Liquid-Cooled BESS for Coastal Resilience: Beating Salt Spray in
Renewable Energy Storage
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When Salt Air Meets Megawatts: Why Your Coastal BESS Needs Liquid
Cooling

Hey there. If you're reading this, chances are you're looking at deploying a Battery Energy Storage System (BESS)
somewhere near the coast. Maybe it's for a solar farm in Florida, a microgrid for an island community in Greece, or an
industrial facility in the North Sea. Honestly, 1've been on-site for more of these projects than I can count, and there's
one silent enemy that keeps project managers up at night: salt spray.

It's not the dramatic, system-crashing failure you instantly see. It's the slow, creeping degradation that shaves years off
your asset's life and eats into your ROI. Today, let's talk about why the move from traditional air-cooled systems to
liquid-cooled photovoltaic storage systems isn't just a tech upgradeit's a financial and operational necessity for harsh
coastal environments.
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The Silent Cost of Salt: More Than Just Rust

We all know salt causes corrosion. But in a BESS container, the damage is multifaceted. Salt-laden moisture doesn't just
attack the external steel cladding. It gets pulled into air-cooled systems, coating heat exchanger fins, clogging filters,
andmost criticallyforming conductive layers on electrical components and battery terminals. This leads to:

¢ Increased Risk of Leakage Current & Short Circuits: A study by the National Renewable Energy Laboratory
(NREL) on offshore wind infrastructure highlighted how salt deposition can create unintended current paths, a
major safety concern.

* Thermal Runaway Catalyst: Corrosion at connection points increases electrical resistance, which generates
localized heat. In a battery pack, that's a primary trigger you want to avoid at all costs.

* Maintenance Nightmares: I've seen sites where maintenance crews are essentially pressure-washing internal
components quarterly. The downtime and labor cost are staggering.

The International Energy Agency (IEA) notes that the levelized cost of storage (LCOS) is highly sensitive to operational
lifespan and maintenance. In a salt-spray environment (C5-M per 1SO 12944), an unprotected system can see its
operational life halved, destroying your financial model.

Why Air-Cooling Hits a Wall by the Coast

Air-cooled systems work by moving massive volumes of ambient air across battery racks. It's simple and effective inland.
But by the coast, you're not moving airyou're moving an abrasive, conductive slurry.

To maintain cell temperature within the safe 20-35C window, these systems have to work harder, leading to higher
parasitic loads (the energy the BESS uses to run itself). More importantly, they require large, open vents and filters.
Those filters get clogged fa_st with s_,a_lt and moisture, reducing cooling efficiency and forcing a choice: shut down for
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It's a battle you can't win with filters alone.

Liquid Cooling: The Sealed Defense Against Salt

This is where the paradigm shifts. A liquid-cooled system, like the ones we engineer at Highjoule, uses a closed-loop
coolant (usually a dielectric fluid) that circulates through cold plates attached directly to each battery module or cell.

The core advantage for coastal sites is hermetic sealing. The battery enclosure is essentially sealed from the external
environment. There are no large vents sucking in salty air. The only external exchange happens at the liquid-to-air
radiator, which uses specialized, corrosion-resistant materials and coatings designed for marine atmospheres.

Think of it like a submarine vs. a sailboat. One is designed to be completely sealed against the hostile ocean
environment; the other is designed to work with the environment. For a 24/7/365 energy asset, you want the
submarine.

Technical Insight: It's Not Just About Keeping Cool

The magic of liquid cooling in this context is twofold: 1. Precise Thermal Uniformity: Salt-induced corrosion accelerates
at hotspots. Liquid cooling maintains a delta-T (temperature difference) across the battery pack of often less than 3C.
This uniformity prevents localized degradation, which is a root cause of premature cell failure. A stable pack also
supports higher, more consistent C-rates (charge/discharge power) without thermal derating. 2. Humidity Control: A
sealed environment allows for integrated, efficient dehumidification. Keeping internal relative humidity low (below
60%) is a knockout blow to the primary corrosion mechanism.

From Blueprint to Reality: A North Sea Case Study

Let me tell you about a project we completed last year on a German North Sea island. The client needed a 4 MWh
BESS to stabilize the local grid against the variability of their large-scale wind and solar inputs. The site is 500 meters
from the shore, with constant salt spray and wind.
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The Challenge: The initial plan specified a high-end air-cooled system. Our team's site assessment flagged a projected
40% increase in annual maintenance costs and a potential 30% reduction in cycle life due to the environment. The
financials didn't close.

The Solution: We redesigned the storage block using our liquid-cooled HIT-MarineSeries platform. Key adaptations
included:

¢ Stainless steel fixings and corrosion-resistant coatings on all external surfaces.

* An upgraded radiator with anti-corrosion coating and a smart fan control that minimizes runtime during peak
salt-laden fog events.

* NEMA 4X/1P66 rated enclosures for the power conversion system (PCS).

The Outcome: The system passed the stringent IEC 60068-2-52 salt mist corrosion testing and is operating with zero

environmental derating. More importantly, the O&M model reverted to a standard inland profile. The client's LCOE
projection became viable, and the project got the green light.

The Ripple Effect: Efficiency, Safety, and LCOE

Choosing liquid cooling for salt-spray zones delivers benefits that cascade through your entire project:

Factor Air-Cooled in Coastal Zone Liquid-Cooled (Sealed System)

Corrosion Protection Limited, relies on filtration & material Superior, via environmental sealing
grade

Thermal Efficiency Low, degrades with filter clogging High & consistent, independent of air

quality

Parasitic Load High & variable Lower & more predictable

Safety Profile Risk of internal contamination Clean, controlled internal environment

Compliance Path More complex to meet UL 9540 with  Simpler, as the critical battery
corrosion factors environment is protected and stable

That last point on UL 9540 is critical for the US market. A stable, uniform thermal profile is a fundamental input into
the safety case for a BESS. Demonstrating that your system maintains this profile in a harsh environment is a significant
advantage with authorities having jurisdiction (AHJs).

What to Look For in a Coastal-Ready BESS

So, you're convinced a liquid-cooled system is the way to go. Here's my on-the-ground advice for vetting a solution:

¢ Ask for the Specific Certification: Don't just accept "corrosion-resistant.” Demand test reports against IEC
60068-2-52 (Salt Mist) or ASTM B117. Look for a rating of at least Class C5-M.

¢ Dive into the Thermal Design: Ask about the delta-T across the full pack at nameplate C-rate. If they can't
provide a single-digit C number, walk away.

¢ Audit the "Non-Battery" Parts: The PCS, HVAC, and radiator are the weak links. Ensure they are sourced from
suppliers with proven marine/offshore experience.

* Model the True LCOE: Work with your provider to model 20-year lifecycle costs with realistic coastal
maintenance schedules, downtime, and performance degradation for both system types. The numbers will speak
for themselves.

At Highjoule, we build our systems with this holistic view from day one. It's not about adding a coating as an
afterthought; it's about designing for the environment from the cell up. Because honestly, the best storage system is the
one that reliably delivers value for its entire designed life, no matter what's in the air.

What's the biggest environmental challenge you're facing on your current or planned storage site? Is it salt, sand,
extreme heat, or something else? Let's talk about it.
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