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Thermal Blind Spots: The Cost of Periodic Monitoring

Power-related failures, including those associated with thermal anomalies in distribution systems, remain

the leading cause of impactful data center outages, accounting for approximately 54% of reported incidents.
Conditions such as loose connections, improper contact pressure, and gradual component degradation often
develop undetected over months, far exceeding the coverage of annual or semi-annual infrared (IR) inspections
mandated by NFPA 70B (2023).

When undetected, these conditions can escalate into unplanned outages costing more than $100,000 in a
majority of significant events, with a meaningful portion exceeding $1 million. Average hourly downtime
estimates commonly range from $300,000 to more than S1 million, depending on facility scale and criticality.

Embedded continuous thermal monitoring solutions offer 24/7 visibility to detect trends early and support
predictive maintenance. Instead of relying on periodic inspections, some manufacturers are embedding fixed
infrared cameras directly into power distribution equipment. By monitoring temperatures 24/7/365, the
system provides an early indication of developing issues, eliminates blind spots between inspections, and
supports maintenance decisions based on real operating conditions, rather than assumptions.

This white paper explores why traditional handheld IR inspections fall short, explains the need for continuous
thermal visibility, and outlines how continuous thermal monitoring improves reliability, enhances safety, and
reduces operational uncertainty in mission-critical power environments.
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When Failure Builds Slowly, Continuous Monitoring Buys You Time to Prevent It
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The Hidden Risk of Thermal Failures

Thermal anomalies are often the earliest measurable sign of electrical distress. Elevated temperatures at
connection points can indicate loose hardware, material fatigue, or installation issues, conditions that rarely
occur suddenly. Instead, they emerge gradually, sometimes over weeks or months, before reaching a failure
threshold.

The challenge is not identifying the causes of thermal issues, but detecting them early enough to act. Most
facilities depend on periodic IR inspections to uncover these conditions. While useful, these inspections
provide only a momentary snapshot, leaving long stretches of operation where emerging problems remain
unseen. In environments where uptime is non-negotiable, such as data centers facing rising Al-driven densities,
those gaps represent significant risk.

The Visibility Gap Between Scans Is Where Failures Form
Continuous Monitoring 100% Coverage

11 % Months of Unobserved

Periodic Inspection
P Thermal Risk

Continuous monitoring delivers uninterrupted coverage. Periodic inspections
leave 11% months where developing faults remain completely unseen.

Why Periodic IR Inspections Fall Short
Handheld IR inspections are limited by their nature and execution:

e Moment-in-time visibility: Inspections capture temperatures at a single point, reflecting only the
conditions present during the scan.

e Load sensitivity: Electrical temperatures fluctuate with current. Scans performed under light load may miss
high-resistance connections that surface only during peak demand.

e The 11-Month Blind Spot: Annual or semi-annual schedules meet the NFPA-70B 2023 minimum
(mandatory IR on all equipment at least every 12 months), and leave months of unmonitored periods
between scans.

e Operational constraints: Inspections require access windows, trained personnel, and interaction with
energized equipment, introducing safety and coordination challenges.

As a result, many thermal issues develop and progress entirely between inspections. When they are finally
discovered, the opportunity for simple corrective action may already be gone.
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Continuous Monitoring: Closing the Visibility Gap

Continuous embedded thermal monitoring addresses these limitations by replacing intermittent inspections
with continuous embedded thermal monitoring. Fixed infrared cameras monitor critical internal connection
points at all times, creating an ongoing thermal profile of the equipment.

This approach delivers clear advantages:

e Early detection of subtle temperature trends that periodic scans often miss

e Visibility across all operating conditions, including peak load events

e Thousands of daily data points that establish accurate thermal baselines

e Continuous coverage between maintenance cycles

* Real-time detection and automated alerts for abnormal temperature rises or thermal runaways, with
current level-based temperature modeling for more accurate comparisons and phase-to-phase analysis

e Reduces the frequency of energized interaction associated with traditional inspection processes.

Most thermal failures develop gradually, and continuous monitoring provides the time and insight needed to
intervene before reliability is compromised.

Aspect

Coverage

Detection Timing

Compliance (NFPA 70B)

Safety Exposure

Cost Implications

Outage Risk Mitigation

Periodic IR (Handheld)

Annual/semi-annual snapshots

Post-issue discovery

Meets minimum annual
requirement

Can involve panel opening
or exposure if no portholes/
windows are used

Recurring labor + potential
downtime

Limited to inspection windows

Continuous Embedded
Monitoring

24/7/365 real-time

Early trend identification

Supports and strengthens
NFPA 70B maintenance
programs; complements
required inspections

Minimal (remote access)

Lower TCO via predictive
savings

Mitigates risks within the
leading outage category:
power systems

Key Impact (Data Center
Operators)

Eliminates long gaps between
inspections (up to ~11 months
in annual programs)

Enables earlier detection and
intervention

Strengthens risk
management and compliance
documentation

Reduces frequency of
energized interaction

Predictive maintenance can
cut maintenance costs 10-30%;
continuous thermal monitoring
supports electrical systems

Reduces likelihood of
$100K-$1M+ incidents
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Built-In Reliability, Not Scheduled Guesswork

Embedding thermal monitoring directly within power distribution equipment allows thermal analysis to
function as a continuous system capability rather than a periodic maintenance activity. In contrast to handheld
infrared inspections, embedded continuous monitoring systems:

e Removes reliance on limited access windows
e Reduces dependence on specialized inspection resources and site coordination
e Captures thermal behavior under real-world operating conditions, including peak load events

e Produces consistent, timestamped data for long-term trend analysis and automated alerting

By shifting thermal awareness from intermittent snapshots to continuous observation, maintenance programs
can transition toward a more predictive model, where emerging risks are identified during early development
rather than after escalation.

