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The Real Cost of Cutting Corners

Let's be honest. When you're evaluating a multi-megawatt battery storage system, the numbers on the spec sheet C
capacity, efficiency, price per kwWh C tend to grab all the attention. I've sat in those meetings. But over two decades of
deploying BESS from the deserts of Nevada to remote industrial sites, I've learned the hard way that the most critical
factor isn't always the flashiest number. It's the manufacturing standards baked into every weld, circuit, and coolant
line. Get those wrong, and your "low-cost" solution becomes the most expensive asset on your balance sheet overnight.

This is especially true for demanding applications like mining. The project in Mauritania we're discussing isn't just
another installation; it's a perfect storm of challenge: extreme ambient heat, abrasive dust, and a total reliance on
continuous power for operations that simply cannot stop. A standard, air-cooled container built for a temperate climate
grid application would fail here, and fail expensively. The choice of a liquid-cooled 5MWh system wasn't a luxury; it
was the only viable engineering decision. And its entire viability hinges on the manufacturing standards it was built to.

Beyond the Spec Sheet: Why Standards Matter

Think of standards like UL 9540, IEC 62933, and IEEE 1547 not as bureaucratic checkboxes, but as a condensed
library of past failures and hard-won lessons. They represent a consensus on what "safe and reliable™ actually means.
For a financial controller in London or an operations head in Houston overseeing a mine in West Africa, these
standards are your risk mitigation. They answer the unspoken question: "How do | know this won't burn down or
underperform?"

The data backs this up. The National Renewable Energy Laboratory (NREL) consistently highlights that projects

adhering to rigorous, recognized standards experience significantly fewer safety incidents and have higher long-term
availability. In financial terms, this directly protects your Levelized Cost of Storage (LCOS) C the true metric of a
BESS's lifetime value. A cheaper, non-compliant system might have a lower upfront CapEXx, but its operational risks
and potential downtime can balloon its LCOS, making it more costly than a premium, standards-built alternative.



https://www.nrel.gov/news/program/2022/energy-storage-factsheet.html

The Mauritania Case: A Blueprint for Global Operations

Let me ground this with a parallel case from a copper mine in the southwestern United States. The challenge was
similar: high temperatures, critical load reliability, and the need to integrate solar PV to reduce diesel consumption. The
initial proposal was for a high-density, air-cooled system. But our team’s site assessment C the kind of boots-on-the-
ground due diligence we always insist on C flagged ambient peaks that would push the internal battery temperature
beyond safe C-rate limits, throttling performance and accelerating degradation.

The solution was a pivot to a liquid-cooled architecture built to a specific set of manufacturing standards. This wasn't
just about adding chillers. It meant:

¢ Enclosure Integrity: The container itself was built to a higher ingress protection (IP) code to keep out fine,
conductive dust C a standard more typical of heavy marine or military equipment.

* Coolant System Redundancy: Pumps and piping were dual-path, with manufacturing welds tested to pressure
standards beyond typical HVAC requirements.

* BMS Logic: The Battery Management System's firmware was programmed to IEEE 1547.1 test protocols,
ensuring it could seamlessly manage charge/discharge cycles without destabilizing the on-site microgrid.

The result? The system maintains optimal cell temperature even on 45C (113F) days, enabling it to deliver its full
5MWh capacity at the promised C-rate for years, not just at commissioning. That's the power of standards translated
into ROI.

Key Manufacturing Standards Decoded for Decision-Makers
So, for a project like Mauritania, what should you be looking for? Here's my plain-English take:

* UL 9540 (Safety of Energy Storage Systems): This is the big one for North America. It's a holistic standard

covering the entire system, not just the cells. For a liquid-cooled unit, it rigorously tests the interaction between

the battery, cooling system, power conversion, and enclosure under fault conditions. If it's UL 9540 listed, you
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know it's passed a brutal gauntlet of tests.

¢ |EC 62933 (Electrical Energy Storage Systems): The international counterpart, widely recognized in Europe and
Africa. It covers everything from general safety (Part 1) to specific environmental and performance testing (Part
2). For a mining op, the specific clauses on vibration, dust, and corrosive atmospheres in IEC 62933-2 are
directly relevant.

¢ |EEE 1547 (Interconnection Standards): This governs how the BESS "talks" to the grid or other generators. In
an off-grid mining microgrid with solar and diesel gensets, this standard is crucial for stability. The
manufacturing of the inverter and controls must ensure they can follow these complex protocols flawlessly.

Honestly, if a supplier can't immediately show you the certification reports and testing protocols for these standards for
their SMWh liquid-cooled product, walk away. It's that simple.

Thermal Management: The Make-or-Break Factor

This is where liquid-cooling separates the men from the boys, and where manufacturing precision is non-negotiable. Air
cooling simply can't keep up with the heat density of a modern, high-C-rate (>1C) utility-scale battery. Inefficient
cooling forces the system to derate (reduce power) to protect itself, killing your ROI.

A well-manufactured liquid-cooled system directly controls the temperature of each cell or module. This does two
magical things: First, it virtually eliminates "hot spots" that cause premature aging. Second, it allows the battery to
sustain high power (high C-rate) charges and discharges consistently. For a mine, that means you can shave peak
demand from your gensets more aggressively and capture more solar energy faster when the sun is shining, without
worrying about thermal runaway.

The manufacturing standard here is in the details: the quality of the cold plates, the leak-proof integrity of thousands of
fluid connections, the corrosion resistance of the coolant loops. I've seen firsthand on site how a single, sub-standard
fitting in the cooling loop can lead to a slow leak, a shutdown, and a very costly service call in a remote location.
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At Highjoule, our experience from projects like Mauritania and the U.S. mine directly informs how we build every
5MWh liquid-cooled unit. We don't see standards as a finish line to cross, but as the foundational blueprint. Our "H-
Class" utility BESS is designed from the ground up to meet and exceed UL 9540 and IEC 62933, with a liquid thermal
system that's factory-tested to perform in -30C to +50C ambient ranges.

But the real differentiator is how we translate that into value for you. By ensuring every unit is built to this resilient
standard, we directly optimize your LCOE. You get more cycles, more consistent performance, and far less operational
risk over the 15+ year lifespan. And because we design with global standards in mind, our local deployment teams in

regions like Europe, North America, and Africa can integrate and commission faster, with full compliance peace of
mind.

So, the next time you're reviewing a BESS proposal, look past the headline capacity. Ask to see the certification reports.
Drill into the thermal management design and its test standards. Your future self, managing a profitable, reliable mining

operation thousands of miles away, will thank you for it. What's the one standard you consider non-negotiable for your
remote-site critical infrastructure?
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