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The Ultimate Guide to Grid-forming 5SMWh Utility-scale BESS for
Coastal Salt-spray Environments

Hey there. Let's grab a virtual coffee. If you're reading this, you're probably looking at deploying a serious battery
system5 megawatt-hours, grid-forming capabilitysomewhere near the ocean. Maybe it's for a coastal microgrid, a port
facility, or to support a nearby wind or solar farm. The promise is huge: grid stability, renewable integration, backup
power. But honestly, I've been on enough project sites from the North Sea to the Gulf of Mexico to know the salt air is
thinking about your battery just as much as you are. It's a different beast out there.
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The Silent Problem: More Than Just Rust

When we talk about coastal sites, the immediate thought is "corrosion." And yeah, that's the big one. But it's not just
about a rusty cabinet door. Salt sprayaerosolized seawateris a conductive, corrosive, and insidious contaminant. It
creeps into everything. I've seen firsthand how it can bridge electrical connections, leading to tracking and short circuits.
It attacks aluminum busbars, degrades copper connections, and can completely compromise standard cooling system
filters. The IEC 60068-2-52 salt mist test is a good baseline, but real-world, 24/7 exposure with UV and humidity is a
tougher test.

The other half of the problem is the electrical environment itself. These sites often connect to weaker parts of the grid or
are intended to form their own microgrids. That's why you're looking at grid-forming. But combining the advanced,
sensitive power electronics needed for grid-forming with a salty, hostile atmosphere? That's the core challenge we're
tackling.

Why It Hurts More: The Real Cost of Corrosion

Let's agitate that pain point a bit. A study by NREL highlighted that operations and maintenance (O&M) can constitute
20-30% of the total lifecycle cost of a BESS in a standard environment. In a coastal zone, unmitigated, that can easily
double. It's not just capex; it's the relentless opex.

¢ Downtime: A fault triggered by contamination isn't a scheduled maintenance event. It's an unplanned outage,
cutting into your revenue or grid services payments.

» Safety Risks: Increased leakage currents and insulation degradation are serious safety hazards for personnel.

* Performance Decay: Corroded thermal management components reduce cooling efficiency. Batteries that run
hotter age fastertheir capacity fades quicker, directly hitting your project's ROI.

So, the solution isn't just about slapping on some extra paint. It's a systems-level approach to designing for resilience
from the inside out.
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This is where the guide becomes actionable. At Highjoule, when we engineer a system like our 5SMWh GridForm series
for coastal duty, we think in layers of defense.

1. The Enclosure & Material Science: This is the first wall. We move beyond standard 1P54. We specify coatings that
meet UL 50E for corrosion resistance and aim for IP55 or better on the entire container. Stainless steel fasteners (316
grade or equivalent) are non-negotiable. Air intake and exhaust for thermal management use labyrinthine paths and
corrosion-resistant filters that are easy to inspect and replace.

2. The Environmental Control Core: Thermal management is the lifeblood. In a salt-spray environment, you can't have
direct air-to-liquid heat exchangers exposed. We use sealed, closed-loop liquid cooling for the battery racks. The
external dry cooler is itself a hardened component, with coated fins and a dedicated anti-corrosion maintenance
schedule. Honestly, getting the thermal design right is 80% of the longevity battle. It keeps the cells at their ideal C-rate
operating temperature, slowing chemical degradation.

3. Electrical & Electronic Hardening: Conformal coating on critical PCBs, especially for the grid-forming inverter and
master controller, is standard. All external connectors are specified for marine environments. We increase spacing
(creepage and clearance) beyond minimum standards to account for potential salt deposit buildup.

4. The Compliance Backbone: It's not just about ticking boxes. It's about understanding the spirit of the standards. Our
design philosophy is built around UL 9540 (system level), UL 1741 / IEEE 1547 (grid interconnection), and the
corrosion-specific clauses of IEC 61400-1 (wind turbines, but great for harsh environment guidance). This is what gives
utilities and off-takers in Europe and North America the confidence to approve the project.

A Case in Point: Learning from the Field

Let me give you a real example. A few years back, we worked on a 20MWh project (effectively four of our SMWH units)
for an industrial port in Northern Germany. The challenge was classic: provide grid support, reduce peak demand
charges, and do it in a salt-laden, humid environment with limited space.

The client's initial specs were based on an inland BESS design. We walked the site with them, pointing at existing
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electrical infrastructuretransformers with heavy corrosion on non-critical surfaces. We showed them the data on how
that would accelerate on the sensitive components inside a battery container. We redesigned the air filtration strategy
and upgraded the cabinet coatings. The upfront cost increased by maybe 4%. But the projected 10-year O&M costs
dropped by an estimated 40%. The system has been running for three years now, and its availability rate is on par with
our inland installations. That's the proof point.

The Grid-Forming Edge in Harsh Environments

Now, why is grid-forming specifically valuable here? Coastal sites often have weaker grids or are isolated. A grid-
forming BESS doesn't just follow the grid; it can create a stable voltage and frequency waveform, acting as the "anchor"
for the local network. This is crucial if you're supporting critical port operations or a remote community.

From a resilience perspective, if a storm disrupts the main grid, a hardened, grid-forming BESS can black start the local
microgrid seamlessly. The key is that this advanced functionality must be baked into the hardened design we discussed.
You can't have this sophisticated "brain” (the inverter controls) compromised by a salty environment.

Making the Numbers Work for the Long Haul

Ultimately, it's about Levelized Cost of Storage (LCOS) or LCOE if you're pairing it with generation. A cheaper, less
resilient system will have a lower capex but a much steeper operational cost curve. The more resilient system has a
slightly higher initial hump but a flatter, more predictable cost curve over 15-20 years.

Our job at Highjoule isn't just to sell you a container. It's to partner on the full lifecycle. That means local deployment
teams who understand the site-specific challenges, and a remote monitoring & diagnostics platform that can predict
maintenancelike alerting you when filter pressure drop indicates it's time for a change before efficiency suffers.

So, when you're evaluating bids for your coastal 5MWh grid-forming project, look beyond the $/kWh sticker price. Ask
about the coating specifications. Review the thermal management diagrams. Demand details on compliance with the
specific standards for harsh environments. The right questions upfront save millions and headaches down the line.

What's the one corrosion-related failure you're most concerned about for your project site? Let's talk it through.
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