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Introduction

Electric utilities worldwide face increasing pressure to improve the reliability and resilience of
distribution grids amid new challenges. Aging infrastructure and the rising frequency of extreme
weather events threaten longer, more frequent outages. Meanwhile, modern distribution networks
are becoming more complex due to the growing integration of distributed energy resources
(DERs), such as solar panels, wind turbines, and energy storage, as well as new loads, such as
electric vehicles. These trends boost electricity demand and create bidirectional power flows,
straining grids designed for one-way power delivery. Regulators and customers now expect higher
power quality and fewer interruptions, prompting utilities to develop innovative solutions to
maintain stability with minimal downtime.

Traditional methods of improving reliability—such as upgrading transformers, lines, and other main
equipment—require significant capital investment and lengthy lead times. In contrast, grid
modernization efforts aim to make the existing network smarter and more efficient through
advanced automation and control. By adding intelligent systems to existing feeders, utilities can
significantly enhance service continuity without costly infrastructure overhauls. Notably, self-
healing distribution grids have become a key strategy. A self-healing grid uses automation and
advanced protection schemes to quickly detect faults, isolate the affected area, and reconfigure
the network to restore power—with little or no human intervention. This white paper offers an
overview of self-healing distribution grids and explores how advanced protection and automation
technologies enable their implementation. It covers the operating principles of self-healing
systems, the importance of modern protection coordination and communication, and the benefits
and challenges of deploying these solutions in today's power distribution networks.
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Overview and Operating
Principles

A self-healing distribution grid is an electrical network with smart monitoring, control, and
switching features that enable it to automatically respond to faults or disturbances. The main goal
of a self-healing grid is to reduce the duration and impact of power outages by enabling real-time
fault location, isolation, and service restoration (FLISR). When a fault, such as a short circuit or a
downed line, occurs on a feeder, sensors and protective devices quickly detect the abnormal
condition. The system then isolates the faulty section by opening switches or reclosers around the
issue and rapidly reconfigures the network to keep as many customers powered as possible by
closing alternative supply paths (tie switches) to reroute electricity. Only the section directly
affected by the fault remains de-energized, while other parts of the feeder often regain power
within seconds.

In a traditional radial distribution feeder without automation, any fault typically causes an outage
of the entire feeder or a significant portion of it until utility crews manually isolate the fault and
restore power to other sections. This process can take hours, leading to extended customer
outages. In contrast, a self-healing grid performs these switching actions automatically and almost
instantly, significantly reducing outage durations. For example, with an automated FLISR scheme in
place, parts of a circuit experiencing a fault can be restored within seconds rather than remaining
offline until manual intervention. Some advanced self-healing systems are even designed to
execute the detect-isolate-restore cycle so quickly (within a few hundred milliseconds) that many

customers only experience a brief
flicker. Industry implementations, such
as S&C Electric's IntelliTeam® and
similar systems, have demonstrated
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second in pilot and select field
deployments, significantly improving
reliability indices.

A self-healing distribution grid usually
depends on a network of Intelligent
Electronic Devices (IEDs) and i
controllable field equipment
strategically placed along feeders. '
These include remotely controlled

circuit breakers, reclosers, motorized
sectionalizing switches, and ring main
units (for underground networks), all
integrated with sensors (for current,

voltage, etc.).
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During normal operation, these devices monitor the system and send data to controllers. When a
fault occurs, they can act independently or in coordination to sectionalize the feeder.
Communication infrastructure often connects the devices, either to a central control system or
through peer-to-peer links, enabling fault detection and isolation decisions to be shared or
delegated. The basic FLISR process in a self-healing grid involves: (1) fault detection—identifying
the occurrence and location of a fault via protection relays or smart sensors; (2) fault isolation—
opening switches or reclosers around the faulted section to disconnect it; and (3) service
restoration—re-closing alternate ties or feeder sections to restore power to the healthy parts of
the network. This sequence is pre-designed and automatically executed by the control logic.
Consequently, many customers experience only a brief interruption (often just a few seconds)
rather than a prolonged outage, as the grid "heals” itself by reconfiguring around the problem.

It should be noted that self-healing functionality can be implemented in various network
topologies and configurations. The concept applies to both overhead and underground
distribution systems. In an overhead radial feeder, automated reclosers and sectionalizers are
commonly used to segment and reroute power. In underground cable networks, motorized Ring
Main Units (RMUs) at switchgear points serve a similar purpose by isolating faulted cables and
transferring load to alternate circuits. Self-healing schemes can also be designed for mesh or
looped network configurations (often operated as open-loop feeders); in such cases, normally
open tie points between feeders can be automatically closed to supply power from an adjacent
feeder when one section is lost. Utilities often divide long feeders into multiple zones using several
reclosers; if a fault occurs in one zone, only that zone is isolated, and other zones are promptly re-
energized via ties, limiting the extent of outages. The size and number of zones and the placement
of automated devices are typically determined through reliability studies to maximize the benefit-
cost ratio — for example, locating reclosers based on load, customer count, and historical outage
data.

