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Background

Energy distribution and management are increasingly complex with challenges from extreme 
weather, changing power demand patterns, vegetation encroachment, and higher customer 
quality expectations. To make matters more challenging, according to the U.S. Energy Information 
Administration (EIA), the United States’ power distribution infrastructure is aging at a critical rate 
with approximately 70% of distribution lines at least 25 years old.

While standard faulted circuit indicators (FCIs) or fault passage indicators (FPIs) have served 
electrical power distribution systems well in the past, the complexity of today’s power grid requires 
more advanced technology that goes beyond simple indication of fault presence. Optimizing the 
health of the modern grid and delivering safe, reliable power requires use of intelligent sensors 
capable of monitoring, notification, and data gathering.

This white paper will lay out why FCIs and FPI devices are no longer adequate to facilitate grid 
reliability and how intelligent line sensors more comprehensively address the needs of the modern 
distribution grid by notifying personnel of problematic conditions before those conditions result in 
service interruption, and providing valuable data to inform grid operations, maintenance, and asset 
management decisions.

https://www.eia.gov/todayinenergy/detail.php?id=36675
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Moving Beyond Fault Indication
Today’s utilities are faced with a convergence of challenges. Aging infrastructure, integration of 
DERs, extreme weather, wildfire risk, and cybersecurity concerns all necessitate a level of visibility 
and actionable insights which FCIs cannot provide. Whether related to installation of behind-
the-meter generation resources, targeted maintenance and vegetation management efforts, or 
mitigating the ever-growing threat of cyber-attacks, a smart grid requires more than fault indicator 
monitoring capabilities.

Beyond knowing when a fault has occurred via an FCI or FPI device, utilities must be equipped with 
system visibility and data that allows for more precise fault analysis, improved load management, 
and disturbance analytics which can enable fault prediction and outage avoidance. Intelligent line 
sensors allow utilities to proactively improve power reliability with better SAIDI, SAIFI and CAIDI 
values, while also addressing the evolving system needs of a modernized grid.

Reliability and efficiency-focused utilities opt to use intelligent line sensors for not only enhanced 
system conditions monitoring, but also the valuable historical and real-time data collected by these 
sensors. Four of the most beneficial data use cases are fault detection, ADMS integration, load 
logging and asset management.

USE CASE 1: ADVANCED FAULT DETECTION, NOTIFICATION, AND ANALYSIS

Utility decision-makers must balance the cost of preventative measures taken to avoid critical 
equipment loss against the cost and service implications of reacting to all problems. Industry-
leading utilities leverage Sentient Energy® intelligent line sensors to pre-emptively identify and 
correct problematic circuit conditions before they result in service interruptions. Line sensors 
provide advanced fault detection, reporting, and accurate phase identification. In the event of 
a service interruption, line sensors provide fault detection and accurate fault magnitude data to 
facilitate timely and efficient fault location, isolation, and service restoration.

Sentient Energy’s overhead and underground intelligent line sensors detect and communicate 
the most important system-wide fault information directly to utility first responders. Detecting 
momentary and sustained interruptions caused by faults and other anomalies, the line sensors 
notify real-time operations groups either by email or through direct integration to the utility’s 
Operational Systems (e.g., ADMS/SCADA system) using DNP3, IEC 60870-5-104 or REST APIs.

To reduce crew patrol time and shorten the overall restoration process, accurate fault location is 
needed. Intelligent line sensors provide the fault current and fault type information (line to ground, 
line-to-line, etc.) necessary for Sentient Energy’s Ample™ Analytics Platform or the ADMS system 
to effectively estimate fault location.
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In a recent T&D World webinar Sentient Energy customer partner, Alabama Power Company, 
reported multiple benefits realized by using intelligent line sensors to provide detailed fault 
information to the ADMS as part of their fault location, isolation and service restoration schemes:

 • Fault location halos resulted in patrol distance reduction of 88%,  
from 3.7 miles to 0.4 miles (6 km to 700 m) 

