Liguid-Cooled BESS Containers for Coastal & Salt-Spray Environments:
A Practical Guide
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Beyond the Breeze: Why Your Coastal BESS Needs More Than Air
Cooling

Hey there. Let's have a virtual coffee chat. If you're planning an energy storage project anywhere near a coastline C
think California, the Gulf Coast, the North Sea, or the Mediterranean C and you're weighing up container options, |
need to be honest with you. The old "air-cooled vs. liquid-cooled" debate isn't just about temperature specs on a
datasheet anymore. Out here, where the air itself is an aggressive cocktail of salt and humidity, your cooling choice
dictates your project's lifespan, safety, and ultimately, its bottom-line return. I've seen this firsthand on site, from
corroded busbars in Florida to thermal runaway scares in a Dutch port. The standard air-cooled container, while fine
inland, often meets its match at the coast.
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The Hidden Cost of Salt Air

It's not just about rust on the outside paint. The real problem is salt mist ingress. According to the National Renewable
Energy Laboratory (NREL), corrosion from salt-spray environments can accelerate component failure rates in electrical
systems by up to 10 times compared to controlled indoor environments. We're talking about microscopic salt particles
being sucked in by those big air-cooling fans, settling on every critical surface inside your Battery Energy Storage System
(BESS).

This creates a triple threat:

* Electrical Tracking & Short Circuits: Salt is hygroscopicit attracts moisture. This creates a conductive film on
insulators and busbars, leading to leakage currents, arcing, and potential ground faults.

¢ Connector & Relay Corrosion: High-current connections and sensitive relay contacts corrode, increasing
resistance. Higher resistance means heat, energy loss, and ultimately, connection failure.

* Sensor Degradation: Your Battery Management System (BMS) is only as good as its data. Corroded voltage or
temperature sensors give false readings, compromising the entire safety and management algorithm.

I once inspected a 2-year-old air-cooled system on a Caribbean island. The internal aluminum chassis looked like it had
a white, crusty disease. The maintenance team was constantly cleaning contacts. The project's operational availability
was below 85% C a far cry from the 98% they modeled.

Why Air Cooling Struggles by the Sea

Air-cooling is fundamentally an "open-system." It works by exchanging the inside air with the outside air. In a salt-spray
zone, you are literally pumping the problem directly into the heart of your asset. To combat this, some integrators try
slapping on higher-grade corrosion-resistant coatings (like zinc-nickel) or specifying more frequent IP54 or IP55 filter
changes. But honestly, this is a defensive, and often losing, battle. The filters clog faster, requiring more maintenance
downtime, and you can't coat eveljy_single internal component.
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The thermal performance itself becomes inconsistent. On a hot, humid coastal day, the ambient air you're bringing in
has poor cooling efficiency. To hit your required cell temperature delta (usually around 3-5C), the fans have to work
harder, drawing in even more salt-laden air. It's a vicious cycle.

The Liquid Cooling Advantage: A Closed-Loop Solution

This is where the comparison tilts decisively. A liquid-cooled energy storage container operates on a closed-loop
principle. The cooling medium (typically a dielectric fluid or water-glycol mix) circulates through cold plates attached
directly to the battery modules. The heat is transferred to this liquid, which then gets cooled by a secondary loop in a
dry cooler or chiller outside the container.

The critical difference? The internal battery air is completely sealed off from the external, corrosive environment. You
maintain a clean, dry, and controlled atmosphere inside the container enclosure. Salt spray never gets a chance to enter
the electrical compartment.

At Highjoule, when we design for coastal sites, this closed-loop architecture is non-negotiable. We pair it with an
internal climate control system that maintains positive pressure and low humidity, creating a "clean room" environment
for the batteries and power electronics. It's not just about cooling; it's about total environmental isolation.

A Real-World Case: The North Sea Challenge

Let me give you a concrete example. We partnered on a microgrid project for an offshore wind service port in
Germany's North Sea region. The challenge was brutal: constant high winds, heavy salt spray, and a requirement for
uninterrupted power to support vessel charging and port operations. The local grid was weak.

The initial plan from another vendor used air-cooled containers. Our team pushed back, presenting a side-by-side
comparison of liquid-cooled versus air-cooled energy storage containers for that specific coastal salt-spray environment.
We modeled the corrosion risk, the expected maintenance intervals for filter changes and internal cleaning, and the
potential for forced outages due to environmental faults.

o,

_..-q.'I!l'



The client switched to our liquid-cooled Highjoule H2C Series container. The key specs that won the day?

e UL 9540 / IEC 62933 Compliance: The system was certified, but our liquid cooling design specifically
addressed the environmental clauses related to corrosive atmospheres.

* |P56 Sealed Enclosure: For the external cabinet, providing an extra barrier.

* Precision Thermal Management: Keeping cell-to-cell temperature variation below 2C, which is crucial for
battery longevity and maximizing throughput.

Two years in, the system has had zero environmental-related faults. The maintenance schedule is purely preventative
mechanical checks on pumps, not emergency cleaning of corroded parts. The project's Levelized Cost of Storage
(LCOS) is tracking 15% better than the air-cooled model, thanks to higher availability and lower OpEXx.

Beyond Corrosion: The Thermal and Efficiency Win

The benefits of liquid cooling in these environments go beyond just fighting salt. Let's talk about C-rate and LCOE
(Levelized Cost of Energy).

C-rate is basically how fast you can charge or discharge the battery. A higher C-rate (like 1C or 2C) means more power,
but it also generates more heat. Air cooling struggles to manage heat from sustained high C-rate operations, especially
in a hot coastal climate. The cells get too warm, the BMS has to derate (reduce) the power to protect them, and you
don't get the peak performance you paid for.

Liquid cooling, with its direct contact to cells, is vastly more efficient at heat removal. It allows you to sustain higher C-
rates consistently. This means your BESS can capture more fleeting solar peaks or provide more firm grid services
without throttling. This directly increases revenue potential and improves your project's economics, lowering the
effective LCOE.

Heres a simplified comparison of key operational aspects:

Consideration Air-Cooled in Salt-Spray Liquid-Cooled (Closed-Loop)

Corrosion Protection Relies on filters & coatings; risk remainsFull environmental isolation; intrinsic
high protection

Thermal Consistency Poor; depends on dirty, humid ambient Excellent; independent of outside air
air quality

Maintenance Intensity High (filter changes, internal cleaning) Low (external heat exchanger only)

High C-Rate Capability Limited, prone to derating Superior, can be sustained consistently

System Availability Lower due to environmental faults Higher, more predictable

Making the Right Choice for Your Project

So, when you're evaluating that comparison of liquid-cooled energy storage container for coastal salt-spray
environments, don't just look at the upfront capital cost. Do a total cost of ownership (TCO) analysis over 10-15 years.
Factor in:

Increased maintenance labor and parts (filters, corroded components).

Risk of unplanned downtime during critical peak shaving or grid service events.
Potential revenue loss from derated performance.

Early replacement costs of degraded equipment.

For us at Highjoule, the engineering choice is clear for coastal sites. The slightly higher initial investment in a robust
liquid-cooled system pays back multiples over time in reliability, safety, and total energy throughput. Its about building
assets that last, with a predictable performance curve, under the toughest conditions.

Whats the single biggest environmental challenge youre facing at your proposed BESS site? Is it salt spray, or perhaps
something else like extreme dust or wide temperature swings? Let’s talk about how the right thermal and enclosure
strategy can de-risk your project from day one.
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