Automatic Fault Response and Rapid
Restoration

24 Automatod 5
SelF-Radoration Mg

A self-healing distribution grid uses
smart sensors, |IEDs, and automated
FLISR schemes to detect, isolate, and
reroute power around faults in
seconds, minimizing outage duration
and limiting de-energization to only
the affected section.

Improved Reliability Across Network
Types

By deploying automated switches,
reclosers, and communication systems
in overhead, underground, radial, or
looped feeders, self-healing grids
significantly outperform traditional
manual systems, often restoring power
almost instantly and improving overall
reliability indices.
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Advanced Protection
Strategies in Self-Healing
Grids

Implementing self-healing capabilities on distribution feeders involves more than just adding
automated switches — it also requires advanced protection system strategies to coordinate fault
detection and device operations in dynamic conditions. Traditional distribution protection
schemes were designed for simple radial systems with one-way power flow, using fixed settings
(such as time-delay and current pickups) on devices like overcurrent relays and reclosers.
However, the shift toward smarter, self-healing grids and the integration of DERs present new
challenges that conventional protection methods may not always address effectively.

A significant challenge arises from the introduction of bidirectional power flow and changing fault
currents caused by DERs. When local generation (e.g., rooftop solar or batteries) supplies power to
the grid, a fault on the feeder may not result in a simple high current flowing from the substation to
the fault. Instead, the fault current can originate from multiple directions, and its magnitude at a
given relay might be lower or higher than expected. This can cause protection issues such as
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blinding of protection and false tripping. Blinding occurs when the fault current through a relay is
reduced (for example, because a DER feeds a part of the current in the opposite direction), so the
relay's measured current never exceeds its pickup threshold—it "goes blind" to the fault and does
not trip when needed. Conversely, false tripping can happen if a normally non-faulted relay
detects an unexpected surge of current (perhaps from a downstream DER) above its pickup
setting and trips even though it is not meant to clear that fault. In systems with DERs, a backup
relay might trip before the primary because the fault current directions and levels deviate from
the original protection plan. These issues weaken the selectivity and reliability of the protection
system in a self-healing grid.

To address these issues, self-healing grids use adaptive protection schemes and smart relay
coordination. Adaptive protection means that protection devices or systems can automatically
adjust their settings or logic based on network conditions, ensuring proper coordination regardless
of configuration. In an advanced distribution network, the network's topology (such as open or
closed switches, and which feeder ties are operational) and the level of DER output can change
over time. Adaptive protection systems constantly monitor these factors and can switch between
preset setting groups or calculate new settings in real time to match the current situation. Modern
microprocessor-based relays often support multiple setting profiles (banks) that correspond to
different network setups; for example, a relay might use one set of trip settings when a tie switch
is open (radial mode) and switch to an alternative setting group if that tie closes, making the
feeder part of a loop network. Centralized or local controllers can signal such changes. As
described in a particular methodology, when a change in the distribution network's topology is
detected—such as load shifting to a neighboring feeder after a fault—a central controller can
select the appropriate relay setting group to maintain coordination and selectivity in the new
configuration. This helps prevent miscoordination caused by reverse power flows or altered fault-
current paths after reconfiguration, supporting DER integration while maintaining reliable
protection.

Another aspect of advanced protection in self-healing grids involves high-speed peer-to-peer
communication between protection devices. Traditional overcurrent protection in radial feeders
typically operates on simple time-delayed grading, where downstream devices trip faster than
upstream ones. However, in a rapid self-healing system, it can be beneficial for devices to
communicate and make split-second decisions about isolation and restoration. For instance, if a
feeder has multiple reclosers and a normally-open tie, coordination improves when devices share
real-time status and measurements. IEC 61850 GOOSE (Generic Object-Oriented Substation
Event) messaging is a modern standard that lets protection IEDs broadcast signals—such as "l
have detected a fault” or breaker open/close status—to each other over a network with very low
latency. By deploying protection relays and reclosers that communicate via IEC 61850, a
decentralized protection scheme can be implemented, enabling each device to quickly
understand its peers’ actions. This is essential for achieving the ultra-fast self-healing times
mentioned earlier. In a pilot project, for example, a distribution utility used a peer-to-peer scheme
based on IEC 61850 communications, enabling multiple reclosers and a tie switch to coordinate
fault isolation and feeder reconfiguration in about 300 milliseconds during pilot deployments.
Thanks to this speed, customers did not experience a sustained outage—power transfer was
almost seamless. Generally, to fully realize adaptive, high-speed protection, a reliable
communication infrastructure with high availability and sufficient bandwidth and speed is
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necessary. Industry guidelines recommend that for peer-to-peer self-healing, the
communications network should provide reliability above 99%, latency of just a few milliseconds,
and ample bandwidth to carry the required relay signals.

