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Topic 8

Fire Risks of LED Drivers and Luminaires in High-Temperature Industrial
Processes

Official Fire Statistics Related to Lighting and Electrical Equipment

In the United States, Europe, and Japan, official fire investigation statistics consistently
identify lighting equipment and electrical systems as major causes of industrial fires.
According to the NFPA (National Fire Protection Association), U.S. manufacturing and
industrial facilities experience an average of 38,000 fires annually, with nearly one-quarter
attributed to electrical wiring and lighting equipment, making it the leading ignition cause.
In Europe, Italy’s fire investigations indicate that 49% of fires are caused by electrical
wiring (industrial plugs, sockets, and cables), while 51% originate from electrical
appliances, averaging about 110 fires per year in manufacturing facilities. Japan shows a
similar trend: in Tokyo in 2022, approximately 35.6% of all fires were electrical. For high-
temperature industries, Japan’s Fire and Disaster Management Agency reported that nearly
47% of automotive plant fires and 43.8% of warehouse fires were triggered by electrical
equipment. These statistics clearly show that lighting equipment, wiring, and LED drivers
play a significant role in industrial fire causes and cannot be overlooked.

Industrial Fire Cases Involving Lighting and LED Drivers

Multiple documented industrial fire incidents confirm that failures in luminaires or LED
drivers can lead to severe fires. In the U.S,, recent incidents involving high-bay LED
luminaires triggered large-scale recalls. For example, one manufacturer recalled 16,000
high-bay LED fixtures due to degraded plastic retaining clips that held LED modules in
place. This defect caused at least seven reported fires when LED circuit boards detached,
although no injuries occurred. Just five months earlier, another brand recalled more than
700,000 units for the same issue, highlighting how such design flaws repeatedly occur in
industrial lighting products. Investigations revealed that under extreme heat or harsh
conditions, cheap plastic parts deteriorated, leading to live LED modules falling and igniting
surrounding combustibles.

In Japan, numerous LED retrofit-related fires have been reported. According to NITE
(National Institute of Technology and Evaluation), between 2009 and 2019 there were 328
reported smoke or fire incidents involving LED lighting. One case involved a warehouse
where fluorescent tubes were replaced with LED tubes; within a week, two fires occurred.
The cause was incompatibility between the LED tube and the existing electronic ballast,
leading to overheating, high resistance, and eventual ignition. Other NITE cases showed that
improper retrofits caused abnormal voltage or current: for example, users inserted plug-
and-play LED tubes into ballast-driven fixtures without removing the ballast, resulting in
overheating and fires.
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Common Fire Risk Factors in High-Temperature Industrial Environments

¢ Design and Component Defects: Even minor parts, such as a plastic clip, can fail and
trigger short circuits and fires. Substandard or counterfeit components (resistors,
capacitors, ICs) further increase risk.

e Environmental Overheating: Commercial luminaires rated for 40 °C fail quickly when
exposed to 60-70 °C found in steel or glass factories. Poor thermal design leads to
premature failure and ignition.

e Electrolytic Capacitor Aging: Capacitors degrade rapidly in sustained heat, leading to
increased ESR, overheating, and potential fire. Missing fuses or surge protection exacerbate
the hazard.

e Wiring and Connections: Damaged insulation or loose terminals can spark, arc, and ignite
nearby combustibles. Heat accelerates insulation breakdown, raising short-circuit risk.

¢ Dust and Corrosion: Paper mills and woodworking plants accumulate dust on luminaires,
creating insulation that traps heat. Combined with corrosive atmospheres in chemical or
steel plants, this raises ignition risk.

e Power Quality and Surges: Industrial power systems produce frequent surges. Without
robust surge protection, repeated stress leads to overheating and fires.

