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The Real Problem Isn't Fuel Cost. It's Predictability.

Honestly, if you're managing a mining or heavy industrial operation in a remote or off-grid location, you already know
the headline pain points: diesel is expensive, volatile, and logistically messy. But after 20+ years on site, from the
Australian outback to sites in Africa and the Americas, I've learned the deeper, more costly issue is the unpredictability
it creates. You're not just buying diesel; you're buying a constant, low-grade anxiety about supply chains, price spikes,
and the sheer operational fragility of a single-point power source. Your CFO sees the line item, but you feel the
operational risk every single day.

Amplifying the Agitation: The Hidden Costs of "Business as Usual”

Let's talk numbers for a second. The International Energy Agency (IEA) consistently highlights that energy can
represent up to 30-40% of total operating costs in mining. A diesel-only setup isn't just a fuel bill; it's a cascade of related
costs. Every liter shipped to a remote site like, say, in Mauritania, carries a massive logistics premium. Then there's
generator maintenance - constant, expensive, and a drain on technical staff. I've seen sites where maintenance crews are
essentially full-time generator nurses, which is not why you hired them. The biggest cost? Unplanned downtime. When
your single diesel source has an issue, everything stops. That's not an energy cost; that's a revenue killer.

Heat: The Silent Killer of ROI (And Your Batteries)

So, the smart move is to hybridize. Add solar to cut diesel use, and pair it with a Battery Energy Storage System (BESS)
to smooth out the solar and provide backup. Everyone gets this. But here's the critical piece most generic ROl models
completely miss: thermal management. If your BESS can't handle the heat, your entire ROI calculation goes out the
window.

Think about a mining operation in Mauritania. Ambient temperatures are one thing, but factor in dust, direct sun on
containerized systems, and the high C-rate discharges needed to support heavy equipment starts or bridge cloud cover.
The internal temperature of a poorly cooled battery rack can skyrocket. High heat accelerates degradation, slashing the
battery's lifespan - maybe from a projected 10 years down to 6 or 7. That's a capital asset failing decades early. Worse, it
increases the risk of thermal runaway, a serious safety hazard. Standard air-cooled systems often just can't keep up in
these environments. They work harder (using their own energy to run fans), cool unevenly (creating hot spots that
degrade specific cells), and ultimately, they compromise the system's reliability and safety. I've seen this firsthand on site.
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A Case from the Field: When the Desert Tests Your Tech

Let me give you a non-Mauritania but perfectly analogous example from the Southwestern US. We deployed a hybrid
solar-diesel system with a liquid-cooled BESS for a remote mineral processing plant. The challenge was identical:
extreme heat, dust, and a critical need for 24/7 power reliability for processing equipment. The air-cooled system they
initially considered was projected to derate (reduce power output) significantly during peak summer afternoons,
precisely when they needed it most to offset expensive peak grid charges (their version of high diesel costs).

The liquid-cooled system we installed maintained its rated power and capacity regardless of the 45C+ (113F) ambient
heat. The closed-loop cooling kept the cells at an optimal, uniform temperature. The result? The projected diesel

savings were achieved, not just on paper, but in the harshest months. More importantly, the plant manager sleeps better
knowing the thermal safety margins are vastly superior, and their maintenance team isn't babysitting the battery
containers. The system is compliant with UL 9540 and IEEE 1547, which wasn't just a checkbox for them - it was a non-
negotiable for insurance and local permitting.

Why Liquid Cooling? Why Now? Let's Get Technical (But Keep It Simple)

You might hear terms like C-rate and LCOE (Levelized Cost of Energy) thrown around. Let's demystify them in this
context.

e C-rate: Simply put, it's how fast you charge or discharge the battery. Supporting a large excavator's sudden
power need requires a high discharge C-rate. High C-rate operations generate a lot of heat, fast. Liquid cooling
is exceptionally efficient at pulling this heat away directly from the cell surfaces, allowing for sustained high
performance without damage.

¢ Thermal Management: This isn't just about comfort; it's about longevity and safety. Liquid cooling offers
precise, active control. It's like having a dedicated, silent climate control system for each battery module, versus
hoping a few fans can cool an entire container (air cooling). This precision translates directly to a longer, more
predictable lifespan.

* | COE Optimizati ncial metric. By extending battery‘IEe (delaying capital

-
i o =

—————— S T il e e



replacement), ensuring full power availability (maximizing solar utilization and diesel offset), and reducing
auxiliary power consumption (cooling systems that use less energy themselves), a liquid-cooled system actively
lowers the true, long-term cost of every kilowatt-hour your system delivers.

At Highjoule, when we model the ROI for a project, we don't just use generic battery degradation curves. We model
thermal performance under your specific site conditions. This is where the real accuracy comes from. Our liquid-cooled
platforms are designed from the cell up for this, with safety and UL/IEC standards baked into the core architecture, not
just added on.

Beyond the Spreadsheet: What a Real ROI Analysis Captures

A true, professional ROI analysis for a hybrid system in a demanding environment must go beyond simple payback on
diesel savings. It must quantify:

Factor Air-Cooled System Often Misses Liquid-Cooled System (Properly
Modeled)

Battery Degradation Uses ideal, lab-condition curves. Models degradation based on real
thermal stress at your site.

Performance Derating Assumes full power is always available. Accounts for power reduction on hot
days to protect cells.

O&M Burden Underestimates filter changes, fan Reflects the low-touch, sealed nature of

maintenance. advanced liquid cooling.
Risk & Safety Treated as a binary compliance check. Values inherent safety of stable cell

temperatures, impacting insurance and
downtime risk.

This is the analysis we provide. It's based on deploying these systems, not just designing them. We've seen what goes
wrong, and we engineer and model to prevent it. The goal isn't to sell you a battery; it's to deliver a predictable, lower-
cost, and safer power asset for the life of your operation.

Your Next Step: Asking the Right Questions

So, when you're evaluating a hybrid system proposal, don't just look at the headline savings number. Ask your
provider:

* "How does your ROI model account for battery degradation in my specific climate?"
* "Can you show me the projected cell temperature data for the hottest week of the year at my site?"
¢ "|s the system's safety certification (like UL 9540) based on the full assembly with this cooling method?"

The difference in the answers will tell you everything. The right technology, properly analyzed, turns a capex decision
into your most powerful tool for operational resilience and cost control. What's the one operational unpredictability
that's costing you the most sleep right now?
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