Optimizing Air-Cooled Hybrid Solar-Diesel Systems for Mining in Harsh
Climates
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From the Field: Making Hybrid Power Work for Mining in Places Like
Mauritania

Let's be honest. When you're managing a remote mining operation, whether in the Mauritanian desert or the
Australian outback, your power system isn't just a utilityit's the lifeline of your entire project. I've spent over two decades
on sites where the margin for error is zero, and the conversation always comes back to one thing: reliability. Recently,
I've seen a significant shift. More operations are looking at air-cooled hybrid solar-diesel systems to cut fuel costs and
carbon footprints. The promise is huge, but the on-the-ground reality? It's often a story of thermal challenges and
missed efficiency targets. Let's talk about how to get it right.
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The Core Problem: It's Not Just the Heat, It's the Economics

The push for renewables in mining is real. According to the International Energy Agency (IEA), the mining sector
accounts for nearly 11% of global industrial energy use. Diesel gensets are a massive, volatile cost center. So, integrating
solar PV with battery storage (BESS) seems like a no-brainer. The problem I've seen firsthand, especially with air-cooled
systems in dusty, high-ambient-temperature environments, is premature degradation and capacity fade.

It's an agitation of two pains: Capital Expense (CapEXx) risk and Operational Expense (OpEX) uncertainty. You invest in
a BESS to save on diesel, but if the battery's thermal management isn't optimized for 45C+ days with constant dust, its
lifespan plummets. Suddenly, your projected Levelized Cost of Energy (LCOE) savings vanish. You're not just losing
efficiency; you're facing unexpected CapEx for early replacement. That's a boardroom nightmare.

Why "Air-Cooled" Doesn't Mean "Set and Forget"

Air-cooled systems use fans and internal airflow to manage battery temperature. They're often chosen for their
simplicity and lower upfront cost compared to liquid-cooled systems. But in @ mining context, "air" isn't just airit's an
abrasive, hot, and conductive medium.

Here's the mismatch: Lithium-ion batteries perform best and last longest within a tight temperature window, typically
20C to 25C. Every 10C increase above 25C can, honestly, halve the cycle life of some chemistries. Now, picture a
standard industrial air-cooled unit. It's pulling in 48C desert air, laden with fine particulates, trying to cool a battery
pack generating its own heat during charge/discharge cycles. The system is fighting a losing battle from day one. The
fans work harder, consuming more of the very energy you're trying to save, and dust accumulation acts as an insulator,
making everything worse.

The Optimization Framework: A Site Engineer's Checklist

So, how do we optimize? It's not about reinventing the wheel; it's about intelligent, site-specific engineering. The
solution lies in a holistic view of the system.
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¢ Site & Climate Intelligence: This goes beyond average temperatures. We need peak ambient data, diurnal
temperature swings, humidity, and most critically, particulate matter (dust/sand) concentration and
composition. This data directly informs the next points.

¢ Advanced Enclosure & Filtration Design: The container itself is a first line of defense. We're talking about
positive pressure systems with HEPA-grade filtration to keep dust out, combined with strategic, shaded air intake
placements. 1've seen projects fail by using standard telecom shelters in a mining environment. It's not adequate.

* Dynamic Thermal & Power Management: The BESS management system (BMS) must be smart. It should
proactively limit the charge/discharge rate (the C-rate) based on real-time core temperature readings, not just
ambient. On a scorching day, it might slightly reduce power output to preserve longevitya trade-off that saves
money in the long run.

¢ Diesel GenSet Integration Logic: The genius of a hybrid system is in the control algorithms. The system should
use weather forecasting to pre-charge the BESS before cloudy periods, minimizing inefficient, low-load genset
runtimes. It's about making the diesel engine work only at its most efficient points.

A Real-World Case: Lessons from a Copper Mine

Let me share a relevant experience, though the location was in the Southwestern US, facing similar challenges of heat
and dust. A mid-tier copper mine wanted to add a 2MW solar PV array with a 1.5MW/3MWh air-cooled BESS to
support their camp and processing load, aiming to cut diesel use by 30%.

The Challenge: Within 8 months, they reported a 15% loss in BESS usable capacity. The air filters were clogging
weekly, and internal temperatures were consistently 15C above ambient.

The On-Site Fix (What We Did): This wasn't a component failure; it was a design mismatch. We led a retrofit that
included: 1. Upgrading to a two-stage, self-cleaning filtration system. 2. Re-programming the energy management
system to implement a "summer mode" that derated the maximum C-rate by 20% during peak heat hours. 3. Adding
passive thermal mass and improving internal airflow paths within the container.

The Outcome: Temperature splkes reduced dramatlcally The capacrty fade curve returned to its expected trajectory




happened after the fact, which is always more costly.

Key Technical Insights for Non-Technical Decision Makers
If you're making the budget call, here's what you need to understand in simple terms:

e C-rate is Like Engine RPM: Think of it as how hard you're pushing the battery. A high C-rate is like redlining
your car's engineit gets the job done fast but creates a lot of heat and wear. For longevity in heat, you often need
to run at a moderate, sustainable "RPM."

* Thermal Management is Your Insurance Policy: Investing in a superior cooling and filtration design isn't an
extra cost; it's an insurance premium that guarantees your LCOE calculations will hold true over 10+ years.

¢ L COE is the North Star: Don't just compare $/kWh of battery capacity. Insist on seeing detailed, site-specific
LCOE models that factor in realistic degradation rates under YOUR climate conditions. A cheaper system that
degrades fast has a much higher true LCOE.

This is where a company's experience matters. At Highjoule, for instance, our design process starts with a mandatory, in-
depth site climate and dust analysis. We don't ship a standard container to Mauritania and a standard container to
Minnesota. That's why our BESS units are built with UL 9540 and IEC 62933 certification as a baseline, but the real
value is in the customizationslike our multi-stage filtration systems and adaptive BMS softwarethat come from actually
having to maintain these systems in the field for decades.

The potential for air-cooled hybrid systems in mining is undeniable. But realizing that potential requires moving beyond
a commodity mindset. It demands treating the power system as a critical, site-optimized asset. What's the one
environmental factor at your site that keeps you up at night when thinking about energy reliability?

Author: Thomas Han

12+ years agricultural energy storage engineer / Highjoule CTO

URL.: https://glenproperty.co.za/articles/how-to-optimize-air-cooled-hybrid-solar-diesel-system-for-mining-operations-in-
mauritania



http://www.tcpdf.org

