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Executive Summary 
The United States electricity grid faces a critical visibility gap, while transmission infrastructure 
is monitored in near real-time, the millions of miles of distribution lines delivering power to 
end-use customers remains largely invisible to grid operators. The operators can only rely on 
snapshot data or customer outrage calls, with bidirectional power flows being difficult to 
monitor. Rooftop solar, batteries, and EVs push power back up the feeder, but current SCADA 
monitoring systems are not designed to track the performance of distributed energy resources 
(DER) and EV-to-grid. Without precise feeder-level sensing, fault crews must patrol lines 
physically, which extends outage durations and costs, making it rather difficult to confirm the 
fault location and isolate the fault.Without real-time visibility on these distribution lines, delayed 
fault detection can result in an increased risk of wildfires. Anomalies and intrusions are also 
difficult to catch, causing major cybersecurity gaps. When integrating the DER to the grid, the 
unpredictable DER impacts can also cause infrastructure overbuild or system stress.  

Our client GridVisibility provides a solution that solves the problem. GridVisibility is a 
Colorado-based startup that repurposes existing broadband cable infrastructure co-located on 
utility poles to deliver high-fidelity, millisecond-resolution real-time grid monitoring at the 
distribution level through the deployment of proprietary sensors and an online analytics platform. 
The startup invents a small sensor box that can be installed on existing cable power supply 
boxes, which are on the lower part of an electric utility pole. Thus, the small sensor box can 
monitor the distribution lines passed through the electric utility pole, which are on the higher part 
of the pole. The technology of GridVisibility can collect 10,000 samples per second with a 
latency of 100 milliseconds, proved by their successful pilot program implemented in Vermont.  

In this project, we conducted a comprehensive analysis for GridVisibility to improve its business 
strategy, focusing on technology, performance, cost-benefits and stakeholders.  

Firstly, our team benchmarked the metrics of GridVisibility against more than 20 competitors 
across 5 technology categories: Feeder/Line Sensor, High-Fidelity Grid Sensing, Fault Detection 
& Analytics, Wireless Internet of Things, and Feeder Monitoring Platform/Utility Hybrid. We 
evaluated technological functions of GridVisibility including real-time grid monitoring, voltage 
optimization, fault detection & reliability, remote infrastructure monitoring, DER integration 
support, continuous data streaming, and high-resolution sampling. We found that only 
high-fidelity grid sensing, the technology GridVisibility uses, can achieve all.  

Secondly, our team compared the performance of GridVisibility with the other technology 
categories. The performance metrics include data resolution (sampling rate), latency, and data 
transmission bandwidth. Our analysis finds that GridVisibility’s hybrid fiber-coaxial approach 
achieves superior performance with the highest sampling rate and the lowest latency, meaning it 
collects the most data per second in real-time.   
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Thirdly, our team conducted a cost-benefit analysis over a 10-year period. Without any capital 
expenditure in additional infrastructure and a low O&M cost, we found that GridVisibility has 
the lowest 10-year NPV at $16,222/sensor among all the existing technologies. GridVisibility 
can achieve the same or better performance at merely a fraction of the deployment cost of 
alternatives.  

Finally, our team analyzed the stakeholders of GridVisibility, which are distribution utilities, 
ISO/RTOs, and the government. Utilities’ willingness-to-pay varies depending on their culture 
and priorities, with different consumer advocates potentially posing problems. Although 
GridVisibility can improve the reliability, resiliency, and security of the grid, some ratepayers are 
reluctant to pay a higher societal cost. Some investors also express their concern over data 
ownership and management. The competitive differentiation of GridVisibility is the collaboration 
with broadband infrastructure companies such as Comcast.  

We derive the conclusion that:  

1.​ The communication architecture, rather than sensor hardware, is the dominant driver of 
cost and scalability in grid monitoring systems. GridVisibility’s approach of leveraging 
adjacent broadband infrastructure offers a scalable, capital-efficient pathway to closing 
the distribution visibility gap across the United States. 

2.​ GridVisibility’s structural advantage is the collaboration with telecommunications 
companies like Comcast. Leveraging more than 650,000 existing cable power supplies, 
GridVisibility eliminates new infrastructure construction, achieving equivalent 
performance as conventional monitoring technology as PMU at only a fraction of the 
cost.  

3.​ Our technological analysis reveals that GridVisibility has capabilities that traditional 
monitoring solutions cannot achieve, including real-time grid monitoring, voltage 
optimization, fault detection & reliability, remote infrastructure monitoring, DER 
integration support, continuous data streaming, and high-resolution sampling.  

4.​ Our performance analysis shows that GridVisibility can achieve a high data resolution of 
10,000 sps with a low latency of 100 milliseconds, while other technologies can only 
achieve one or the other.  

5.​ Our economic analysis proves that GridVisibility has the lowest 10-year NPV at 
$16,222/sensor among the 5 main monitoring technologies.  