Detailed Analysis of Misuse: 55 °C Rated Fixtures Installed in 65-90 °C Zones
Many LED luminaires are rated for maximum ambient < 55 °C but are often installed in
environments ranging from 65 to 90 °C, and sometimes exposed to transient radiant heat
near 200 °C (e.g., steel mill cooling beds or paper mill drying sections). This creates
systemic thermal mismatch and fire hazards:

(A) Driver and Capacitors: A driver rated for 55 °C case life expectancy of 50,000h will last
only ~3,100h (~5 months) at 95 °C case temperature. This accelerates failure chains
(capacitor drying — ripple rise — overheating — fire).

(B) LED Junction Temperatures: At 80 °C ambient, junction temps can exceed 120 °C,
causing phosphor degradation, yellowing, solder creep, or thermal runaway.

(C) Surge Effects: MOV /TVS derate under heat, lowering clamping voltage and accelerating
thermal failure. Without 210-30 kV SPD, danger is high.

(D) Radiant Heat: Direct radiant bursts near 200 °C induce PCB warping, solder cracks, and
material charring.

(E) Dust/Corrosion: Dust blankets raise heat 5-15 °C; corrosive gas corrodes conductors,
creating hot spots and arcing.

Compliance and Liability Implications

¢ NEC 110.3(B) requires use according to listing; exceeding ambient limits = non-compliant
use.

¢ UL 1598/8750 certifications assume rated environments; over-temperature voids safety
assurances.

e NFPA 70/101 mandate equipment be suitable for the environment; misused fixtures
violate these codes.
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e Insurance/OSHA: Fires from non-compliant use may result in denied claims or regulatory
penalties.

Observable Early Failure Signs

e Frequent failures within 1-2 years.

e Flickering, dimming, color shifts; buzzing drivers.

e Yellowed lenses, cracked housings, discolored terminals.

e Post-failure: bulged capacitors, charred PCBs, carbonized MOVs.

Quantified Risk Example

100 luminaires rated 55 °C installed in an 80 °C zone: Driver life drops from 50,000h to
~3,100h. Each fails ~2.8 times/year. With $1,500 maintenance + downtime per failure,
annual losses reach ~$420,000 (excluding insurance or safety costs). Switching to
2105/115 °C rated system-level fixtures reduces failures by an order of magnitude, saving
significant costs.

Factory Action Plan: 7 Steps

1. Thermal survey (IR, thermocouples during peak load).

2. Zone classification (55 °C, 65 °C, 75 °C, 85 °C, >95 °C, radiant hazard).

3. Compliance check: mark out-of-spec fixtures.

4. Power quality assessment: test surges; require 210-30 kV SPD.

5. Dust/corrosion review: verify IP ratings and cleaning.

6. Replacement strategy: short-term upgrade hot zones; long-term driverless, high-temp
materials.

7. Validation: require MIL-STD-810H, NEMA 410, system surge testing; tie into warranty.

Procurement Specifications

e Ambient rating: 2105/115 °C, system-level.

e Surge protection: 210 kV minimum (20-30 kV target).

e Materials: PBT UL 94 5VA housings, silicone conformal coatings, 2150 °C wiring.
e Thermal design: Tj-Ta-power curves, dust limits, cleaning schedule.

e Hazardous locations: UL844 C1D2/C2D2/C3D2, T-code compliance.

e Lifetime: L90/B50 targets, failure curves, warranty linked to field data.

Engineering Mitigation (If Fixtures Not Replaced)

¢ Add radiant shields or reflectors.

 Relocate/insulate fixtures away from direct hot air.

¢ Remote drivers to cooler zones.

e Upgrade SPD at circuits.

 Preventive maintenance: dust removal, tightening terminals, replacing with high-temp
connectors.
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Core Conclusion

Installing commercial luminaires rated <55 °C in 65-90 °C high-temperature zones is
equivalent to pressing a multiplier button on both failure rates and fire hazards. Only true
high-temperature system-level luminaires, with surge resistance, radiant shielding, and
high-temp materials, can restore reliability, eliminate fire hazards, and ensure compliance
and insurance protection.
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