Environmental Impact of Grid-forming Off-grid Solar for Coastal Salt-
spray Areas
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The Hidden Cost of Sun and Sea: What They Don't Tell You About Off-
Grid Solar on the Coast

Hey there. Let's be honest for a minute. When we talk about deploying a beautiful, self-sufficient, grid-forming off-grid
solar and battery system by the coast, the brochures show pristine blue skies and calm seas. The vision is all about clean
energy independence and resilience. What they rarely show you, and what I've scraped off enclosure panels with my
own gloves more times than | care to remember, is the thin, persistent, corrosive film that settles on everything: salt
spray. Today, | want to chat about the real, long-term environmental impact of these systems and | don't just mean
carbon savings. | mean the brutal environmental operating conditions and how they can make or break your project's
economics and safety.
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The Silent Killer: More Than Just Rust

You see the problem isn't sudden failure. It's a slow, insidious decay. A grid-forming off-grid system in a coastal zone
isn't just facing weather,; it's facing a constant, wind-driven aerosol of saltwater. This isn't a gentle marine breeze.
According to the International Energy Agency (IEA), nearly 40% of the global population lives within 100 kilometers of
a coast, and demand for resilient, off-grid power in these areas for telecoms, aquaculture, remote communities, and
critical infrastructure is skyrocketing.

But here's the agitation: that salt spray gets everywhere. It bridges electrical connections, leading to creeping discharge
and potential arc faults. It accelerates corrosion on battery terminals, busbars, and inverter heat sinks, increasing
electrical resistance. 1've seen firsthand on site how a perfectly commissioned system can see its round-trip efficiency
drop by several percentage points in just 18 months in a harsh salt-spray environment, simply due to cumulative contact
corrosion. This directly hits the system's performance and its promised environmental benefit of displacing diesel
generators.

The Real Cost: Beyond the Sticker Price

This is where the financial and environmental impacts collide. Let's talk LCOE Levelized Cost of Energy. It's the total
lifetime cost of your system divided by the energy it produces. A standard system deployed on the coast might have a
great upfront LCOE. But if salt corrosion forces premature component replacements, unscheduled downtime, or a
significant loss of storage capacity, your real LCOE balloons. You're not just replacing a part; you're paying for the
logistics, the specialized labor (try finding an electrician willing to climb a tower in a gale), and the lost revenue or
productivity during downtime.

The safety angle is even more critical. Grid-forming batteries provide the critical "black start" and grid stability
functions. A corroded connection in the power conversion system (PCS) or the battery management system (BMS)
sensors can lead to inaccurate readings, poor thermal management, and ultimately, a thermal event. Standards like UL
9540 and IEC 62933 set the baseline for safety, but for coastal zones, they are the starting line, not the finish line.
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Building for the Brine: A Practical Approach

So, what's the solution? It's not a magic box. It's a philosophy of design, material selection, and ongoing care tailored
for the environment. At Highjoule, we stopped treating coastal projects as standard deployments years ago. The solution
starts with acknowledging the problem in the design phase.

* Material Science is Key: We specify components with corrosion protection ratings suitable for salt-spray
environments (think C5-M per I1SO 12944). This means hot-dip galvanized steel for structures, aluminum alloys
with appropriate anodization, and electrical components with conformal coating or hermetic sealing.

¢ Thermal Management, Reimagined: Sealing the system to keep salt out conflicts with needing airflow to cool it.
Our approach uses closed-loop liquid cooling for the battery racks and inverters. This keeps the sensitive
electronics in a sealed, controlled atmosphere while efficiently rejecting heat through a corrosion-resistant
external heat exchanger. It's more complex upfront, but it slashes long-term degradation.

* Proactive Monitoring: We embed more than just voltage and temperature sensors. We monitor for ambient
humidity and corrosive gas buildup inside enclosures. This data, fed into our analytics platform, allows for
predictive maintenance scheduling a filter change or internal inspection before a problem occurs.

A Case in Point: Learning from the North Sea

Let me give you a real example. We deployed a containerized, grid-forming BESS to support an off-grid research
station on the German North Sea coast. The challenge was classic: provide 24/7 renewable power, eliminate diesel, and
survive wind-driven salt spray with virtually no daily maintenance.

The "standard" approach would have failed. Instead, we used a container with a positive pressure, nitrogen-inerted
system for the battery compartment. The power conversion system was housed in a separate, independently cooled
section with P66 rated enclosures. All external fittings were 316-grade stainless steel. We also designed a customized
wash-down and inspection protocol as part of the station's quarterly maintenance.
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environment that didn't have these features. The environmental impact? It's reliably displaced over 50,000 liters of
diesel, but just as importantly, it hasn't become a pile of corroded e-waste. Its lifecycle is on track to meet its 15-year
design life, which is where the true sustainability lies.

The Expert Perspective: It's All About Management

If there's one insight | can leave you with, it's this: in harsh environments, your relationship with the system changes.
You're not just an owner; you're a manager. You need to manage the C-rate (the speed of charge/discharge) to avoid
excessive heat buildup when the cooling system is fighting high ambient salt load. You need to manage the state of
charge (SOC) profiles to minimize stress on the cells, because every bit of longevity counts.

The technology, like the grid-forming inverters that can create a stable grid from nothing, is incredible. But its durability
is dictated by its weakest environmental interface. Choosing a provider isn’t just about the kWh rating on the datasheet.
It's about asking: "Show me your corrosion protection spec. Tell me about your thermal strategy for a salt-air
environment. What does your monitoring platform tell me about the inside of my battery container?"

That's the conversation we're ready to have. Because honestly, the future of resilient, clean energy on our coasts
depends on building systems that can truly stand the test of time, and salt.

What's the single biggest environmental durability concern for your next coastal project?
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