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Beyond the Spec Sheet: The Unspoken Safety Realities of Grid-forming
BESS for Your Data Center

Honestly, after two decades on sites from California to Bavaria, I've learned one thing: when it comes to battery energy
storage for mission-critical loads like data centers, the conversation in the boardroom is all about capacity (5MWh,
10MWh) and grid-forming capabilities. But the real conversation, the one that happens over coffee with the lead
engineer at 2 AM during commissioning, is always about safety. Not the abstract concept, but the gritty, practical, code-
enforced reality of it. Let's talk about what that really means for a grid-forming, utility-scale BESS meant to keep the
cloud online.
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The Real Problem: It's Not Just About Having Backup, It's About Trusting It

The phenomenon I see too often? A procurement team secures a 5MWh BESS for their new data center campus, lured
by the promise of black-start capability and frequency regulation. The specs look great on paper. But then, during local
Authority Having Jurisdiction (AHJ) review, the project hits a wall. The system, while technically advanced, isn't
packaged with the full suite of tested and certified safety documentation that aligns with the specific interpretation of UL
9540A or IEC 62933-5-2 in that region. Suddenly, you're not deploying an asset; you're managing a liability and a
schedule nightmare.

The Hidden Cost of "Getting It Wrong"

Let's agitate that pain point with some hard numbers. The National Renewable Energy Lab (NREL) has highlighted
that system integration and permitting can constitute up to 30% of total BESS soft costs. A big chunk of that is
navigating the safety regulatory maze. I've seen firsthand a project in Texas where delayed AHJ approval due to
incomplete fire testing reports led to over $500,000 in idle labor and missed interconnection deadlines. For a data
center, the cost isn't just financial; it's reputational. An outage during a grid disturbance because your backup system
isn't fully permitted is a catastrophic failure no SLA can cover.

The risk isn't hypothetical. A grid-forming BESS operates differently than a grid-following one. It can create a voltage
waveform independently, acting as a grid leader during an outage. This brilliant functionality for black-starting a data
center's critical load also introduces unique fault current profiles and protection coordination challenges that older
safety standards simply didn't anticipate. If your system's internal protection schemes (like its fault ride-through and
islanding detection) aren't meticulously validated and documented as part of the safety case, you have a very expensive,
very sophisticated question mark sitting on your property.

The Solution: A Framework, Not Just a Checklist

So, what's the path forward? It's treating Safety Regulations for Grid-forming 5MWh Utility-scale BESS for Data
Center Backup Power not as a list of boxes to tick post-manufacturing, but as a core design philosophy from day one.

https://www.nrel.gov/docs/fy23osti/85473.pdf


The solution is an integrated approach that bakes compliance into the product. At Highjoule, for instance, we don't see
UL 9540A (the standard for energy storage system safety) as a test to pass. We see it as a design blueprint. This means
our 5MWh GridSynch container is conceived as a complete, unit-level system. The battery racks, the thermal
management system, the grid-forming inverters, and the fire suppression are all co-engineered and tested together as a
single unit under UL 9540A. This is crucial. It means when you get that certification report, it covers the interaction of
all components, not just individual parts. It gives the local fire marshal or inspector a single, coherent document that
says, "This entire box, operating as intended, meets the safety benchmark."

  

A Case in Point: Lessons from a German Industrial Park

Let me give you a real example. We deployed a 5MWh grid-forming system for a hyperscale data center provider in
North Rhine-Westphalia, Germany. The challenge wasn't the technology; it was the regulatory landscape. The German
authorities required stringent adherence to not just IEC standards, but also local building codes (Bauordnungen) that
dictated specific separation distances and fire compartmentalization rules.

The "aha" moment came during the planning approval phase. Because our system was designed as a pre-certified unit
with a comprehensive safety dossier (including the required IEC 62933 series reports and a detailed risk assessment per
IEC 62443 for cybersecurity, which increasingly touches safety systems), we could provide clear, authoritative answers.
We could show the exact thermal runaway propagation controls, the efficacy of the clean agent fire suppression in the
specific configuration, and how the grid-forming controls would behave during a fault. This turned a potentially months-
long debate into a weeks-long review. The system is now online, providing not just backup, but also primary frequency
response, with the full confidence of the operator and the local authorities.

Key Technical Considerations (Made Simple)

Here's my take, from the toolbox to the boardroom, on what you should be looking for:

1. Thermal Management: It's About Strategy, Not Just Cooling



Forget just "BTU capacity." For a dense 5MWh pack, you need a proactive thermal management strategy. We're
talking about liquid cooling that directly contacts the cells, maintaining a tight temperature delta (often within 2C across
the entire pack). Why? Consistency. It dramatically reduces stress on the battery chemistry, slowing degradation (which
improves your Levelized Cost of Storage - LCOS), and, most importantly, it removes the "hot spots" that can initiate
thermal runaway. A good system doesn't just cool; it constantly analyzes thermal data to predict and prevent issues.

2. The C-Rate & Safety Dance

Grid-forming for data center backup means you might need to discharge that battery hard and fast to pick up load. The
C-rate (a measure of charge/discharge speed) is critical. A system rated for a 1C continuous discharge (5MW from a
5MWh pack) is very different from one rated for 2C. The higher the C-rate, the greater the internal heat generation and
electrical stress. The safety designfrom busbar sizing to fuse coordinationmust be validated for that specific operational
profile. Don't just buy a C-rate; ensure the safety certification covers it.

3. The Cybersecurity & Safety Overlap

This is the new frontier. A grid-forming BESS is a digital asset. IEC 62443, an industrial cybersecurity standard, is
becoming a de facto requirement for safety cases. If a malicious actor can manipulate setpoints or disable protection
relays, they can create an unsafe condition. Your vendor must demonstrate a "defense-in-depth" approach here, with
hardware-level security modules and segregated networks for safety-critical functions.

Moving Forward: The Right Questions to Ask

So, when you're evaluating a grid-forming BESS solution, move beyond the datasheet. Sit down with the engineering
team and ask:

"Can I see the full unit-level certification report (UL 9540A or IEC equivalent) for the exact container model
you're proposing, including the grid-forming inverter?"
"How is the thermal management system integrated into the safety case and failure mode analysis?"
"What is your local AHJ support process? Do you have template documentation packs for jurisdictions in the
EU and North America?"
"Can you walk me through the protection coordination study between the BESS's internal controls and my data
center's upstream switchgear?"

The goal isn't to become a safety regulations expert. The goal is to partner with someone who is, so your 5MWh of
peace of mind is just thatpeace of mind, not a perpetual project risk. What's the one safety question about BESS
deployment that's been keeping you up at night?
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