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ABSTRACT
This paper presents a novel modified method to identify the optimal power restoration on distribution system for improving the grid reliability. A 
popular strategy involves the placement of protective devices, switching devices, and its decision action plays a critical role in the distribution 
system restoration plan for improving reliability. In the proposed method, Remote control switches (RCS) are performed on a feeder scheme with 
proper placement to minimize the outage times. The main goal of this paper is solving restoration problem to restore a maximum load and minimize 
energy not supplied (ENS); Thereby, giving optimal allocations and least number of switching pairs necessary for system restoration. The priority 
for power restoration is provided to critical consumers such as hospitals, military services, call centers, water station plants, fire stations and largest 
pockets of customers. Power restoration steps are achieved according to progressive investment capability, from fault detection, fault isolation then 
power restoration.  The objective of this paper is to analyze power restoration problem solved after a complete or partial blackout or after any 
planned outage and make sure that investment yields the most beneficial return. This paper describe a methodology simulation associated with RCS 
carried out on a part of benchmark medium voltage radial distribution models and a part of real MV distribution network developed in Dig-SILENT 
Power Factory software (DSL). The simulation focus on two different scenarios for each simulated network. The first using manual switches, the 
second scenario using RCS. Several case studies and the simulation results are discussed and demonstrated. It was concluded that the use of RCS 
with optimal number and location improve reliability performance by reducing the duration of interruptions and energy not supplied (ENS). It is 
clear that implementation of remote control switches is the key solutions to fast power restoration and improving network reliability.
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INTRODUCTION
The distribution system is a very important network as it represents the 
direct supply to end-users; therefore, any blackout is not accepted. 
Several blackouts occurred worldwide, e.g., North America in 2003 
which caused great loss and the restoration persisted for almost two 
weeks, European power outage in 2006 affected 10 million consumers 
and continues up to 2 hours, Brazil and Paraguay experienced an 
extensive blackout in 2009, Fukushima nuclear power plant was shut 
down after the earthquake and tsunami in 2011, and the largest power 
outage in India about 50 GW of load, affected 670 million people and 
continued for two days in 2012. 

Power system restoration is a very important and complex process. The 
reliability of the distribution network has measured the ability of the 
power system to deliver the electric power to the load continually. 
Moreover, the true power quality is the high power system reliability. 
The main objective of an electrical power system is to supply large 
customers or even small ones with electrical energy as economically 
and as reliably as possible.  Consequently, the fast power restoration 
after an outage is a very significant procedure to enhance the 
distribution network reliability. The proper restoration plan can 
mitigate the negative impact on the consumers, the economy and the 
power system. The power quality is  measured by its ability ordinarily
to provide an adequate, secure power supply. Moreover, reducing the 
probability of customers being disconnected and keeps the value of the 
voltage or harmonic RMS same as the standard value.

The distribution network contains a number of normally closed 
switches (sectional switches) and normally open switches (Tie line 
switches). If these switches are remotely controlled then, the 
customers between two RCS are isolated from the rest of the 
distribution grid. The SAIDI is improved with a better outage 
management during a power failure. The installations of remote 
controlled switches improve the quality of service and isolate the fault 
for persistent faults in order to quicken the work of linemen. The 
optimal allocation of the switches to open or close to restore energy is 
the key to solve the restoration problem and improve the performance 
of the distribution network.  In [23], RCS allocation strategies with 
fixed switching pair and with flexible switching pair are considered. 
When the switching pair is fixed, it may not be sufficient for certain 
fault conditions due to operating one pair alone. Severe challenges are 
observed in large systems. The complexity increases with growth of 
distribution system size. Therefore, the fixed switching pair is not a 

viable option. It was clarified in [23-24] that if the switching pair is 
flexible, the restoration plan can cover all fault conditions and 
maintaining radial network structure. However, when the search space 
is the whole system, it can take a long processing time to find the global 
optimal solution.

