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The Real Cost Isn't Just on the Balance Sheet

Let's be honest. When most mining operators C whether in the Atacama, Western Australia, or Mauritania C first look
at battery storage, the conversation starts and ends with one number: the upfront capital cost. I've sat in those meetings.
The CFO wants the cheapest $/kWh, period. But after two decades and hundreds of megawatts deployed, | can tell you
that focusing solely on that sticker price is the single biggest mistake you can make. The real cost, the one that
determines if your project is a 15-year asset or a 5-year headache, is hidden in the environmental impact on the system
itself.

Think about it. You're putting a multi-million dollar energy asset in some of the harshest environments on earth. In
Mauritania, for our example, you're facing relentless dust, 45C+ ambient temperatures, and massive daily swings. A
cheap, air-cooled system might look good on paper, but honestly, I've seen firsthand on site how that desert dust clogs
filters in weeks. Fans ramp up to full blast, chewing through parasitic load (that's power used just to run the system
itself), and still, the battery cells cook. Degradation accelerates. Your promised 10-year lifespan? Maybe you get six.
Suddenly, that low upfront cost balloons when you calculate the real Levelized Cost of Energy (LCOE) C the total
lifetime cost per megawatt-hour delivered.

According to a National Renewable Energy Laboratory (NREL) analysis, thermal management can account for up to
30% of a BESS's auxiliary load in hot climates. That's energy you're paying for that never reaches your shovels or
processing plants.

Heat: The Silent Killer of Performance and Profits

This brings us to the core of the environmental impact discussion for any utility-scale BESS. It's not just about carbon
footprint (though that matters), it's about the micro-environment inside the container. Battery cells are like athletes. To
perform at their peak, cycle after cycle, day after day, they need to operate in a tight, optimal temperature band. Too
cold, they're sluggish. Too hot, and it's a slow-motion disaster.

Every 10C above that ideal range can double the rate of chemical degradation. This isn't theoretical. I've pulled
modules from failed systems where uneven heating created "hot spots.” One cell fails, stresses its neighbors, and you get
a cascading effect. This directly hits your two most important metrics: safety and round-trip efficiency. You bought a
5MWh system, but if it's constantly thermally throttled, you might only be able to discharge 4MWh reliably. That's
20% of your capacity, gone, because of poor thermal management.

Air-cooling, which basically uses big HVAC units, struggles massively with uniformity in a dense, utility-scale pack. The
cells in the middle of the rack are always hotter than those on the edges. This inconsistency is what kills longevity.

Taming the Desert: Why Liquid Cooling Changes the Game

So, what's the solution for a 5SMWh workhorse in the Mauritanian desert? From an engineering perspective, the answer
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is precise, direct, and uniform cooling. That's where advanced liquid-cooled systems come in. Forget the old radiators;
think of a silent, closed-loop system where a coolant is circulated through cold plates that sit directly against each battery
cell or module.

This does three critical things that directly address the environmental impact:

* Precision: It keeps every cell within a 2-3C range, eliminating hot spots. This is the single best thing you can do
for battery life.

» Efficiency: It cuts that parasitic cooling load by up to 40% compared to struggling air-conditioning in extreme
heat. More of your stored power goes to productive work.

¢ Resilience: It's a sealed system. Sand, dust, salt C they can't get in. The external heat exchanger is designed for
easy cleaning, but the core battery compartment is protected.

At Highjoule, when we engineer our utility-scale solutions for markets like this, we don't just slap on a liquid cooling Kkit.
We design the thermal system integrally with the battery layout and the power electronics. It's why our systems can
maintain rated performance and guarantee cycle life even when the external environment is doing its worst. This
directly translates to a lower, more predictable LCOE and a system that meets the rigorous safety thresholds of UL 9540
and IEC 62933 without breaking a sweat.

Beyond the Spec Sheet: The Mauritania Case in Point

Let me give you a non-Highjoule example from a similar climate to make the point real. A copper mine in the
southwestern US deployed a large air-cooled BESS for peak shaving and backup. Within 18 montbhs, filter changes were
a weekly maintenance nightmare. The cooling system was running at 100% capacity for 8 hours a day during summer,
and they still saw a 15% drop in usable capacity due to temperature derating. They're now retrofitting with a liquid-
cooled solution. The lesson? The operating environment dictates the technology choice, not the other way around.

For a mining operation in Mauritania, the calculus is even clearer. Your BESS isn't just a cost center; it's a critical
reliability asset for possibly off-grid or weak-grid operations. A failure isn't an inconvenience; it's a full production stop.
The environmental resilience of the system is directly tied to operational resilience and revenue.




Decoding the Tech for Decision-Makers

I know terms like C-rate and thermal runaway get thrown around. Let's demystify them quickly, because you need to
understand what you're buying.

e C-rate: Simply put, it's how fast you charge or discharge the battery. A 1C rate means you empty a full battery
in 1 hour. For a 5SMWh system, that's a 5MW discharge. Mining loads can be spikey. A higher, sustained C-rate
generates more heat. A liquid-cooled system handles these high-power bursts much more effectively, keeping the
cells stable and preventing premature aging from heat stress.

* Thermal Management: This is the entire strategy for dealing with that heat. Liquid cooling is the gold standard
for high-density, utility-scale applications in harsh environments because it's proactive and precise, not reactive
and blunt like air conditioning.

* LCOE (Levelized Cost of Energy): This is the number your finance team should care about. It factors in
everything: capex, opex, efficiency losses, degradation, lifespan. A robust liquid-cooled system often has a higher
capex but a significantly lower LCOE over 10-15 years because it degrades slower, wastes less energy on cooling,
and requires less maintenance.

Choosing a system built to UL and IEC standards isn't about checking a box for insurance. It's a proxy for this rigorous,
holistic engineering approach that prioritizes long-term performance and safety over a low bid.

The "Local" Advantage in a Global Market

Finally, a word on deployment. A container from a factory on the other side of the world is just the start. The
environmental impact of your BESS is also determined by how well it's commissioned, monitored, and maintained
locally. This is where companies with real field experience differentiate themselves.

At Highjoule, our advantage isn't just in the liquid-cooled design of our 5SMWh-+ units. It's in the fact that our system
architecture allows for remote, granular monitoring of every cell's voltage and temperature. Our regional support
teams, familiar with both the tech and the local grid codes from Europe to North America, can often diagnose an issue
before it becomes a problem. For a mine in a remote location, that local knowledge and support network C even if
"local" means the nearest expert is a time zone away with secure satellite data access C is invaluable. It turns the BESS
from a black-box commodity into a managed, optimized asset.

So, when you evaluate the environmental impact of a BESS for a demanding application like mining, look beyond the
brochure. Ask about cell-level temperature data from similar deployments. Challenge your vendor on their LCOE
assumptions for your specific climate. The right technology choice doesn't just protect the battery from the
environment; it protects your investment for the long haul.

What's the biggest operational challenge your site faces from heat or dust? I'm curious to hear what's keeping other
engineers and operators up at night.
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