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The Hidden Cost of Coastal Power: Why Your BESS Might Be Rusting From the
Inside Out

Let's be honest. When you're planning a battery energy storage system (BESS) project, especially a grid-forming one
that's meant to be the backbone of a microgrid or a critical grid support asset, your checklist is long. You're thinking
about power output (that C-rate), the financials (the all-important LCOE, or Levelized Cost of Energy), and of course,
the safety certificationsUL 9540, IEC 62933, the whole lot. But there's one silent, creeping factor I've seen derail
projects from Texas to the North Sea coast: the salt in the air.

You wouldn't park a brand-new sports car by the ocean year-round without expecting some rust, right? Yet, we see
multi-million dollar energy storage containers, these sophisticated pieces of engineering, placed in coastal salt-spray
environments with only a standard industrial coating. The result? A drastically shortened lifespan, unexpected OpEx
spikes, and in the worst cases, safety incidents. This isn't a hypothetical. It's a daily reality for assets supporting offshore
wind, port operations, or coastal communities. The environmental impact isn't just on the gridit's on the container itself.
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The Silent Killer: How Salt Spray Attacks Your BESS

Salt spray is more than just moist, salty air. It's an electrolyte. It accelerates every single corrosion process you can think
of. On site, I've opened up cabinets after just 18 months in a mild coastal zone to find terminal lugs with a greenish
patina (that's copper corrosion), compromised grounding connections, and fans seized up with salt crust. The National
Renewable Energy Laboratory (NREL) has highlighted that corrosion is a leading cause of increased operational
failures in coastal energy infrastructure.

The problem compounds because a BESS container is a thermal management system. It's constantly breathing. To
keep those battery racks at their optimal temperature, air is moving in and out. In a salt-spray environment, you're not
just cooling the system; you're actively pulling corrosive particles across every critical electrical component, heat
exchanger, and sensor. Standard IP54 or even IP55 ratings? They're not designed for persistent, fine salt aerosol. They
keep out direct water jets, but not this insidious, airborne mist.

Beyond Rust: The Ripple Effects on Performance & Safety

So the enclosure gets a few spots. Big deal, right? Wrong. This is where the real cost hits. Let's connect the dots:

Thermal Management Failure: Salt clogs air filters and fins on cooling units way faster. The system works
harder, draws more parasitic load (the energy it uses to run itself), and if it can't keep up, battery degradation
skyrockets. Your expected 15-year lifespan can easily drop to 10 or less. That's a massive blow to your projected
LCOE.
Electrical Reliability: Grid-forming inverters are the brains of the operation. They don't just follow the grid; they
create a stable voltage and frequency waveform, essential for black starts or weak grids. Corrosion on control
boards or communication ports can lead to glitches, misreads, or complete failure. In a grid-support role, that's
not an outage; it's a liability.
Safety & Compliance: Corroded electrical connections increase resistance. Increased resistance means heat. It's
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a fundamental fire risk. A system that was UL 9540 certified when it left the factory may not be in a compliant,
safe state after two years of salt exposure if not properly protected. The liability stays with the asset owner.

The Grid-forming Twist: Why It Demands More

Why single out grid-forming? Because these systems are often deployed for mission-critical resilience. Think of a
microgrid for a coastal military base, a remote island community, or critical port infrastructure. They're not just
arbitraging energy; they're providing grid stability and backup power during stormsexactly when salt spray and
humidity are at their worst.

The technology itself is also more sensitive. The precision required for waveform control means the power electronics
and sensors need to be in pristine condition. A slight voltage drift due to a corroded sensor can affect the entire system's
ability to "form" a stable grid. Honestly, I've seen projects where the battery itself was fine, but the grid-forming inverter
cabinet failed prematurely due to environmental stress, crippling the entire system's value proposition.

  

Building a Fortress, Not Just a Box: The Multi-Layer Solution

At Highjoule, we learned this the hard way through early projects. The solution isn't one magic paint. It's a holistic
design philosophy we call "Environmental Hardening." It starts at the design spec sheet.

Material Science First: We specify marine-grade aluminum alloys for structural frames and enclosures, and
stainless steel (grade 316 or better) for all external hardwarehinges, latches, vents. The incremental cost is
dwarfed by the avoided replacement cost.
Coatings That Work: We move beyond standard powder coating. Our spec involves a multi-step process: a zinc
phosphate pre-treatment for adhesion, an epoxy primer for barrier protection, and a polyurethane topcoat for
UV and abrasion resistance. For severe zones, we integrate sacrificial anode systems on the skid.
Sealed & Pressurized Thermal Design: This is key. Instead of a passively ventilated container, we use a closed-
loop, liquid-cooled thermal system for the battery racks. The container itself is slightly positively pressurized with
filtered air. This means the only air coming in is forced through ISO Coarse Dust + Salt Mist filters, protecting
the internal electrical components. It adds to the upfront cost but saves a fortune in maintenance and downtime.



Component-Level Vigilance: We source connectors, busbars, and PCB assemblies with conformal coatings rated
for harsh environments. It's the details that fail, not just the big box.

The goal is simple: design for the real environment, not the test lab. This approach directly optimizes the long-term
LCOE by maximizing uptime and extending the asset's productive life. It's how we ensure our UL and IEC
certifications remain valid for the life of the installation.

A Case in Point: Lessons from a German North Sea Project

Let me give you a real example. We were brought into a project in Schleswig-Holstein, Germany, about 2km inland
from the North Sea. A 20 MWh grid-forming BESS was installed to provide black-start capability for a local network
heavy with wind power. The first-generation containers, supplied by another vendor, showed significant external
corrosion and internal condensation issues within 24 months. Alarmingly, the thermal management system's corrosion-
resistant (CR) coils were failing.

Our role was to provide a retrofit hardening solution and design the replacement units. We did a full environmental
audit, then implemented:

1. A full enclosure sandblast and re-coat with our 3-stage marine system.
2. Replacement of all external galvanized steel parts with 316 stainless.
3. Upgrading the air-handling units to a higher filtration class (e.g., ISO ePM1 80% for salt aerosols) and adding a

dehumidification cycle to the control logic.

The retrofit cost was significant, but the alternativecomplete replacement or catastrophic failure during a grid eventwas
far worse. The client's new units, built to our hardened spec from the start, are performing without issue. The lesson?
The Capex for resilience is always less than the Capex for replacement, plus the lost revenue from downtime.

Your Next Steps: Questions to Ask Your Vendor

If you're evaluating a BESS for a coastal site, move beyond the datasheet specs on energy and power. Get into the
environmental weeds. Here are a few questions I'd ask:

"Can you provide the specific ISO 12944 corrosion category (e.g., C5-M for marine) this container is designed
and tested for, and show me the test reports?"
"What is the exact material specification (alloy/grade) for the external enclosure and structural frame?"
"How is the thermal management system protected from salt aerosol ingress? Is it a closed-loop for the batteries?
What is the filtration grade on any air intakes?"
"Do you offer different environmental protection packages, and can you model the impact on 20-year LCOE for
my specific site?"

Deploying energy storage, especially grid-forming, is a long-term play. The coastal environment is unforgiving, but it's
also predictable. By designing for it upfront, you're not just buying a container; you're securing an asset that will deliver
its promised value, season after stormy season. What's the one environmental factor you're most concerned about for
your next site?
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