During the last decade, several researches have been conducted and 
great progress has been achieved towards power restoration for 
improving the reliability of the distribution network [3-19]. With the 
development of computer intelligence program, several algorithms are 
applied to distribution network to solve the optimal placement of 
protective devices, such as artificial neural networks [ ], genetic 3
algorithms [ ], and fuzzy logic [ ]. Graph theory with Petri nets [ ] is 4 5 6
also employed, but the constraints and reduction of uncertainties both 
need improvement. Based on the regional distribution characteristics 
in space, multi-agent technologies [ , ] are developed with the 7 8
potential prospect. As a functional extension of expert systems and 
heuristic rules, decision support systems [ ] have been demonstrated 9
efficiently. After the isolation of the faulty region, the power supply 
must be restored in whole or in part through the network 
reconfiguration [10].  This task  is known  as  restoration [11]  and can  
be achieved following  several  scheduled  decisions  comprising 
switching actions and load curtailment strategies, if necessary, with the  
main purpose  of maximizing the  supplied Loads and minimizing the 
customer interruption duration [12].  [17-18] have used a combined 
method, the switch exchange (SEM) and sequential switch opening 
method (SSOM), for reconfiguration of the network for loss reduction. 
Broadwater and Khan [19] have suggested a reconfiguration algorithm 
which calculates switch patterns as a function of time. Either seasonal 
or daily time studies may be performed. Both manual and automatic 
switches are used to reconfigure the system for seasonal studies 
whereas only automatic switches are considered for daily studies. 

In this paper, A comprehensive planning of distribution network to 
make the power as safely, quickly restored and reliably as possible. 
Installing RCS with optimum allocation considering the failure is 
presented. The energy not supplied is minimized. The maximum 
amount of restored power in a minimized restoration time and the 
investment cost are compared between two scenarios subject to system 
operational constraints. The validity of this method is examined 
through part of MV benchmark distribution models and part of real 
distribution network. Moreover, the distribution networks are 
simulated with two different scenarios. The first scenario used manual 

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH

Engineering

Volume-8 | Issue-8 | August - 2019 | PRINT ISSN No. 2277 - 8179

28 International Journal of Scientific Research



switches and the other scenario using RCS. The simulations are carried 
out in dig-silent power factory [20].  

POWER RESTORATION
A major problem facing the operators in case of an outage is to 
establish overall information about the whole status of the power 
system. Currently, the SCADA (Supervisory Control And Data 
Acquisition) system plays an important role to help the operators.  
Consequently, remote controlled switches (RCS) actuate time are1-3 
minutes to bring back power supply with cost-effective way. By 
contrast, in past decades circuits having manual restoration may take 
on an average 2-3 hours for being restored after the power outage is 
reported. The study focuses on the implementation of the restoration 
process using remote-controlled switches to improve the reliability of 
the network and decrease the number of switches action required to 
restore a total amount of power. The power restoration process is 
achieved through the following five steps [22]:
1. Fault Location Detection: the feeder fault detectors are 

responsible to detect the fault sector and recognize it with the 
faulted network element using appropriate methods. These 
methods take into account all equipment in the distribution system 
for fault detection and location. 

2. Fault Isolation: the switch action 'on or off ' which isolate the fault 
section, locating the part of the feeder with the faulted element 
using remotely controlled switching devices. This step is used for 
feeders without any equipment such as fault indicators and fault 
measurements. 

3. Service Restoration: Re-supplying and reconfiguration of the 
distribution network by restoring the maximum and available 
consumers in the un-faulted area.

4. Check the entire network overload and voltage violation.  
5. Return to Normal State: The network returned to the state before 

the fault occurred.

REMOTE CONTROLLED SWITCHES
The flexible switching pair strategy limits the loop that was formed by 
closing the tie-line switch after isolating a fault instead of the whole 
system. Once a tie-line switch is selected it can be considered as the 
best switching allocation. Hence, an improved switching pair 
operation can be performed under two conditions: (1) if the fault 
isolation is within the loop, no more action needs to be opened when 
the tie-line closes, and (2) otherwise, a line segment within the loop 
needs to open after the tie-line switch closes. The installation of such 
switches makes it possible to restore power in a short time to most 
customers during an electric outage, which enables to enhance the 
SAIDI; Moreover reducing energy not supplied and the failure cost. 
Consequently, enhancing the SAIDI involves large investments 
especially for burying all MV lines. The reliability indices improved 
with a better outage management during a power failure.

