NEXT-GEN DATA CENTER INFRASTRUCTURE

800 VDC Architecture & Why Al Factories Rely on Energy Storage

Exploring Chapter 3 Technical Innovations, Dynamic Load Realities, and Containerized BESS/BBU Solutions

As Al data centers (AIDCs) enter the megawatt (MW) and gigawatt (GW) era, traditional AC power
distribution architectures are reaching their physical limits. To address extreme power density
requirements, industry leaders have pioneered the 800 VDC Architecture Specification. However, stepping
into 800V brings a pivotal question: Why do AI factories fundamentally depend on energy storage after
adopting an 800V DC topology? Is this a genuine necessity or a false premise?

| 1. Breakdown of Chapter 3: In-Rack Power Conversion & Infrastructure

Chapter 3 of the 800 VDC Architecture specification focuses on In-Rack Power Supply Units (PSUs), Power
Conversion Stages, and Safety Mechanisms. Key highlights include:

* Direct High-Voltage Conversion: Transitioning from 415V AC directly to an 800V DC main busbar,
stepping down straight to 54V/12V/6V for compute chips, eliminating bulky AC transformers and
intermediate conversion losses.

* Wide Bandgap Semiconductors: Integrating Gallium Nitride (GaN) and Silicon Carbide (SiC) devices to
achieve conversion efficiencies over 98% within compact form factors.

* Advanced DC Protection: Utilizing ultra-fast Solid-State Circuit Breakers (SSCBs) and High-Resistance
Midpoint Grounding (HRMG) to safely extinguish DC arcing within microseconds during hot-swapping or
fault events.

* Copper & Thermal Optimization: Elevating voltage to 800V reduces current by ~16x for identical
power, dramatically reducing copper busbar mass, cabling congestion, and resistive ($I22R$) heat.

I 2. Why 800V Al Factories Cannot Live Without Energy Storage

Adopting 800V DC solves power delivery and spatial density, but it exposes a critical conflict: AT workload
dynamics vs. utility grid stability. Al model training and dynamic inference create massive power surges
—stepping up or down by tens of megawatts within milliseconds during all-reduce synchronization. These
violent power spikes ($\Delta P/\Delta t$) threaten to destabilize regional grid frequencies.

The 800V DC architecture provides a native, seamless interface to attach energy storage directly to the DC
bus without complex AC/DC conversions. The storage system acts as a low-pass power filter, releasing
energy instantly during GPU demand bursts and absorbing excess power when computing idles.

Verdict: A Genuine Necessity (True Premise)

The reliance of 800V Al factories on energy storage is an absolute true premise. It satisfies strict utility
grid interconnection limits, leverages native DC-to-DC efficiency, and prevents massive Capex over-
provisioning by sizing upstream transformers for average load rather than transient peak power.
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| 3. TLS Energy’s Containerized AIDC Storage Solutions

To bridge 800 VDC architectures with real-world AI dynamic workloads, TLS Energy International
provides specialized containerized Battery Energy Storage Systems (BESS) and high-rate Battery Backup
Units (BBUs) tailored for AIDCs:

* Two-Layer Energy Architecture: Combining ultra-fast, high-power containerized BBUs close to compute
halls for millisecond DC bus stabilization with large-scale campus BESS containers (up to 6.26 MWh) for
site-wide peak shaving, load smoothing, and grid resilience.

* Native 800VDC Integration: Pre-engineered, factory-tested modular containers that integrate seamlessly
into high-voltage DC busbars, providing rapid deployment, IP55/C5 industrial protection, and liquid-
cooling thermal management.

References & Further Reading: TLS Energy International AIDC & 800VDC Power Architecture Solutions (https://www.tls-containers.com/tls-
blog/800vdc-aidc-power-architecture-containerized-bessbbu-solutions-tls-energy-international)
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