Carrier-Grade Infrastructure Solution Brief: Deploying Telecom Site Lithium-lon
Battery (LiFePO4) Thermal Runaway Prevention

MARKET POSITIONING

The telecommunications industry is undergoing a profound transformation at
the network edge. As operators densify 4G and 5G macro and small-cell sites,
the demand for compact, high-energy-density backup power has never been
greater. Lithium iron phosphate (LiFePO4) batteries have emerged as the
preferred chemistry for telecom site energy storage due to their long cycle life,
high temperature tolerance, and reduced footprint compared to legacy
lead-acid systems. However, the inherent risk of thermal runaway in lithium-ion
batteries presents a critical safety and operational challenge that must be
systematically addressed. This solution brief presents an integrated,
carrier-grade thermal runaway prevention architecture purpose-built for
telecom site LiFePO4 deployments. The platform combines multi-layer sensing,
active mitigation, and intelligent battery management to deliver
uncompromising safety without compromising availability or total cost of

ownership.



HIGH-AVAILABILITY REDUNDANCY

The thermal runaway prevention solution is architected around the principle of
defense-in-depth, ensuring no single point of failure compromises site safety.
At the cell level, each LiFePO4 module incorporates independent voltage,
current, and temperature sensors coupled to a redundant battery management
system (BMS) with dual microcontrollers. At the pack level, an active balancing
and monitoring unit cross-checks cell-level data against pack-level thermal and
gas sensors. At the system level, an intelligent site controller aggregates
telemetry from all battery strings and executes deterministic mitigation logic.
Redundant communication paths (CAN bus plus isolated RS-485) ensure
continuous monitoring even under single-fault conditions. Active mitigation
subsystems — including forced-air ventilation, aerosol fire suppression, and

emergency disconnects —are designed with fail-safe activation and manual



override capability. All safety-critical functions are powered from an
independent, ultra-capacitor-backed supply to guarantee operation during

main battery isolation.

PROTOCOL INTEROPERABILITY

The platform supports a comprehensive suite of open and telecom-standard
protocols to ensure seamless integration into existing site infrastructure and
remote management ecosystems. Battery management data is exposed via
SNMP v2c¢/v3, Modbus TCP/RTU, and MQTT, enabling direct integration with
SCADA, DCIM, and network operations centers. The site controller supports
TR-069 and NETCONF/YANG for carrier-grade remote management, as well as
RESTful APIs for custom orchestration. Dry-contact alarm relays and
opto-isolated digital inputs provide hardwired interoperability with legacy site
alarm panels. For multi-vendor environments, the system supports the IEEE
2030.5 and OpenADR 2.0b demand-response standards, allowing coordinated
energy management across heterogeneous battery assets. All protocol
interfaces are secured with TLS 1.3, role-based access control, and signed

firmware updates.

DETAILED PARAMETERS



The following table summarizes the key technical parameters of the thermal

runaway prevention platform. All specifications are typical at 25°C unless

otherwise noted and are subject to change without notice.

Parameter

Specification

Battery Chemistry

LiFePO4 (Lithium Iron Phosphate)

Nominal Voltage

48 VDC (per string)

Capacity Range

100 Ah to 400 Ah per string

Energy Density

Up to 120 Wh/kg

Cycle Life

>6,000 cycles @ 80% DoD, 25°C

Operating Temperature

-20°C to +60°C (discharge), 0°C to

+45°C (charge)

Thermal Runaway Detection

Cell-level NTC thermistors, pack-level
gas sensors (CO, H2, VOCQ), rate-of-rise

algorithms

Active Mitigation

Forced-air ventilation, aerosol fire

suppression, emergency disconnect

BMS Redundancy

Dual redundant microcontrollers,

independent sensing channels

Communication Interfaces

CAN 2.0B, isolated RS-485, Ethernet

Protocols

SNMP v2c/v3, Modbus TCP/RTU,

MQTT, TR-069, NETCONF/YANG, REST




API

Alarm Outputs

Dry-contact relays, opto-isolated

digital inputs

Safety Certifications

UL 1973, UL 9540A, IEC 62619, UN

38.3, CE, RoHS

Ingress Protection

IP20 (indoor rack), IP65 (outdoor

enclosure)

Mounting

19-inch rack, wall-mount, pole-mount

(outdoor variant)

Dimensions (per module)

442 x 133 x 400 mm (3U rack module)

Weight (per module)

45 kg (100 Ah), 75 kg (200 Ah)

MTBF (BMS electronics)

450,000 hours (Telcordia SR-332)

MTBF (mitigation controller)

380,000 hours (Telcordia SR-332)

Warranty

10 years (battery modules), 5 years

(electronics)

LIFECYCLE ASSURANCE (MTBF)

Reliability is engineered into every layer of the solution. The battery

management electronics achieve a calculated MTBF of 450,000 hours per

Telcordia SR-332, while the active mitigation controller achieves 380,000 hours.




LiFePO4 cells are qualified to a minimum of 6,000 charge-discharge cycles at
80% depth of discharge, with capacity retention above 80%. The system is
backed by a 10-year limited warranty on battery modules and a 5-year warranty
on electronics. A comprehensive lifecycle assurance program includes factory
acceptance testing, site commissioning validation, annual preventive
maintenance, and remote firmware upgrades. Predictive analytics continuously
monitor cell impedance, self-discharge rates, and thermal profiles to identify
degradation trends before they become safety risks. Spare parts are guaranteed

available for a minimum of 15 years from product launch.

TARGET NETWORK TOPOLOGIES

The solution is optimized for deployment across the full spectrum of telecom
site topologies. In macro-cell deployments, it supports -48V DC plant
integration with 19-inch rack or wall-mount configurations, providing backup
for remote radio units and baseband units. For small-cell and micro-cell sites, a
compact outdoor-rated enclosure variant enables pole or wall mounting with
integrated thermal management. In edge data center and central office
environments, the platform scales to multi-string configurations with
centralized mitigation control. The solution also supports hybrid deployments
combining LiFePO4 with existing lead-acid strings, using the intelligent

controller to manage dissimilar chemistries safely. Whether the site is



grid-connected, off-grid with solar, or reliant on diesel generators, the thermal

runaway prevention architecture adapts to ensure safety and availability.




