
Heat is the silent killer of outdoor electronics. A node that operates flawlessly through rain and
vibration can fail within months if it repeatedly reaches thermal extremes inside its enclosure. This
page covers the mechanisms of solar heating, its effects on components, and practical solutions in
order of effectiveness.

A sealed enclosure in direct sun acts as a greenhouse. Solar radiation penetrates the
polycarbonate walls and is absorbed by the PCB, wiring, and battery inside. The resulting heat
cannot convect away (no airflow) and cannot easily conduct through the plastic walls (low thermal
conductivity). The enclosure interior temperature rises well above ambient.

Approximate, illustrative interior temperatures for LoRa node enclosures (estimates, not from a
controlled study - real temperatures vary widely with sun intensity, enclosure size, orientation, and
mounting). The relative ordering (darker = hotter) is the reliable takeaway; treat the absolute
numbers and deltas as rough estimates:

Enclosure color Ambient temperature Interior temperature
(direct sun, estimated)

Difference (estimated)

Black 30°C (86°F) 70 - 80°C (158 - 176°F) +40 - 50°C

Dark gray 30°C (86°F) 60 - 70°C (140 - 158°F) +30 - 40°C

Light gray 30°C (86°F) 45 - 55°C (113 - 131°F) +15 - 25°C

White 30°C (86°F) 38 - 45°C (100 - 113°F) +8 - 15°C

Black enclosures in direct sun can easily exceed 70°C internally on a 30°C day - well into the
danger zone for LiPo batteries and some IC packages. Sustained high enclosure temperatures
are not only a longevity problem: a lithium cell that is overheated - and especially one
being charged while hot - can vent, swell, or enter thermal runaway and catch fire.
Treat 60°C+ internal temperatures as a fire-safety limit, not just a degradation limit,
and stop charging a hot cell. This is an additional reason to prefer LiFePO4, which is far more
resistant to thermal runaway.
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Component Max operating
temperature

Permanent degradation
begins at

Notes

LoRa radio
(SX1276/SX1262)

85°C ~85°C (gradual) Both SX1276 and SX1262
are rated to +85°C per
Semtech datasheets. The
radio is usually not the
thermal weak point

ESP32 microcontroller 85°C (commercial), 105°C
(industrial grade)

~85°C for commercial
grade

Industrial-grade modules
(rare in hobbyist hardware)
rate to 105°C

nRF52840 microcontroller 85°C ~85°C Used in RAK WisBlock, T-
Echo

LiPo (Li-ion polymer)
battery

~45°C (charging), ~60°C
(discharge/storage)

Permanent capacity loss
begins above 45°C
during charging

The thermal weak point in
most builds; charge limit is
typically lower (~45°C)
than discharge (~60°C) -
check your cell's datasheet,
figures vary by
manufacturer. Cycle life
drops dramatically above
45°C

LiFePO4 battery ~45 - 55°C (charging),
~60°C (operating)

~60°C Significantly more heat-
tolerant than LiPo;
preferred for direct-sun
deployments. Confirm
charge/operating limits on
your specific LiFePO4 cell
datasheet

Polycarbonate enclosure
body

115 - 125°C ~115°C The enclosure itself rarely
fails thermally; the battery
fails first

Choose a white or light gray enclosure as the default for any deployment that will see direct
sun or in a hot climate. This single choice can reduce interior temperature substantially (roughly 25

Component Temperature Ratings

Solutions in Order of Effectiveness
1. Enclosure Color (Most Impactful, Zero
Cost)



- 40°C compared to a black enclosure, based on the estimated color table above) at no additional
cost. Most enclosure manufacturers offer the same model in multiple colors. The opposite advice
applies only in a narrow case: a darker enclosure can help slightly at an unheated, extreme-cold
site that never sees strong summer sun - see the cold-weather / winter-operation page, which is
scoped for that scenario. White/light is the default everywhere else.

If you already have a dark enclosure: a coat of high-reflectance white exterior paint (Rust-Oleum
Flat White, or similar) applied to the exterior reduces temperatures almost as much as a white
enclosure, at the cost of a few minutes of prep work.

Install a radiation shield - a second reflective surface positioned 4 - 6 cm above the enclosure to
intercept direct solar radiation before it reaches the enclosure surface. Options:

A second identical enclosure lid mounted above the main enclosure on standoffs
A piece of aluminum flashing cut to size and bent into a shallow roof profile
A purpose-built aluminum sun shade (commonly available from industrial enclosure
suppliers; small shades often run roughly $5 - $20, but price is volatile - check a current
vendor listing, as of 2026-06-08; larger shields can cost more)

A well-designed radiation shield with a ~5 cm air gap can reduce enclosure surface temperature
appreciably (an estimated 15 - 20°C in favorable conditions) by allowing convective cooling in the
gap between the shield and the enclosure surface. Treat that figure as an estimate; actual benefit
depends on airflow and sun angle.

For nodes installed in locations that are not exposed to direct rain (inside a larger weatherproof
cabinet, under a substantial roof overhang, inside a NEMA-rated outdoor panel), an enclosure with
filtered ventilation slots can eliminate the thermal problem almost entirely. Filtered vents use a
hydrophobic membrane that keeps insects and dust out while allowing free airflow. Book-wide
venting rule: a node directly exposed to rain must stay fully sealed - use a hydrophobic
membrane (Gore-type) pressure-equalization vent only, never an open or merely screened hole.
Only a sheltered, rain-protected node may use screened open vents. Do not use open ventilation
on any rain-exposed outdoor enclosure.

2. Radiation Shield (High Impact, Low
Cost)

3. Ventilated Enclosures with Filtered
Vents



A larger battery acts as a thermal mass, moderating temperature swings by absorbing heat energy
during peak solar hours and releasing it at night. A 10,000 mAh LiFePO4 pack will heat up more
slowly than a 2,000 mAh LiPo under the same solar load. This is not a substitute for radiation
shielding, but it meaningfully extends the time before dangerous temperatures are reached.

If your deployment is in a severe climate (Middle East, Arizona summer, south-facing rooftop in a
subtropical region), explicitly select components rated for higher temperatures:

Prefer LiFePO4 batteries over LiPo for their superior thermal tolerance and thermal
runaway resistance
Consider industrial-grade ESP32 or dedicated LoRa modules (RAK811, Ebyte E22) over
consumer boards for high-temperature environments
Verify that electrolytic capacitors on your board are rated for at least 85°C (check the cap
markings - cheap boards sometimes use 85°C caps where 105°C would be more
appropriate)
As a margin/robustness choice (not strictly required, since enclosure wiring rarely
approaches PVC's limit), consider silicone-insulated wire inside the enclosure rather than
standard PVC insulation - silicone hookup wire is commonly rated to ~200°C per its
datasheet, versus ~80 - 105°C for typical PVC, so it will not soften or off-gas at LoRa
enclosure temperatures

Adding a cheap temperature sensor (DS18B20, SHT31, or a spare ADC connected to a thermistor)
inside the enclosure allows your node to report internal temperature as part of its telemetry.
Meshtastic supports environmental telemetry modules; MeshCore can be extended similarly.
Setting an alert threshold at 55°C gives you advance warning before LiPo degradation begins,
allowing you to add shielding or relocate the node before batteries are damaged.

4. Thermal Mass (Moderate Impact,
Passive)

5. Temperature-Rated Component
Selection

Monitoring Enclosure Temperature
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