.
systems wi Il I

intelligence [

Building the
Resilient Grid:

How Continuous
Monitoring Extends
Infrastructure Lifespan

Transforming asset management
from reactive cost centers to
proactive value drivers.

| White paper | systemswithintelligence.com | info@systemswithintelligence.com



Introduction

Asset managers face an impossible equation:
aging infrastructure requiring billions in
replacement capital, new transformers with
design lives under 20 years versus 40-50 years
for older units, lead times exceeding three
years for critical equipment, and regulatory
pressure to improve reliability while reducing
costs. The traditional approach of calendar-
based maintenance drains budgets through
unnecessary inspections while missing critical
degradation in between inspection cycles.

Leading utilities are rewriting this equation
through continuous monitoring that
transforms maintenance from reactive

Evidence of Asset
Life Extension

Understanding Equipment
Vintage and Durability

Modern asset managers confront a troubling
paradox that challenges conventional
replacement planning: older transformers
often outlast their modern replacements by
decades. This reality makes accurate condition
assessment more critical than ever for
optimizing mixed-vintage fleets and allocating
scarce capital effectively.

Visual inspection reveals telling indicators

of transformer vintage that correlate with
expected durability. Units painted dark green
typically date from the 1940s-1950s, brown
indicates 1960s-1970s manufacture, while
gray marks modern transformers. These
color codes provide quick visual assessment
during field visits, but more importantly,
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cost centers into strategic value drivers. By
capturing real-time thermal and visual data
from critical assets, they extend equipment

life dramatically, prevent catastrophic failures,
and optimize capital allocation based on actual
condition rather than time-based schedules.

This paper demonstrates through operational
evidence how proven infrared monitoring
technology helps asset managers achieve
remarkable results: maintenance cycle
extensions from 6 to 20 years, prevented
failures saving millions, and documented ROI
exceeding 5:1 over equipment lifetime.

they signal fundamentally different design
philosophies and material quality. Transformers
manufactured before 1980 routinely achieve 40-
50 year service lives, built with robust materials
and conservative designs. In stark contrast,
modern units often fail within 20 years despite
advanced manufacturing techniques.
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"Nowadays the transformers made by those
big players like ABB, Siemens, etc,, the
lifespan from those transformers are less
than 20 years," notes Silva. "So that means
every 20 years you needed to replace a $2-3
million transformer just because they don't
use those components or materials that they
used to choose in the past" According to the
Department of Energy's 2024 transformer
resilience report, modern transformers face
shorter operational lifespans compared to
vintage units, with distribution transformers
typically lasting 20-30 years versus the 40-50

year design life of older generation equipment.

The report notes that replacement costs for
large power transformers range from $2-7.5
million, creating significant capital planning
challenges for utilities.! This engineered
obsolescence mirrors trends across industries
but creates unique challenges for utilities
managing critical infrastructure. Supply
chain disruptions compound the problem,
with transformer lead times now exceeding
three years even for customers with
approved budgets.
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Quantifying Life
Extension Benefits

Moving beyond anecdotal evidence, rigorous
analysis reveals specific life extension

potential for each component type when
continuous monitoring replaces calendar-
based maintenance. These quantified benefits
enable portfolio-wide optimization strategies
that maximize value from existing assets while
deferring capital expenditures.

Transformer bushings demonstrate the most
dramatic improvement potential. Traditional
maintenance assumed 10-15 year replacement
cycles, but continuous thermal monitoring
reveals many bushings operate within
acceptable parameters for 20-25 years. By
tracking temperature differentials between
phases and absolute temperature trends,
utilities identify bushings requiring attention
while confidently extending others. Tap
changers, historically maintenance-intensive
components, show 40% life extension when
monitoring confirms stable operation rather
than triggering automatic overhauls.

The economic analysis proves compelling.

A single transformer deferral for five years
generates net present value exceeding
$500,000 when considering replacement cost,
installation expenses, and outage impacts.
Across a fleet of 1,000 transformers, selective
life extension based on monitored condition
can defer $50-100 million in capital annually.
These savings fund expanded monitoring
deployment, creating a virtuous cycle where
better visibility enables better decisions.?
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Operational Success Metrics

Systematic deployment across multiple
utilities generates consistent, measurable
improvements that validate the technology's
impact beyond individual saves. These metrics
provide benchmarks for asset managers
setting performance targets and justifying
expanded monitoring investments.

Failure rate reduction emerges as the most
compelling metric. Utilities implementing
comprehensive monitoring report 20%
decreases in unplanned outages within two
years of deployment. This improvement stems
from catching degradation early, enabling
planned intervention before catastrophic
failure. Response time transformation proves
equally dramatic.

