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ABSTRACT 

Quality of service (QoS) has been improving over the 

years due to the increment of remotely controlled 

equipment in the electrical grid but recently, it is reaching 

a turn-point where its continued increment is no longer 

contributing to a perceptible improvement. Besides, 

dispatch centers are being challenged with an even more 

complex reality that is the manual coordination and 

operation of all these devices. The remote control and 

monitoring capabilities, by themselves, do not provide 

automation that can relieve dispatch operators from a 

sluggish manual reconfiguration, that often relies on trial 

and error to locate a fault. These are the challenges that 

created the need of an intelligent grid that can heal by itself 

without the need of manual operations. Aiming to learn, to 

develop and to test new algorithms in a controlled and 

limited environment, EDP Distribuição decided to 

materialize the Self-Healing (SH) project in the overhead 

network in a partnership with EFACEC PAC Division, in 

the region of Loures, Portugal. The project will allow the 

study of distributed protection coordination and selective 

blocking between the reclosers recurring to IEC 61850 

Routable-Generic Object-Oriented Substation Events (R-

GOOSE) over a public 4G network, and enable the 

integration of new automation functions along with legacy 

automation equipment. 

The aim of this paper is to develop new algorithms and 

solutions that will be adapted to EDP Distribuição 

environment to implement high-speed power system 

protection coordination schemes with advanced SH 

strategies based on Peer-to-Peer (P2P) communications. In 

sum, this project targets a faster fault clearance, a reduction 

of the Non-Distributed Energy (NDE) and System 

Average Interruption Duration Index (SAIDI) and a 

decrement of frequency and duration of voltage sags.  

 

INTRODUCTION 

Driven by historical challenges like QoS and operational 

efficiency, EDP Distribuição recurred to focused 

investments and increased automation as key levers to 

improve the quality of supply. In the last 20 years, more 

than 7.000 new Distributed Automation (DA) were 

installed, as shown in Figure 1. While SAIDI improved 

over 90%, the marginal SAIDI improvement per new 

installed device has been decreasing over the last 5 years. 

 
Figure 1. Evolution of SAIDI versus number of installed DA 

devices.  

To overcome this stagnation, utilities like EDP 

Distribuição are focusing their investments in solutions 

that automatically switch and protect the network to reduce 

restoration times and its consequent costs of NDE, while 

boosting the utility reputation [1]. These solutions are 

based in Fault Detection, Isolation and Service Restoration 

(FDIR) and can be applied on typical distribution systems 

that have normally closed and normally open tie switches. 

When a fault occurs and it is then detected, the restoration 

plan of a FDIR should be focused in minimizing the 

number of interrupted costumers and the number of 

switching operations without violating operation 

constraints. Thus, a FDIR solution is directly related to the 

SH capability of the distribution management system. SH 

is the ability of a distribution system to automatically and 

intelligently execute corrective actions to restore itself to 

the best possible state of service continuity without 
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violating any constraints, when subjected to a fault [3]. Its 

implementation will enable the improvement of 

distribution network reliability and economic benefits, 

minimizing the disruption of service. [3].  

The implementation of a SH in distribution systems is 

challenging at several levels. At the procedure level, the 

challenges are related to the complexity and large scale of 

a real distribution system and the lack of unified standards 

between network assets. Moreover, there are also technical 

challenges that range from [4]: 

• Existing components upgrade for SH algorithm’s 

adoption: installation of Automatic Controlled 

Switches (ACS), Remote Terminal Units (RTU) 

and Intelligent Electronic Devices (IED); 

• Adaptive distributed control for enabling SH 

operation in real-time. Decentralized control can 

be achieved between substations: each substation 

should control and analyze its own network and 

must share its information with neighbor 

substations to reconfigure the network during 

power loss or faults [5]. 

• Integration of renewable energy Distributed 

Generation (DG) units’ output power in service 

restoration procedure; 

• Efficient and reliable two-way data 

communication network, in terms of availability 

and coverage; 

• Relation cost-benefit of the SH integration. 

 

PROPOSED ALGORITHMS 

Three distinct Distribution Automation (DA) applications 

are being developed and implemented by EDP 

Distribuição and Efacec in the scope of the energy 

distribution network SH field pilot. All proposed 

algorithms consist of decentralized or semi-decentralized 

solutions that require high-speed coordination between 

power system protection and control IED. Device 

coordination is ensured by communications over a 4G 

network controlled by a public operator.  

