Safety Regulations for Grid-forming BESS in Coastal Salt-spray
Environments: A Practical Guide for US & EU Projects
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Navigating the Salty Challenge: A Real-World Look at Coastal BESS Safety

Honestly, if | had a dollar for every time a developer told me, "It's just like any other site, but near the ocean," 1'd have
retired years ago. Let's grab a coffee and talk about what that salty breeze really does to a billion-dollar Battery Energy
Storage System (BESS) portfolio, especially the grid-forming ones that are becoming the backbone of our modern grid.
I've seen firsthand on sites from the Gulf Coast to the North Sea how a beautiful ocean view can hide a brutal, corrosive
reality that standard equipment just isn't built for.
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The Hidden Cost of That Sea Breeze

The phenomenon is simple: salt-laden moisture (salt spray) settles on every surface, from the container exterior to the
busbars inside the battery rack. It's persistent, conductive, and corrosive. The data backs up the scale of the issue. The
International Energy Agency (IEA) notes that a significant portion of future renewable generationthink offshore wind
and coastal solaris slated for maritime climates, requiring adjacent storage. But the failure rate for electrical components
in these environments can be up to 10 times higher than in inland sites. That's not just an O&M headache; it's a direct
hit on your Levelized Cost of Storage (LCOS). A failed cooling fan or a corroded sensor can trip a whole system offline,
turning an asset into a liability during peak demand.

Beyond Rust: When Safety Systems Fail

Here's where the aggravation turns into a genuine risk. We're not just talking about cosmetic rust. Grid-forming BESS
are complex beasts with sensitive control electronics and safety-critical systems. Salt corrosion on electrical connections
increases resistance, leading to localized heatinga primary ignition risk. It can compromise grounding systems, raising
shock hazards. Worst of all, it can silently degrade the sensors and actuators for your thermal management and fire
suppression systems. Imagine a scenario where a thermal runaway event begins, but the salt-corroded gas detection
sensor fails to trigger the suppression. That's the nightmare scenario regulations are built to prevent. I've walked sites
where we found early-stage corrosion on relay contacts within 18 months, a failure you'd never expect in a controlled
indoor environment.
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The Regulation Map: UL, IEC, and the Gaps in Between

So, what's the solution? It starts with understanding the rulebook, but knowing you need to go beyond it. For the US
market, UL 9540A is your bible for fire safety testing. But it doesn't prescribe environmental design. UL 9540 (the
product standard) and IEEE 1547-2018 (for interconnection) assume a certain environment. The EU leans on the IEC
62933-5-2 series for safety, which is excellent, but again, the specific "coastal salt-spray" condition is often a special
requirement.

The key is specifying equipment that meets not just the base standard, but the right severity level for corrosion
protection. For enclosures, that means looking for ratings like IEC 60068-2-52 (Salt mist testing) or 1ISO 12944-2 for
paint systems (C5-M "Marine" category is your friend here). At Highjoule, our design philosophy has always been to
engineer for the actual site, not just the test lab. That means our standard coastal-ready BESS builds specify components
with these protections baked in from the cell level upit's more than just a coated container.

Building an Engineering Defense: It's More Than Paint

Let's break down the practical, on-the-ground engineering that makes a difference. This is the insight from two decades
of getting it right (and learning from getting it wrong).

* Material Science is Key: We specify stainless steel (316 grade or better) for external hardware and brackets. For
internal components, we use conformal coating on PCBs and silver-plated or tin-plated copper connections to
resist sulfide attack from the salt.

¢ Thermal Management Re-thought: The C-rate (charge/discharge speed) of a grid-forming BESS can be
aggressive. That generates heat. A standard air-to-air cooler sucks in that corrosive ambient air. Our solution?
Sealed, liquid-cooled thermal systems that completely isolate the internal air loop from the external
environment. It controls cell temperature more precisely (extending life) and keeps the salt out.

® Pressurization & Filtration: For air-cooled systems where liquid cooling isn't feasible, maintaining positive
pressure inside the container with filtered, dehumidified air is non-negotiable. The filters need to be serviced
more oftenthat's a critical part of the O&M plan we provide to clients.
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Case in Point: The California Coastal Microgrid

Let me give you a real example. We deployed a 10 MW/40 MWh grid-forming BESS for an industrial microgrid just
south of San Francisco. The site is less than a mile from the Pacific. The challenge was threefold: provide black-start
capability, participate in the CAISO market, and survive the salt fog. The client's initial vendor had proposed a
standard, inland-rated system.

Our team conducted a site-specific corrosion audit. We then deployed a system built to our enhanced coastal spec:
IP56-rated containers with C5-M paint, pressurized with NEMA 12 filtered intakes, and a liquid-cooled thermal system.
All internal electrical panels were rated for a corrosive atmosphere. Eighteen months in, during a routine inspection
alongside the client's team, the difference was stark. While surrounding non-critical infrastructure showed clear signs of
corrosion, our BESS enclosures and internal spot checks were clean. The system's availability has remained above 99%,
proving that the upfront investment in the right safety and environmental design pays off in reliability and total cost of
ownership.

Your Next Steps: Questions to Ask Your Vendor

So, when you're evaluating a BESS for your coastal project, move beyond the basic spec sheets. Here are the questions
I'd be asking:

* "Can you show me the specific corrosion protection standards (IEC 60068-2-52, 1SO 12944) your enclosure and
internal components are tested to for this project location?"

¢ "How does your thermal management system prevent the ingress of salt-laden air? Is it a sealed system?"

¢ "What is the material specification for external and critical internal hardware?"

* "Can you provide a site-specific O&M plan that includes increased inspection frequency for filters and external
connections?"

The goal isn't to find a vendor who just sells you a box. It's to partner with an engineer who understands that the ocean
is a beautiful but demanding client. At Highjoule, that's the conversation we're built to have. What's the toughest
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