 • More cost and time efficient to install sensors than upgrade relays

 • Sensors can report fault data without a breaker trip

 • Ample software can be used by reliability engineers

 • Firmware meets cybersecurity standards

In systems where backbone distribution lines traverse limited access areas, like those shown in 
Figure.1 below, Sentient Energy line sensors dramatically reduce crew patrol time by directing 
crews to the last section of the circuit where sensors have detected the fault. This eliminates the 
need to patrol the entire circuit looking for “blinking LEDs,” a fact especially critical when those 
LEDs cannot be readily located. The yellow halo shown in Figure.1 indicates the last sensor that 
detected the presence of fault current, as well as the magnitude of fault current, and the phases 
affected by the fault. The GPS location of the highlighted sensor is attached to the fault notification 
which allows repair crews to be dispatched to the faulted section of line.

Figure.1 – Fault Analysis 
location view from Sentient 
Energy’s Ample Analytics 
Platform

For additional engineering 
analysis, fault waveforms, 
sampled at 130 samples 
per cycle for 60Hz systems, 
are automatically captured 
and downloaded to the 
Ample Analytics Platform. 
This allows engineers and 
operators to review the event 
if they want to gain more 
insight into the cause or if 

they suspect a mis-operation. The waveforms can be compared with other sensors or relays to gain 
a clear picture of the grid operation which supports short and long-term planning, and verifications of 
relay settings and protective device function.

https://vimeo.com/438629999/b502dfdead
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In the waveform shown in Figure.2 below, fault current was detected that resulted in a recloser 
opening and closing back into the fault. After reclosing the fault current persisted at a lower 
magnitude but the recloser did not open, and the fault eventually burned out.

Figure.2 – Fault Analysis, fault event waveform data from 
Sentient Energy’s Ample Analytics Platform

Faulted Phase Identification

By combining the current, electric field and GPS synchronization, the intelligent sensor automatically 
detects the phase it is installed on. Utilities can use this information to correct any database errors 
that affect all operations technology systems. Phase identification information is also used for 
tracking continuous distribution network feeder connectivity, as construction and restoration may 
lead to phase misidentification anomalies. 

This technology is critical in all applications, particularly in urban underground installations as shown 
in Figure.3a below, where identifying impacted phases can be time consuming, even with the 
application of a traditional FCI or FPI, or ring main unit (RMU). Applied in padmount switchgear 
applications, the Sentient Energy UM3+™ underground line sensor not only identifies the presence 
of fault current and identifies affected phase(s) to reduce patrol time in congested urban areas. It 
also facilitates switching activities to restore customers quickly and safely.
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Figure.3a – Improved 
underground fault 
locating with the UM3+ 
in Sentient Energy’s 
Ample Analytics 
Platform

Figure.3b below demonstrates the phase ID view of a UM3+ sensor, data that is accessible in 
real-time to improve field crew accuracy. The Auto Phase ID confirms conductor phasing, and 
notifies operators in the event any incorrect phasing occurs after switching actions. Because fault 
identification is only half of a complex problem in underground applications, Sentient Energy’s line 
sensors improve operator and field crew efficiency through better quality data to include in 
switching orders.

Figure.3b – Fault Analysis, fault location data from a UM3+ in 
Sentient Energy’s Ample Analytics Platform
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USE CASE 2: DATA TO IMPROVE OPERATIONAL SYSTEM FUNCTIONALITY

Sentient Energy’s line sensors provide fault magnitude and fault type data from locations outside 
the substation to integrate with an ADMS for enhanced distance-to-fault calculations. The sensors 
detect momentary and sustained interruptions along with other disturbance types. Real-time 
operations groups are notified either by email or using a direct integration to the utility’s Operational 
Systems (e.g., ADMS/SCADA system) using DNP3, IEC 60870-5-104 or REST APIs.

Line sensors provide the fault current accuracy necessary to improve ADMS Fault Location 
Isolation and Service Restoration (FLISR) applications, reducing the number of impacted customers. 