High-speed power system protection coordination 

The first proposal is intended to provide an alternative to 

time graded coordination. This solution presents a fully 

decentralized high-speed selective blocking scheme in 

which power system protection devices coordinate by 

exchanging IEC 61850 R-GOOSE messages over the 4G 

network. 

The algorithm works by blocking protection functions 

associated to field reclosers and substation circuit breakers 

when the downstream protection functions pickup. This 

allows the parametrization of considerably shorter tripping 

times, enhancing the conventional time-based selectivity 

commonly implemented in power distribution networks. 

Figure 2 renders an example of a Medium Voltage (MV) 

feeder with several reclosers installed in series, displaying 

a comparison between a conventional solution based on 

time graded coordination and the proposed solution based 

on P2P communication. The diagrams in Figure 2 give an 

indication of the reductions in protection function tripping 

times that may be attained by adopting the proposed 

solution. 

 

 
Figure 2. Comparison between the conventional solution and the 

proposed algorithm. 

Some of the advantages brought by this solution are: 

• Faster fault clearance; 

• Reduction of voltage sag duration; 

• Increased fault-ride-through capability for 

Distributed Energy Resources (DER) connected 

to the grid; 

• Capacity for installing a greater number of 

reclosers in series in a single feeder without 

increasing the trip time of the device upstream. 

Automatic network reconfiguration 

Automatic network reconfiguration algorithms are a 

crucial component of any power grid FDIR scheme. These 

schemes may be implemented on open loop network 

topologies (i.e., network topologies with multiple feeders 

connected by Normally Open (N.O.) point(s)) and actuate 

after a permanent fault has been detected and cleared. 

Automatic reconfiguration solutions are responsible for 

isolating the faulty line section and sequentially closing the 

N.O. point in the network, energizing healthy line sections 

from an alternative feeder. 

The proposed solution consists of a semi-decentralized 

scheme in which the automatic reconfiguration application 

is running in a central unit in the substation. All remote 

devices involved in the SH are controlled over a 4G 

network using the IEC 60870-5-104 protocol. 

Figure 3 contains a summarized representation of the 
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proposed solution, in which the application running in the 

central unit initiates the automatic reconfiguration 

algorithm after receiving a definitive trip indication from a 

protection device integrating the SH. If the device 

immediately downstream is a N.O. point, the fault is 

isolated, and no reconfiguration is possible. Otherwise, the 

self-healing application will send an open command to the 

device immediately downstream, wait for the faulty line 

section to be isolated (i.e., wait for the recloser to open), 

and sequentially send a close command to the N.O. point, 

changing the network topology so that healthy sections are 

powered from a second feeder. 

 

 
Figure 3. Comparison between the implemented solution and the 

proposed algorithm. 

Communication-based automatic network reconfiguration 

is expected to considerably reduce the time currently 

expended by the solution presently implemented by EDP 

Distribuição, which requires an operator to manually 

perform part of the FDIR scheme.   

The main benefits introduced by the proposed solution are: 

• Reduction of the total time necessary for fault 

isolation and service restoration in healthy line 

sections; 

• Reduction of the duration of short-term 

interruptions; 

• Improved QoS indicators: NDE and SAIDI 

reduction. 

 

Anticipation of network reconfiguration 

This application presents an alternative to the more 

conventional reconfiguration strategy described in the 

previous section. Based on the assumption that statistically 

most transient faults are cleared after the first reclosing 

shot, this algorithm attempts to reconfigure the network 

during the dead time of the second reclosing cycle. If the 

fault is in fact permanent, service is already restored to the 

healthy line sections when the definitive trip is issued, thus 

avoiding one or more short-term interruptions to 

consumers connected to these line sections.  

On the other hand, if the fault is not permanent and is 

cleared by the second or one of the subsequent reclosing 

attempts, it may be necessary to restore the network to its 

original topology, causing an additional short-term 

interruption to a healthy line section.  

 

 
Figure 4. Anticipation of network reconfiguration during second 

reclosing attempt. 

The main advantages brought by this solution are: 

• Additional reduction of the total time necessary 

for fault isolation and service restoration in 

healthy line sections; 

• Additional reduction of the duration of short-term 

interruptions; 

• Additional improvements in QoS indicators: 

additional NDE and SAIDI reduction. 

NETWORK TOPOLOGY 

This SH approach, as it is presented, has never been 

implemented in EDP Distribuição. 

