

S S
 

− +             (2) 

Where i and j are the buses SS are sectionalizing switches and TS are the tie switches. 

• Minimum cost of generation: This objective plays a vital role to save fuel cost where economical con-

cerns are at high. This function is described below:   

1 1

min( )CDG UDG

n n
DG DG

i i i i

i i

P P 
= =

+      (3) 

Where αCDGi and βUDGi are the cost coefficients of the ith controlled type DGs (diesel) and uncontrolled type DGs 

(renewable) respectively. Note that values of these coefficients may vary with each DG. 

 

3.2. Set of conditions for Objectives 

 

This approach is formulated as multi-objective consisting of the following main objective functions: 

• Minimum load shedding: Power balancing method is used to determine the total loads to be sheds. In 

case of load variations and DGs output uncertainties, hourly load demands and DGs outputs are uti-

lized to make the islanding scheme adaptive and sustainable. 

• When the minimum amount of load to be shed is known, the next step is to optimize the use of available 

resources to restore loads while concentrating on the islands' minimum losses. 

• Loads to be restored are selected based on their weightage and are carefully chosen having lowest 

weight coefficients. 

• Minimum switching operations: If two loads of high priorities are to be restored, one of them is with 

switches and other non-switchable, then priority is given to non-switchable load and if there is enough 

capacity left to restore switchable load, then it can be supplied power or left shedded in case if power 

is not sufficient. 

•  Loads with switch can be picked up if the connected bus with it is already energized by nearby DG. 

• Non-Switchable load is always picked up if the corresponding bus in the path is energized. 

• If the line is selected for energization using [31], having a switch then the buses connecting the line 

must be energized. 

ij iS B               (4) 

• If the line with load is non-switchable and connecting buses to it are energized, then that line must be 

energized. 

sn nL B             (5) 

• Minimum cost of power generation: Minimum cost of generation of the power is dependent on the 

selection of suitable fuel type DGs which consumes less fuel compared to other DGs available for se-

lection. 

• There are multiple uncontrolled DGs utilized for islanding scheme. Each of them have different 

characteristics and cost of generation. This will be described in the later sections. 
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• If all of the renewable DGs are unavailable and there is need to use all the uncontrolled DGs then αCDG 

becomes 1 and βUDG equals to zero. In this case all of the controlled DGs need to be utilized depending 

upon the load demands requirements. 

• If all the uncontrolled DGs are generating full capacity then βUDG for every renewable DG becomes 1. In 

this case depending upon PDG-PLD, a suitable uncontrolled DG need to be picked up depending on its 

generation cost value.   

• If only one uncontrolled DG is picked up, then αCDG for that particular DG is 1, and coefficients αCDG for 

remaining unselected, uncontrolled DGs equal to 0. Similarly if only one renewable DG is chosen then 

βUDG for selected DG becomes one and for others equal to zero. 

 

3.2. Constraints 

 

This approach is formulated as multi-objective consisting of the following main objective functions: 

 

DG capacity constraints: DG capacity constraints states that the amount generated by DGs should be either 

greater or equal to the load demands. Load demands can’t exceed the generation capacity of DGs. 

 

   , ,
DG LD

ij i H i HS P P                          (6) 

 , ,
DG LD

ij i H i HS Q Q                          (7) 

Equations (6) and (7) represent the active and reactive power of DGs and loads Where PDGi,H  is the capacity of 

ith DG at time H and PLDi,H is the load demand of ith bus at time H.  

It is assumed that DGs can provide active and reactive power in a permissible range. Mathematically is can be 

shown as: 

  

        
,min ,max

, , ,
DG DG

i H i H i HP P P                      (8) 

         
,min ,max

, , ,
DG DG

i H i H i HQ Q Q                     (9) 

Equations (8) and (9) describe the active and reactive power limits of the DGs. Where PDG,mini,H, QDGmini,H are the minimum 

active and reactive power limits of DGs, and PDG,maxi,H, QDG,maxi,H are the upper limits of DGs. 

 

Electrical network constraints: Power flow constraints in [32] are used in this proposed study. It is a very 

powerful method and it converges quickly to near the solution. This property is particularly useful for power system 

applications because it is easy to get an initial guess close to the solution. Power system should maintain the network 

constraints. Power flow constraints are given below: 

 

, , , ,
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min max

, ,n i H i n i HB u u B u                        (12) 

Where Yij is the admittance of the line, ui is the voltage magnitude of the bus i, 𝜃 is the admittance angle, and umin, 

umax are the lower and upper voltage boundaries respectively. Equation (10) calculates the active power demand of the 

node and (12) represent he reactive power of the node in the network. Voltage limits are presented in (13). The voltages 
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of each bus should be within the limit. According to the standards of ANSI C84, umin is set to 0.95 and umax is 1.05 

respectively. 