Advanced protection also involves using IEDs capable of multiple protection functions and logic.
Modern distribution protection devices integrate functions such as directional overcurrent (to
discern fault direction relative to the device), undervoltage or frequency protection (to detect loss
of supply or islanding conditions), and, in some cases, arc-flash detection. These capabilities help
in complex scenarios. For example, a tie recloser might use an undervoltage element to detect
when the main feeder section has lost power, then close to pick up the load from an alternate
source. In upstream sections, directional relays can distinguish faults in different directions and
apply appropriate time delays based on whether current is flowing forward or backward, enabling
proper isolation without false trips after network reconfiguration. The coordination of such
functions is carefully designed so that protection remains selective (only the faulty section is
isolated) during both the fault and the subsequent restoration process. The overarching principle
is that advanced protection schemes in a self-healing grid must be adaptive, communicative, and
coordinated: they adjust to network changes, exchange information rapidly, and coordinate with
the automation system to achieve fast fault clearance and isolation without sacrificing protection
selectivity or safety.

» Limits of traditional protection: Fixed, radial pro
DER-driven bidirectional power flow, causing bli
selectivity.

» Adaptive protection schemes: Self-he
settings based on topology change

» Fast communication and smar
multifunction IEDs enable ra
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Automation and
Control
Technologies for
Self-Healing

While advanced protection acts as the "brain” that detects and
isolates faults effectively, the automation and control system
functions as the "muscle” that executes reconfiguration and
restoration in a self-healing grid. Distribution automation involves
deploying remote-controlled field devices, communication
networks, and control software that together facilitate real-time
monitoring and management of the electrical distribution network.
Over the past decade, many utilities have invested in automation
as part of smart grid initiatives, installing intelligent field hardware
and central management systems to establish the foundation for
self-healing operations.

A key part of distribution automation for self-healing involves
installing motorized switching devices at critical points in the
network. These include pole-top reclosers and automated switches
for overhead lines, pad-mounted switchgear for underground
circuits, and controllable sectionalizers or breaker controllers in
substations. Each device generally has an IED that can perform
local control actions, such as opening when a fault is detected or
closing when instructed, and can communicate with other devices
or the control center. Along with switching devices, sensing and
measurement tools such as smart fault indicators and voltage and
current sensors are deployed to monitor the grid's real-time status.
For instance, line-mounted fault current indicators can quickly
identify the section of line where a fault has occurred by sending
an alert when they detect a surge, supporting the FLISR logic in
deciding which segment to isolate.

On the software side, many utilities use Supervisory Control and
Data Acquisition (SCADA) systems or Advanced Distribution
Management Systems (ADMS) at their control centers. These
systems gather telemetry from field devices and enable operators
to oversee automated control actions. In a centrally managed FLISR
scheme, when a breaker or recloser trips due to a fault, the
SCADA/ADMS software can execute a predefined restoration plan:
it locates the fault zone (often by analyzing which devices operated
and sensor indications), then issues remote open commands to
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isolate the faulty section and close commands to tie switches,
restoring power elsewhere. All of this can happen in seconds, much
faster than dispatching a crew. This centralized, self-healing control
has been adopted by many utilities, particularly where a reliable
communication link exists between field devices and the control
center. For example, a SCADA-driven FLISR system might restore
power to unaffected parts of a feeder in about 30 to 60 seconds,
depending on communication and processing delays—an
enormous improvement over manual switching, which could take
hours.

