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EXECUTIVE SUMMARY

This document provides a comprehensive technical overview of the energy

storage micro-controller parameters for the next-generation Commercial &

Industrial (C&I) Battery Energy Storage System (BESS). Designed as the central

nervous system of the storage asset, the micro-controller architecture detailed

herein ensures deterministic real-time control, precise state estimation, and

seamless grid interfacing. This reference manual serves as the definitive guide

for system integrators, facility engineers, and procurement specialists, detailing

the hardware specifications, safety logic, and communication protocols that

underpin a Tier-1 energy storage solution.

SYSTEM ARCHITECTURE & SAFETY

The system is architected around a dual-redundant micro-controller unit (MCU)

platform, ensuring zero single-point failure modes for critical safety and

grid-synchronization functions. The primary controller handles high-speed



power electronics switching and grid-fault detection, while the secondary

controller manages battery state-of-charge (SoC) and state-of-health (SoH)

algorithms. A hardware-based firewall isolates the control network from the

site's enterprise IT network, safeguarding against cyber threats while

maintaining operational integrity.

KEY FEATURES

- Deterministic Control Loop: A sub-100 microsecond control cycle enables

ultra-fast response to grid transients and load steps, essential for peak shaving

and frequency regulation.

- Advanced State Estimation: Proprietary Kalman-filter algorithms fuse voltage,

current, and temperature data to provide industry-leading SoC accuracy of ±

1.5%, maximizing usable capacity over the system's lifetime.



- Hot-Swap Redundancy: The micro-controller modules are designed for

hot-swap replacement, minimizing system downtime during maintenance to

less than 5 minutes.

- Secure Over-the-Air (OTA) Updates: An encrypted OTA update mechanism

allows for remote firmware upgrades, ensuring the control algorithms can

evolve to meet changing grid codes and market conditions without physical

intervention.

- Adaptive Thermal Management: The controller dynamically manages the

liquid cooling system based on predictive thermal modeling, optimizing pump

speed and fan operation to reduce auxiliary power consumption by up to 15%.

COMPLIANCE & STANDARDS

The micro-controller and overall BESS design adhere to the most stringent

international safety and performance standards. This ensures global bankability

and simplifies the interconnection approval process.

- UL 9540: Certified for safety of energy storage systems and equipment.

- UL 1741 / IEEE 1547: Certified for grid interconnection and anti-islanding

protection.

- IEC 62619: Compliant with safety requirements for secondary lithium cells and

batteries.



- IEC 61508 (SIL 2): Functional safety compliance for the control hardware and

software.

- Cybersecurity: Conforms to IEC 62443-3-3 standard for system security

requirements and security levels.

TECHNICAL SPECIFICATIONS

Parameter Specification

Micro-controller Platform Dual-Core ARM Cortex-R52 Lockstep,

400 MHz

Control Cycle Time < 100 µs

Analog Inputs (Voltage/Current) 16x isolated, 24-bit resolution, ±0.1%

accuracy

Digital I/O 32x opto-isolated, 24V DC

Communication Protocols Modbus TCP, IEC 61850

(GOOSE/MMS), CAN 2.0B, DNP3

State Estimation Accuracy (SoC) ±1.5% (across full temperature range)

State Estimation Accuracy (SoH) ±2.0%

Internal Memory 8 MB SRAM, 32 MB Flash (ECC

protected)

Operating Temperature (Controller) -40°C to +85°C

Power Supply 24V DC (nominal), 18-36V DC range



Safety Integrity Level (SIL) SIL 2 Capable (IEC 61508)

Cybersecurity IEC 62443-3-3 Compliant

INDUSTRIAL DEPLOYMENT

This micro-controller platform is the cornerstone of a modular, scalable BESS

solution designed for a wide range of industrial and commercial applications.

Its robust parameterization supports configurations from a single 215 kWh

cabinet for a small factory to multi-megawatt installations for large industrial

parks, data centers, and EV fast-charging hubs. The system's ability to

seamlessly transition between grid-connected and islanded modes makes it

ideal for behind-the-meter storage, micro-grids, and critical power backup.