Network topology constraints: Another significant aspect that must be tackled during the islanding system is the 

constraints of radiality. Switching operations of the islanded network need to be planned sensibly, so that the radiality 

of the network should also remain intact. To maintain the radiality if the network, the final network should not include 

loops in it. In the proposed algorithm, the final network doesn’t have the loops or cycles in it as it goes radially. It’s 

formulated as below: 

bre 1
br

V= −               (13) 

Where ebr is the number of branches, V is the number of nodes. This means that, for the radiality of the network to 

remain intact number of branches should be equal to number of nodes minus one. 

DGs merging and coordination process: In the proposed restoration scheme at the start of the island formation 

a random node is picked up which is a DG node. This DG is the root or parent node. There are multiple DGs installed 

at various feasible locations. Few DGs are diesel type and are called controlled DGs and other renewable DGs are con-

sidered uncontrollable. If any controlled DG is picked up in the single island along with renewable DGs it will be a 

parent DG and all renewable DGs will act as slack DGs. If the proceeding node is a load node then power of the island 

will be deducted, where as if the next node is a DG node, them both DGs will coordinate as parent-slack node in the 

single island and powers will be merged to the total capacity of the island. By doing so multiple different types of 

sources will coordinate together and resulting island will be a single and large island. Coordination of the DGs adds 

the support to the idea of minimum load shedding. Mathematically DGs coordination in the island is presented as 

follows: 

    
1

Island IG DG

n

i i i

i

P P P+

=

=                    (14) 

          
1

Island IG

n
LD

i i i

i

P P P−

=

=                     (15) 

Where PIslandi  is the total island power at node i,, PIGi  is initial generation capacity of the island when first random 

node is added to the island i.e. the initial DG power at the start of the island. Equations (14) and (15) represent the 

addition of the powers of the island in case of coordination of the DGs and power deduction with the integration of the 

load node to the island respectively.  

4. Island formation procedure 

In this study, a new weight coefficient v is introduced as a restoration path finder. Its defined as impednace 

bewteen nodes divided by the priority and demand of the node. find the optimum restoration path. This path finder 

helps to find low impedance path along the restoration time, which not reduces the losses but helps maximize the 

optimal use of avaialble resources. After the major faults restoration process startrs as described below: 

• A parent node, which is a DG node, is initially picked up at random. The scheme progresses on the 

graph (distribution network) by selecting the adjacent node. Selected DG at the start is the first source 

of resuming power to priority loads. 

• Nodes are assigned the priorities of 100, 10, and 1. The highest priority nodes are level-1 loads, which 

are set to value of 100, whereas level-2 and level-3 loads are given 10 and 1, respectively. 

• Nodes with zero load demand are combined with their adjacent nodes to make the network simpler. 
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• With the addition of a new node to the island, the remaining power of the island is updated by 

subtracting the node load demand from it.   

• If the newly added node already exists in a previous island, it means that the two islands are now 

connected and should be merged. Therefore, all nodes of the previous island are also added as visited 

nodes. 

• The algorithm keeps working until all of the DG power is utilized. At each node, load flow analysis is 

performed using (6)-(13) to make sure the island is stable and within limits. 

• The concluded island is saved in an array, and the next island works by starting at step (i).  

• As fault repair time is considered to be slightly longer, after the initial island is accomplished, the shape 

of the initial island can change before the fault is repaired depending on DGs output variations and 

load demands. Some of the loads may be added to the island or curtailed from the island using 

switching operations depending on the variations of the load demands and DGs output over the span 

of faults. The Flowchart of the islanding scheme is shown in Figure 2. 
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Figure 2. Flow chart of Proposed islanding scheme 
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Table 1. Outputs forecast of renewable DGs 