6.​ Our stakeholder analysis demonstrates that some distribution utilities have a low 
willingness to pay. Different consumer advocates are also a problem as consumers find it 
reluctant to pay the higher societal costs. Issues of data ownership and storage are also a 
concern that we acknowledge. 

7.​ Future research should examine regulatory analysis of sensor data ownership between 
telecommunication companies, utilities and ISOs/RTOs. Additional studies on quantified 
impacts from use cases, including VPPs, reactive load management in data centers, and 
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vehicle-to-grid applications would further clarify whether GridVisibility would provide 
the greatest operational and economic value. 
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Introduction 
The Modern Electricity Grid and the Visibility Gap 

The modern electricity grid is often described as the most complex network ever built. Dating 
back to the late 19th century, the first electricity systems were delivering power from plants to 
nearby locations through direct current (DC), but this system was limited in distance and power 
loss. The turning point for the electrical grid was the invention of the transformer which allowed 
voltage to be stepped and downed, thus the adoption of alternating current (AC) for sending 
power began.1 Power could now be distributed very long distances at cheaper prices and 
expanded electrical access. The electricity grid is divided into three main segments: generation, 
high-voltage transmission lines, and then stepped-down energy in lower-voltage (LV) 
distribution lines. Though this system has constantly evolved over the past two centuries, it is 
still operating with significant “blind spots”. While the transmission systems (also known as the 
highways of electricity) are well-monitored in near real time through supervisory control, data 
acquisition (SCADA) systems, and phasor measurement unit (PMUs), distribution networks that 
deliver power to end-use-consumers remain largely invisible to operators in real-time. This lack 
of granular, high-fidelity data is often referred to as the Visibility Gap and is one of the largest 
operational challenges facing the grid today.2 It is not only inefficient, but is the prime driver of 
catastrophic system failures, billions of dollars in economic losses, and deadly environmental 
disasters.  

The electrical system was designed for one-way power flow from large, centralized power plants 
through high voltage lines and then stepped down to distribution feeders. In today’s ecosystem, 
the grid is undergoing rapid transformation with the rise of distributed energy resources (DERs) 
such as rooftop solar, battery storage, electric vehicles (EVs), and other smart loads that have 
introduced bidirectional power flows. This power flow in addition to increased demand from 
electrification of transportation, datacenters, and extreme weather events are all testing our 
already very old infrastructure. Utilities have relied on supervisory control and data acquisition 
(SCADA) systems for decades with ease to monitor substations and medium-voltage feeders and 
advanced metering infrastructure (AMI) for customer data collection. However, between these 
two points is the blind spot of invisibility across the LV distribution network.3 Utilities rely on 
sparse sensors, manual inspections, customer outage calls, or delayed SCADA data from 
substations to manage distribution systems. Operators lack granular, time-synchronized, 
high-resolution measurements of current, voltage, and power quality along distribution feeders 
and must instead operate with “snapshot” data or delayed indicators of system stress.4 With the 

4https://www.researchgate.net/publication/224131141_Synchronized_Phasor_Measurement_Applications_in_Power_Systems 
3IBID 
2https://www.energycentral.com/energy-management/post/uncovering-invisible-closing-visibility-gap-power-utility-sector-v2PM7tQLcEhToji 

1https://www.hitachienergy.com/us/en/news-and-events/blogs/2024/06/history-of-the-electrical-grid-powering-the-energy-transition-with-high-vol
tage-technology 
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ever growing demand stress put on the grid, the need for continuous real-time data has become a 
necessity.  

 
Visibility Gap in Distribution Systems: 
While transmission lines can capture second-level measurements of voltage, frequency, and 
phase angle to track sine wave oscillations and rising concerns, distribution lines lack continuous 
monitoring past the substation, especially in rural and wildfire prone areas.5 There are many 
consequences and risks that arise from this visibility gap.  

1.​ Fault Detection Delayed 
Utilities may not be able to immediately detect fallen lines, broken conductors, or faults. 
Limited distribution-level sensing contributes to slower fault location and thus longer 
times to restore power.  

2.​ Wildfire Ignition Risk 
Faulty electrical equipment has already been linked to disastrous wildfires such as the 
2018 California Camp Fire caused by a failed transmission line equipment owned by 
Pacific Gas and Electric Company. 6 Enhanced monitoring and earlier detection of 
abnormal electrical conditions were widely stated as a critical mitigation tool in wildfire 
regions. Utilities deploy Public Safety Power Shutoffs (PSPS) to reduce wildfire ignition 
risk during high wind events.7 Limited feeder-level visibility makes it difficult to pinpoint 
exactly where to target, which results in large scale forced power shutoffs that affect 
thousands of customers.  

