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The Silent Killer on the Coast: It's Not Just the Weather

Let's be honest, if you're looking at deploying battery storage near the ocean, you're already thinking about the great
benefits: pairing with offshore or coastal wind, supporting island microgrids, or providing backup for critical port
infrastructure. The business case is solid. But here's what I've seen firsthand on site after 20+ years: the single biggest
oversight isn't the financial model or the grid connection - it's the air. That salty, humid, corrosive air that seems to get
into everything. A standard commercial BESS unit, even a robust all-in-one integrated system, can be quietly
dismantled by it in ways that dramatically cut into your ROl and pose real safety risks.

This isn't a niche problem. The International Energy Agency (IEA) notes a significant portion of future renewable
capacity, especially wind, is slated for coastal regions. That means storage is going there too. The industry standard
testing, like the common UL 9540 or IEC 61427, sets a fantastic baseline for safety and performance. But the "coastal”
or "salt-spray" environment is a specific, harsh beast. It demands we go beyond the baseline. I've opened up cabinets
after just 18 months in a mild coastal climate to find terminal corrosion, compromised sensor readings, and cooling fans
grinding to a halt. It changes the entire maintenance and risk profile.

Beyond Rust: The Real Cost of Corrosion in BESS

So, we see some rust on the container. Big deal, right? Wrong. The agitation here is about the hidden, cascading
failures. Let's break it down:

¢ Thermal Runaway Triggers: Corrosion on electrical busbars or connections increases resistance. Increased
resistance means more heat during high C-rate charging or discharging (think responding to a grid signal or
absorbing a surge of solar power). That localized heat is a direct threat to battery cell stability and a potential
contributor to thermal runaway scenarios. Your system's thermal management is only as good as the electrical
integrity feeding into it.

® Sensor & BMS Failure: The brain of your BESS is the Battery Management System (BMS). It relies on a
network of voltage and temperature sensors. Corrosion on these sensitive, low-voltage signal lines leads to faulty
data. The BMS might "think" a cell is fine when it's overheating, or it might trip unnecessarily, taking your
entire asset offline. I've seen projects lose 30% of their available capacity simply from BMS communication
errors caused by connector corrosion.

* LCOE (Levelized Cost of Storage) Impact: This is the bottom line. Premature component failure means more
OpEx. Unplanned downtime means lost revenue from energy arbitrage or grid services. A shorter-than-expected
system lifespan means your capital cost is amortized over fewer years. All of this sends your calculated LCOE
soaring, killing the project's economics. According to a National Renewable Energy Laboratory (NREL)
analysis, operations and maintenance can constitute 20-25% of a storage project’s lifetime cost - a figure that
balloons in harsh environments without proper design.
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The Coastal BESS Optimization Playbook

Okay, enough about the problem. How do we actually optimize an all-in-one, integrated BESS for a salt-spray
environment? It's a holistic approach, from the macro enclosure down to the micro components. Here's the solution
framework we apply at Highjoule:

1. The Fortified Enclosure & Filtration

Your container or enclosure is the first line of defense. It needs to be more than just "weatherproof." We specify and
build to a higher ingress protection (IP) rating, typically P65 or above, with specific attention to gasket materials that
resist salt degradation. But the real trick is managing air exchange. You can't hermetically seal it because you need
airflow for thermal management. The answer is a dedicated, maintainable salt-spray filtration system for all air intakes.
These aren't standard HVAC filters; they're designed to capture fine, corrosive particulates before air hits the cooling
coils or internal components. It adds to the upfront cost, but honestly, it's the most cost-effective insurance you can buy.

2. Material Science & Component-Level Hardening

Inside the box, every material choice matters. We move away from standard mild steel for structural parts. Aluminum
alloys with appropriate coatings, stainless steel (grade 316 is a favorite for marine environments), and engineered plastics
become the norm. For electrical components, we insist on conformal-coated PCBs for the BMS and power conversion
system (PCS). Connectors? They must be gold-plated or use other corrosion-resistant alloys. It sounds detailed, but this
is where the battle is won or lost. A project we completed in Florida's hurricane belt used this philosophy, and after
three years, the internal inspection showed componentry looking like it was installed yesterday.