Hours 1 2 3 4 5 6 7 8 

DG-1 0 0 0 0 0 0.003163 0.011639 0.020625 

DG-3 0 0 0 0 0 0.024798 0.030638 0.087205 

DG-5 0 0 0 0 0 0.002422 0.008473 0.014218 

Hours 9 10 11 12 13 14 15 16 

DG-1 0.02693 0.032469 0.034865 0.035032 0.033872 0.029408 0.023386 0.015467 

DG-3 0.166804 0.231123 0.263251 0.264447 0.248669 0.211154 0.167838 0.118394 

DG-5 0.01972 0.021399 0.02621 0.026458 0.025097 0.022493 0.017724 0.012042 

Hours 17 18 19 20 21 22 23 24 

DG-1 0.007644 0.001714 0 0 0 0 0 0 

DG-3 0.063859 0.01911 0 0 0 0 0 0 

DG-5 0.006372 0.001763 0 0 0 0 0 0 

5. Testing and verification 

There are three uncontrolled DGs (PV type) and three controlled DGs (Diesel type) used in this study. Amongst 

all three controlled type DGs, DG-4 is a new model DG and its cost of generation capacity is lower than DG-2 and DG6. 

Whereas DG-6s generation cost is lower than DG-2 i.e. (DG-2>DG-6>DG4). A mathematical model is presented which 

helps to select suitable DG during islanding time. Suitable selection of controlled DGs during islanding-based 

restoration will help reduce generation cost per kWh of the power. 

 

 
Figure 3. Daily load demands curve 

 

The fault is presumed to start at hour-13 and takes approximately 7 hours to repair it and restore the supply of the 

grid. The curve of daily load demands shown in Figure 3 is taken from a specific summer/fall season graph [35]. It can 

be seen that over the fault length and islanding time, load demands and DG-1, DG-3, DG-5 generation capacity varies. 

The 24-hour output forecast for uncontrolled DGs is taken from [36] and is provided in Table 1. The restoration plan of 

DGs-based islanding systems is validated using Prim's MST technique for hours 13.00 to 17.00. 

The proposed approach is implemented on the IEEE 69-bus distribution. The single line diagram of the modified 

IEEE 69-bus is shown in Figure 4. Total active load demand is 3.802MW [34], whereas DGs location, capacities are given 

in Table 2. 

For case studies, it is presumed that the power restoration scheme can only be completed through the DGs con-

nected at the different network nodes. If any of the linked DG fails due to unpredictable weather or PV type DGs do 

not generate sufficient output power in the evening hours, then the remaining DGs will be used for the restoration 

scheme. The resilience of the power system and efficiency of the island formed using the proposed study is validated 

further exposing the network to additional failures, when, due to any technical difficulties or due to weather problems, 

one or more PV type DGs stop sharing power with the island. Due to economic reasons, it is impossible to bring new 

controlled type DGs in case of failures. 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 December 2020                   doi:10.20944/preprints202012.0619.v1

https://doi.org/10.20944/preprints202012.0619.v1


 

 

 
Figure 4. Modified IEEE 69-bus test feeder 

 

The proposed Prim’s algorithm is developed in MATLAB using Matpower system Toolbox and implemented on 

a modified IEEE 69-bus system. Two case are under observation to check single islanding formation. In first scenario 

the main grid is disconnected from the network in the event of a major fault between nodes 2 and 3, and in second case 

multiple faults are injected to network to investigate the response of the proposed islanding scheme under severe con-

tingencies. 
Table 2[37].  Placement of DGs and their capacities 

 

DG BUS No. DG TYPE Generation Capacity (MW) 

DG1 5 Uncontrollable (PV) 0.05 

DG2 19 Controllable (Diesel) 0.2 

DG3 32 Uncontrollable (PV) 0.38 

DG4 42 Controllable (Diesel) 1.7 

DG5 52 Uncontrollable (PV) 0.04 

DG6 65 Controllable (Diesel) 0.1 

6. Results 

In this approach DGs coordination is implemented along with tie switch to form single islanded networks to restore 

more loads and reduce load shedding. Thus, tie switches can be useful in restoring critical loads by providing added 

operational flexibility.  

The island formed during the entire restoration scheme period is shown in Figures 5-9. In Figure 5 the initial island 

can be witnessed with zero load shedding and all loads are met as the island's generation capacity is greater than de-

mand. With rising demands and declining generation capacity of renewable DGs, the shape of the island keeps chang-

ing, but it continues to maintain itself and prevent collapses due to its adaptability to cope the changes as can be seen 

in Figures.6-8. In hour 14 only bus 61 is curtailed, where as in hour 15, 16 total load of 57.82% and 56.31 percentage is 

restored. In the later hours nearly similar load percentage of load is curtailed, which is nearly 40% because renewable 

DGs generation have reduced.  
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Figure 5. Initial Island 

 

 
 

Figure 6. Adaptive mode-1 of island with uncertainties 

 