Key Considerations for Optimal Data Quality

Sentient Energy sensors use Rogowski coils to measure current, while many FCIs use current 
transformers. Rogowski coils have the advantage of accuracy over a broad range of current levels 
and allow Sentient Energy to spec +/- 2% data accuracy up to 10kA. Sentient Energy intelligent line 
sensors also support up to two DNP3 or IEC6087-5-104 masters, providing flexibility to send critical 
information to the ADMS while the remaining data is sent to Ample.

USE CASE 3: LOAD MONITORING & LOGGING

Sentient Energy line sensors provide detailed load monitoring and logging capabilities based on 
Log-I™ data collected in five-minute intervals, enabling utilities to monitor the long-term health 
of the electric system and take preventative maintenance and replacement action when needed. 
Additionally, unlike traditional FCIs and FPIs, Sentient Energy line sensors capture data critical 
to modeling evolving systems and circuit growth patterns. Investing in these intelligent sensors 
enables utilities to go beyond fault detection and reduce the number of alarms that require 
corrective action. From a cost perspective, reacting to an alarm requiring immediate correction is 
in almost all cases more expensive and disruptive than preemptive action which can be performed 
using normal business practices and scheduling. For example, the cost of avoiding a transformer 
cooling alarm is much lower than responding to an active transformer cooling alarm. Additionally, 
load profile and balancing capabilities of Sentient Energy line sensors improve the ability to 
recognize and respond to dynamic and steady-state imbalances, not always recognizable through 
traditional graphic user interfaces (GUI).

Load Monitoring in Three Operational Time Frames

Load monitoring and logging capabilities provide valuable data that facilitates tasks across multiple 
departments in three operational time frames, resulting in improved overall system reliability. For a 
single investment, intelligent line sensors provide data which is valuable to many operational areas, 
including the System Operations, Planning and Reliability, Substation Maintenance and Power 
Quality departments. The additional grid visibility gained from the sensors improves productivity 
across the board.
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Sensor data is relevant and valuable in short, medium, and long-term planning. For near real-time 
operations, system operators and engineers use the DNP3, IEC 60870-5-104 or REST APIs to 
provide data into the SCADA or ADMS system to avoid service interruptions.

Medium-term planning such as amending maintenance practices, investigating non-fault and 
misoperation actions, and planning the timeframe for future maintenance outages is more effective 
when sensor data is utilized. As shown in Figure.4, the Ample Analytics dashboard view provides a 
total health snapshot of the monitored area, where the user can investigate further in each section 
to analyze loading on monitored lines.

Figure.4 – Dashboard view in Sentient Energy’s Ample Analytics Platform

Identification of phase unbalance on a distribution line is also facilitated with sensor data and can be 
easily determined using Sentient Energy tools. For example, the load trend data in Figure.5 shows 
a three-day segment where current between phase A and phases B & C reached a peak unbalance 
of nearly 100A each day. The utility used this detailed information to create an engineering work 
order to correct this large unbalance and improve the efficiency of their system.
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Figure.5 – Load logging unbalance view in Sentient Energy’s Ample Analytics Platform

Finally, Sentient Energy line sensor data is valuable in long-term tasks, such as performing 1-year 
and 5-year circuit studies, updating processes and procedures, and training new and existing 
operations personnel. The combination of high-quality data, and an easy-to-use graphic user 
interface (GUI), enables sharing information related to system conditions.

USE CASE 4: ASSET MANAGEMENT

Sentient Energy’s intelligent sensors detect disturbances that occur on distribution feeders. These 
events and their associated waveforms are used by Sentient Energy’s Grid Analytics System™ 
to provide analyses, reports, and visualization tools to assist utility personnel with identifying 
malfunctioning equipment, incipient failures and avoidance of future outages through improved 
asset management. These disturbances are events that go unnoticed by FCIs and protective relays.

