Air-Cooled BESS Safety for Data Centers: Meeting UL & IEC Standards
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Beyond the Hype: Why Safety Regulations for Your Air-Cooled BESS Are
the Real Foundation of Data Center Resilience

Hey there. Let's be honest for a minute. When you're planning a data center backup power system, the conversation
often jumps straight to capacity, discharge duration, and capital cost. The battery container itself? Sometimes it's treated
like a commaodity box, a simple enclosure. I've been on enough sites across California, Germany, and Texas to tell you
that this mindset is where the first, and potentially most costly, mistakes are made. Especially with air-cooled energy
storage containers. The real magic, and the real risk management, lies in the often-overlooked details of safety
regulations. It's not just about compliance; it's about building a resilient, reliable, and financially sound asset. So, grab a
coffee, and let's talk about what really matters when the grid goes down.
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The Quiet Problem: Treating Safety as an Afterthought

Here's the phenomenon | see too often: a procurement team secures a great price per kWh on battery cells, then looks
for a container solution that fits the budget. The safety specs become a line-item checklist - "Yes, it meets UL 9540." But
what does that actually mean for your specific site, your local fire code, and the long-term thermal stress on the
batteries? This approach amplifies risk in three key areas:

¢ Hidden Capex & Opex: A container not designed for optimal thermal gradient (the temperature difference from
top to bottom) forces the battery management system (BMS) to derate performance. You paid for 2MW, but on
a hot day, you're only getting 1.7MW. That's a direct hit to your project's financial model and levelized cost of
energy (LCOE).

¢ Operational Vulnerability: Air-cooling is elegant in its simplicity, but it's entirely dependent on intelligent design.
I've seen first-hand how a poorly placed intake or undersized fan bank can create hot spots. These spots
accelerate cell degradation, the number one cause of long-term capacity loss and a silent killer of ROI.

* Permitting & Insurance Nightmares: In the EU and North America, local authorities having jurisdiction (AHJs)
are becoming savvier. A generic "UL certified" stamp isn‘t enough. They want to see the system-level
certification (UL 9540A test reports are now routinely requested) and understand the fire suppression strategy
integrated into the container's design. Getting this wrong can delay your project by months.

Beyond the Checklist: What UL, IEC & IEEE Really Demand

So, what are these safety regulations for air-cooled energy storage containers actually about? Let's move beyond the
acronyms. It's a layered defense system.

UL 9540/9540A is the North American benchmark for system safety. For a data center backup container, the critical
part isn't just passing - it's the details of the test report. It answers: how does thermal runaway propagate in this specific
pack and enclosure design? How effective is the internal venting and gas detection? An air-cooled system's airflow path
is its first line of thermal runaway defense, and the 9540A report proves that design.

IEC 62933-5-2 and IEEE 2030.2.1 provide the international and grid-connection frameworks. They guide things like
how the BMS communicates a fault to your data center's building management system (BMS-BMS integration), or
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what the required separation distance is for maintenance. Honestly, the most practical safety feature is often a well-
designed, fail-safe communication protocol that ensures a fault in the BESS doesn't go unnoticed by your facility
operators.

At Highjoule, we don't view these as hurdles to clear. We engineer our EnerGuard ™ AirCool containers from the
ground up to meet and exceed these standards. The safety isn't bolted on; it's baked into the computational fluid
dynamics (CFD) model before the first sheet of steel is cut. This proactive design is what ultimately protects your critical
load and your investment.

A Tale of Two Containers: A Project Story from North Carolina

Let me share a case from last year. A hyperscale client in North Carolina was deploying two identical 1.5 MW/3 MWh
BESS units for backup at two separate campuses. They chose two different container vendors to "de-risk™ their supply
chain.

Container A was a low-cost option with a basic UL 9540 listing. Container B (ours) was designed with a focus on the
granular safety and thermal regulations we've discussed.

The challenge arose during a heatwave. Both systems were called for a monthly test discharge. Container A tripped on
high-temperature alarm at 80% load. Its internal sensors detected a hot zone exceeding 45C (113F), and the BMS went
into protective throttling. Container B completed the full discharge cycle. The difference? Our container's air ducting
and fan control logic were designed using the thermal management principles embedded in the standards, ensuring an
even cell temperature distribution (3C) even under peak load.

The outcome? For the client, Container B became the performance benchmark. The "savings" on Container A were
quickly erased by the operational limitation and the accelerated degradation they now face. This is safety regulations in
action - not preventing a fire, but preventing financial and operational loss daily.

Thermal Management: The Heart of Safety and Your LCOE
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This leads to my key technical insight: In an air-cooled BESS, thermal management is safety management. Let's
demystify two terms.

C-rate is simply how fast you charge or discharge the battery. A 1C rate means discharging the full capacity in one
hour. For backup, you might need a high C-rate (like 2C) to pick up the load instantly. But high C-rate generates more
heat. A safe, regulation-aligned container design must be able to remove that heat continuously to prevent the cells from
entering a stressful, degrading temperature range.

This directly ties to LCOE (Levelized Cost of Energy Storage). If your thermal design is poor, you have two bad choices:
1) Let the cells overheat and degrade fast, meaning you'll replace them sooner (huge Capex hit), or 2) Derate the system
(use less power) to keep them cool, which means you're not using the asset you paid for. A superior thermal design,
validated by stringent standards, extends battery life and maximizes usable energy. That's the single biggest lever to
lower your LCOE. According to a 2023 NREL report, optimal thermal management can improve battery lifespan by
up to 300%, a staggering impact on total cost.

Making Safety Actionable: Questions for Your Next Vendor

So, how do you move forward? Don't just ask for a certificate. Have a conversation. Here are a few questions I'd
recommend asking any BESS container provider:

* "Can you walk me through the specific findings of your UL 9540A test report related to thermal runaway
propagation in this exact container model?"

* "What is the designed maximum temperature delta (] T) between the coolest and warmest cell module under
peak 2C discharge at an ambient temperature of 40C (104F)?"

* "How is your fire detection and suppression system integrated with the container's airflow and BMS to ensure
safe venting, and is this design approved by FM Global or similar insurers?"

* "What is the expected cycle life degradation at 95% depth of discharge based on your thermal model, and how
does that compare to the cell vendor's baseline?"

Our team at Highjoule lives for these questions. They're the reason we spend thousands of engineering hours on
simulation and testing. Because when that backup event happens - and it will - you need absolute confidence that the
system protecting your multi-million dollar data center isn't just a box, but a meticulously engineered, regulation-proven
safeguard. That's the peace of mind that lets you sleep at night.

What's the one safety or performance concern keeping you up about your next BESS deployment?
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