 After an outage in the network, the electrical network can be divided 
into two main areas the separated area and the restorable area. In this 
paper, RCS actuate time is 1 minute which isolate the fault “faulted 
area” between two remote-controlled switches and connect the other 
uninterrupted area “restored area”. Figure 1.a shows that RCS is 
integrated into the (MV/LV) substations, which are directly placed on 
the main lines [24]. Figure 1.b shows only the main lines of the feeder 
and the customers between two RCS can be isolated from the rest of the 
distribution grid due to the RCS location. The types or RCS are 
different based on the purpose action and the location. The type used in 
this study are MV remote controlled switches which are different from 
circuit breaker as they required additional external action for the 
trigger and different from disconnects as they can automatically close 
and break under voltage circuit.

Figure 1: One line schematic for RCS locations of a primary 
substation and a feeder

In this paper, the main objective is to optimize power restoration after 
fault occurrence in a power distribution network considering optimum 
allocation of RCS. The outcome is to restore the faulted area using 
RCS, minimizing restoration time and the energy not supplied. 

The biggest challenges have had optimization of the objective function 
or reducing the ENS depends on the optimum number and allocation of 
the RCS [25-30].

Where,
i : Load point
K : Contingency index
λ  : The frequency of interruption.k 

µ  : The duration of the interruption.k

f  :  i, k

P   : Average amount of disconnected power at load  di

point I.
P   : Average amount of restored power at load point I.si

  
Subject to operational constraints: 
Bus voltage limitation.
Feeder capacity constraints. 

The optimum allocation of RCS analysis methodology is illustrated by 
flowchart shown in Figure 2. The methodology acts to find the optimal 
allocation of RCS that will maximize the electrical power restoration 
to consumers in the MV distribution network after fault isolation, 
without violating the operational constraints. The objective is closely 
related to decrease the number of RCS to maintain the annual cost 
within the required reduction and decrease the energy not supplied. 
The analysis requires obtaining the global solution with the lowest 
cost. The restoration time process after any short circuit occurs can be 
classified as follows
 
Time of circuit breaker T=0s, once short circuit occurs on a secondary 
MV line the circuit breaker located at the primary side of the substation 
will be opened automatically and all the customer at this feeder will be 
disconnected [3].
 
Time of remote control switch TRCS= 2 min, this time will be taken by 
the RCS to isolate the faulted area and power restoration. In the previous 
decades, this time can reach 12 hr taking by maintenance team going 
along the MV cables to accurately locate and identify the faulted section 
all this time the customers are waiting for the line to be repaired.
 
Time of short circuit TIND.  = 30min, maintenance team checks any 
overload on

Figure 2: Flowchart representing the optimum allocation of RCS 
methodology using in dig-silent software.
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POWER RESTORATION ANALYSIS METHEDOLOGY
The restoration problem can be solved using mathematical 
programming approaches. Either optimization technique or linear 
graph theory can be used in mathematical programming. In the 
optimization technique, the execution time required to solve the 
restoration problem increases exponentially; while in the graph theory 
time increases linearly. In this paper dig-silent power factory 
optimization technique are used as per the flowchart in figure 3. The 
DSL software has its programming algorithm which carried out the 
decisions for mitigation contingency using input all appropriate data. 

Figure 3: Flowchart for the restoration methodology algorithm 
using in power factory software.

For estimating the cost of blackouts, the Lawrence Berkeley National 
Laboratory has published many reports and a free web-based tool, the 
Interruption Cost Estimation (ICE) Calculator [21].

Simulation and Discussion of a benchmark distribution network The 
benchmark model is taking from dig-silent standard distribution 
network. Figure 4 represent the electrical distribution system by a 
graphic representation single line diagram (SLD). These diagrams 
depict information corresponding to equipments such as:
Ÿ Circuit breakers and disconnectors,
Ÿ Tie open points,
Ÿ Transformers 33/11KV, 10MVA.
Ÿ Power cables.
Ÿ Loads.