Figure.6a below shows one such condition where a disturbance occurred without interruption. 
Traditional FCIs may blink to indicate a fault, but intelligent line sensors capture the information 
associated with the fault event for future analysis. Because the excessive current was detected near 
a capacitor bank, the utility has access to the historical data to perform a root cause analysis and 
determine the need to repair or replace the equipment before it results in loss or service interruption.
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Figure.6a – Fault without interruption view in Sentient Energy’s Ample Analytics Platform

Figure.6b shows an example where an improperly set relay allowed fault current in excess of 
3,700A to persist beyond the threshold for protective actions. This type of fault creates undesired 
stress on primary equipment. Situations like this happen on a daily basis, particularly in systems 
without intelligent line sensor technology. Under these conditions, an FCI or FPI would only 
indicate the presence of fault current while the fault is active. If operators and field crews are not 
made aware of the disturbance in that limited timeframe, all data pertaining to the event is lost. 
In this case, Sentient Energy line sensors captured the disturbance data, which enabled engineer 
support teams to resolve the issue before it caused equipment failure and service interruptions.

Figure.6b – Prolonged excessive fault current waveform data in 
Sentient Energy’s Ample Analytics Platform
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As detailed by Figure.7, Sentient Energy’s Grid Analytics System not only improves dispatching 
accuracy and circuit modeling, but also enhances asset management by facilitating change-to-
condition based maintenance over time-based maintenance.

Figure.7 – Sentient Energy’s Grid Analytics System facilitates asset management

Secure Network Communications

In keeping with the highest standards and operational expectations of cybersecurity, Sentient 
Energy products offer multiple capabilities to ensure device access and information exchange 
is done in a secure manner. Additionally, because Sentient Energy’s Ample Analytics Platform 
can operate independently from an EMS or DMS, the platform maintains a layer of segregation 
between IT and OT networks, limiting data flow to one way.

Figure.8 summarizes how Sentient Energy’s Grid Analytics System supports multi-layer cybersecurity.

Figure.8 – Sentient Energy’s 
Grid Analytics System multi-
layer cybersecurity summary
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Ease of Use

Sentient Energy line sensors provide significantly more actionable data while being easy to install 
and maintain. Overhead sensors are installed under energized work methods using standard 
insulated hot sticks, typically taking less than 15 minutes for all 3 phases. Underground sensors 
are also simple to install. Deployment can be completed in less than 30 minutes. 

Sentient Energy line sensors are completely self-contained, with onboard radio or cellular 
communications and power source, negating the need for an expensive 120/240V powered 
communications gateway and associated stepdown transformer.

The inductively powered MM3™ and UM3+™ sensors do not use batteries and are therefore 
maintenance-free over the life of the device. Battery powered ZM1™ low amperage sensors are 
easily maintained with replaceable batteries which are not soldered. Daily device health reports 
and DNP SCADA points show the overall battery health which allows the utility to correctly 
forecast a battery replacement plan.

All Sentient Energy line sensors come pre-programmed based on specific system needs, meaning 
they are ready for deployment from the box. In the event monitoring thresholds need to be 
modified, these changes can be made remotely without the need to be near the device. This is 
a significant upgrade from traditional FCI’s that cannot be reprogrammed without being removed 
from the line and sent back to the manufacturer.

Conclusion
As electric distribution grids become more complex, the functionality of traditional FCI and FPI 
devices becomes more limited. The grid of tomorrow, which must be planned for today, requires 
capability that goes beyond simple indication and facilitates proactive grid management efforts.

Whether a utility chooses to install FCIs, FPIs, or intelligent line sensors for fault indication, it is 
a 10-year investment. With an unprecedented rate of technology, climate, and legislative change 
driving new grid modernization requirements it’s difficult to know what use cases will apply 
even 5 to 7 years from now. FCIs and FPIs offer fixed functionality, while intelligent line sensors 
support upgradeable functionality that helps global utility operators and leaders stay ahead of the 
distribution grid’s evolving needs.

Only intelligent sensors enable both current and future ability to effectively address grid safety, 
reliability, and efficiency issues in a proactive manner. They enable a path forward to predictive 
capabilities through high resolution data capture and analytics—seeking to make what was once 
unpredictable, predictable. The future of power delivery is built on data. Sentient Energy’s overhead 
and underground intelligent line sensors provide that rich data, and the Ample Analytics Platform 
provides the actionable insights needed to make proactive data-driven decisions.