Switch position verification that previously
required three-hour round trips to remote sites
now completes in 10 minutes through visual
confirmation. Failure rate reduction emerges

Building the Resilient Grid: How Continuous Monitoring Extends Infrastructure Lifespan

as the most compelling metric. According

to industry documentation, predictive
maintenance systems integrated with SCADA
and loT sensors reduce unplanned downtime
by up to 40% in the first year and lower mean
time to repair (MTTR) by 20% within two years.
This improvement stems from continuous
monitoring that ensures faults are detected
early and power can be rerouted or isolated
before causing widespread outages.F!

Safety improvements, while harder to
quantify, prove substantial. Reduced field
visits translate directly to decreased exposure
hours in hazardous environments. One utility
calculated 75% reduction in arc flash exposure
risk by eliminating routine infrared scanning
visits. Documentation benefits extend beyond
operational metrics. Automated data collection
creates comprehensive asset history that
supports regulatory filings, rate cases, and
insurance claims with objective evidence
rather than subjective inspection reports.
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Integration into Asset
Management Practices

Multi-Level Value Creation

Different organizational levels require different
information presentation to maximize value
from continuous monitoring. Successful
deployments tailor data delivery and analytics
to match specific role requirements while
maintaining single-source accuracy across the
enterprise.

Operations teams need immediate, actionable
alerts that integrate with existing alarm
management philosophies. Real-time

thermal excursions trigger SCADA alarms

with appropriate priority levels, while visual
confirmation capabilities enable rapid
verification of switch positions or equipment
status. Maintenance organizations benefit
from trend analysis and predictive insights
that optimize work scheduling. Weekly reports
highlighting assets with degrading trends
allow proactive scheduling during planned
outages rather than reactive emergency
response.

"For asset managers, they are more interested
to see when that asset needs to be replaced, or
if they can extend the lifespan," explains Silva.

When managing aging transformer fleets,
asset managers face two predominant
decision paths - either define and justify

an intervention of the asset which may be
aged but in good enough condition to satisfy
its requirements while still ensuring the
required level of reliability at a limited cost or
implement mitigation solutions that will keep
the unit in service until a planned replacement
can be facilitated.®

Planning departments leverage long-term
trending for capital allocation decisions.
Multi-year thermal histories combined with
failure probability models inform replacement
prioritization and budget justification.
Executive dashboards distill complex data

into portfolio health metrics, ROl tracking, and
regulatory compliance indicators that support
strategic decision-making.
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Workflow Transformation

Continuous monitoring fundamentally
transforms daily workflows across the utility,
automating routine tasks while providing
objective data for complex decisions. This
transformation enables staff to focus on value-
added analysis rather than data collection.

Automated work order generation exemplifies
the efficiency gains. When thermal sensors
detect anomalies exceeding configured
thresholds, the system automatically creates
work orders in the EAM system complete

with thermal images, location data, and
recommended actions. This eliminates manual
alarm review, data entry, and reduces response
time from days to hours. Decision support
capabilities extend beyond simple alarming.

Building the Resilient Grid: How Continuous Monitoring Extends Infrastructure Lifespan

Historical trend analysis combined with real-
time conditions informs repair versus replace
decisions with quantitative backing.

Knowledge preservation becomes critical

as experienced workers retire. Continuous
monitoring captures the "why" behind
maintenance decisions through archived data
and decision trails. New engineers can review
historical thermal patterns and corresponding
maintenance actions, accelerating
competency development. Performance
metrics shift from activity-based to outcome-
based measures. Rather than counting
inspection completions, organizations track
prevented failures, life extension achievements,
and ROI realization.®
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Return on Investment and
Cost-Benefit

Building the Financial Model

Asset managers must present compelling
business cases that resonate with financial
decision-makers beyond simple payback
calculations. Comprehensive ROl analysis
incorporates direct savings, risk mitigation
value, opportunity costs, and strategic benefits
that justify monitoring investments.

Direct savings provide the foundation for
financial justification. Prevented failures
represent the largest single benefit category,
with each avoided transformer failure saving
$2-3 million in replacement costs plus

$5-10 million in consequential damages.
Reduced truck rolls generate immediate
operational savings. Utilities typically achieve
50% reduction in routine inspection visits,
translating to $200-500 per avoided trip. For a
utility with 500 substations requiring monthly
inspections, annual savings exceed $1.2 million
from travel reduction alone.
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Deferred capital expenditures create
substantial financial value through time value
of money. Each transformer replacement
deferred by five years generates NPV
exceeding $500,000 at typical utility discount
rates. Indirect benefits often equal or exceed
direct savings. Insurance premium reductions
of 15-25% reflect improved risk profiles from
continuous monitoring.