In contrast, an emerging paradigm is decentralized or distributed
automation, in which the intelligence for self-healing is pushed out
to field devices themselves. In a peer-to-peer self-healing scheme,
devices at the feeder level (reclosers, sectionalizers, etc.)
communicate directly with each other and make split-second
decisions without involving a central controller at the moment of
operation. For example, consider two feeders connected by a
normally-open tie recloser: if a fault occurs on one feeder, the
reclosers on that feeder nearest the fault open almost immediately
and simultaneously send a GOOSE message to the tie recloser,
instructing it to close and pick up the load from the healthy feeder.
All of this can be completed in a cycle or two (hundreds of
milliseconds), effectively creating a high-speed self-healing loop.
Decentralized control is enabled by high-speed peer
communications (via fiber optics, radio, or 5G private networks)
and by embedding the FLISR logic into the controllers of field
devices. Schemes like this eliminate the round-trip delay of
communicating with a central SCADA system and also increase
resilience—even if the central control or communication to it fails,
the feeders can still heal themselves locally. Many modern
distribution automation vendors incorporate distributed
intelligence; for instance, S&C's self-healing solution uses peer-to-
peer radio communication among switches to coordinate fast fault
isolation and service restoration across multiple feeders. The
trade-off is that such systems require robust, often redundant
communication links and thorough testing of the local logic to
ensure it handles all possible scenarios correctly.

Whether centralized, decentralized, or a hybrid of both,
communication technology is a vital component of self-healing
automation. Utilities use a combination of fiber-optic networks,
wireless radio systems (including mesh radio networks, microwave,
or cellular), and, sometimes, power-line carrier communication to
connect to field devices. The requirements for self-healing are
strict: communications must be not only fast but also highly reliable
and secure, since an automation failure or delay could hinder
restoration or even cause incorrect switching. As mentioned earlier,
substation and feeder devices using IEC 61850 communications
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can exchange critical signals within milliseconds. Some utilities
have established private wireless networks dedicated to
distribution automation to ensure the necessary performance.
Modern ADMS platforms also integrate with these communications,
providing a supervisory layer and data analytics on top of real-time
control — for example, an ADMS can log each FLISR operation,
determine how many customers were spared from outages, and
update the outage management system accordingly.

Another key automation function related to self-healing is the
automatic transfer switch (ATS), also known as source transfer
control. This is typically used at substations or for critical loads
where two independent feeders are available. If the primary feeder
fails, an automatic transfer scheme quickly switches the supply to
the backup feeder. In distribution grid self-healing, a similar
concept applies to feeder ties: once a section is isolated, the tie
closes to transfer load to an alternative source. High-speed ATS
operations (on the order of a few cycles) can maintain power to
important customers with only a brief interruption. Some self-
healing systems also include load shedding or automatic load
restoration features—for example, if an alternative feeder lacks
sufficient capacity to handle all the transferred load, the system
might temporarily drop some low-priority loads to prevent
overloading and restore them once the fault is cleared or additional
sources come online. All these actions are part of a broader fault-
tolerant automation scheme designed to keep as much of the grid
energized as safely possible during contingencies.

In summary, advanced automation for self-healing grids
involves a coordinated system of smart devices and control
applications. Key components include: remotely operable
switching devices throughout the network, fast and
dependable communication links, and control algorithms—
either centralized in an ADMS or distributed among field
controllers—that execute the self-healing logic. With these
elements in place, the distribution grid gains a level of
autonomy—it can detect disturbances, make decisions, and
respond in real time to reconfigure power flow. This transforms
the grid from a static system into a dynamic, resilient system
capable of responding to disturbances, almost like a living
organism healing a wound.

Self-healing distribution automation combines smart field devices, fast
communications, and centralized or distributed control to detect faults,
isolate damaged sections, and restore power automatically within
seconds or milliseconds.
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Integration

Protection & Automation
for Self-Healing

Achieving a truly self-healing distribution grid requires seamless integration between the
protection system and the automation/control system. Protection and automation cannot operate
in isolation; they must be designed together so that when a fault occurs, the protective devices
and the FLISR controls act in a coordinated, optimized sequence. This integration enables the grid
not only to isolate faults quickly but also to restore service without causing issues such as
protection miscoordination or equipment overload.

One aspect of this integration is ensuring that protective device operations match automation
actions. For example, consider a feeder with several reclosers and a tie switch in a loop
configuration. When a fault is detected, the local protection (overcurrent relays in the reclosers)
will open the recloser just upstream of the fault. The self-healing control scheme must identify
which reclosers opened and then decide which tie switch should close to restore power to the
downstream section. However, the protection on the alternate source must be prepared to handle
the new power flow. This is where adaptive protection comes in: if closing the tie causes reverse
power flow through certain devices, their settings must accommodate that (e.g., using a directional
element or an updated settings group, as discussed earlier). Integration means that when the
topology changes—such as a feeder splitting into an isolated section and a transferred section—
the protection system automatically adapts to keep the grid protected in the new topology.
Advanced self-healing strategies store multiple parameter sets for different network
configurations and switch to the appropriate set immediately after restoration, ensuring
continuous selectivity and coordination. Without this, a well-meaning restoration could
unintentionally cause a protection gap or a nuisance trip on the supporting feeder.

