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The Silent Pressure on Data Center Operators

Let's be honest. When we talk about data center backup power, the conversation usually starts and ends with runtime.
How many hours? Can it carry the full load? But over a coffee, I've had more than a few operators lean in and ask the
real question: "Is this massive battery bank going to be safe sitting next to my multi-million dollar IT load?" It's a valid
fear. You're not just integrating an energy asset; you're bringing a significant electrochemical system into a mission-
critical environment. The industry push towards Utility-scale BESS for Data Center Backup Power, especially in the
5MWh and above range, amplifies this concern exponentially. It's no longer a few racks in a corner; it's a containerized
power plant on your property.

Beyond the Checklist: Where Standard Safety Falls Short

Here's what I've seen firsthand on site: compliance is not the same as safety. You can tick boxes for UL 9540 (the
standard for Energy Storage Systems and Equipment) and UL 1973 (for batteries), and still face daunting operational
risks. The real challenge with a 5MWh Utility-scale BESS is managing the scale of energy under fault conditions. A high-
voltage DC system, while fantastic for efficiency and reducing balance-of-system costs, presents a different arc flash and
fault current profile than traditional AC-coupled systems. Standards are catching up, but the local Authority Having
Jurisdiction (AHJ) - the fire marshal in Texas or the building inspector in Bavaria - often interprets these rules based on
legacy experience. I've been in meetings where the discussion stalled on a single line in the fire code that wasn't written
with a 40-foot DC-coupled BESS container in mind. According to a 2023 report by the National Renewable Energy
Laboratory (NREL), interconnection and safety compliance can account for up to 25% of total soft costs for a large-
scale BESS project. That's not just budget; that's timeline and risk.

The High-Voltage DC Advantage: More Than Just Efficiency

So why move to high-voltage DC for backup? Honestly, it's a game-changer for efficiency and control. By moving the
DC conversion closer to the battery stack, you reduce conversion losses. In a backup scenario, every percentage point of
efficiency translates directly into guaranteed runtime. But this architectural shift is precisely why Safety Regulations for
High-voltage DC systems demand specialized attention. The protection strategies, isolation devices, and monitoring
points differ from a typical AC system. It requires a design philosophy that thinks in DC from the cell level all the way to
the main isolation switch.
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Decoding Safety for 5SMWh Giants: An On-Site Engineer's View

Let's break down three non-negotiable pillars for a safe 5SMWh+ DC system, the way 1'd explain it to a facility manager:

¢ Thermal Management is Your First Layer of Safety: A battery's worst enemy is heat, and at this scale, it's a beast
to tame. We're not talking about fans. We're talking about a liquid-cooled, multi-zone climate control system
that can handle a 1C-rate discharge on a 95F day. The system must manage cell-to-cell temperature variation to
within 2-3C. Why? Because temperature uniformity is what prevents "hot spots" that accelerate degradation
and, in extreme cases, can lead to thermal runaway. Our approach at Highjoule has always been to over-
engineer the cooling loop. It's not the cheapest part, but it's the part that lets you sleep at night.

* DC Arc Fault Detection and Interruption: An AC arc is noisy and chaotic, making it relatively easier to detect.
A DC arc is a sustained, steady plasma that can be incredibly destructive. UL and IEC standards now mandate
specific detection methods. The real insight from the field? It's not just about having the sensor; it's about the
system's ability to interpret the data and open the circuit within milliseconds. This requires deep integration
between the battery management system (BMS) and the power conversion system (PCS).

¢ Physical and Electrical Segmentation: You don't put all your eggs in one basket. A truly resilient design segments
the 5MWh block into independent, firewalled modules. If an event occurs in one module, the physical barriers
(rated for hours) and electrical isolation contain it. This is a core principle in standards like IEC 62933 and is
critical for getting sign-off from risk-averse insurers.

A Case in Point: Learning from a German Deployment

I remember a project in North Rhine-Westphalia, Germany, for a hyperscale data center. The challenge was twofold:
meet the stringent VDE (German Electrical Association) standards and fit the BESS into a space-constrained perimeter.
The client's initial design was a standard AC system, but the transformer footprint was a problem. We proposed a high-
voltage DC system that interfaced directly with their existing DC bus, eliminating a conversion step. The regulatory
hurdle was the local interpretation of VDE-AR-E 2510-50 for fire protection. We worked hand-in-hand with the AHJ,
conducting a full-scale risk assessment based on the specific chemistry and enclosure design. We provided third-party
test reports from a T1V lab, but more |mp0rtantly, we set up alive demonstratlon of the fault detectlon and suppression
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efficiency actually improved their overall Power Usage Effectiveness (PUE).

The Real Cost of Safety (It's Not What You Think)

Many decision-makers see advanced safety features as a cost adder. 1'd argue they're the biggest lever for reducing your
Levelized Cost of Storage (LCOS) over the system's 15-20 year life. Here's why:

Safety Feature Upfront Cost Impact Long-Term LCOS Impact
Advanced Liquid Cooling Moderate Increase Lowers LCOS by extending cycle life
by 20-30% and maintaining capacity.
Modular, Firewalled Design Small Increase Dramatically Lowers Risk Cost
(insurance premiums, downtime risk).
UL/IEC Certified Integrated System  Necessary Investment Avoids Costly Redesigns and

accelerates permitting, getting you to
revenue faster.

When you partner with a provider like Highjoule, you're buying this life-cycle calculus. Our systems are designed from
the cell up to meet not just UL and IEC standards, but the more nuanced demands of local AHJs. We bake the safety
into the architecture, so you're not retrofitting it later.

Your Next Step: Asking the Right Questions

So, when you're evaluating a Safety Regulations for High-voltage DC 5MWh Utility-scale BESS for Data Center
Backup Power solution, move beyond the spec sheet. Ask your vendor: Can you walk me through the DC arc fault
mitigation strategy? How does the thermal system handle a full load rejection on the hottest day of the year? Can you
share a report from a UL 9540A test on this specific configuration? The answers will tell you if you're buying a
compliant product or a truly engineered safety system. What's the one safety concern keeping you up at night regarding
your backup power strategy?

& F

ghur .

3 e 3

7 i
Sl

-
F— 1 . .
- - -
» oy, -

" ——

kS

g ———-—--ﬂ.u-v_?—-———ﬂ“‘qf- i S|



Author: James Zhang

20+ years agricultural energy storage engineer / Highjoule CTO

URL: https://justenergy.co.za/articles/safety-regulations-for-high-voltage-dc-5mwh-utility-scale-bess-for-data-center-backup-
power



http://www.tcpdf.org