 

 
 

Figure 7. Adaptive mode-2 of island with uncertainties 
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Due to the evening hours of the day the island in hour 19 must suffer the absence of all renewable DGs, but at the same 
time the load demand has also decreased, so the island adapts to changes and almost 73.4 percent of the load is restored 
and the shedding of the load is minimized as final shape of the island is shown in Figure 9. It is clear that a single island 
is formed initially and it is maintained as a single island through proper switching operations in later hours. As load 
demands increases, the nodes with highest demands has to lose power, so switches 60-61 & 60-62 are closed. As demand 
keeps climbing with little decrease in the output power of DGs, further low priority loads have to be cut-off by switching 
off 60-61, 64-65 & 68-69. In hour 16 renewable power further decreases due to low sun light intensity and as a result 
further low priority loads are cut-off by switching off 32-33, 60-61, & 64-65. In the hour 19, all of the renewable DGs no 
more share their power, and this situation forces the island to shed some of the high priority loads by allowing some 
switching operation of 3-28,47-48. During whole island process tie switches 11-43, 15-46, 27-65 & 50-59 are forced to 
remain close. Allowing tie-switches to remain on during the process help the island maintain its adaptability to variation 
of load demands and DGs output. Keeping the tie-switches close not only assist DG coordination but it also helps 
minimize switching operations. The other benefit of merging DGs power and allowing tie switches to remain closed 
while assisting single island is that DGs power is optimally consumed and no surplus power is left. Also over all power 
loss is reduced in the island. Combining the power of DGs and allowing tie switches to remain closed while assisting 
one island is that the power of DGs is optimally consumed and that there is no surplus power left. On the other hand, 
power losses are also minimized over all. Figure 10, shows the power losses during islanding period is lower than the 
initial loss.  

 

 
 

Figure 8. Adaptive mode-3 of island with uncertainties 

 

 

 
 

Figure 9. Final shape of the island 
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The 24-hours economical plan for DGs selection is shown in Figure11. Amongst all three controlled DGs, DG4 has 

the highest capacity but lowest fuel cost per kilowatt of generation. Table shows that during initial hours only DG4 is 

considered as at that time renewable DGs can’t generate any power, so it would be economical to only use DG4. For 

hours 6 & 11-16, when demand is lower than generation capacity, all renewable DGs along with only single controlled 

type DG are utilized. The difference of load demands and DGs capacity is continuously monitored to check whether it 

is possible to bring in or disconnect the controlled DGs. 

 

 

 
 

Figure 10. Comparison of losses in grid connected and islanding mode 

 

When the renewable DGs power is sufficient along with one or two controlled DGs then others fuel type DGs can 

be taken out to serve the purpose of economical usage of fuel. It can be concluded that Proper selection of controllable 

DGs during islanding period have the optimal impacts on the restoration plan. The overall results of the proposed 

islanding based restoration are described in Tables 3-4.  

 

 

 
Figure 11. Economical DGs selection for 24 hours 

 

Again at hour-19 of the islanding scheme, multiple faults were injected at nodes 2-3, 6-7 and 56-57. Purpose of 

injecting multiple faults was to analyze the behavior and performance of the proposed single islanding scheme under 

severe contingencies. Resulting MST in Figure12, shows that single island is formed with total loss of 0.003MW and 

1.95MW of power restoration with generation capacity of 2MW during that hour. It can be concluded from these results 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 December 2020                   doi:10.20944/preprints202012.0619.v1

https://doi.org/10.20944/preprints202012.0619.v1


 

 

that, the network under proposed islanded scheme is resilient and can respond and adapts quickly under severe situa-

tions. 

Table 3.  Case studies Result-1 

Fault 

Hours 

Generation 

Capacity of 

Hour 

Total De-

mand of 

Hour 

Priority 

Loads-1 Re-

stored 

Priority 

Loads-2 Re-

stored 

Total Re-

stored 

Load 

Total Re-

stored 

Load 

Total 

Load 

Shed  

(MW) (MW) (MW, %) (MW, %) (MW) (%) (MW) 

