High-voltage DC Hybrid Solar-Diesel Systems for Coastal Resilience
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When Salt Air Meets High Voltage: Building BESS That Lasts on the
Coast

Hey there. Let's grab a coffee and talk about one of the trickiest puzzles we face in renewable energy deployment:
putting robust, reliable battery energy storage systems (BESS) right where the power is needed moston the coast.
Honestly, I've lost count of the sites I've visited where a beautiful solar array or a critical microgrid is hamstrung not by
the core technology, but by the environment. The salt spray you can taste in the air? It's a silent killer for standard
electrical equipment.
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The Hidden Cost of Salt in the Air

The push for coastal renewables is massive. Think offshore wind support, port electrification, island microgrids, and
coastal industrial facilities adding solar. The International Renewable Energy Agency (IRENA) highlights the huge
potential for offshore renewables, but the supporting infrastructure on land faces a brutal test. Salt spray corrosion isn't
just surface rust; it's a conductive, corrosive film that creeps into connectors, attacks busbars, and degrades insulation.
I've seen this firsthand on site: a seemingly minor panel gap can lead to accelerated failure of components that would
last decades inland.

The problem is amplified when you mix generation sourceslike solar and dieselin a hybrid system. You're not just
protecting a battery; you're protecting the power conversion systems, the switchgear, and all the interconnections. A
single point of corrosion-induced failure can take down the entire system's intelligence, forcing a fallback to diesel-only
mode. That spikes your operational costs and carbon footprint, defeating the purpose of the hybrid setup.

Why Standard Solutions Fall Short on the Coastline

Many projects start with an "IP-rated enclosure” mindset. Sure, a NEMA 4 or IP56 cabinet keeps water out. But salt is
sneaky. It's carried by humidity and wind, settling on every external surface and eventually infiltrating through standard
cooling vents. Traditional thermal managementlike forced air coolingliterally pulls the corrosive atmosphere through
the electronics, depositing salt on heat sinks and circuit boards.

Then there's the system architecture. A typical low-voltage AC-coupled system for a solar-diesel hybrid has multiple
conversion stages: solar DC to AC, AC to DC for battery charging, then DC back to AC for output. Every conversion
(AC/DC, DC/AC) happens with a power conversion system (PCS) unit, which generates heat, needs cooling, and has
hundreds of internal points vulnerable to corrosion. More complexity, more points of failure, more opex for
maintenance and premature replacement.

The Data Behind the Degradation

Studies in coastal environments, like those from the National Renewable Energy Lab (NREL), show that unprotected

electrical mfrastructure in saIt-spray Zones can see corrosion rates 3 to 5 times higher than in rural inland environments.
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https://www.irena.org/Energy-Transition/Technology/Offshore-renewables
https://www.nrel.gov/grid/solar-hybrid-power-plants.html

component swaps, and system inefficiencies from degraded connections all drive that lifetime cost up.

The High-Voltage DC Advantage: Simpler, Tougher, Smarter

This is where a purpose-built, high-voltage DC hybrid architecture changes the game. The core idea is elegant in its
simplicity: reduce the number of components exposed to the harsh environment and fortify the ones that remain.

In a high-voltage DC bus system, the solar PV strings and the battery bank operate on a common DC bus at a higher
voltage (often around 1500V DC). The diesel generator outputs AC, which is converted to DC once to sync with this
bus. The output to the load is then inverted from DC to AC once. We've effectively eliminated at least two major power
conversion stages compared to a patchwork of AC-coupled units.

Why this matters for coastal resilience:

* Fewer Corrosion Targets: Less power conversion equipment means fewer cabinets, less internal circuitry, and
fewer cooling inlets exposed to salt air.

¢ Inherent Efficiency: Fewer conversions mean lower energy losses (heat). Lower heat generation means you can
opt for a sealed, liquid-cooled thermal system that completely isolates internal components from the external
atmosphere. This is a game-changer.

* Easier to Harden: Protecting one or two centralized, sealed conversion units to UL and IEC standards for
corrosive environments (like UL 50E for enclosures) is far more practical and cost-effective than trying to harden
a dozen distributed components.

Building for Corrosion, Not Just Capacity

At Highjoule, when we engineer for coastal salt-spray, we start with the standards and then go beyond. Compliance
with UL 9540 for BESS safety and IEC 61439 for low-voltage assemblies is the baseline. For the environment, we look
to IEEE 45 for marine electrical standards and UL 50E for enclosure integrity against corrosion.




* Materials Science: We specify stainless steel fasteners, copper busbars with anti-corrosive plating, and conformal
coating on critical PCBs as standard for these deployments. It's not just about the box; it's about every bolt inside
it.

¢ Sealed Thermal Management: We move away from fan-driven air cooling. Instead, we use a closed-loop liquid
cooling system that manages the temperature of the battery racks and power electronics within a sealed
environment. The external radiator handles the salt spray, while the internals stay pristine.

¢ C-Rate & Chemistry Considerations: In a hybrid system, the battery isn't always cycling at full tilt. By right-
sizing the C-rate (the charge/discharge speed) and using robust, mature lithium iron phosphate (LFP) chemistry,
we reduce thermal stress. Lower stress means the cooling system works less aggressively, enhancing reliability.

It's about designing for the real-world duty cycle, not just the spec sheet peak.

A Real-World Case: Keeping the Lights on in the Gulf

Let me tell you about a project we completed for a water treatment facility on the Gulf Coast of Texas. The challenge
was classic: unreliable grid, high diesel costs for backup, and a desire to integrate a new solar carport. The site is less
than a mile from the water, with everything constantly coated in a fine salt mist.

The previous attempt used standard, off-the-shelf AC-coupled inverters and battery cabinets. Within 18 months, they
faced recurring faults on inverter cooling fans and communication errors traced to corroded sensor connectors. The
system's availability plummeted during the humid summer months.

Our solution was a containerized High-Voltage DC Hybrid Solar-Diesel System. The entire power conversion and
battery storage was housed in a single 40-ft ISO container, treated from the ground up for the environment:

Feature Specification Coastal Rationale
Enclosure Container with C5-M paint system Maximum corrosion resistance per 1ISO
12944

Cooling Closed-loop liquid cooling with externalZero internal air exchange, seals out
dry cooler salt & humidity

Internal Environment Positive pressure with nitrogen blanket Prevents moist air ingress during
option maintenance

Electrical Standards UL 9540, UL 50E, IEEE 45 Meets & exceeds marine & corrosive

environment benchmarks




The result? The system has operated for over two years now with 99.5% availability. The facility's diesel consumption
has dropped by over 70%. The maintenance team does their quarterly visual inspection, but the internal components
look as clean as the day they were installed. The LCOE for this hybrid power is now predictable and competitive,
because we've designed out the major cause of unpredictable opex.

Thinking About Your Next Coastal Project?

If you're planning a microgrid, a port electrification project, or just bolstering resilience at a coastal facility with solar
and storage, the environment must be your first design consideration, not an afterthought. Ask your technology provider
not just for the battery specs, but for their corrosion control strategy, their thermal management approach in salt air,
and the specific UL and IEC standards their system is built to for your location.

The right high-voltage DC hybrid system isn't just an electrical component; it's a piece of industrial marine-grade
equipment. It should be built to last in the salt, wind, and humidity, ensuring your investment delivers clean, reliable
power for its entire lifespan. What's the most surprising corrosion failure you've encountered on site?
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