Optimizing Grid-forming BESS for Coastal & Salt-spray Environments:
A Practical Guide
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Grid-forming BESS in Coastal Environments: Its Not Just About the View

Honestly, when we talk about deploying a Battery Energy Storage System (BESS) near the coast, the first thing that
comes to mind for many is the obvious benefit: pairing it with offshore wind or coastal solar farms. And thats true. But
having spent over two decades on sites from the North Sea to the Gulf of Mexico, I can tell you the salt in the air is a
bigger challenge than most project plans account for. Its a silent, pervasive issue that doesn't just affect the paint job C it
goes straight to the heart of your system's reliability, safety, and ultimately, your levelized cost of energy (LCOE). Let's
have a real talk about what it takes to optimize a grid-forming BESS for these demanding environments.
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The Hidden Cost of Salt Spray: More Than Just Rust

The problem isn't merely cosmetic corrosion. Salt spray C that fine mist of seawater carried by the wind C is highly
conductive and relentlessly corrosive. I've seen firsthand on site how it can creep into seemingly sealed cabinets, leading
to:

¢ Accelerated Corrosion of Electrical Components: Busbars, relay contacts, and inverter PCB terminals can
develop increased resistance or even fail, leading to hotspots and potential fire risks. This directly contradicts the
fundamental safety principles outlined in standards like UL 9540.

¢ |nsulation Degradation: Cable insulation and motor windings in cooling systems can break down prematurely,
creating short-circuit risks.

¢ Sensor Failure: Critical sensors for temperature, voltage, and humidity can give false readings or fail, blinding
your battery management system (BMS) at a crucial moment.

The agitation? This isn't a "maybe.” The National Renewable Energy Laboratory (NREL) has highlighted
environmental factors like corrosion as a key contributor to increased O&M costs and reduced system availability. In a
coastal setting, unplanned downtime for component replacement isn't just an invoice for a new part; it's lost revenue
from grid services or missed peak shaving opportunities. Your projected LCOE can unravel faster than a corroded bolt.

Protection: Its More Than Just an En IP Rating

So, the solution starts with a fortress mentality, but it has to be intelligent. A high IP (Ingress Protection) rating on the
container (think IP54 or higher) is your baseline, not your endgame. At Highjoule, when we design for coastal projects,
we look at it in layers:

* Material Science is Key: We specify stainless steel (grade 316 or better) for critical structural brackets and
external fittings. For enclosures, we use aluminum alloys with a multi-stage coating process C think chromate
conversion coating followed by a specialized marine-grade powder coat. It's overkill for lowa, but essential for
Ireland’s west coast.

* Sealing & Filtration: All cable entries get double-sealed gland plates. We use positive pressure systems with

HEPA-grade air filters to keep the internal atmosphere clean and dry, prex%r,lirlgfalt-laden air from being
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https://www.ul.com/standards/9540
https://www.nrel.gov/docs/fy23osti/85332.pdf

sucked in during thermal cycles.

e Component-Level Hardening: This is where many off-the-shelf systems fall short. We work with our inverter
and BMS partners to specify conformal-coated PCBs, silver-plated or tin-nickel plated connectors, and corrosion-
resistant relays. It adds cost upfront but saves a fortune in year-five OpEX.

The goal is compliance-plus. Yes, we meet and exceed the corrosion tests in IEC 60068-2-52 (Salt Mist) and UL 50E for
enclosures. But we also design for the reality that maintenance access might be delayed by a storm. The system must
endure.

The Thermal Management Tightrope: Cooling Without Corroding

Here's a paradox: you need excellent thermal management to maintain battery health and performance (that C-rate
capability you paid for!), but traditional air-cooling can be a Trojan horse for salt. I've seen projects where the HVAC
unit itself became the failure point, its fins clogged and corroded.

The optimization path often leads to liquid cooling for the battery racks, especially for high C-rate applications common
with grid-forming duties. It keeps the corrosive external air completely separate from the battery cells. The chiller unit
itself, however, still needs to be a beast. We use units with coated copper-aluminum coils and automatic fan speed
control to minimize moisture condensation (a catalyst for corrosion). The thermal strategy is no longer just about hitting
a temperature setpoint; it's about doing so in a way that minimizes air exchange with the hostile outside environment.

Grid-forming Smarts for Unstable Coastal Grids

Now, let's layer in the grid-forming (GFM) function. Coastal areas often feature weaker grids at the end of distribution
lines or are the connection point for offshore wind. A GFM BESS doesn't just follow the grid; it can create a stable
voltage and frequency waveform, acting as a grid anchor.

In a salt-spray environment, this intelligence is your first line of defense. A well-programmed GFM controller can detect
grid disturbances (more common in these areas) and transition smoothly. But its hardware C the sensitive inverter
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power stacks C is now housed in that hardened, climate-controlled enclosure we talked about. You're not just buying a
battery; you're investing in a resilient grid asset. We design our systems with this in mind, ensuring the power conversion
system is as protected as the batteries, maintaining the precise control needed for synthetic inertia and black start
capabilities even after years of salty exposure.

A Case in Point: Learning from a German North Sea Microgrid

Let me share a relevant experience. We worked on a maritime industrial microgrid project on Germany's North Sea
coast. The challenge was providing resilient, clean power for a port facility, integrating local solar, and providing
backup. The salt load is extreme, and winter storms are brutal.

The initial client spec was for a standard industrial BESS. Through our front-end engineering process, we advocated for
the full coastal hardening package. The debate came down to CapEx. Fast forward 18 months post-commissioning:
while a similar, less-protected system at a nearby site was already showing significant corrosion on cable trays and
required HVAC filter changes monthly, our system's internal inspection was clean. The facility manager's biggest
operational headache was... checking the data logs. The BESS's availability for grid services and peak shaving remained
above 99%, protecting the project's financial model. That upfront investment paid for itself by avoiding just one major
unplanned shutdown.

Your Next Steps: Questions to Ask Your Vendor

So, if you're evaluating a grid-forming BESS for a coastal site, move beyond the datasheet. Have a coffee with their
engineering team and ask:

¢ "Beyond the container IP rating, what specific material specs and coatings do you use for internal components
exposed to potential condensation?"

¢ "Can you show me the corrosion test certificates (IEC 60068-2-52) for the full system, not just the enclosure?"

* "How does your thermal management system prevent the ingestion of salt-laden air, and what is the
maintenance schedule for those filters or coolers?"

* "How is the grid-forming inverter stack protected within the overall environmental strategy?"

Deploying energy storage on the coast is a fantastic opportunity, but it demands a partner who thinks about the lifetime
battle against the elements. It's about building a system that performs not just on day one, but on day 3,650 and
beyond. What's the one environmental factor keeping you up at night for your next project?
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