Regulatory compliance improvements

avoid penalties while potentially earning
performance incentives. Safety improvements,
while difficult to monetize, reduce workers
compensation costs and liability exposure.
McKinsey's analysis of digitally enabled
reliability programs shows that advanced
monitoring systems significantly improve risk
profiles, enabling utilities to negotiate better
insurance terms and reduce operational

risk exposure through demonstrated
improvements in asset reliability and failure
prevention.®
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Hidden Value Drivers

Experienced asset managers recognize
numerous benefits beyond direct cost savings
that significantly impact total value creation.
These often-overlooked factors frequently

tip investment decisions by addressing daily
operational pain points.

Emergency response costs multiply standard
maintenance expenses through overtime
premiums, expedited shipping, and contractor
mobilization. Continuous monitoring reduces
emergency events by 60-70%, avoiding 2-3x
cost multipliers. During one transformer
emergency, avoided costs included $150,000
in overtime, $75,000 in expedited equipment
delivery, and $300,000 in emergency
contractor fees.

"Sometimes you don't have the proper tool.
You don't have the proper parts. Sometimes
you don't have anything, because for
transformers, lead time now is about three
to four years to get a transformer, even if you
have money," emphasizes Silva.

I[EEE Spectrum reports that transformer
lead times have reached crisis levels, with
specialized large power transformers
requiring up to four years for delivery. The
publication notes that even utilities with
approved budgets face extended wait times
due to global supply chain constraints and
manufacturing capacity limitations.”

Regulatory benefits extend beyond
compliance to include performance incentives
in jurisdictions with reliability-based rates.
Knowledge preservation value increases as
workforce transitions accelerate. Captured
thermal histories and decision rationale
replace departing expertise, maintaining
institutional knowledge.
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Predictive Analytics and
Lifecycle Management

From Reactive to Predictive

Asset managers recognize that optimizing
entire lifecycles requires moving beyond
failure prevention to predictive capability.
The progression from threshold monitoring
through pattern recognition to machine
learning represents a maturity journey
delivering increasing value at each stage.

Today's deployments provide sophisticated
threshold monitoring with intelligent
alarming that adapts to operating conditions.
Temperature limits adjust based on load levels,
ambient conditions, and historical patterns to
minimize nuisance alarms while catching true
anomalies. Trend analysis capabilities identify
gradual degradation invisible to periodic
inspection. Rising baseline temperatures,
increasing phase differentials, and accelerating
rates of change trigger investigation before
threshold violations occur.

Emerging pattern recognition capabilities
identify failure signatures across equipment
fleets. Machine learning algorithms

trained on thousands of monitoring points
recognize subtle patterns preceding specific
failure modes. Predictive models estimate
remaining useful life based on degradation
rates, enabling optimal intervention timing.
"We're planning to leverage Al technology

to help us with the predictive side of things,"
confirms Richard Harada, Vice President
Marketing and Product Management at
SWI. Argonne National Laboratory's research
demonstrates that utilities are rapidly
adopting Al for predictive maintenance, with
their studies showing 43-56% reduction in total
maintenance costs and 60-66% decrease in
unnecessary field visits through Al-enabled
predictive analytics.®
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Asset Health Intelligence

Static age-based depreciation models fail to
reflect the reality of varying degradation rates
driven by operating conditions, maintenance
quality, and environmental factors. Dynamic
health scoring based on continuous
monitoring data enables portfolio optimization
that maximizes reliability while minimizing
lifecycle costs.

Multi-parameter health indices combine
thermal trends, visual observations,
operational history, and maintenance

records into composite scores updated
continuously. Temperature data contributes
40% weight, reflecting its strong correlation
with degradation. Visual changes including
discoloration, oil leaks, or physical damage add
20%. Load history provides context for thermal
stress, contributing 20% weight. Maintenance
history and age factor comprise the remaining
20%, ensuring historical context informs
current assessment.

Real-time score updates enable dynamic
portfolio ranking that identifies highest-risk
assets for intervention. Unlike annual condition
assessments, continuous updates capture
rapid degradation from extreme events or
operational stress. Capital planning transforms
from age-based replacement to risk-based
optimization. Assets with poor health scores
and high criticality receive priority, while
healthy assets safely defer regardless of age.”)

The Utility Intellect Advantage

Advanced analytics platforms represent the
evolution from monitoring to intelligence,
combining multiple data streams for
unprecedented prediction accuracy. These
capabilities transform monitoring from
defensive tools to strategic advantages in
grid operations.
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Multi-sensor fusion integrates thermal,
vibration, acoustic, and dissolved gas data
into comprehensive health assessment.