Another aspect is coordinating timing and logic between protection and restoration.In a

coordinated scheme, brief time delays are often used to let primary protection act before backup
or restoration steps begin. For example, when a fault occurs, the system might wait for the primary
recloser to lock out (if it's attempting reclosing) before closing a tie switch, to prevent paralleling a
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faulted section. In some decentralized schemes, devices exchange status so rapidly that the tie
remains open until the devices in the faulted section confirm isolation. In other centralized
schemes, the ADMS logic will only issue a close command to a tie after confirming that the faulted
segment is open. All of these require careful logic interlocks that combine protection status with
control actions.

Additionally, many self-healing schemes include checks for system conditions—such as verifying
that the upstream source has sufficient capacity (voltage and current margins) before restoring
load—to avoid overload or undervoltage conditions. This may involve real-time data, such as
feeder load measurements, or quick power-flow simulations in advanced ADMS setups. If the
check fails (meaning the alternate feeder is currently too heavily loaded), the system might avoid
transferring all the load or decide to shed some of it. Therefore, the control system uses
protection and sensor data as inputs to determine safe restoration actions.

Communication architecture is another key integration point. In some self-healing systemes, all field
devices report to a central controller that makes decisions and sends commands. Here, integration
means protection devices (breakers/reclosers) must quickly report their status (e.g., "l have
tripped on a fault at this time") to the controller, which then accepts open/close commands. This
requires standardized communication protocols and careful signal mapping, often implemented
via DNP3, IEC 60870-5-104, or newer IEC 61850-based protocols for feeder automation. In more
distributed systems, peer devices communicate directly—they may be protection relays and
automation controllers that are integrated or tightly coupled. When a relay detects a fault, it not
only triggers local tripping but also sends a coordinated message to neighboring devices to
prompt their response. Synchronizing protection trips and automation commands is essential. A
fully integrated IED might combine protection and control logic in a single device: for example, a
recloser's controller can act as a relay (tripping on overcurrent) and as an FLISR agent
(sending/receiving peer messages to determine whether to reclose or stay open). As utilities shift
toward more software-driven grids, there's also exploration of centralized protection and control
schemes—sometimes called wide-area protection—where a central system can make even more
refined decisions. However, practical self-healing today usually relies on the distributed approach
at the feeder level for speed and reliability.

A clear example of protection-automation integration comes from a pilot project in Croatia, where
a self-healing scheme was implemented on a 10 kV distribution loop. Before automation, a fault in
that loop required manual switching and could cause an outage lasting several hours for many
customers. The pilot installed four reclosers on the loop, capable of peer-to-peer communication
and adaptive protection. When a fault occurs, the nearest reclosers quickly isolate the fault, and
the tie recloser closes to restore service to the unaffected section—all within 300 ms, as
previously noted. The protection system was set up so that once the faulted section is isolated,
the reclosers on the healthy parts adjust to the new network configuration, forming a temporary
closed loop, and may even attempt an auto-reclose on the faulted section after a short delay to
check whether the fault was transient. If the fault was brief—such as a momentary contact or a
lightning strike that cleared—the section can be reinstated, returning the network to normal. If the
fault persists, that section remains isolated for repair. Throughout this process, the integrated
system guarantees that fault detection, device isolation, and network reconfiguration happen in
the correct sequence without human intervention. The result was a significant reduction in both
the number of customers affected by each fault and the duration of outages. This project’s
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success shows that combining advanced protection, such as fast relaying and adaptive settings,
with automation, such as remote switching and communication, creates a truly self-healing grid.

Finally, integration includes operator awareness and control. Although self-healing grids are
highly automated, they still need to offer transparency and control to grid operators. The
self-healing actions should be visible on the operator's interface, showing which devices
operated and how the load was transferred. Operators should also be able to supervise or
intervene if necessary. Ensuring that automation actions align with protection means
operators won't be fighting the system—for example, if an operator manually opens a device
for maintenance, the self-healing automation should recognize this and avoid closing an
alternate path that would backfeed the maintenance section. Achieving this may involve
integrated logic that considers manual switching, planned outages, or abnormal
configurations so that the FLISR scheme adjusts or disables itself appropriately in those
cases (many systems automatically inhibit FLISR in portions of the feeder under
maintenance). Therefore, integrating protection and automation is not only about signal-
based coordination but also procedural and operational alignment. When implemented
correctly, the self-healing system becomes a reliable assistant to operators, automatically
handling routine disturbances and allowing personnel to focus on higher-level oversight and
system optimization.