13 2.307 2.275 (0.2771), 100 (0.3105), 100 2.275 100 0 

14 2.2631 3.0582 (0.3725), 100 (0.4174), 100 2.0381 66.6 1.244 

15 2.2089 3.802 (0.45432), 100 (0.47712), 93 2.1985 57.82 1.531 

16 2.1459 3.802 (0.45432), 100 (0.47112), 92.5 2.141 56.31 1.5885 

17 2.0779 3.4331 (0.4179), 100 (0.4683), 93 2.0484 59.6 1.4404 

18 2.0226 3.282 (0.3998), 100 (0.4480), 93 1.9593 59.7 1.4404 

19 2 2.6852 0.3271, 94.27 0.3665, 83.2 1.9869 73.9 0.7434 

Table 3.  Case studies Result-2 

Time (Hours)  Switch on Switch off 

No of Iteration 

for conver-

gence 

Time Taken 

to converge 

Minimum 

Voltage (p.u) 

Maximum 

Voltage (p.u) 

13 
11-43, 15-46, 

50-59, 27-65 
None 2 0.02 0.998916 1.000229 

14 
11-43, 15-46, 

50-59, 27-65 
60-61, 61-62 2 0.01 0.998931 1.000165 

15 
11-43, 15-46, 

50-59, 27-65 

60-61, 64-65, 

68-69 
2 0.01 0.998832 1.000142 

16 
11-43, 15-46, 

50-59, 27-65 

32-33, 60-61, 

64-65 
2 0.02 0.998977 1.000161 

17 
11-43, 15-46, 

50-59, 27-65 
60-61, 64-65 2 0.01 0.998876 1.000162 

18 
11-43, 15-46, 

50-59, 27-65 
60-61, 64-65 2 0.01 0.998898 1.000173 

19 
11-43, 15-46, 

50-59, 27-65 
3-28,47-48 2 0.02 0.997733 1.000063 
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Figure 12. Economical DGs selection for 24 hours 

7. Comparisons 

In the past, various modern heuristic algorithms such as GA, Particle swarm optimization, MINLP model, and 

search-based approach using spanning-tree algorithm etc., have been used for service restoration in power systems. In 

this section, the performance of the proposed approach against the results of few of the previous islanding based resto-

ration methods implemented on IEEE-69 bus system are compared.  

In previous methods, the distribution system was split into several islands, with no or less DG merging resulting 

in some surplus DG capacity that could not be utilized due to island boundaries. According to the results of proposed 

study only one island is maintained throughout the restoration period. All of the DGs are merged and their power is 

utilized optimally. As a result no surplus power of the DGs in the island and load shedding is minimized. It can be 

observed from Figure 13 that using proposed adaptive technique, load shedding is reduced to 40%, which is compara-

tively lower than the load shedding of the methods [38]-[41].In Figure 14, the minimum switching operation are com-

pared, which also suggests that properly planning switching schemes during islanding period can not only minimize 

the load shedding but also reduces the losses. The losses in the island along with minimum voltage limits are shown in 

the Figure14. Stable voltage limits imply that the islanding system proposed in this paper not only ensures a high rate 

of restoration of the power supply, but also effectively eliminates the transient fluctuations of regular operating nodes 

when the power supply is restored and increases the reliability of the power distribution system's power supply. It is 

therefore concluded that the islanding system proposed in this paper can effectively improve the reliability and security 

of the power grid. 

 

Figure 13. Load shedding comparison graph 
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Figure 14. Power loss and switching comparison 

8. Conclusions 

The proposed method is implemented on the IEEE-69 bus system, which demonstrated the effectiveness of the 

restoration scheme. In this study islanding schemes are generated on hourly basis taking into account the variable load 

demands and uncertainty of renewable DGs. Initially, a single island is formed, which is then maintained throughout 

the restoration scheme, taking into account the changing behavior of the load requirements and the renewable DGs. A 

single island in which multiple DGs are coordinating by merging their powers to serve more loads and minimize load 

shedding. Furthermore, the severe situations are also addressed in when all three PV type DGs stopped sharing power 

due to evening hours of a day. This situation is effectively controlled by managing powers of remaining controlled type 

DGs using the proposed approach. Results of this contingency shows that the proposed method of islanding is more 

resilient and reliable and can withstand any sort of tough conditions, and islands can be well managed with the remain-

ing DGs. Island not only adapts itself during load and DGs uncertainties but also manages its stability to withstand 

such severities. A plan for suitable selection of the DGs during islanding periods was presented to economize the fuel 

usage. The convergence time is very less and solution is obtained in very less iterations which is remarkable. Therefore 

the proposed algorithm is fast, reliable and can improve the power system's efficiency and resilience in severe situations. 

It can be said that the proposed single island-based restoration system fulfills the actual power system's operational 

requirements. In future controllable, uncontrollable loads and protection related issues along with the penetration of 

customer-owned DGs will be discussed. 
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