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The Nuts and Bolts of 20ft Hybrid Solar-Diesel Systems for Tough Mining
Jobs

Honestly, when I'm on site at a remote mine, whether it's in the Atacama or Mauritania, the energy conversation
always circles back to the same gritty reality: reliability versus cost. You need power that doesn't quit, but you're also
under immense pressure to cut diesel consumption and its associated costs and emissions. Over the last two decades, I've
seen the industry's love-hate relationship with diesel gensets evolve. Now, the 20-foot high-cube containerized hybrid
solar-diesel system is becoming a go-to solution. But is it the right fit for every operation? Let's have a coffee-chat about
what really works, what doesn’t, and what you need to know before you commit.
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The Persistent Diesel Dilemma in Remote Mining

Let's start with the obvious problem. Mining operations in remote locations have traditionally been married to diesel.
I've seen sites where the fuel logistics chain is a masterpiece of planning, but also a massive vulnerability and cost center.
The International Energy Agency (IEA) notes that the industrial sector, including mining, accounts for a significant
portion of global diesel demand, with prices subject to volatile geopolitics. On site, this isn't just a spreadsheet number;
it's the constant hum of generators, the smell of exhaust, and the line item that keeps CFOs up at night. The
environmental footprint is becoming a serious operational and social license constraint, too.

The agitation comes when you realize that solar potential in many mining-rich, remote regions (like Mauritania, Chile,
or Australia) is phenomenal. You're literally sitting on free fuel, but you can't rely on it 24/7. The sun sets, clouds roll
in. So the challenge becomes: how do you capture that free energy, store it effectively, and use it to dramatically cut
diesel use without introducing new risks to your power reliability?

What's Inside a 20ft High-Cube Hybrid Powerhouse?

This is where the pre-integrated, containerized solution enters the chat. A standard 20ft high-cube container gives you a
known footprintsomething familiar for logistics. Inside, it's a carefully orchestrated symphony. You have your battery
rack (typically lithium-ion phosphate, or LFP, for safety and cycle life), the power conversion system (PCS) that acts as
the brain and muscle managing AC/DC flows, a sophisticated control system, and a thermal management unit. This
last part is critical. 1've seen firsthand how improper cooling can derail a system's performance and lifespan in a hot
desert environment.

The "hybrid" intelligence lies in the controller. It doesn't just switch between solar and diesel; it constantly optimizes,
deciding in milliseconds whether to pull from solar, discharge the battery, or ramp up the genset for the most efficient
and cost-effective mix. The goal is to run your diesel generators at their optimal, high-efficiency load point or, better yet,
turn them off for long stretches.

re Than Just Fuel Savings
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The benefits stack up quickly when deployed right:

¢ Dramatic Fuel & Opex Savings: This is the headline. By "fuel shifting," you can easily cut diesel consumption by
40-70% during peak sun hours. The National Renewable Energy Laboratory (NREL) has documented cases
where hybrid microgrids in remote locations reduce levelized cost of energy (LCOE) by over 30% compared to
diesel-only. That's real money.

* Enhanced Reliability & Power Quality: This is often overlooked. The battery system can provide instantaneous
power to handle load spikes (like a big crusher starting up), preventing voltage dips that can damage sensitive
equipment. It also acts as a seamless backup if a genset stumbles.

¢ Reduced Maintenance & Extended Genset Life: Running diesel gensets at low, variable loads is terrible for
them. It causes "wet stacking™ and more frequent maintenance. A hybrid system lets them run at steady, high-
efficiency loads or be shut down, reducing wear and tear and maintenance cycles.

¢ Scalability and Mobility: The containerized format is a key advantage. As your mine expands or your pit moves,
your energy asset can theoretically move with you, unlike a fixed power plant.

* Meeting ESG Mandates: For publicly traded companies, this is non-negotiable. Reducing carbon emissions
directly from your operations is a powerful metric for investors and stakeholders.

The Real-World Drawbacks & How to Mitigate Them

Now, let's be frank. No solution is perfect. Here are the hurdles I've encountered, and how a rigorous approach tackles
them:

¢ High Upfront Capital Cost (CAPEX): Yes, the initial investment is higher than just buying another diesel
generator. This is where the LCOE analysis is crucial. You must model the total lifecycle cost, including fuel,
maintenance, and carbon. Financing and EPC partners who understand this model are essential.

¢ Technical Complexity & Integration: Plug-and-play is a myth for systems of this scale. Integrating with legacy
diesel generators and the mine's existing power distribution network requires deep expertise. A control system
that doesn't communicate perfectly with your equipment is a liability. At Highjoule, we've learned that success
hinges on detailed site audits and simulation modeling before the container ever leaves the factory.

e Battery Lifespan in Harsh Conditions: Heat is the enemy of batteries. A desert mining site in Mauritania can
push ambient temperatures to extremes. A system without a robust, redundant thermal management system will
see accelerated degradation. We design our containers with climate-agnostic cooling, ensuring cells operate in
their ideal temperature window, which is non-negotiable for hitting the promised cycle life.

¢ Safety & Standards Compliance: This is my non-negotiable. A battery energy storage system (BESS) in a remote
location must be inherently safe. It's not just about the cell chemistry (we insist on LFP for its thermal stability).
The entire systemfrom circuit protection to ventilation to fire suppressionmust be designed and certified to the
highest standards, like UL 9540 and IEC 62933. This isn't just paperwork; it's the difference between an
incident and a catastrophe when you're hours from the nearest fire department.

Making it Work: A Practical Lens from the Field

Let me give you a parallel example from a different, but equally demanding, context. We deployed a 20ft high-cube
BESS for an industrial microgrid at a manufacturing facility in Texas. The challenge wasn't fuel, but demand charges
and grid reliability. The system was tasked with "peak shaving"storing cheap grid or solar power and discharging it
during the facility's high-usage periods to avoid punitive utility charges.

The lesson relevant to mining? The controller's logic was everything. We spent weeks modeling their load profile. We
had to consider the C-rateessentially, how fast the battery charges and discharges. A high C-rate can handle big, fast
loads but might stress the battery if not managed thermally. For a mine with large, intermittent loads, this same detailed
load profile analysis is critical to size the battery and its power conversion system correctly. You can't just guess.
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That Texas system paid for itself in under 4 years through demand charge savings alone. For a mining hybrid system,
the payback calculus is on fuel and maintenance, but the principle is identical: precise engineering for the specific duty
cycle beats a generic solution every time.

Key Questions to Ask Before Your Hybrid Deployment

So, if you're evaluating a 20ft hybrid solution for a remote site, here are the questions 1'd be asking any vendor,
including us at Highjoule:

® "Can you show me the detailed LCOE model for my specific site, using my actual fuel costs and solar insolation
data?"

* "How is the thermal management system designed for my maximum ambient temperature, and what is its
redundancy?"

¢ "Can you provide the full certification documentation for UL 9540 / IEC 62933 for the entire integrated system,
not just the components?"”

* "What is your strategy for system control and integration with my existing PLCs and generator controllers?"

* "What does the long-term service and performance guarantee look like, and do you have local or regional
technical support?"

The move to hybrid power for mining isn't a trend; it's an operational and financial imperative that's maturing fast. The
20ft containerized system offers a compelling, standardized platform to make that transition. But its success isn't in the
steel boxit's in the expertise that designs, integrates, and supports it for the brutal reality of a 24/7 mining operation.
What's the one operational constraint at your site that you think a hybrid system could solve tomorrow?
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