» Coordinated fault isolation and restoration: Integrating protection with automation ensures
faults are isolated quickly and service is restored safely through adaptive protection,
coordinated timing, and topology-aware FLISR actions without miscoordination or overloads.

» Data, logic, and communication integration: Self-healing relies on tight coupling of protection
status, control logic, system condition checks, and fast communications (centralized or peer-
to-peer) to synchronize device operations in real time.

» Operational reliability and visibility: Proper integration aligns automated actions with
operator control and maintenance states, delivering faster outage recovery, reduced customer
impact, and a reliable, transparent self-healing grid.
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Self-Healing Grids with

Advanced Tech

Utilities that have implemented self-healing distribution grids with advanced protection and

automation have reported significant benefits in reliability, resiliency, and operational efficiency.
The primary benefit is the dramatic improvement in reliability indices such as SAIDI (System
Average Interruption Duration Index) and SAIFI (System Average Interruption Frequency Index). By
reducing the duration and scope of outages, self-healing grids directly lower the customer-
minutes of interruption during fault events. For example, S&C Electric reported that a multi-year
self-healing automation project for ENMAX in Calgary prevented over 30 million customer outage
minutes—equivalent to more than three years' worth of interruptions—helping the utility achieve
first-quartile reliability performance. Another utility, Duke Energy, noted that during Hurricane
Idalia in 2023, its self-healing smart grid in Florida automatically prevented about 17,000 customer
outages—equivalent to about 5 million outage minutes—by isolating faults and rerouting power
when possible. These real-world results highlight that self-healing capabilities can significantly
reduce the impact of major disturbances. Customers experience fewer outages, and when outages
do occur, they are shorter and affect fewer people.

Besides improving quantitative reliability, self-healing grids boost resilience—the grid's capacity to
withstand and recover from high-impact events. During natural disasters such as storms or
wildfires, automated FLISR can quickly restore service to critical facilities like hospitals, emergency
responders, and community lifelines, even when parts of the network are damaged. This flexibility
enhances public safety and minimizes economic losses caused by prolonged power outages. From
the utility's perspective, allowing the grid to reconfigure itself frees field crews to focus on actual
fault repairs sooner, rather than manually operating switches. It also reduces the stress on control
center staff during storms, as many switching decisions are handled automatically. Another
advantage is improved asset utilization and power quality. Automated switching can help
redistribute loads more efficiently; for example, during normal conditions, if one feeder
approaches capacity while a neighboring feeder has spare capacity, the system could rebalance
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the load between them (though that is more an ADMS function beyond fault restoration). During
faults, rapid isolation limits equipment damage—faster fault clearance reduces thermal and
mechanical stress on cables and transformers. Furthermore, by keeping healthy parts of the
network energized, voltage levels and frequency remain stable in those areas (a large outage can
sometimes cause voltage dips or frequency deviations in isolated sections, which self-healing
prevents by maintaining connectivity).

Self-healing grids also prepare the distribution system for greater DER integration and future
smart grid functions. As more renewable generation and microgrids come online, the grid's
topology and power flows will become more dynamic. The combination of adaptive protection and
automation in self-healing systems is a key capability for managing this complexity. It enables, for
example, intentional islanding of parts of the grid with local generation during emergencies
(forming "microgrid" operation). If a section of feeder with solar and battery storage is
disconnected due to an upstream fault, a self-healing scheme could potentially isolate it and allow
it to operate as an islanded microgrid serving local load, further improving reliability—this requires
close integration of protection, control, and inverter functions, but it is a logical step being
explored in advanced projects. Beyond fault events, the data and control infrastructure developed
for self-healing can also be used for optimized grid operations (such as voltage regulation and loss
reduction) and predictive maintenance. The sensors that detect faults can also identify symptoms
of equipment failure (like momentary fault events, voltage sags, etc.), allowing utilities to analyze
and fix issues proactively before they cause a sustained outage. In summary, deploying self-
healing automation is often one of the first major steps in grid modernization, providing immediate
reliability improvements and preparing the way for a smarter, more flexible grid.

Despite these benefits, several challenges and considerations arise when implementing self-
healing distribution grids with advanced protection and automation. One of the biggest challenges
is cost and justification. Installing the necessary reclosers, smart switches, sensors,
communications, and control software can be capital-intensive, especially for utilities with
extensive networks of many feeders. The cost-benefit analysis of FLISR investments can vary
depending on feeder characteristics and customer density. In urban areas with many customers
per feeder, the reliability payback might justify extensive automation. Conversely, in rural areas
with long feeders and fewer customers, utilities must carefully plan where automation provides the
most value. Often, regulators need to be convinced of the worth of these investments to allow
cost recovery, which emphasizes quantifying reliability improvements in monetary terms (for
instance, using the value of lost load to customers).