3.​ Resiliency and Cybersecurity Challenges 
Following storms, utilities rely heavily on customer outage reports and field patrols to 
identify damaged locations. The absence of real-time, high-resolution distribution data 
can slow restoration and increase operational costs. Additionally, the U.S. Department of 
Homeland Security designates the energy sector as critical infrastructure. Enhanced 
visibility improves situational awareness and detecting anomalies which are both critical 
to grid security.8 
 

Not only are there these consequences of the Visibility Gap, but it is difficult to narrow the gap 
due to the scale of the U.S. distribution network. The United States has millions of miles of LV 
and local distribution lines compared to the 160,000  miles of HV transmission lines.9 Much of 
this infrastructure was constructed decades ago and not designed for high-resolution digital 
monitoring. While utilities have prioritized investment in transmission monitoring to maintain 
reliability, the high levels of DER penetration and climate risk intensifying, the blind spots are 
becoming more dangerous and frequent.  

9 https://www.eia.gov/todayinenergy/detail.php?id=27152 
8 https://www.dhs.gov/archive/science-and-technology/critical-infrastructure 
7 https://www.cpuc.ca.gov/psps/ 

6https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/safety-and-enforcement-division/investigations-wildfires/public-sed-investigation-repor
t-on-pge-2019-kincade-fire.pdf 

5https://www.nerc.com/globalassets/programs/rapa/pa/nerc_sor_2022.pdf 
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The Solution 

Utilities must balance granularity of data with communication bandwidth, opting out of high 
sampling measurements which produce too large of data to transmit over utility communication 
systems10. The grid must shift from a reactive to a proactive stance on distribution system threats 
which will require a continuous, time-schryonized, high-fidelity grid insight. The key solution to 
this is broadband communication infrastructure. The DOE’s Quadrennial Technology Review 
and Grid Modernization Laboratory Consortium reports identify advanced communications 
infrastructure such as fiber-optic networks and high-speed digital communication as critical 
enablers for real-time grid operations11. Broadband connectivity supports multiple capabilities in 
distribution system monitoring such as continuous streaming of high-frequency measurement 
data rather than periodic, low-latency transmission of synchronized waveform data, scalable 
integration of distributed sensors across vast regions, and secure data storage/transport along 
lines with critical infrastructure cybersecurity requirements.12 NREL also states that 
high-bandwidth communication systems are necessary to support high-resolution sensing and 
distributed control strategies required for DER integration.13 Broadband infrastructure essentially 
eliminates the historical, limiting constraint on utilities and allows them to have real-time 
awareness of the grid. 

Grid Visibility Inc. “leverages existing broadband communication infrastructure to stream 
high-fidelity state-of-the-grid data. They empower a wide-range of energy stakeholders to 
effectively address critical transmission and distribution system reliability, resiliency, and 
security challenges through their platform.” They are “high fidelity with 10,000 samples per 
second, time synchronized, continuous/streaming, real-time, secure, scalable, and capital 
efficient.” Rather than requiring utilities to construct entirely new communication systems, their 
platform utilizes available broadband capacity to transmit waveform-level measurements at high 
sampling rates. By combining high-resolution sensing with broadband-enabled data transport, 
GridVisibility addresses this distribution-level gap in a cheap, easily scalable way. While most 
other traditional monitoring systems provide delayed measurements, Grid Visibility’s 
high-frequency synchronized data enables earlier detection of grid abnormalities, faults, thermal 
stress, and power quality disturbances pinpointed to precise locations.   

 
Client 
Gridvisibility: 
Matthew Burks is the Head of Market Development of GridVisibility, inc., a fairly new 
organization providing affordable, scalable, and intuitive 24/7 U.S. electric distribution grid 

13https://www.nlr.gov/news/detail/program/2021/nothing-to-fear-for-high-renewable-systems-nrel-shows-scalable-resilient-and-secure-systems-wi
th-communication-less-controls#:~:text=Real%20data%20is%20shown%20from,varying%20battery%20capacities%20and%20sizes. 

12https://www.nerc.com/globalassets/programs/rapa/pa/nerc_sor_2022.pdf 

11chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.energy.gov/sites/prod/files/2016/01/f28/Grid%20Modernization%20Multi-
Year%20Program%20Plan.pdf 

10https://www.energy.gov/quadrennial-technology-review-2015 
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monitoring. Since 2023, he is also the Co-Founder of the Colorado Transportation Electrification 
Collaborative (CO-TEC) where he still spearheads efforts to address complex transportation 
electrification challenges in Colorado.  
 
Ralph Brown is the head of Research and Development at GridVisibility. He will help with 
analytical aspects and any data that is needed during our research such as sensor locations. Ralph 
used to be the Chief Technology Officer and led the Broadband Access Department at CableLabs 
for 18 years (2001-2019). He currently is self-employed and founded his own company called 
Brown Wolf Consulting.  
 
