Liquid-Cooled BESS Containers: The Game-Changer for Mining &
Remote Operations
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The Real Heat Problem Isn't Just About Batteries

Let's be honest. When we talk about deploying Battery Energy Storage Systems (BESS) in places like a mining operation
in Mauritaniaor a remote microgrid in Arizona, for that matterthe first thing that comes to mind is the brutal
environment. Dust, wide temperature swings, and honestly, a serious lack of on-site HVAC experts. But the core
challenge I've seen firsthand, from the Australian outback to Chilean copper mines, isn't just ambient heat. It's heat
density.

Modern high-energy density battery racks, especially when supporting heavy, continuous loads like crushers or haul
trucks, generate a lot of heat in a very compact space. The C-ratebasically, how fast you're charging or discharging the
batterydirectly impacts this. A higher, sustained C-rate means more heat. Traditional air-cooling, which works okay in a
mild, controlled data center, starts to wheeze and panic in a 45C (113F) shipping container sitting on a sun-baked site.
Uneven cooling leads to cell degradation variance, which is a fancy way of saying some batteries in your pack age faster
than others, killing your system's overall lifespan and capacity. According to a NREL study, effective thermal
management can improve battery lifespan by up to 300% in demanding cycles. Thats the difference between a 5-year
asset and a 15-year one.

Why Air-Cooling Falls Short When the Stakes Are High

Air is free, right? So why not just blow more of it? On paper, yes. On a dusty mine site, it's a different story. I've been
called to sites where air filters are clogged weekly, fans are working overtime (and burning out), and you still have hot
spots of 15-20C above the pack average. This thermal runaway risk isn't just a spec sheet number; it's a real operational
and safety headache. It forces you to derate the systemmeaning you buy a 2 MWh container but can only safely use 1.6
MWh of it consistently. That's a huge capital efficiency hit.

For any project targeting the US or EU markets, safety standards like UL 9540 and IEC 62933 aren't just checkboxes.
They're the bedrock of insurability and local permitting. An air-cooled system struggling in harsh conditions makes
passing rigorous thermal hazard assessments much harder. The local fire marshal will have a lot more questions.



https://www.nrel.gov/docs/fy22osti/81819.pdf

Liquid Cooling Deep Dive: More Than Just a Chill Pill

This is where liquid-cooled containers enter the chat. Think of it not as a luxury, but as a precision tool for a tough job.
Instead of trying to cool the entire container air, a liquid system uses a coolant (usually a dielectric fluid) that circulates
through cold plates directly attached to each battery module. It's like giving each battery cell its own personal, silent air
conditioner.

The benefits are tangible:

e Superior Thermal Uniformity: We see cell-to-cell temperature differentials under 3C, even at high C-rates. This
is the single biggest factor in extending cycle life.

¢ Higher Energy Density: By removing bulky ductwork and massive fans, you can pack more battery capacity into
the same container footprint. Or, you can keep the same capacity and add more safety spacing.

¢ Dust and Corrosion Immunity: The battery rack is in a sealed, cooled environment. The external heat
exchanger just needs to dissipate heat, not move massive air volumes. It's a game-changer for desert or coastal
sites.

¢ Quieter Operation: No more roaring fans. This matters more than you think for worker safety and community
acceptance near site boundaries.

At Highjoule, our approach has been to integrate this with a system-level view. It's not just about the cooler rack. It's
about how the thermal management strategy dovetails with our battery management system (BMS) algorithms and our

UL 9540A-tested enclosure design to drive down the real metric that counts: the Levelized Cost of Storage (LCOS).
You might pay a slight premium upfront, but the operational savings and longevity crush that premium over time.

The Flip Side: Honest Drawbacks You Need to Plan For
I wouldn't be a good engineer if | only sang the praises. Let's talk drawbacks, because managing them is key to success.
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mitigate this at Highjoule by providing fully factory-integrated, pre-tested "plug-and-play" containers, drastically
reducing field commissioning complexity and risk.

¢ Potential for Leaks: It's the elephant in the room. A leak in an air system is a non-event. A leak in a liquid system
can be serious. This is where design and quality matter immensely. We use marine-grade, leak-before-break
fittings and run the entire coolant loop at below-ambient pressure. Honestly, in our deployments, we've seen
more issues from damaged air conditioner refrigerant lines on standard containers than from our liquid cooling
loops.

¢ Maintenance Mindset Shift: Your O&M team needs to check coolant levels and pump health, not just change
air filters. It's a different skillset. That's why we include remote monitoring as standard, with predictive alerts for
pump performance, and partner with local service providers for hands-on support.

A Tale of Two Sites: Seeing is Believing

Let me give you a real-world contrast from my own project log. We had two similar 1.5 MWh containers for off-grid
industrial support. One, air-cooled, went to a moderately hot region. The other, a liquid-cooled unit from Highjoule,
went to a lithium mine site in the US Southwest with extreme daily temperature swings.

Two years in, the data tells the story. The air-cooled system has already undergone two major fan replacements, and its
calculated capacity degradation is tracking at 4.2% per year. The liquid-cooled unit? Zero unscheduled maintenance,
and degradation is at 2.1% per yearalmost exactly in line with lab predictions. The mine operators also reported they
could consistently pull peak power for their drills without the system throttling back, which wasn't the case at the other
site. That's reliability you can bank your shift schedule on.

Making the Right Call: Is Liquid Cooling for Your Project?

So, when does the math and the operational reality justify moving to liquid? From my two decades in the field, it boils
down to a few key questions:

¢ |s your ambient environment consistently hot, dusty, or corrosive?
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¢ Do you need to maximize energy density within a strict footprint (like a crowded mine site or urban industrial
park)?

* Is your duty cycle demanding, with high, sustained C-rates?

¢ |s total lifetime cost (LCOS) and 15+ year operational stability more important than absolute lowest initial ticket
price?

If you answered "yes" to most of these, then an advanced liquid-cooled BESS isn't an expensg; it's an optimization. The
technology is proven, the standards (UL, IEC) are clear, and the long-term value is undeniable. The industry is moving
this way for demanding applications for a simple reason: it works better.

What's the one thermal challenge in your current or planned operation that keeps you up at night? Is it consistency,
safety, or just the sheer cost of unexpected downtime?
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