Another challenge is the technical complexity of integrating these systems. The engineering
planning needed to design an effective self-healing scheme is complex. Utilities must determine
the number and placement of sectionalizing devices, their settings and logic, and ensure that,
when they operate automatically, the system behaves as expected under all plausible scenarios.
Issues like feeder capacity limits must be assessed—if feeder A is to handle feeder B's load during
an outage, planners must confirm that feeder A can manage the additional load under worst-case
conditions; otherwise, the so-called "self-healing” action could simply move the problem or cause
an overload. This involves analyzing power flow and equipment ratings for various switching
configurations. Sometimes, system upgrades—such as reconductoring a tie line or upsizing a
transformer—are required to enable a FLISR scheme for a specific area. Therefore, implementing
self-healing involves not just adding intelligence but also strengthening the physical network
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where necessary.

The coordination of settings and cybersecurity are additional factors to consider. Managing
adaptive protection settings across numerous devices can be complex; utilities require robust
processes and possibly centralized tools to update relay settings for different network conditions
and to test those settings. Misconfiguration could result in either a protection failure or a false trip,
undermining the purpose of automation. Furthermore, as more devices become connected and
remotely controlled, cybersecurity becomes critically important. A self-healing grid depends on
communication and control signals; these must be protected from malicious attacks or
unauthorized access. If an attacker compromises the control of distribution switches, they could
cause extensive disruptions. Consequently, utilities implementing these systems invest in
encryption, authentication, and network monitoring to secure the self-healing automation
infrastructure. Many also establish backup communications or fail-safes; for instance, if primary
communication fails, the devices might revert to a simpler local auto-loop that still offers some
level of self-healing.

Operationally, there is a need for training and change management. Line crews and control room
operators must be trained on the new automated behavior of the grid. There can be initial
reluctance to trust automation — after all, for decades, operators manually analyzed faults and
dispatched crews. Utilities often start with pilot programs on a few feeders, fine-tune
performance, and gradually build confidence. Documenting the logic and providing operators with
manual override capabilities is essential for acceptance. Over time, as seen in utilities that have
widely deployed FLISR, automation becomes a trusted ally that actually reduces operator
workload.

In summary, although the journey to a fully self-healing distribution grid presents
challenges in cost, complexity, and integration, the experiences of early adopters have
been largely positive. With careful planning and design, utilities have achieved
significant improvements in reliability. As technology costs decrease and standards
mature (for equipment interoperability, communication, etc.), implementing advanced
protection and automation becomes easier and more affordable. The result is a more
resilient and efficient grid that better meets the needs of an "always-on" society and
supports the transition to cleaner energy.
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Conclusion

Self-healing grids use intelligent automation to rapidly restore
power and improve reliability

Self-healing distribution grids mark a significant progression in managing and protecting
electrical distribution systems. By integrating advanced protection methods (such as
adaptive, high-speed relaying) with sophisticated automation and control (FLISR,
SCADA/ADMS, peer-to-peer communications), these systems can significantly lessen
the effects of faults and disturbances on customers. The self-healing strategy fits with
the broader shift of the electric grid toward a smarter, more digital infrastructure — one
capable of monitoring its own condition and reacting intelligently to events in real time.
Deploying self-healing features already provides noticeable benefits in reliability and
resilience for many utilities, as shown by notable reductions in outage duration and the
number of impacted customers in pilot projects and real-world applications.

REAL-TIME
ROAPTIVE PRC

For an industry-savvy audience, it is clear that integrating protection and automation is
essential. Protective devices need to become smarter and more networked, while control
systems should be made more autonomous and adaptive. This combination enables the
distribution grid not only to recover after faults but also to handle future challenges such
as high DER penetration, increased electrified demand, and extreme weather conditions.
Utilities planning grid modernization should view self-healing functions as a key part of
their strategy, alongside other improvements. When implemented effectively, a self-
healing grid delivers strong returns on investment through improved service reliability,
lower operational costs (fewer truck rolls and faster troubleshooting), and higher
customer satisfaction.

