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When the Ocean Breeze Meets High-Voltage DC: The Unseen Battle for
BESS Safety in Coastal Zones

Let's be honest. When most people think about deploying a utility-scale Battery Energy Storage System (BESS), they're
focused on the big numbers: the 5, 10, or 20 MWh capacity, the C-rate, the levelized cost of energy (LCOE). What
doesn't always make the first page of the spec sheetbut absolutely shouldis the air. Specifically, salty, humid, corrosive
coastal air. I've walked too many sites where this was an afterthought, and trust me, the repair orders and safety
incidents that follow are a painful lesson. Today, let's talk about the non-negotiable safety regulations for high-voltage
DC systems in salt-spray environments. This isn't just about compliance; it's about building an asset that lasts and, more
importantly, doesn't become a liability.
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The Hidden Cost in the Salt Air

The push for coastal BESS deployments is logical. Think about the major renewable hubs: offshore wind landing points,
coastal solar farms, island microgrids. The U.S. National Renewable Energy Laboratory (NREL) highlights that over
40% of the U.S. population lives in coastal counties, driving energy demand in these corrosive zones. The business case
is there. But here's the agitation: standard industrial-grade BESS containers and electrical components are simply not
designed for this. Salt spray is an incredible catalyst for corrosion. It doesn't just cause unsightly rust on the exterior; it
creeps into electrical connections, attacks busbars, and degrades insulation on high-voltage DC cables. I've seen
firsthand on site how this leads to increased electrical resistance, localized hot spots, and ultimately, a significantly
higher risk of arc faultsone of the most severe safety hazards in a high-voltage DC system.

Beyond Rust: How Salt Attacks Your BESS from the Inside Out

The problem compounds with scale. A 5SMWh+ high-voltage DC BESS has thousands of electrical connections,
complex thermal management systems (coolant pipes, fans), and sensitive battery management system (BMS) sensors.
Salt contamination can:

* Clog Air Filters in thermal management systems, reducing cooling efficiency and causing dangerous cell
temperature rise.

¢ Create Conductive Bridges across printed circuit boards (PCBs) in the BMS, leading to false readings or
complete system failure.

¢ Accelerate Galvanic Corrosion where dissimilar metals meet, common in busbar connections.

This isn't a slow, graceful degradation. It's a systemic attack that undermines every safety protocol you've put in place.
Your fire suppression system is useless if the trigger sensor has failed due to corrosion.
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So, what's the solution framework? It starts with treating "coastal” not as a location, but as a specific environmental
classification that demands a "Coastal-Plus" design philosophy. This means going beyond the excellent baseline of
standards like UL 9540 (Energy Storage Systems) and UL 9540A (Fire Test). It means actively integrating the stringent
corrosion tests from UL 50E (Enclosures) and the environmental testing profiles from IEC 62933-5-2 (Safety for Grid-
Integrated BESS).

For high-voltage DC components specifically, IEC 62497 (Railway applications C Insulation coordination) and IEEE
1547 (Interconnection) provide critical guidance, but they need a salt-spray lens. The core regulation mindset shifts from
"will it work" to "will it work and remain safe after 5,000 hours of salt fog exposure?"' This dictates everything from
material selection (think stainless-steel fasteners, corrosion-inhibiting coatings on busbars) to cabinet sealing (IP66
minimum) and even the design of the DC string combiner boxes.

A California Case Study: When "Marine Grade™ Wasn't Enough

Let me share a story from a 7MWh project near San Diego. The initial vendor promised "marine-grade" components.
Eighteen months in, we started seeing erratic voltage readings from several DC strings. Upon inspection, we found salt
creep had penetrated the shrouded connectors on the DC disconnects, creating a resistive layer. This not only skewed
the BMS data (a huge safety risk for state-of-charge calculation) but also generated enough heat to warp the plastic
housing. The fix wasn't cheapa full retrofit with pressurized, nitrogen-purged connection enclosures and a shift to silver-
plated copper busbars with a conformal coating.

The lesson? "Marine grade" is a marketing term unless it's backed by a specific test standard, like the salt spray test per
ASTM B117 or IEC 60068-2-52. At Highjoule, we learned from these field experiences. Our coastal-spec BESS design
now mandates that all high-voltage DC components, from disconnects to fuses, carry certifications for extended salt-fog
testing, and we design our thermal management with a focus on maintaining positive pressure and using corrosion-
resistant, coated heat exchangers.

Building a Truly Resilient Coastal BESS
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Building for this environment is a holistic exercise. It touches on three core pillars:

1. Material & Component Science: This is your first line of defense. It's about specifying the right alloys, coatings
(e.g., zinc-nickel plating), and composites. We even look at the gasket material for doorssilicone-based over
rubber, for better long-term resistance.

2. System Design & Thermal Management: Your cooling strategy is paramount. Air-to-air cooling with massive,
salt-cloggable filters is a risk. We often recommend liquid cooling for coastal sites; it's a closed-loop system that
keeps the corrosive environment entirely outside the battery rack. It's a higher CapEx that dramatically lowers
OpEx and risk.

3. Monitoring & Maintenance Regime: You need eyes on the problem. This means integrating corrosion sensors
(measuring chloride ion concentration) into the BEMS (Battery Energy Management System) and scheduling
proactive inspections of electrical connections, not just visual checks for rust. This data-driven approach is what
turns a reactive cost center into a predictive, value-preserving strategy.

Honestly, this approach does impact the upfront LCOE calculation. But the total cost of ownership (TCO) story is
compelling. Preventing one major fault or extending the system's productive life by 3-5 years pays for the "Coastal-Plus"
premium many times over.

Your Next Step

The ocean isn't going away, and neither is the need for storage near it. The question is whether your next 5SMWh+
project is built to the standard that the environmentand the safety regulationsactually demand. When you're evaluating
vendors, don't just ask for UL 9540A. Ask for their salt-spray test reports. Ask to see their material spec sheets for coastal
deployments. Ask how their thermal management system is sealed and protected.

At Highjoule, we build this reality into every coastal system we design, because we've seen the alternative. What's the
one component in your current BESS plan that you're most concerned about in a salt-spray environment? Let's start the
conversation there.
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