Each sensor type captures different failure
precursors - thermal for connection problems,
vibration for mechanical issues, acoustic for
partial discharge, DGA for internal faults.
Combined analysis achieves 90% prediction
accuracy 60 days before failure, enabling
planned intervention.

"We have other software that analyzes data
from other sensors or databases and can
predict that the asset may fail in six months,"
explains Silva. "It helps on the allocation

of capital that you have available." Recent
systematic reviews of Al applications in power
systems demonstrate that modern predictive
analytics can forecast equipment failures
months in advance. The Energy Informatics
review of 63 peer-reviewed studies confirms
that machine learning algorithms analyzing
multi-sensor data achieve prediction
accuracies exceeding 90% for transformer
failures, enabling optimized capital allocation
based on actual failure probability.™ Work
order automation extends beyond simple
generation to include optimal scheduling
based on failure probability, resource
availability, and system constraints. Continuous
learning improves model accuracy as each
confirmed prediction refines the algorithm.
This creates an advantage for utilities with
longer monitoring histories to achieve better
prediction accuracy.
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Future-Proofing
Grid Assets

The Modernization Journey

Asset managers must balance delivering
immediate results with building foundation

capabilities for tomorrow's autonomous grid.

This section provides a practical roadmap
that captures value at each phase while
progressing toward the ultimate vision.

Technology Evolution

Preparing for next-generation capabilities
while solving today's problems requires
understanding the technology trajectory
and building appropriate foundations. This
section outlines emerging capabilities and
organizational readiness requirements.

Virtual inspection capabilities combine
thermal, visual, and specialized sensing
into comprehensive remote assessment.
Cloud-based software synthesizes multiple
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data streams into unified health reports,
eliminating need for physical presence. Al
enhancement through computer vision and
natural language processing transforms raw
data into actionable insights. Automated
anomaly detection identifies issues without
human review, while natural language
interfaces allow conversational system queries.

Cloud platforms unlock unlimited processing
power for complex analytics while enabling
cross-utility benchmarking. Organizational
change management proves essential for
capturing technology value. Building data-
driven cultures requires training, process
updates, and leadership commitment to
evidence-based decisions NERC's 2024
reliability assessment emphasizes that
successful grid modernization requires
comprehensive organizational transformation.
The report highlights that utilities must
develop new workforce capabilities and data-
driven decision-making cultures to capture the
full value of digital monitoring technologies.
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Next Steps

The path from reactive maintenance to
resilient operations is proven, practical, and
profitable. Major investor-owned utilities
demonstrate that monitoring technology
transforms asset management economics
- extending maintenance cycles from 6 to
20 years, preventing million-dollar failures,
and achieving documented ROl exceeding
5:1. These results come not from theoretical
projections but operational reality across
thousands of monitored assets.

The urgency for action intensifies daily.
Transformer lead times stretch beyond three
years while replacement costs exceed $3
million. New equipment lasts half as long

as legacy assets, compressing replacement
cycles when budgets shrink. Climate
extremes stress infrastructure beyond design
parameters. Early adopters gain compound
advantages - their predictive models improve
with accumulated data while competitors
struggle with calendar-based maintenance.
The technology exists, proven across harsh
environments from hurricanes to -40°C
winters. Implementation frameworks guide
systematic deployment from pilot programs to
enterprise transformation.

Success requires more than sensor installation. The question facing asset managers is
Organizations must embrace data-driven not whether to implement continuous
decision-making, integrate monitoring with monitoring, but how quickly to capture value
enterprise asset management systems, and before the next failure, the next storm, or
develop workforce capabilities for the digital the next regulatory mandate. With proven
age. Yet utilities achieving this transformation technology, documented returns, and

report benefits beyond financial returns: clear implementation paths, the only risk
improved reliability, enhanced safety, is delay. Those who act now build resilient
regulatory compliance, and the confidence infrastructure for an uncertain future. Those
that comes from truly understanding asset who wait risk falling further behind as the gap
condition. As one asset manager summarized: between leaders and laggards widens. The
"We sleep better knowing our critical assets are choice is clear: transform asset management
watched 24/7. But more importantly, we make through continuous monitoring or accept
better decisions with better data." escalating costs, declining reliability, and

competitive disadvantage.
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Systems With Intelligence (SWI) is the trusted
global leader in Touchless™ Monitoring
solutions for electric utilities and industrial
applications. Founded over 15 years ago, SWI
pioneered real-time thermal imaging for
substations and has deployed thousands of
monitoring systems worldwide. The company's
sensor networks and analytics platforms enable
utilities to achieve dramatic O&M savings while
building the data foundation for grid
modernization and autonomous operations.
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