The model consists of six substations with 130 MVA capacity serving a 
large area with different types of residential, industrial and commercial 
loads. All network data are described in [20]. Simulated fault location 
is defined at line number 44. The impact of this fault will be on three 
substations (1, 2, and 6). Two scenarios has been considered as follow:

Scenario 1: benchmark model with two manual switches.
Scenario 2: benchmark model with two pair of RCS at the tie open 
point.

Reliability indices calculated for each simulated scenario before and 
after the installation of (RCS) and the results had been compared.  
Tables 1 and 2 describe the output results for both scenarios. 
Comparison for both scenarios is displayed in Table 3.

Figure 4: Benchmark mode - 33/11kv diagram
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Table -3 Results comparison of benchmark model reliability 
indices

Table-3 illustrates the reduction value of ENS about 50% and that is 
also for the interruption cost enhanced by 50% but this value compared 
with the cost value of the RCS which are added to the network, the cost 
of RCS is about 12 K$ [5], even after the addition of RCS the cost of 
case 2 is enhanced by about 48%. The value can be increased in the 
modern society which considers the penalty value.

Simulation and discussion of Al Sherouk distribution network - 
66/22kv Substation.
The restoration process is implemented, using dig-silent power factory 
software on Al sherouk Distribution network which is a part of the 
distribution network in Al Qahira distribution network. Network SLD 
is shown in Figure 5. The network (66/22KV) consists of two 
interconnection lines, two spare line and two neighboring feeders, 4 x 
66/22 KV main transformers each rated, 25 MVA, 66 KV, Over Head 
Transmission Line (OHTL) interconnection to the National Grid.  
Fault used in the test located at line 6. The estimated component data 
for the analyzed feeder as per Figure 6 depends on Global Positioning 
System (GPS) and global information system (GIS) [31]. 

Figure 5- Real Egypt Distribution Network (Al Qahira- Al 
SherouK)

Figure 6: One line diagram of fault occur at feeder_06
Table 4 represent the initial results without installing RCS while Tables 
5 represent the best ENS values within a few iterations and the 
corresponding number and location of RCS as obtained by DSL for Al 
Sherouk distribution system. Comparison for both scenarios is 
presented in Table 6.

Reliability Indices Scenario 1 Scenario 2 Reduction 
percentage %

ENS (MWh/a) 373 186.7 50%

Interruption cost (k$) 859.4 429.9 50%

Total annual costs  (k$/a) 171.8 35.75 79

SAIFI  (1/Ca) 12.542 2.906 77%

SAIDI  (h/Ca) 15.187 7.384 51%

CAIDI (h) 3.092 1.446 53%

Table-4 Results of Al Sherouk -Scenario 1: With  manual switches
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Table -6 Results comparison of Al Sherouk -66/22 KV Reliability 
indices

CONCLUSION
RCS are the most automated technique to be utilized for optimum 
number and allocation in the electric power distribution network to 
achieve optimum and safely power restoration. The opening and 
closing of RCS action has been done according to the switching 
optimization technique to restore power to consumers affected by the 
feeder outage. A system model and techniques are presented for 
evaluating the contribution of installing RCS in the overall system 
reliability and annual cost. The basic indices obtained from the 
process, and used as a measurement to compare between different 
scenarios, are the ENS and the annual cost. A methodology simulated 
in a computer using Dig-silent Power Factory software. The method 
has been applied to a benchmark model and real distribution network, 
each network simulated with two different scenarios and the obtained 
results were compared to clarify the effectiveness of using RCS in 
decreasing ENS and total annual cost. In this paper, the ENS reduction 
achieves 35%- 60% range of the base case and the annual cost 
reduction is 40%-90%. 
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Table -5 Results of Al Sherouk -Scenario 2: With 1 pair of remote controlled switch at the tie open point

Reliability Indices Scenario 1 Scenario 2 Reduction 
percentage %

ENS  (MWh/a) 1520 50.2 96%
Interruption cost  (k$) 60.8 2 90

Total annual costs  (k$/a) 12.160 0.405 96
SAIFI  (1/Ca) 20 2 90
SAIDI  (h/Ca) 50 5 90

CAIDI (h) 20 2 90
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