
Cold weather introduces significant challenges for battery-powered electronics. Understanding how
temperature affects battery chemistry, display performance, and condensation enables reliable
deployments for ski patrol, backcountry touring, and winter SAR operations.

The electrochemical reactions that release energy in lithium batteries slow at low temperatures,
reducing available capacity and increasing internal resistance. Per Battery University (BU-502), at -
20 degrees C most lithium cells deliver about 50% of their rated capacity - this loss is temporary
and recovers when the cell is warmed:

Lithium Polymer (LiPo) / Li-ion: At 0 degrees C, usable capacity drops roughly 10-20%.
At -20 degrees C, expect about 50% of rated capacity (Battery University BU-502) - i.e. a
battery giving 2 hours at room temperature may give roughly 1 hour at -20 degrees C.
This capacity returns when the cell warms. LiPo/Li-ion is the most common chemistry in
Meshtastic devices including the T-Echo and T-Beam.
Lithium Iron Phosphate (LiFePO4): More stable across temperature ranges. At 0
degrees C, capacity loss is typically in the 10-15% range. At -20 degrees C it generally
retains a larger fraction of capacity than LiPo/Li-ion. (Figures vary by cell; consult a
manufacturer cold-performance datasheet such as RELiON's for your specific pack.) Seek
out power banks using LiFePO4 cells (often marketed as cold-rated) for critical winter
deployments.
Alkaline (AA/AAA): Performance drops sharply below 0 degrees C and is not
recommended for sustained cold use. Use Energizer Ultimate Lithium (L91/L92) primary
cells, which are rated to -40 degrees C, in devices that have AA/AAA battery holders.
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Important - never charge in the cold: Lithium cells (LiPo, Li-ion, and LiFePO4) must NOT be
charged below 0 degrees C (32 degrees F). Charging a cold lithium cell causes lithium plating,
permanent capacity loss, and a latent internal-short fire/venting risk (Battery University BU-410).
Discharging in the cold is fine; charging is not. Warm the device to room temperature before
plugging it in. A battery-management system (BMS) blocks cold charging as a protection - it does
not make cold charging safe.

Chest pocket carry: The most effective method. Body heat keeps the battery far
warmer than ambient (in practice typically near skin temperature, roughly 20-30 degrees
C inside a layer), greatly reducing cold-capacity loss. A node inside a mid-layer chest
pocket experiences minimal cold-weather performance penalty. Still carry a warm spare
for long cold outings.
Chemical hand warmers: A HeatMax/HotHands hand warmer placed alongside the
battery in an insulated pouch extends cold-weather run time for stationary deployments,
such as a relay node at a patrol hut. Air-activated hand warmers provide roughly 8-10
hours of moderate heat depending on the product (per the manufacturer).
Insulated enclosures: For fixed relay nodes, a closed-cell foam-lined enclosure reduces
heat loss. Styrofoam-lined Pelican cases are inexpensive and effective. Self-heating from
charge/discharge cycles is negligible at node-level currents and should not be relied on for
warmth.

LILYGO T-Echo: The 1.54" E-Ink display is fully readable in bright sunlight and snow glare,
requires no backlighting, and functions at cold temperatures (refresh speed slows below -10
degrees C but remains readable). It uses an internal, rechargeable ~850 mAh Li-Po cell charged
over USB-C - there is no AAA option and the cell is built in (not user-removable). Finished weight
with case is roughly 110-130 g. Runtime is power-mode dependent: continuous active GPS drains
the cell in roughly a day, while light/sleep use can stretch to a few days; cold cuts runtime
substantially (as of 2026-06-08). This is a suitable low-power option for backcountry ski touring use
- note it is not rescue or safety equipment and is not a substitute for a PLB/avalanche beacon.

RAK4631 (WisBlock): Particularly low power, which partially compensates for cold-induced
capacity loss. Custom enclosures can be designed for specific mounting requirements such as
helmet-mounted or pack shoulder strap. Relies on a connected smartphone via Bluetooth as it has
no built-in display.

Displays to avoid in cold: TFT LCD screens used on T-Beam and some Heltec boards experience
sluggish response or display artifacts below -10 degrees C. OLED performs better than TFT but still
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degrades in extreme cold. E-Ink is the most reliable display technology for sub-zero operation.

Moving a cold node into a warm interior creates rapid condensation as the node warms through the
dew point - a significant corrosion and short-circuit risk. Best practices:

Sealed enclosures: An IP67-sealed node condenses on the outside of the case, not on
the electronics. This is the preferred approach for nodes that experience temperature
transitions.
Silica gel desiccant: Include a desiccant packet inside any enclosure that is not fully
sealed. Replace every 1-2 seasons or when the indicator shows saturation.
Warming before opening: Allow a cold node to reach room temperature inside its
sealed case before opening for maintenance or charging. This ensures electronics are
above the dew point when exposed to interior air.
Conformal coating: PCBs used outside enclosures should have conformal coating
applied to all components. This does not prevent condensation but significantly reduces
corrosion risk when condensation occurs.

Verify battery is fully charged and warmed before departure. Never charge lithium
cells below 0 degrees C - warm the device to room temperature first. Charging in
the cold causes permanent damage and a latent short/fire risk.
Carry device close to body during approach and activity
Use Energizer Lithium primaries if the device takes alkaline AA/AAA cells. Note this tip
applies only to the few devices that actually have AA/AAA holders - the T-Echo is not one
of them (it uses an internal USB-C-rechargeable Li-Po cell).
Pre-configure channel and GPS before leaving the warm environment (phone
touchscreens are hard to use with gloves; pre-configure via the app indoors)
Store backup power bank in inner jacket pocket
Allow device to warm slowly inside its sealed case before opening in a heated
environment
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