FABRIC

Looking ahead, the ongoing development of technologies like artificial intelligence,
machine learning, and loT sensors may further enhance self-healing grids — for example,
enabling predictive self-healing (where potential equipment failures are detected and
isolated before they happen) or improving restoration strategies based on real-time
simulations. Furthermore, standards and interoperability are advancing, making it easier
to integrate equipment from multiple vendors into a unified self-healing system. As the
electric power industry works to build a more resilient, sustainable grid, self-healing
distribution networks with advanced protection and automation will be essential. They
represent the shift from passive distribution circuits to active, intelligent systems
capable of meeting the reliability demands of the 21st century. In summary, self-healing
grids are not just a theoretical idea but a practical, proven method for providing a more
robust and responsive power supply — a critical foundation for the smart grids of the
future.

g VedeniEnergy Where Markets Meet Insights



Refer

F. Meteab, B. Tousi, and M. Omran

Efficient self-healing framework for smart distribution networks
Scientific Reports, vol. 15, art. 31124, Aug. 2025

J.Ling

Building Resilient, Self-Healing Grids Starts with Careful Analysis of Feeder Layouts and Load Distribution
1898 & Co. (Burns & McDonnell), White Paper, 2022

T. Sinjeri et al.

Physical Security and Cybersecurity Interdependencies, Presentation, Jan. 2023
https://www.vedini.energy

C. Reiz, C.E. M. Pereira, and J. B. Leite

A Self-Healing Strategy for Modern Distribution Networks
Energies, vol. 16, no. 16, p. 5890, Aug. 2023

Schneider Electric

Advanced Protection and Automation (IEC)
EcoStruxure Power Digital Applications Design Guide, 2020

S&C Electric Company

Solutions for Self-Healing Grids
Technical Overview, accessed Nov. 2025

S&C Electric Company

S&C Self-Healing Technology Saves ENMAX More Than 30 Million Customer Minutes
Case Study 180-1075, 2018

J. Hertz

Self-Healing Grids and the Future of Power Distribution
EEPower Tech Insights, Oct. 9, 2023

IEEE Power & Energy Society

Distribution Reliability Indices
IEEE Std 1366-2012 (R2019)

U.S. Department of Energy

Grid Modernization and Distribution Automation
DOE Grid Modernization Initiative Report, 2022

Q o
slalzjsislal2la]R]e

Where Markets Meet Insights



https://www.vedini.energy/

About Vedeni Energy

Q Vedeni Energy offers specialized services designed to help businesses navigate the

$ complexities of the modern energy landscape. Our offerings are tailored to meet the unique
needs of utilities, independent power producers, regulatory bodies, and other stakeholders,

VedeniEnergy ensuring success through strategic insights, expert guidance, and innovative solutions.

Vedeni.Insights+ is Vedeni Energy’s subscription-based service, granting subscribers full
access to Vedeni Energy’s extensive library of whitepapers and in-depth technical analyses.
These authoritative resources offer comprehensive examinations of the energy sector's critical
topics, from market trends and regulatory changes to emerging technologies and strategic
investment opportunities.

®

Vedeni.Insights+

intelligence that enables clients to make informed decisions confidently. Our expert analysis
and reporting distill complex energy market information into clear, concise insights, helping
Vedeni.lQ+ organizations elevate their market strategies, influence policy, and identify new opportunities.

'» Vedeni Energy’s Vedeni.lQ+ service provides actionable wholesale electric power market

l Vedeni.Spark+, a service provided by Vedeni Energy, is designed to help startups and

(I' established companies secure the capital funding necessary for growth and success. Our team
of seasoned advisors works closely with clients to develop tailored funding strategies that align
Vedeni.Spark+ with their business goals and financial requirements.

Disclaimer

The material presented in this paper is provided for informational purposes only and
represents the authors’views and interpretations at the time of writing. While every
effort has been made to ensure the accuracy and completeness of the information
herein, neither the authors nor their affiliated organizations make any warranty, express
orimplied, regarding its correctness or suitability for any particular purpose. This
document does not constitute legal, financial, or technical advice, and readers should
independently verify all facts and seek professional counsel before acting on any

information contained herein. Neither the authors nor their organizations accept liability
for any loss or damage arising directly or indirectly from the use of this publication.

TO LEARN MORE, VISIT US AT
WWW.VEDENI.ENERGY

@00



http://www.vedeni.energy/
http://www.twitter.com/Patrick18943071
http://www.linkedin.com/company/vedeni-energy
https://wa.me/19853029098

	Self-Healing �Distribution Grids �with Advanced Protection & Automation
	Introduction
	Overview and Operating Principles
	Slide Number 4
	Advanced Protection Strategies in Self-Healing Grids
	Slide Number 6
	Slide Number 7
	Automation and Control Technologies for Self-Healing
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Conclusion
	Slide Number 18
	Slide Number 19

