Environmental Impact of High-voltage DC Hybrid Solar-Diesel Systems
in Coastal Salt-spray Areas
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The Hidden Cost of Salt Air: Rethinking Energy Storage for Coastal Sites

Honestly, if 1 had a dollar for every time I've walked onto a coastal industrial or microgrid site and seen a brand-new
battery system already fighting a losing battle with rust and corrosion, well... let's just say I could retire early. The
promise of a high-voltage DC hybrid solar-diesel system for these locations is massive C slashing diesel bills, boosting
renewable intake, and adding critical backup power. But the environmental reality of salt-spray zones turns that promise
into a serious engineering and financial headache if you get the specs wrong. I've seen this firsthand from projects in the
Gulf Coast to offshore platforms in the North Sea. Today, let's talk about the real environmental impact beyond carbon
savings C the impact of the environment on your system, and how to build something that lasts.
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The Silent Killer on the Coast: More Than Just Rust

The problem isn't just the obvious stuff. Sure, everyone thinks about corroded cabinet doors or brackets. The real issue
is insidious. That salty, humid air C what we call a "salt-spray environment" C creeps into every nook. It creates
conductive paths on printed circuit boards, leading to phantom loads and potential short circuits. It attacks the battery
cell terminals, increasing electrical resistance at the connections, which then drives up heat during high C-rate
(charge/discharge rate) events. Poor thermal management gets exponentially worse when heat sinks and cooling fins are
clogged with salt crust. Suddenly, your expected 15-year system lifespan looks more like 7 or 8, and your projected
Levelized Cost of Energy (LCOE) C the true measure of your project's financial viability C goes completely out the
window. You're not just maintaining a system; you're constantly rescuing it.

The Numbers Don't Lie: Accelerated Aging in Salt Air

This isn't just anecdotal. Studies back up the harsh reality. Environments with high chloride exposure can accelerate
corrosion rates by a factor of 3x to 5x compared to inland sites. When you're making a capital investment meant to last
decades, that kind of accelerated aging is a direct threat to your ROI. It turns a strategic asset into a liability.

Building a Fortress: The High-Voltage DC Hybrid Approach

So, what's the solution? It's a holistic, "design-for-environment" philosophy, with the high-voltage DC hybrid
architecture at its core. The goal is to minimize points of failure and maximize resilience.

First, the "high-voltage DC" part is key. By operating at a higher DC bus voltage (e.g., 1500V DC), you reduce the
current for the same power level. Lower current means smaller, less lossy conductors, fewer connection points, and
inherently less thermal management stress on the power conversion system. Fewer connections and less heat mean fewer
opportunities for corrosion to cause havoc.

Second, the system integration. A truly optimized hybrid system isn't just solar + diesel genset + battery thrown in a
box. It's an mtelllgently controlled ecosystem where the BESS acts as the pnmary buffer, m|n|m|zmg diesel starts (which
emefflme olluting at low load) and allowing ar to operate at i tlmeyou avoid
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a diesel start cycle, you're not only saving fuel but also reducing another source of vibration and exhaust contaminants
that can mix with salt air to form even more aggressive compounds.

At Highjoule, this philosophy drives our containerized BESS designs for coastal sites. We start with the standards as a
baseline, not the finish line. Yes, our systems are designed and tested to relevant UL and IEC standards for safety. But
for corrosion, we go beyond. We specify materials like 316-grade stainless steel for critical hardware, use conformal
coating on all control boards as standard, and design our climate control with corrosion-resistant filters and positive
pressure interiors to keep the salt-laden air out. It's about building a fortress around your investment.

Case in Point: A California Water Treatment Plant

Let me give you a real example. We worked with a coastal water treatment facility in California. Their challenge was
peak shaving and backup power, but their existing electrical equipment was failing constantly. They needed a solar-
diesel-battery hybrid to cut costs and ensure resilience.

The challenge wasn't the system design; it was the location. The site was less than 500 meters from the Pacific, with
constant salt fog. Our solution centered on a 1500VDC BESS container. Key adaptations included:

¢ Enhanced Enclosure: Beyond standard paint, we used a multi-step epoxy coating system on the exterior
container and specified marine-grade aluminum for external cable trays.

¢ Air Filtration: We installed a two-stage filtration system on the HVAC: a standard particulate filter followed by a
chemical filter designed to absorb salt aerosols.

* Connection Philosophy: We minimized external DC connections by using pre-assembled, factory-sealed string
harnesses. Where connections were unavoidable, we used dielectric grease and protective boots.

Two years on, the system's performance has been stable. The internal inspection panels show no signs of corrosion, and
the facility manager sleeps better at night. The hybrid control logic has cut their diesel runtime by over 70%, which is a
huge win for both their operating budget and their local air quality.




Expert Insight: Thermal, Electrical, and Chemical Balance

Here's the core insight from two decades in the field: in a corrosive environment, every system stressor is connected.
Thermal management isn't just about keeping batteries at 25C. It's about preventing localized hot spots that accelerate
chemical reactions with salt residues. A poor electrical connection (increased resistance) creates heat, which attracts
more moisture from the air, which deposits more salt, which increases resistance further C a vicious cycle that ends in
failure.

Your LCOE calculation must account for this. A cheaper system with a lower upfront cost but a 3x higher annual
maintenance and degradation rate will lose every time to a properly engineered, corrosion-hardened solution over a
10-year horizon. You're buying years of reliable service, not just a piece of equipment.

The high-voltage DC architecture directly supports this balance. It reduces resistive losses (heat) and simplifies the
power chain. When we design these systems, we're constantly running simulations not just for energy flow, but for
thermal gradients and potential corrosion points. It's this integrated mindset that makes the difference between a project
that's a case study and one that's a cautionary tale.

Your Next Steps: Questions to Ask Your Vendor

So, if you're evaluating a system for a coastal site, move beyond the spec sheet. Have a coffee with their engineering lead
and ask:

¢ "Show me your corrosion protection strategy. Which specific standards (e.g., IEC 60068-2-52) did you test to,
and for how many cycles?"
* "How does your thermal management system prevent salt ingress and clogging?"
e "Can you provide a projected degradation curve and LCOE analysis specifically for a high-corrosion
environment, not just a generic one?"
* "What is the expected maintenance interval and scope for my specific site conditions?"
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The right partner won't have generic answers. They'll have stories from the field, lessons learned, and a design

philosophy that shows they respect how tough the coast really is. What's the one corrosion-related failure you've seen
that still keeps you up at night? Let's talk about how to avoid it on your next project.
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