Reliability, Safety, and Operational Continuous Awareness vs Periodic Gaps
Efficiency Gains o
s L
Studies cited by organizations such as the U.S. . "
Department of Energy indicate that predictive . . . *
maintenance approaches can deliver significant -
Continuous Monitoring Periodic Inspections

operational value, including avoided downtime,
maintenance cost reductions of approximately 25-30%,
and extended asset life, driven by earlier fault detection Eliminate Thermal Awareness Gaps with Continous Monitoring
and condition-based maintenance.

24/7 Thermal Awareness Gaps in Awareness

e Improving System Reliability: Thermal conditions are a leading indicator of impending electrical failure.
Continuous monitoring enables early identification and correction, reducing the likelihood of unplanned
outages and strengthening overall system resilience.

e Enhancing Personnel Safety: Handheld infrared inspections may require interaction with energized
equipment, increasing exposure to electrical and arc-flash hazards. Continuous monitoring provides
thermal visibility without routine access to energized equipment, reducing the frequency of energized
interactions and associated risk.

e Operational Efficiency: With thermal monitoring continuously active, maintenance programs can shift
from time-based inspections to targeted, condition-driven interventions. This reduces recurring inspection
labor and coordination while allowing maintenance resources to focus on verified issues rather than broad
periodic scanning.
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The Evolving Interpretation of NFPA 70B

NFPA 70B (2023) establishes infrared inspection as a required component of electrical maintenance programs,
with inspections performed at intervals not exceeding 12 months. This requirement defines a baseline for
compliance, not a guarantee of continuous risk visibility.

Thermal issues often develop gradually and may remain undetected for months between scans. As system
loads increase and operational margins tighten, many facilities are reassessing whether snapshot-based
inspection alone provides sufficient visibility.

The FUture Of EIeCtrlcaI Safety Why Periodic Inspections Miss Problems
In mission-critical power systems, thermal failures rarely Missed Peak

follow a predictable schedule and often develop outside Load Temperatures

limited inspection windows. Reliance solely on periodic
infrared scans can leave extended intervals where
emerging conditions remain undetected.

Temperature

Time
As system loads increase and operational margins BLANNUALIRSCAN  |cONTINUOUS EMBEDDED
narrow, many facilities are evaluating continuous Captures Moments MONITORING
thermal monitoring as a complement to or evolution e Moniters Across Alltod
beyond traditional inspection programs. By embedding
monitoring direCtly within power distribution eqUipment' Thermal faults develop slowly and silently. Bi-annual scans see only
operators gain uninterru pted Visibility, earlier indication two moments in a year-leaving months of undetected risk between
of developing conditions, and a more consistent them.
foundation for condition-based maintenance and risk
management.

NFPA 70B (2023) — Inspection Requirements Overview
References https://www.infraredtraining.com/en-US/home/free-learning/blog/nfpa-70b-2023-new-guidelines-for-
Uptime & Downtime Impact electric-inspections/
IRISS
NFPA 70B Updated Requirements (2024)
https://iriss.com/wp-content/uploads/2025/03/NFPA-70B-updated-4-24-24.pdf

Uptime Institute
Annual Outage Analysis 2025
https://uptimeinstitute.com/resources/research-and-reports/annual-outage-analysis-2025

. A IBT Inc.
Uptime Institute . Mitigating Risk & OSHA Fines via NFPA 70B Compliance
Annual Outage Analysis 2025 — PDF https://ibti /mitigate-risk ha-fi by-followi fpa-70b-2023 dat i ts/
https://uptimeinstitute.com/uptime_assets/d7c049ef5b02a6e0a15540a3e5ch8fbf742c7fa54alaf6caeaaab3 e o A ISR A g

2b7¢15d443-GA-2025-05-annual-outage-analysis.pdf NFPA Research

Fatal Occupational Injuries Caused by Electricity or Arc Flash
https://www.nfpa.org/education-and-research/research/nfpa-research/fire-statistical-reports/fatal-
occupational-injuries-caused-by-exposure-to-electricity-or-arc-flash

Information Technology Intelligence Consulting (ITIC)
2024 Hourly Cost of Downtime Report
https://itic-corp.com/itic-2024-hourly-cost-of-downtime-report/

Electrical Reliability & Thermal Risk Predictive Maintenance & ROI

Schneider Electric (corroborating technical reference) :)Jpl;get[i) Maint o .
Electrical Installation Safety / Thermal Risk White Paper (2021) h: 'f://vek an ena/nlce Yer\//lewd. tive-maint g
https://www.ashb.com/wp-content/uploads/2022/06/1S-2022-59.pdf ps://upkeep.com/learning/predictive-maintenance,

Grace Technologies U.S. Department of Energy (DOE)

; . Operations & Maintenance Best Practices Guide
Engineer Out the Risk — Arc Flash & Thermal Safety X N . . -
https://www.graceport.com/hubfs/Articles%20and%20Press%20Releases%20/Engineer%200ut%20the%20 https://www.energy.gov/sites/prod/files/2020/04/f74/omguide_complete_w-eo-disclaimer.pdf

P X " .
REieZE R gl Zn e ee2017 07 pd This paper references a mix of standards bodies, independent research organizations, and manufacturer-

authored technical publications. Manufacturer-authored sources are cited solely for widely accepted

Codes, Standards & Compliance X P o . ;
" P electrical reliability principles and are not intended as product endorsements or comparisons.

NFPA (National Fire Protection Association)
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