BESS Corrosion Protection: Why C5-M Anti-Corrosion is Non-
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The Hidden Cost of "Standard™ BESS in the Wrong Place

Let's be honest. When most folks think about deploying a Battery Energy Storage System (BESS) for an industrial sitebe
it a mining operation in Mauritania, a chemical plant in Texas, or a coastal facility in Norwaythe big-ticket items are
upfront cost, power rating, and cycle life. The enclosure? It's often an afterthought, a box to put the valuable stuff in.
I've been on site for over two decades, and | can tell you firsthand that this is where the first, and sometimes most costly,
mistake is made.

You wouldn't install a standard residential air conditioner in a sulfur-rich processing plant and expect it to last, right?
The same logic applies to BESS. A standard, off-the-shelf container designed for a benign environment like a suburban
data center yard is a recipe for accelerated failure when faced with salt spray, high humidity, abrasive dust, or chemical-
laden atmospheres. The corrosion starts subtlya little white powder on a busbar connection, a slightly compromised seal
on a cooling unit. But it doesn't stay subtle. It attacks battery terminals, busbars, cooling system coils, and structural
supports. What you end up with isn't just a maintenance headache; it's a severe safety and financial liability.

Corrosion by the Numbers: It's Worse Than You Think

This isn't just anecdotal. The financial impact is staggering. While specific project data is proprietary, the National
Renewable Energy Laboratory (NREL) has highlighted that balance-of-system (BOS) failures and accelerated
degradation are leading contributors to increased Levelized Cost of Storage (LCOS) in non-ideal environments. In plain
English, your $/MWh stored over the system's life skyrockets if the hardware around the batteries fails prematurely.

More concretely, the International Electrotechnical Commission's IEC 60721 standards classify environmental
conditions. A C5-M rating (the "M" for marine/offshore) is defined for environments with high corrosivity due to salt
and industrial pollution. For a mining site, you're often looking at a mix of C5-I (Industrial) and C5-M factorsabrasive
dust, high humidity, and potentially corrosive process chemicals in the air. Deploying a system rated for a C2 or C3
environment (typical sheltered or urban/industrial) in a C5-M location can cut the protective lifespan of components by
70% or more. That's not a margin of error; that's a fundamental misapplication.
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The C5-M Solution: More Than Just a Coating

So, what does a true C5-M anti-corrosion BESS entail? At Highjoule, when we engineer a system for a harsh
environment, it's a holistic philosophy, not a spray-on fix.

* Materials Science First: It starts with the container itself. We use hot-dip galvanized steel or specialized
aluminum alloys as a base. All fasteners are stainless steel (grade 316 or higher for coastal M environments).
Gaskets and seals are rated for constant UV, ozone, and chemical exposure.

* Protective Systems: A multi-layer coating system is applied, often involving an epoxy zinc-rich primer, an epoxy
intermediate coat, and a polyurethane topcoat for UV and abrasion resistance. This is applied in controlled
factory conditions, not on-site.

* Environmental Control: The thermal management system is the lungs of the BESS. For C5-M, we use closed-
loop liquid cooling or specially sealed and coated air-handling units with corrosion-resistant coils and filters that
can handle abrasive particulate. This maintains optimal temperature and, critically, keeps the internal
atmosphere clean and dry with positive pressure, preventing corrosive agents from entering in the first place.

* Electrical Integrity: All critical busbars, connections, and cable trays are treated or manufactured with anti-
corrosive properties. Conformal coatings on control boards are standard. It's about protecting every link in the
chain.

This integrated approach is what allows us to meet and validate against the stringent requirements of UL 9540 for safety
and the environmental testing protocols in IEC 62933-5-2. It's not a checkbox; it's the foundation of the system's
promised 15-20 year lifespan in a punishing location.

A Real-World Case: When a "Good Enough" BESS Wasn't

I remember a project at a copper mine in the southwestern U.S. a few years back. A competitor had installed a
"ruggedized" BESS to shave peak demand from the grid. On paper, it looked fine. Within 18 months, they were facing
intermittent faults, rising internal resistance alarms from the battery management system (BMS), and failing cooling
fans. When we were called in for a consult, the internal inspection revealed the isijgi per‘\\!/_asive corrosion on the
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aluminum heat sinks for the power conversion system (PCS) and significant dust ingress that had combined with
condensation to form a conductive paste on some busbars.

The thermal management was struggling because the corroded heat sinks couldn't dissipate heat effectively, leading to
derating (reduced power output) on hot days. The mine was losing the very savings the BESS was supposed to generate.
The fix wasn't a repair; it was a full replacement. We deployed a C5-M rated system with a sealed, liquid-cooled
thermal design. Three years on, it's operating at 100% nameplate capacity, with zero corrosion-related issues. The
upfront cost was higher, but the total cost of ownership is now projected to be lower. That's the LCOE argument made
real.

Expert Insight: Thermal Runaway and the Corrosion Link

Here's a technical point most brochures won't connect, but that keeps engineers like me up at night: corrosion directly
undermines safety. Let's talk about C-ratethe speed at which you charge or discharge the battery. A healthy system can
handle its designed C-rate safely. Corrosion increases electrical resistance at connections. Higher resistance means more
heat generated at that spot during high C-rate events (like dispatching power to the grid or reacting to a frequency
drop).

This localized heating can create a hot spot. In a worst-case scenario, this can be a precursor to thermal runaway. A
corroded bushar or module terminal is a weak point in your safety chain. Furthermore, corrosion can compromise the
integrity of sensor connections, meaning your BMS might not get accurate temperature or voltage dataits primary tools
for preventing unsafe conditions. When we design at Highjoule, our safety-first approach starts by ensuring the physical
and electrical infrastructure is as robust as the battery chemistry itself.

Making the Right Choice for Your Site
So, how do you, as a decision-maker, navigate this? Ask the hard questions during procurement:

* "What specific environmental standard (IEC 60721 class) is this enclosure system tested and certified to?"
¢ "Can you provide a f., bre nu,,,n hean i- crr05|o measu s_jgrrhe.structural electrical, and thermal
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subsystems?"

¢ "What is the expected maintenance interval for corrosion-related inspections, and what does that protocol
entail?"

* "How does the thermal management system prevent ingress of external contaminants?"

The drawback of a true C5-M system is simple: initial capital expenditure (CapEX). It costs more to build with high-
grade materials, advanced coatings, and sealed cooling. The benefits, however, define the project's success: predictable
lifetime, sustained performance (maintaining nameplate capacity), lower operational risk, and ultimately, a lower
LCOS. For a mining operation running 24/7, where energy reliability is directly tied to million-dollar-per-day
production, that CapEx isn't a cost; it's an insurance policy with a measurable ROI.

What's the environment like at your planned deployment site? Have you seen BESS units struggle with similar
challenges?
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