Real-world Case Study: C5-M Anti-corrosion Hybrid Solar-Diesel System
for Public Utility Grids
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When Salt Air Meets Megawatts: A Real-World Look at Protecting Grid
Assets with Hybrid Power

Honestly, after two decades on sites from the North Sea to the Gulf of Mexico, I've learned one thing the hard way: the
environment is the ultimate stress test. We can talk all day about cycle life and efficiency in the lab, but out there,
especially for public utility grids near coasts, it's a different ball game. The real challenge isn't just storing energy; it's
making sure the system that stores it can survive. Let's talk about a problem I've seen firsthand, and a solution that's
more than just specs on a page.
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The Silent Killer: Corrosion in Coastal Grid Infrastructure

Picture this: a critical public utility substation, maybe for a coastal town or island community. It's running on expensive,
noisy diesel gensets, with some solar PV added to cut fuel costs. The utility wants to add a Battery Energy Storage
System (BESS) to smooth the solar output, provide backup, and potentially participate in grid services. It sounds like a
solid plan. But here's the agitation partif that BESS is a standard industrial-grade unit, it's walking into a war zone.

Salt-laden air, high humidity, and temperature swings create a C5-M level corrosive atmosphere (as defined by 1ISO
12944). I've opened up control cabinets after just 18 months in these conditions and found terminal blocks green with
corrosion, sensor readings gone haywire, and thermal management systems struggling. The National Renewable Energy
Lab (NREL) has noted that harsh environmental factors can accelerate performance degradation in BESS, leading to
increased operational costs and safety concerns. This isn't a gradual wear-and-tear; it's a fast-track to system failure,
unplanned downtime, and a terrifying conversation about safety and liability.

Beyond the Spec Sheet: What "C5-M" Really Means for Your Bottom Line

So, the solution isn't just "a battery." It's a system engineered for survival. This is where a purpose-built, C5-M anti-
corrosion hybrid solar-diesel system comes in. For a public utility, this isn't an extra costit's risk mitigation with a clear
ROI.

At Highjoule, when we design for these scenarios, "C5-M" dictates every material choice. It means:

¢ Enclosures: Not just painted steel, but hot-dip galvanized steel with specialized multi-layer epoxy-polyurethane
coatings. We're talking about the same protection used on offshore wind installations.

* Cooling Systems: Sealed, corrosion-resistant air-to-liquid heat exchangers. An open-vent design in a salty
environment? That's just inviting a thermal management crisis as fins clog with salt.

¢ Electrical Components: Conformal-coated PCBs, stainless-steel fasteners, and IP66-rated connectors as a
baseline. It's about preventing the tiny, insidious failures that cascade.

This engineering focus directly protects your Levelized Cost of Energy (LCOE). By extending the system's operational
Ilfe from maybe 10 years in harsh condltlons toa fuII 15 20 year de5|gn Ilfe you re spreading the capltal cost over more
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Case Study: A Florida Municipal Utility's Hybrid Transformation

Let me give you a real-world example. A municipal utility in Florida was facing peak demand charges through the roof
and pressure to integrate more local solar. Their existing diesel peakers were costly and emissions-heavy. Their site?
Less than a mile from the Atlantic.

The Challenge: Integrate a new 2 MW solar array with the existing diesel generators and add enough storage to provide
4 hours of peak shaving and backup for critical infrastructure. The #1 non-negotiable from their engineers: "It has to
survive our hurricane season and salt spray."

The Solution & Deployment: We deployed a containerized C5-M rated hybrid system. The BESS container wasn't just
a box; it was a fortress. The thermal management used a closed-loop, dehumidified cooling system to keep the lithium-
ion batteries at their optimal temperature range (crucial for cycle life) without exposing internals to the external air. The
power conversion system (PCS) was designed to seamlessly switch between solar, battery, and diesel, complying with
IEEE 1547 for grid interconnection and UL 9540 for overall system safety.

The Outcome: Within the first year, they reduced diesel fuel consumption by over 40% during peak periods. The BESS
handled the solar intermittency perfectly. But the real win came after the first major coastal storm. While other
equipment on-site showed signs of stress, our BESS enclosure and systems performed flawlessly. The utility's director
told me, "We bought resilience, and we got it." That's the value beyond kilowatt-hours.

The Tech Behind the Resilience: Thermal Management & LCOE in Harsh Climates

Let's demystify two technical terms that matter hugely here: C-rate and Thermal Management.

C-rate is basically how fast you charge or discharge the battery relative to its capacity. A 1C rate means discharging the
full capacity in one hour. In a grid application, you might need high C-rates for fast frequency response. But here's the
insight: in high ambient temperatures, pushing a high C-rate without impeccable thermal management cooks the
battery. It degrades it rapidly, killing your LCOE.
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That's why our thermal management design for C5-M environments is obsessive. It's not just about air conditioning. It's
about liquid cooling plates that directly contact battery modules, maintaining a tight temperature spread (maybe 3C)
across the entire rack. According to data from the International Energy Agency (LEA), proper thermal management can
improve battery lifespan by up to 200% in demanding applications. This means you can safely utilize the battery's full
performance (its C-rate capability) without sacrificing its life, getting the best possible financial return on the asset.

Deploying with Confidence: Standards, Safety, and Long-Term Thinking

For any public utility engineer or decision-maker, compliance isn't paperworkit's your safety net. Deploying a hybrid
system, especially in a harsh environment, means stacking those nets. The system in our case study was built from the
ground up to meet and exceed:

e UL 9540: The critical safety standard for Energy Storage Systems in the US market.
¢ |EC 61439: For low-voltage switchgear and controlgear assemblies.
¢ |EEE 1547: For interconnection and interoperability with the grid.

But here's my on-site insight: standards are a baseline. You need a partner whose field service teams understand the
intersection of these standards in a live grid environment. Can the system's controls handle a black start sequence with
diesel gensets after a grid outage, while managing battery state-of-charge, all in a corroded environment? That's where
experience counts.

At Highjoule, our service model is built around this long-term partnership. We provide remote monitoring tailored to
track environmental stressors (like internal humidity) alongside electrical performance, giving utilities predictive
maintenance alerts. Its about moving from reactive fixes to proactive care, ensuring the asset you financed delivers for
its entire lifespan.

So, the next time you're evaluating a grid storage or hybrid project, especially near a coast, ask the tougher questions.
Don't just ask about capacity and price. Ask, "How is this system built to survive my specific environment for the next
20 years?" The answer will tell you everything you need to know about the real valueand resilienceyou're buying.

What's the biggest environmental challenge facing your grid infrastructure project today?
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