Scott Caurso is the Co-Founder and CEO of GridVisibility. Prior to this, he worked at CableLabs 
as their VP and Director of Strategic Ventures. He founded Instrument the Grid (now 
GridVisibility inc.) in July 2024 in Colorado.  
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Background 
The concept of grid visibility has become a central focus in grid modernization research over the 
past decade. Traditional monitoring systems such as SCADA provide measurements at relatively 
low sampling rates and are typically limited to substations and major grid nodes. These systems 
capture steady-state measurements but lack the temporal resolution required to detect fast 
transient events, waveform disturbances, and dynamic interactions between distributed energy 
resources and distribution feeders14. 

Phasor Measurement Units (PMUs), originally deployed in transmission networks, introduced 
time-synchronized measurements capable of capturing voltage phase angle, frequency, and 
oscillations at high resolution. These devices significantly improved transmission system 
situational awareness and stability monitoring15. However, traditional PMUs are expensive and 
require dedicated communication infrastructure such as fiber networks, which limits their 
scalability in distribution systems. 

Distribution-level monitoring presents unique challenges due to the scale and architecture of the 
distribution network. The U.S. distribution system spans millions of miles and includes 
heterogeneous infrastructure, rural areas with limited communication coverage, and historically 
minimal sensor deployment16. Conventional feeder sensors, RF mesh-connected devices, and 
LTE-connected IoT sensors provide partial solutions but are often constrained by communication 
bandwidth limitations, latency, and deployment cost. 

Recent research emphasizes that communication infrastructure is a critical bottleneck in 
achieving high-fidelity grid visibility17. Broadband and fiber-optic communication systems 
enable continuous streaming of high-frequency sensor data, allowing real-time waveform 
monitoring and enabling applications such as dynamic line rating, DER integration, and 
predictive maintenance18. 

This research contributes to the existing body of literature by evaluating GridVisibility’s 
technology in comparison to existing distribution sensor technologies, with a specific focus on 
communication efficiency, cost scalability, and deployment feasibility. 

 

18 U.S. Department of Energy, "Grid Modernization Initiative: 2019 Grid Modernization Lab Call," November 2019. Available at: 
https://www.energy.gov/doe-grid-modernization-laboratory-consortium-gmlc-awards 

17 U.S. Department of Energy, Office of Electricity, Grid Communication Technology, July 2024. Available at: 
https://www.energy.gov/sites/default/files/2024-07/Grid%20Communication%20Technology_FINAL_optimizedv3.pdf 

16 DOE, Grid Modernization Updated GM I Strategy 2020 (2020). https://www.energy.gov/oe/articles/gmi-updated-strategy-2020 
15 DOE, Grid Modernization Updated GM I Strategy 2020 (2020). https://www.energy.gov/oe/articles/gmi-updated-strategy-2020 
14 DOE, Grid Modernization Updated GM I Strategy 2020 (2020). https://www.energy.gov/oe/articles/gmi-updated-strategy-2020 
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Materials and Methods 
The research purpose is to provide a comparative cost-benefit analysis for GridVisibility, Inc. 
The methodology of our research includes four parts:  
 
1. Benchmark comparable technologies’ cost with efficacy equivalency analysis 
We benchmarked the cost with the efficacy of comparable grid monitoring technologies in terms 
of quality and cost.  

a.​ Qualitative Analysis:  
We conducted a comprehensive landscape assessment of grid sensor technologies 
deployed across multiple system layers—including transmission, substation, distribution, 
and customer endpoints. Our primary focus was on the distribution layer, where we 
categorized five distinct technology types and evaluated representative companies and 
products within each category. The assessment was structured around standardized 
criteria including product functionality, communication methods, latency, bandwidth, 
installation complexity, sensor density, and other cost-related features. 

b.​ Cost Analysis (under the same efficacy and equivalency):  
We developed a comparative cost model focused exclusively on distribution-level sensor 
technologies. The analysis was performed under standardized performance conditions to 
highlight relative cost efficiency across technology categories. A key finding is that 
communication-related expenses—both in hardware and network operations—emerge as 
a major differentiator that reinforces GridVisibility’s potential advantage. 

 
2. Existing Use Case analysis  
We examined how distribution sensor technologies are deployed in real-world operational 
contexts, with a regional focus on Vermont (particularly Green Mountain Power) and ISO-New 
England. The analysis highlights use case trends such as grid monitoring, fault detection, and 
hosting capacity analysis, and maps them against local deployment practices, infrastructure 
maturity, and regulatory environments. 

 
 
3. Implication Scenario Analysis  
We analyzed the use cases of reactive load management in data centers and vehicle-to-grid 
applications, especially involving electrified school buses and fleet vehicles, and expressed 
interest in exploring how GridVisibility’s technology could support these scenarios. 
 
Therefore, based on the results, we conducted a comparative analysis of the grid monitoring 
technologies in the market.  
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We divided the grid monitoring technologies into 5 categories: feeder/line sensors, 
voltage optimization and distribution system efficiency, automated location and isolation of 
faults, wireless IoT & edge sensors, and feeder monitoring platform/utility hybrid.  
 
