Liquid-Cooled BESS Standards for Mining: Why UL/IEC Compliance
Matters
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Beyond the Spec Sheet: Why Your Mining Site's BESS Needs More Than
a Box

Honestly, after two decades on sites from the Australian outback to the Chilean highlands, I've seen too many energy
storage systems treated as an afterthought. A container gets dropped off, hooked up, and everyone hopes for the
bestespecially in remote, demanding environments like mining. But heres the hard truth lve seen firsthand: in those
conditions, the difference between a "container” and a properly engineered industrial ESS container isn't just about
specs. It's about preventing a multi-million dollar asset from becoming a liability.

This conversation becomes critical when we look at deploying systems in places like Mauritania's mining sector, or
similar harsh environments in North America and Europe. The standards required there aren't just bureaucratic
checkboxes; they're a survival manual for your capital investment. Let's talk about what that really means over a
(virtual) coffee.
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The Real Cost of a "Standard™ Container

The core problem | see in the market, particularly when projects cross borders, is a fundamental mismatch. A BESS
designed for a temperate, grid-supported environment in Europe is being asked to perform in a 50C (122F) desert
mining site with abrasive dust and volatile power quality. The immediate pain points are threefold:

* Premature Aging & Capacity Fade: Heat is the number one killer of battery cells. Inconsistent cooling leads to
hotspots, causing some cells to degrade years faster than others. This doesn't just reduce capacity; it creates
dangerous imbalances within the battery pack.

¢ Safety Compromises: Thermal runaway isn't a theory; it's an event. In an enclosed container without a robust,
fault-tolerant cooling system, a single cell failure can cascade. Standards like UL 9540A aren't just for
certificationthey dictate the physical design that contains and manages such events.

¢ Operational Downtime: When the BESS shuts down due to overtemperature alarmsand it will with inadequate
coolingyour mining operations that rely on that power for critical load or cost savings simply stop. The lost
revenue dwarfs the upfront savings on a cheaper system.

Data Doesn't Lie: The Thermal & Efficiency Crisis

Let's look at the numbers. The National Renewable Energy Lab (NREL) has shown that for every 10C increase above a
battery's ideal operating temperature, its rate of permanent capacity degradation can double. Now, picture an air-
cooled container sitting in direct desert sun. Internal ambient temperatures can easily be 15-20C above the already
scorching outside air. You're not just losing a bit of capacity; you're accelerating the end-of-life of your entire asset.

Furthermore, a study by the International Renewable Energy Agency (IRENA) on BESS in extreme climates
highlighted that uptime an_d perfor_njance reliability were the top concerns for off-grid industrial operators, often more
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A Case in Point: Learning from Nevada

I was involved in a retrofit project at a silver mine in Nevada, USA. They had installed a "standard"” 1SO container
BESS for peak shaving. Within 18 months, they were facing a 22% nameplate capacity loss and constant derating in the
summer months. The air-conditioning units were fighting a losing battle against dust clogging and extreme heat loads.

The challenge wasn't just replacing the batteries. It was redesigning the entire thermal management system to meet the
local environmental and, crucially, the UL and IEEE 1547 standards required for grid interconnection in the U.S. We
moved to a closed-loop liquid cooling system. The liquid directly contacts the cell modules, pulling heat away far more
efficiently than air ever could. It's like comparing a swamp cooler to a precision industrial chiller.

The result? Stable temperatures year-round, recovered capacity, and no more summer derating. The system now
operates within the strict bounds of UL safety standards, and the mine's financial team finally saw the predictable
performance they were promised. This is the exact philosophy we apply at Highjoule when designing for environments
like Mauritaniameeting the environmental challenge head-on with a design that already exceeds the required safety
benchmarks.

The Solution is in the Standards

This is where specific manufacturing standards for a liquid-cooled industrial ESS container become your blueprint for
success. For a mining operation, these standards synthesize into a few non-negotiable pillars:

¢ Environmental Sealing (IP Rating & Beyond): It's not just IP55. It's about gasket materials that won't dry-rot in
UV light, filtered cooling loops that keep dust out of the coolant, and corrosion-resistant coatings for salty or
acidic atmospheres.

e Structural & Thermal Integrity: The container itself must be a structural member, not just a shell. It needs to
handle transport stresses to remote sites and maintain its sealing and insulation properties. This is deeply tied to
IEC 61427-2 and specific sections of UL 9540.

* Safety by Design L_lL/ IEC Fusion): A proper standard marries UL's focus on fire safety and electrical hazards
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(UL 9540, UL 1973) with IEC's focus on overall performance and testing conditions (IEC 62933). For us, this
means things like passive venting paths for off-gassing, fire suppression integration points, and cell-to-system level
monitoring that meets both frameworks.

Breaking Down the Key Tech for Non-Engineers
Let me demystify two terms you'll hear a lot:

1. C-rate & Why Cooling is Key: Simply put, C-rate is how fast you charge or discharge the battery. A 1C rate means
emptying a full battery in one hour. Mining operations often need high C-rates for heavy equipment. The faster you
move energy, the more heat you generate. Air cooling can't keep up with high, sustained C-rates without massiveand
inefficientfan systems. Liquid cooling handles this heat silently and efficiently, enabling those high-power bursts without
damaging the cells. This directly lowers your Levelized Cost of Energy Storage (LCOS) because the system lasts longer
and performs better.

2. Thermal Management vs. Simple Cooling: Anyone can blow air on something. Thermal management is a predictive,
balanced system. Our liquid systems monitor each cell module's temperature and adjust coolant flow dynamically. This
ensures every cell ages evenly, maximizing the system's lifespan and value. Its the core of achieving both safety
(preventing hotspots) and economics (long asset life).

What This Means for Your Project

So, when you're evaluating a BESS for a demanding application, you're not just buying a container of batteries. You're
investing in an engineered power asset. The manufacturing standards are your assurance that the vendor has thought
through the real-world physics, not just the electrical diagrams.

At Highjoule, our approach for projects from Mauritania to Montana is built on this principle. Our liquid-cooled
industrial containers are designed from the cell up to meet and fuse UL, IEC, and IEEE standards relevant to the target
market. ThIS isn‘ta compllance exerCIse it's the foundatlon of our safety-first design and the reason we can offer
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extended performance warranties. The upfront engineering eliminates downstream operational headaches.

The question isn't whether you can find a cheaper container. The question is: what's the true cost of uncertainty in the

heart of your mining operation’s power system? 1'd love to hear what your biggest operational energy challenge is right
now.
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