3. Thermal Management Re-Engineered

Thermal management is critical for any BESS, but on the coast, it has a dual role: keep the batteries at their ideal
temperature and prevent internal condensation. Condensation + salt residue = a corrosive soup. We optimize by often
moving away fr imple air-to-air iqui ing, or advanced indirect air cooling with desiccant dryers,




becomes more attractive. It allows us to maintain a sealed, dry internal atmosphere for the battery racks while efficiently
rejecting heat through a separate, corrosion-resistant external loop. This directly supports maintaining optimal C-rate
performance without accelerating internal corrosion.

4. Proactive Monitoring & Smart Design

Optimization isn't just physical; it's digital. We integrate corrosion sensors and humidity sensors inside key
compartments, feeding data directly into the asset performance monitoring platform. This gives you predictive
maintenance alerts - "Hey, the corrosion rate in Electrical Bay 3 is increasing, maybe check the filter" - instead of
reactive "failure" alarms. Furthermore, smart design for accessibility is key. Filters, the most frequently replaced item,
must be easy to access and swap without specialized tools, keeping routine maintenance quick and cheap.

Case in Point: A North Sea Wind Farm's Storage Solution

Let me give you a real, anonymized example from the German North Sea coast. The client needed a 10 MW/22 MWh
all-in-one BESS to provide black start capability and frequency regulation for a wind farm. The site is exposed, with
constant salt spray and high winds.

The Challenge: The initial bids based on standard containerized BESS showed a high risk of corrosion-related failures
within 5-7 years, threatening the 15-year project finance model.

The Optimization & Deployment: Our team proposed a fully hardened solution. We used a 316L stainless steel external
cladding for the container modules. The thermal system was a closed-loop liquid cooling with a titanium plate heat
exchanger (highly corrosion-resistant). Internally, all metalwork was powder-coated with a marine-grade epoxy, and the
BMS cabinets were pressurized with clean, dry air from a dedicated filtration unit. We also designed a slightly positive
internal pressure to prevent ingress of unfiltered air.

The Outcome: The system has been online for four years now. The last scheduled maintenance showed negligible
corrosion. More importantly, the system's availability for grid services has been above 99%, and the performance
degradation is tracking better than the baseline model, directly protecting the project's LCOE. The client's operational
team spends their time on performance analytics, not scraping rust.




Making It Work for Your Project: Key Considerations

So, you're evaluating a coastal BESS project. How do you make sure it's optimized? Don't just check the "salt-spray
certified" box. Dig deeper. Ask your provider:

* "What is the specific IP rating and test standard (e.g., IEC 60068-2-52) for the salt mist corrosion protection?"
* "Can you show me the material specs for the internal structural frames, busbars, and connectors?"

* "How is the thermal system designed to prevent internal condensation in high-humidity, saline air?"

* "What is the recommended filter maintenance schedule, and how are the filters accessed?"

At Highjoule, this isn't a special product line - it's our standard engineering rigor for any project near a coast. We build
to the highest relevant standards (UL, IEC, IEEE) as a starting point, then layer on this environmental hardening
because we've seen what happens without it. It's about delivering an asset that performs reliably for its entire intended
life, not just the first few years.

The bottom line? Deploying in a coastal salt-spray environment is completely viable and often strategically brilliant.
The key is to respect the environment in your design from day one. The optimized system might cost a bit more
upfront, but the total cost of ownership and risk profile will make it the smarter business decision every time. What's the
one corrosion risk in your current plan that keeps you up at night?

Author: James Zhang

20+ years agricultural energy storage engineer / Highjoule CTO

URL.: https://justenergy.co.za/articles/how-to-optimize-all-in-one-integrated-bess-battery-energy-storage-system-for-coastal-salt-
spray-environments
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