 

 

Feeder / Line 
Sensors 

Voltage 
Optimization 

and 
Distribution 

System 
Efficiency 

Fault Detection 
& Analytics 

Wireless IoT & 
Edge Sensors 

Feeder 
Monitoring 
Platform / 

Utility Hybrid 

Definition Direct 
measurement of 
electrical 
conditions on 
distribution 
feeders. 
Foundational 
measurement 
devices that 
provide raw 
electrical data 
from the 
distribution 
network. 

Provide 
high-resolution 
voltage and 
power flow data 
that allow 
utilities to 
optimize voltage 
profiles, reduce 
energy losses, 
and maintain 
regulatory 
voltage limits 
across the 
distribution 
network. 

Use electrical 
waveform 
analysis, fault 
signatures, and 
current/voltage 
anomalies to 
identify fault 
events in real 
time. These 
systems improve 
reliability metrics 
such as SAIDI 
and SAIFI by 
enabling faster 
outage response 
and automated 
switching 
operations. 

In addition to 
electrical 
measurements, 
they may 
monitor 
environmental 
and structural 
conditions such 
as temperature, 
vibration, or 
mechanical 
stress. 

Software-centric 
systems that 
aggregate data 
from multiple 
sensor 
types—including 
feeder sensors, IoT 
sensors, AMI 
meters, and 
PMUs—to provide 
system-level 
visibility and 
analytics. Integrate 
with utility 
operational systems 
such as SCADA, 
OMS, and ADMS 

Core 
Functions 

Grid status 
monitoring, 
outage/fault 
detection, 
condition-based 
maintenance 

Volt-VAR 
Optimization, 
Conservation 
Voltage 
Reduction, and 
feeder efficiency 
improvements. 
Designed to 
support voltage 
optimization 
strategies. 

Fault detection, 
fault location, 
and enabling 
automated 
restoration 
processes. Some 
solutions also 
provide 
predictive fault 
detection, 
identifying 
equipment 
degradation 

Flexible 
telemetry, edge 
signal 
processing, 
remote 
coverage 

Perform functions 
such as state 
estimation, fault 
prediction, hosting 
capacity analysis, 
and grid 
optimization 
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before failure 
occurs. 

Data Types Voltage, 
current, power 
factor, 
waveform 
disturbances 

Voltage/current 
magnitude & 
phase angle, 
high-resolution 
samples 

Voltage/current 
anomalies, RF 

signals 

Voltage, 
current, 

temperature, 
basic status 

Aggregated sensor 
data, load, faults, 
PQ 

Sampling 
Rate 

4–10k sps 10k–30k+ sps Low (event 
triggers) 

  

Deploymen
t Cost 

Moderate Low Medium Low High (platform 
cost) 

Capture 
Systems 

Pole-mounted 
sensors with 
edge 
concentrators 

Substation or 
pole-mounted 
GPS-synced 
devices 

Edge devices 
with pattern 

recognition or 
ML analytics 

Small-form 
sensors with 

edge compute 

Multi-source 
aggregation 
(sensor, AMI, 
SCADA) 

Typical Use 
Case 

Primary feeders 
with SCADA 
integration 

DER-heavy or 
sensitive areas 
needing high-res 
visibility 

Climate-sensitive 
or 

vegetation-heavy 
zones 

Rural/remote 
areas with 
minimal 

infrastructure 

Utility operations 
centers and 
advanced analytics 

 
Based on the 5 categories, we selected more than 20 competitors of GridVisibility. The standard 
we selected these companies is followed:  

a.​ Screened for Sufficient Public Technical Transparency: 
Excluded:  Copper Labs, Zaphiro, Enoda, GE and Hubble Power System. These public 
sources lacked verifiable technical details, making comparison unreliable. 

b.​ Prioritized Hardware Companies Instead of Analytical Platform: 
Benchmark sensor technologies that are actually deployed on utility infrastructure (poles, 
cables, feeders). Tools focused on DER coordination, forecasting, VPP platforms, or 
solely analytics without hardware were excluded. 
Excluded: Voltus, Bidgely, Uplight, Integral Analytics, GridPoint, Aptiv, Corinex, 
Cpower, Integral Analytics — they offer SaaS/digital twins or flexibility optimization, 
not physical grid sensors. 

c.​ Filtered Out AMI and Customer-Facing/Housing Systems: 
Focus on distribution line sensors, not metering systems.  
Excluded: Landis+Gyr, Sense, SPAN, SolarEdge, Schneider Electric, SolarEdge, 
Utilidata — better suited for AMI or customer-side analytics, main products target billing 
and behind-the-meter applications. 

d.​ Focused on Utility Side Distribution Use Cases: 
Companies in early development or focused on transmission/substation PMUs were 
excluded unless they had clearly documented distribution-level deployments or pilot data. 
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Excluded: Synaptec, Schweitzer Engineering, Prisma Photonics, SEL, GE Grid OS — 
most of their use cases relate to high-voltage systems or backbone observability, not local 
feeder-level sensing. 