For this project to succeed, it is mandatory to determine 

the best locations for the installation of additional 
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reclosers/sectionalizers to minimize the number of 

affected clients during an outage. To do so, multiple terrain 

surveys were conducted to make sure that the 

infrastructure had the necessary requirements – the 

selected locations for the installation of 

reclosers/sectionalizers must have a strong and constant 

outdoor 4G signal, not belittling the existence of critical 

clients and the difficulties of access in the installation sites. 

During the conducted site tests, in some areas, it was 

verified that the routers were oscillating between 3G/4G 

depending on the signal strength. In these places, it is not 

recommended to install any equipment as these network 

commutations will cause higher latencies that can 

compromise the temporal protections schemes that were 

set in the selected test grid.  

A simplification of the grid’s topology is represented in 

Figure 5. This local grid was upgraded with more reclosers 

to minimize the affected area during a fault and to create 

conditions to test the proposed algorithms. It is composed 

by three remote controlled secondary substations that 

allow interconnectivity between primary substations, a 

legacy device represented by an overhead automatic 

switch and three reclosers. 

 

 
Figure 5. Grid topology 

 

The decision to use legacy equipment is to develop an 

algorithm that takes both technologies (automatic switches 

and reclosers) to avoid the need of replacing equipment 

that is still in the amortization phase. Another vital key 

aspect of the SH project is to have at least two circuit-

breaker like equipment in series to ensure the effectiveness 

of fault detection with fast reaction times.   

 

EXPECTED RESULTS 

In order to provide a high-level estimation of some of the 

QoS improvements that are expected from the 

implementation of the proposed solutions, a preliminary 

study has been carried out. The following diagrams present 

a subset of the results obtained from this study. All 

diagrams include a comparison between the conventional 

time-graded solution with manual network reconfiguration 

which is currently implemented and the new 

communication-based solutions that will be implemented 

in the SH pilot. The values presented in the diagrams refer 

to the expected improvements in the most upstream line 

section (i.e., between the substation breaker and the first 

recloser), which is where the QoS improvements are 

expected to be most significant when compared to the 

conventional solution. 

 

 
Figure 6. Estimated reduction of voltage sag duration for a 

permanent fault after three reclosing shots. 

Adopting the proposed high-speed protection coordination 

strategy will allow the reduction of the protection tripping 

time for all upstream devices. Consequently, this will 

reduce the duration of the voltage sags that occur in 

healthy line sections during these delays, before the fault 

is extinguished. Figure 6, illustrates the estimated 

reduction of voltage sag duration for a permanent fault, 

after all reclosing attempts, which may be up to 600 ms per 

shot. Reducing the protection tripping times is also 

expected to significantly increase the fault-ride-through 

capability for DER connected to the grid. Implementing 

the proposed solution would allow the system to endure 

voltage sags of up to 80% of the rated voltage, as 

represented in Figure 7. 

 

 
Figure 7. Estimated increase of fault-ride-through capability for 

DER. 

Figure 8 presents the estimated reductions in FDIR time, 
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subsequent of implementing the proposed semi-

decentralized SH solutions. FDIR times are expected to 

drop to approximately 50 seconds after implementing 

communication-based automatic reconfiguration, which 

corresponds to a reduction greater than 50 % of total time, 

or even to only a few seconds if the anticipation of network 

reconfiguration is considered. 

 

 
Figure 8. Estimated reductions of FDIR duration for the 

proposed network reconfiguration solutions. 

CONCLUSIONS AND FUTURE DIRECTIONS 

The increased penetration of DA devices in the electrical 

grid increases the amounts of data that are transmitted 

within the network. Such fact, imposes the challenge of 

data management and storage (Big Data). As it was shown, 

adding more automation does not marginally improves 

QoS in a grid that is already mature. A valuable disruptive 

improvement in QoS can only be achieved by analyzing 

the data generated by all the sensors installed in the grid.  

To achieve this goal, the SH approach is the next step 

towards a change of paradigm. SH solutions are adaptive 

strategies that greatly reduce restoration times by 

automatically managing the grid's power flow right after a 

fault. 

 

Future directions should focus on improving the overall 

QoS, in terms of reliability and grid stability, through a 

self-healing methodology. Developments in successful SH 

algorithms must be completely integrated with state-of-

the-art distribution management systems, enabling the 

takeover of the following challenges:  integrated 

forecasting, predictive reconfiguration and full integration 

of renewable energy resources and microgrids. 
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