High-voltage DC Safety for Data Center Backup: Why Your PV Storage
System Needs It
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The Quiet Risk in Your Data Center's Power Plan

Honestly, when most facility managers and CTOs talk about data center backup power, the conversation starts and
ends with runtime. "How many hours can we get?" It's a fair question. But over my twenty-plus years deploying BESS
systems from Texas to Bavaria, |'ve learned there's a more urgent, and often silent, question we should be asking first:
"At what risk?"

Here's the phenomenon I'm seeing: the push for higher efficiency and power density in photovoltaic (PV) storage for
data centers is driving system voltages up. We're routinely designing systems at 1000V DC, 1500V DC, and beyond.
The engineering logic is sound C higher voltage means lower current for the same power, which can reduce copper
costs and resistive losses. But on the ground, this shift has quietly outpaced a universal, deeply ingrained understanding
of high-voltage DC safety. Unlike AC, DC doesn't have a natural zero-crossing point to extinguish an arc. An arc flash
event in a high-voltage DC system can be sustained, incredibly energetic, and devastating. The National Renewable
Energy Laboratory (NREL) has highlighted arc fault risks as a critical barrier to wider BESS adoption. This isn't
theoretical; it's a daily consideration for engineers signing off on these systems.

Beyond the Voltage Number: What Really Goes Wrong on Site

Let's agitate that pain point a bit. The problem isn't just the voltage spec on a datasheet. It's the integration gap. I've
been on site where a beautifully engineered battery rack was connected to a high-quality PV inverter via DC busbars
that, while rated for the voltage, had inadequate spacing and isolation for the specific environment. Add in a bit of
condensation, a minor insulation abrasion from installation, or the inevitable dust accumulation in a mechanical room,
and you've created a potential path for failure.

The real-world impact? It goes far beyond safety (which should be enough). It hits your bottom line and uptime. A
serious incident can lead to catastrophic equipment loss, prolonged data center downtime, and massive liability. Even a
near-miss triggers lengthy investigations, regulatory scrutiny, and costly retrofits. Your Levelized Cost of Energy
(LCOE) calculation goes out the window when you factor in a single unplanned outage or a major system rework. The
industry is learning this the hard way. According to a 2023 market analysis, safety-related delays and retrofits now
account for up to 15% of total BESS project soft costs in commercial and industrial deployments. That's a direct hit to
your ROL.

A Framework, Not Just a Checklist: Making Sense of the Regulations

So, where's the solution? It lies in treating safety regulations not as a bureaucratic hurdle, but as a foundational design
framework. For high-voltage DC PV storage in data centers, this framework is built on a few key standards:

e UL 9540 & UL 9540A: The benchmark for energy storage system safety. For data centers, 9540A's test
methodology for thermal runaway fire propagation is non-negotiable. It tells you what happens if a cell fails, and
how to containit.
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¢ |EC 62933 Series: The international counterpart, with parts 5-2 specifically addressing safety requirements for
BESS.

¢ |EEE 2030.3: This one is crucial for interoperability and grid-connected functions, but its testing protocols also
validate safe operation under various fault conditions.

The magic isn't in choosing one, but in how they layer together. A compliant system designed with these in mind will
have:

Advanced DC arc fault detection and interruption (AFDI) circuits that can react in milliseconds.
Comprehensive isolation monitoring that constantly checks the integrity of the DC system against ground.
Physical compartmentalization and fire barriers that align with UL 9540A test results.

Clear, fail-safe emergency shutdown (ESD) procedures that are integrated with the data center's own safety
protocols.

At Highjoule, we've built this framework into our GridShield” HV-DC series from the cell pack up. It means our
containers arrive on your site not just as a collection of certified components, but as a pre-validated, safety-engineered
system. This drastically reduces the integration risk that I so often see causing headaches during commissioning.

Case Study: A Close Call in California and How We Fixed It

Let me give you a real example. We were called into a colocation data center in Silicon Valley about 18 months ago.
They had a 1.5 MW / 3 MWh PV backup system installed by another vendor. During a routine load test, a cascade of
alarms went off. The system didn't fail, but the isolation monitoring system flagged a growing insulation resistance drop
on the DC bus between the battery and the inverter.

The challenge? Diagnosing it without taking the entire backup system offlinea non-starter for the client. The root cause,
which we found using specialized differential sensing equipment, was a classic integration issue: vibration from nearby
cooling units had slowly caused a busbar connection to loosen and overheat, degrading the insulation.

Our solution wasn't just a repair. We worked under a critical live-work permit to:

1. Replace the affected section with a bushar system featuring higher thermal tolerance and positive-locking
connectors.

2. Install additional vibration damping and thermal imaging points for their maintenance team.

3. Re-calibrate and integrate the AFDI and isolation monitoring settings across the battery and inverter systems,
which were previously operating on slightly different thresholds from different manufacturers.

The outcome was a more resilient system, but more importantly, a revised maintenance SOP for the client. That project
cemented for me that safety is a continuous operational discipline, not just an installation checkbox.




The Thermal & LCOE Connection You Can't Ignore

This brings me to a key insight that ties safety directly to economics: thermal management. You'll hear engineers talk
about C-ratebasically, how fast you charge or discharge the battery. A higher C-rate for backup means more power,
faster. But it also generates more heat. Inadequate thermal management doesn't just degrade your battery’s lifespan
(hurting your LCOE), it actively increases the risk of a thermal event.

A truly safe high-voltage DC system is designed with thermal headroom. It might mean opting for a slightly lower C-
rate design with more robust liquid cooling, which leads to more predictable degradation and a lower risk profile over
15 years. When we model LCOE for clients, we factor in this "safety-adjusted lifecycle." It often shows that the system
with the slightly higher upfront cost for superior thermal and electrical safety delivers a lower true cost of ownership by
avoiding a single major incident or premature replacement. It's about viewing Capex through an OpEx and risk
mitigation lens.

Practical Steps Forward for Your Next Project

So, what should you do? If you're evaluating a PV storage system for data center backup, move safety from a line item
to a core design criterion. Ask your potential providers:

¢ "Can you show me the specific UL 9540A test report for this exact system configuration?"

¢ "How is DC arc fault detection implemented, and what is the proven clearing time?"

* "What is the isolation monitoring threshold, and how does it integrate with the ESD system?"

¢ "Can you walk me through the thermal management design at my project's specific maximum ambient
temperature and C-rate?"

The right partner won't just hand you a certificate. They'll walk you through the engineering rationale behind it,
because they've seen what happens when those details are missed. They'll have local deployment experience that
understands the nuances of, say, German VDE codes versus the US National Electrical Code (NEC Article 706).
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Our team at Highjoule is having these coffee-shop conversations every week with operators across Europe and North
America. The goal isn't to sell a container, but to build a resilient, compliant power asset that you can forget aboutuntil
the very moment you need it. Because in the data center world, the best backup system is the one that's not just
powerful, but profoundly, reliably safe.

What's the one safety question about your current or planned backup system that keeps you up at night?
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