 
Therefore, we derived a list of competitors and conducted the comparative analysis.   
 
Table 1. Category 1: Benchmark Using Feeder/Line Sensor 

Technology Company / Product 

Feeder Voltage/Current Sensor Eaton GridAdvisor Series II 

Feeder Voltage/Current Sensor Gridware – Gridscope 

Line Sensor Megger Metrysense5000 

Feeder / LV Network Monitor EdgeZero – EdgeSensor 

Feeder Line Monitoring Sentient Energy – MM3™, ZM1™ Series 

Feeder / Line Sensor SmartKable / Line Ranger 
 
Table 2. Category 2: Benchmark Using PMU  

Technology Company / Product 

microPMU Synchrophasor GridVisibility micro PMU Synchrophasor 

microPMU Powerside micro PMU 

Distribution PMU V&R Energy – D‑PMU ROSE 

SynchroSense Zaphiro SynchroSense 
 
Table 3. Category 3: Benchmark Using Fault Detection Technology 

Technology Company / Product 

Fault Detection CO7 – LineWatch 

Preventative fault detection 
INDT – EFD System (early fault detection) - 
mainly for wildfire prevention 

DFA (Distribution Fault 
Anticipation) Power Solutions – DFA 

Feeder Monitoring / Edge 
Intelligence Platform 

Depsys GridEye (now Kraken Technologies) - 
for managing DER integration 

Fault Detection & Grid Awareness 
Node 

Heimdal! Power / The Neuron 
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Table 4. Category 4: Benchmark Using Wireless IoT 

Technology Company / Product 

IoT Grid Sensors Safegrid – Grayhawk, Grayfox 

IoT Sensors Soraytec – Smart Metering 

Wireless Condition Whisker Labs – Ting Sensor 
 
Table 5. Category 5: Benchmark Using Monit 

Technology Company / Product 

Distributed Generation Permissive GridEdge Networks – DGP (69kV 
sub-transmission) & DER (36kV distribution) 

Distribution Monitoring + 
Predictive Analytics Hubbell – Aclara 

Distribution Automation Itron - Distributed Automation 
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Results and Analysis  
Based on the technology analysis above, we conducted a comprehensive analysis for 
GridVisibility in terms of performance and economic benefits. 

Efficacy Equivalence Analysis  

GridVisibility's core differentiation lies in its partnership with telecommunications companies, 
which allows it to leverage the existing broadband/Hybrid Fiber Coaxial (HFC) network. Rather 
than constructing a dedicated communications backbone, as required by fiber optic, private LTE, 
and RF mesh deployments. GridVisibility installs sensors directly into existing cable power 
supplies already deployed across the distribution grid. With more than 500,000 cable power 
supplies accessible nationwide, each sensor is retrofitted by a standard cable technician in 
roughly 12 minutes, requiring no utility crew, no bucket truck, no line de-energization, and no 
substation IT integration. 

Figure 1. Bandwidth Across Technologies 

 

A distribution feeder carries three-phase power: Phase A, Phase B, and Phase C. To fully monitor 
a feeder, all three phases must be measured at multiple locations. A traditional PMU 
accomplishes this by bundling all three phase measurements into a single device, capturing both 
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voltage and current on each phase, producing six data streams per PMU (3 phases × 2 
measurements). With two PMUs per feeder and six feeders per substation, a typical deployment 
requires 12 PMUs per substation. GridVisibility takes a different approach: each sensor measures 
a single phase (voltage only) from inside an existing cable power supply. Covering all three 
phases at one location requires three sensors, and matching the PMU's two-location spatial 
coverage requires six sensors per feeder, 36 per substation. This is the 3:1 sensor density ratio. 

This architecture enables capabilities that bundled deployments cannot achieve at any price: 
precise fault location between measurement points, per-phase voltage imbalance detection from 
asymmetric DER interconnections, and localized power quality diagnostics at the neighborhood 
level. Critically, recent research has shown that PMUs misrepresent or fail to detect the rapid 
sub-second load oscillations generated by data center operations, where computational loads 
cycle between high and low power states every second. GridVisibility's continuous 
point-on-wave voltage sensing captures these millisecond-level fluctuations, providing the 
fidelity needed to validate whether data centers comply with grid interconnection requirements, a 
growing regulatory need that PMU data alone cannot reliably support. 

Figure 2. Visual of PMUs VS. GridVisibility Sensor Across 3-Phase Lines 
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Economic Analysis  

This eliminates the single largest cost barrier to distribution grid visibility at scale: the 
communications network. Fiber requires dedicated construction at ~$79,000 per mile that cannot 
be shared with broadband due to state legislative restrictions. Private LTE requires the utility to 
become a telecommunications operator, building base stations ($75K–$150K per site), licensing 
spectrum, and staffing 24/7 network operations. GridVisibility replaces all of this with a flat 
$2,000/sensor/year subscription covering hardware, data transport, analytics, storage, and 
maintenance with zero CapEx. Over a 10-year lifecycle at 4% discount, GridVisibility's NPV of 
$16,222 per sensor is 8% below public LTE ($17,656), 31% below private LTE ($23,436), and 
40% below fiber ($26,836) 

Figure 3. 10-year NPV Comparison Across Technologies 
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Stakeholder Analysis  

Based on the previous analysis, we also conducted a stakeholder analysis to assist in fundraising. 
There are 3 main stakeholders of GridVisibility: utilities, ISOs/RTOs, and the government.  

The willingness-to-pay of utilities varies depending on their culture and priorities. The progress 
for utilities to become a telecommunications utility is rough. The better performance of 
GridVisibility justifies the demand   For example, some utilities find it risky that there will be 
limited support from the vendor, i.e. the communications company. 10,000 samples collected 
real-time, the utilities together with some investors are also concerned with the cyber security of 
the storage of such a large amount of data. The cost spent on cyber security is high. O&M costs 
and costs spent for human capital are also notable. Although GridVisibility has less CapEx, the 
investment also has less ROI for investors, which makes it less attractive. Eventually, the utilities 
willing to integrate GridVisibility will turn into a telecommunication utility, which some utilities 
find unnecessary.  

ISOs/RTOs, on the other hand, have a higher WTP. The new FERC rule 901 requires that the 
system frequency and voltage of Distributed Energy Resources (DERs) should be monitored. 
The development of data centers also boosts the demand for a better monitoring system 
collecting more data in less time so that the operation of the data center can be ensured. Thus, 
transmission utilities have a higher WTP than distribution utilities do.  

The government always expects to improve the reliability, resiliency, and security of the grid. 
GridVisibility can achieve these. The progress made by GridVisibility also promotes competition 
in the market. The only concern of the government is the different consumer advocates. The 
ratepayers would find it reluctant to pay a higher society costs for electricity.  

The moat of Gridvisibility, i.e. the competitive differentiation, is the strategic collaboration with 
broadband operators. A large amount of data can be collected and analyzed. The money spent, 
CapEx and O&M costs, is always less.  

Use-Case Analysis 
Vermont Pilot: Validated Applications   

Vermont’s electric power operators, Vermont Electric Power Company (VELCO) and Vermont 
Electric Cooperative (VEC) are facing changes in their energy landscape–the growing adoption 
of DERs, electric vehicles (EVs), virtual power plants (VPPs), and other grid-edge technologies. 
A major challenge to Vermont lies on how to incorporate these new infrastructure shifts while 
securing the reliability and quality of electricity delivery. It has been struggling with capturing 
the holistic system interactions between transmission and distribution due to historically 
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fragmented data, causing low visibility19. However, improving visibility is not an easy task 
because of the high upfront costs of building communication infrastructure and installing phase 
measuring units (PMUs).  

In this context, the GridVisibility Platform (GVP) can deal with both infrastructural and financial 
obstacles. GVP monitors the power grid, using the sensors connected to already existing 
broadband infrastructure. Throughout 2024, GridVisibility conducted pilot projects across 
Vermont, and demonstrated GVP’s technical performance and its scalability within a compressed 
timeframe. The GVP deployment occurred through three sprints: 17 sensors in March, 43 sensors 
in November, and 100 sensors in December, totaling 160 sensors20. The number of installations 
gradually increased, showing successful rapid deployment across large grid infrastructures. A 
notable point here is that the entire installation did not cause a single outage from VELCO or 
VEC. This implies that GVP could scale efficiently without burdening the utility infrastructure.  

GVP improves the real-time monitoring on what’s happening across their power grids by using 
high-resolution time-series data. GVP captures disturbances on the grid and identifies the reason, 
and has better quality than traditional Digital Fault Recorders (DFRs) that VELCO uses. Figure 4 
compares how DFR and GVP collected data during a lightning strike event. GVP shows much 
detailed data about transient dynamics after the fault that can support forensic analysis to keep 
the grid more reliable. The detailed measurements GVP collects help utilities validate their future 
plans. For example, the data help with capacity analyses on how much renewable energy 
generation the grid can handle. As Vermont and other utilities need to deal with pressure to 
integrate clean energy resources, having models based on real measured data instead of estimates 
helps avoid both costly over-building and potentially dangerous system limitations. 

 

 

 

 

 

 

 

20 IBID. 
 

19 ELEVATE Energy Consulting, Enhancing Grid Visibility and Reliability in Vermont’s Electric Grid (2025). 
https://a96b1d63-f70a-4297-9e3c-2fb228f6f7a1.filesusr.com/ugd/cf361d_3638de624ba44089a4e07cbeee1d97d9.pdf  
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Figure 4. DFR and GVP Data Demonstrating Transmission and Distribution System 
Interactions 

 
 
 
Broader Usage Scenarios 
GridVisibility can be applied to various scenarios.  
 

1.​ Data center load management: 
The technology of GridVisibility can assist the data center in achieving flexible load 
management with real-time communication infrastructure. The data center already uses a 
massive amount of fiber optics and PMUs to detect the oscillation, frequency, and 
voltage. However, the conventional PMUs cannot satisfy the demand for capturing faster 
and bigger oscillations as data centers require. The PMUs are stuck around with the 
current monitoring service and  have made no progress in helping the data center to 
improve load management. GridVisibility is able to help the data center to detect these 
and achieve flexible load management.  

 
2.​ Grid Anomaly Detection: 

The continuous streaming data derived from GridVisibility protects the grid control 
system from anomalous waveform signatures. A better monitoring system can also 
prevent disasters caused by grid anomalies such as wildfire.  

 
3.​ Distributed Energy Resources, Virtual Power Plants & EV: 

DERs and VPP are thriving in the US. The real-time performance of distributed solar 
energy resources, BESS systems and EVs all need to be monitored. Compared with the 
conventional AMI data that is late by 5 to 15 minutes, GridVisibility can achieve 
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real-time monitoring of a neighborhood of 100-200 homes in real-time. The aggregated 
performance of the EVs, the rooftop solar panel, and the HVAC can be monitored with 
GridVisibility. A wider application of the technology is to achieve the managed charging 
of EV. In this way, GridVisibility can improve grid optimization.  

Discussion of Limitations 
While this study provides a structured comparison of distribution-level grid sensor technologies, 
several limitations should be acknowledged that affect the precision and generalizability of the 
findings. 

First, the cost analysis relies on a combination of publicly available technical specifications, 
vendor documentation, pilot deployment information, and industry reports rather than 
utility-provided procurement data. Actual deployment costs vary significantly depending on 
utility-specific factors such as labor rates, terrain, pole ownership, permitting requirements, and 
existing communication infrastructure. As a result, the cost model presented in this study should 
be interpreted as a comparative framework rather than an exact representation of real-world 
procurement costs. 

Second, performance comparisons across technologies required standardizing metrics such as 
latency, bandwidth, and sampling rate based on typical operational configurations rather than 
identical deployment environments. Many commercial sensor systems dynamically adjust 
reporting intervals, event-triggered transmission, and data compression depending on network 
conditions and utility configuration. These operational differences introduce variability that 
cannot be fully captured using static specification-based comparisons. 

Third, the analysis of GridVisibility’s deployment performance is primarily based on pilot 
deployments in Vermont and selected utility environments. While these deployments 
demonstrate strong scalability and technical feasibility, broader validation across different utility 
systems, geographic regions, and communication infrastructures would strengthen confidence in 
long-term scalability and reliability. 

Fourth, communication performance assumptions, particularly for RF mesh, public LTE, and 
private LTE networks, are influenced by network congestion, signal coverage, and 
utility-specific network design. These factors can significantly affect real-world latency, packet 
loss, and data throughput. The current analysis reflects expected performance ranges based on 
industry standards, but actual utility deployments may experience variations. 

Despite these limitations, the comparative framework developed in this study provides a useful 
foundation for understanding the technical and economic tradeoffs between distribution sensor 
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technologies and highlights the importance of communication architecture as a key driver of 
scalable grid visibility. 

Conclusion 
This study evaluated distribution-level grid sensor technologies through a comparative 
assessment of their functional characteristics, communication requirements, and 
cost-performance tradeoffs. The analysis identified communication infrastructure as a primary 
constraint shaping the scalability, resolution, and cost-effectiveness of distribution monitoring 
systems.  

We conclude that communication architecture is significant in monitoring the grid. Rather than 
sensor hardware, the technology of GridVisibility using existing communication infrastructure 
can determine the low cost, large scalability and high data quality.  

GridVisibility’s structural advantage is the collaboration with telecommunications companies 
like Comcast.  Leveraging more than 650,000 existing cables, GridVisibility eliminates new 
infrastructure construction, achieving equivalent performance as PMU at only a fraction of the 
cost.  

We acknowledge the research has imitations. Some utilities and investors express their concern 
about public data storage from the pilot program. The societal costs also vary by terrain, labor, 
and existing utility infrastructure. 

 Future research should examine regulatory analysis of sensor data ownership between 
telecommunication companies,  utilities and ISOs/RTOs. Additional studies on quantified 
impacts from use cases including VPPs, reactive load management in data centers, and 
vehicle-to-grid applications would further clarify whether GridVisibility would provide the 
greatest operational and economic value. 
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Comparative Analysis Guide: 
Please see the Google spreadsheet link to go through our economic analysis: 

https://docs.google.com/spreadsheets/d/1uADCm9RqZtwpsNzs4yVXR-2cdirIAzciUylOWTMPi
kE/edit?usp=sharing 
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