Scalable Modular Hybrid Solar-Diesel Systems for Mining: Cutting Costs
& Boosting Reliability
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Beyond the Diesel Gen-Set: Rethinking Power for Remote Mining
Operations

Hey there. Let's be honest, if you're managing energy for a mining operation in a place like Mauritania, Nevada, or
Western Australia, your number one headache isn't usually the lack of sun. It's the relentless, unpredictable cost of
keeping the lights on and the drills running. For decades, the default answer has been the diesel generatora trusted,
loud, and increasingly expensive workhorse. But I've been on enough sites to see the shift firsthand. The real
conversation now isn't about choosing between solar and diesel. It's about intelligently marrying them with a third,
crucial player: a scalable modular Battery Energy Storage System (BESS). And the key metric driving this shift? The
total system's wholesale price per reliable kilowatt-hour over its lifetime, not just the upfront sticker shock.
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The Real Cost of "Reliable" Power

When we talk about hybrid systems for mining, the initial focus is often on the solar panels and the diesel generators.
The BESS is sometimes an afterthought, a line item to be minimized. This is a fundamental mistake. The International
Renewable Energy Agency (IRENA) has shown that in off-grid industrial settings, adding storage can increase the
renewable energy penetration by 2-3 times compared to a solar-diesel setup alone. Without a properly sized and
specified battery system, you're forced to run your diesel gensets far more often than necessarynot just for base load, but
to respond to every cloud passing over the solar field or every sudden spike in crusher motor demand.

The pain point isn't just fuel cost (though that's huge). It's operational wear and tear on the gensets, the logistics and
security of fuel supply chains, and the sheer carbon footprint. I've seen sites where generators are cycling on and off
multiple times an hour, which is terrible for engine life. You're essentially trading capital expense on a more
sophisticated system for massive, recurring operational expense and equipment stress.

Why Your Current Hybrid Setup Might Be Leaving Money on the Table
Let's agitate that pain a bit. A traditional, fixed-size BESS bolted onto a solar-diesel system often creates two problems:

1. It's a Goldilocks Problem: Too small, and it's a costly paperweight that doesn't meaningfully reduce diesel
runtime. Too large, and you've sunk capital into battery capacity that sits idle, degrading without providing
value, killing your project’s internal rate of return (IRR).

2. It Lacks Flexibility: Mining operations evolve. Phase 1 might need 2 MW of load. Phase 3, five years later, might
need 5 MW. With a monolithic storage system, you're faced with a brutal "rip and replace™ capital project.

This rigidity directly attacks the core promise of a hybrid system: optimized Levelized Cost of Energy (LCOE). If your
storage can't adapt, your LCOE is locked into a suboptimal curve for the life of the mine.
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This is where the philosophy behind a scalable modular hybrid system changes the game. The goal is to right-size your
initial investment and grow it in lockstep with your operational needs. Think of it like building with LEGO blocks. You
start with a core power conversion system and a base storage module.

At Highjoule, when we design these systems, we don't just look at the wholesale price of the containerized unit. We
model the total system LCOE. A modular BESS allows us to precisely tune the system to:

* Maximize Diesel Off-Time: The battery handles solar smoothing, short-term load spikes, and even entire shifts
of base load, letting gensets shut down completely for extended periods.

* Optimize Genset Runtime: When gensets do run, they operate at their most efficient, steady-state point, fueled
by a controlled battery buffer.

* Future-Proof the Investment: Need more power next year? We ship and integrate additional standardized
battery modules, often with minimal site work or system re-engineering. This protects your initial capital and
keeps your LCOE on a downward trajectory.

Our modules are built from the ground up for the harsh environments we see in mining. That means more than just a
robust enclosure. It's about cell selection, thermal management systems that perform in 50C heat, and compliance with
the safety standards that matter to your insurers and local authoritiesUL 9540 for the energy storage system and IEC
62619 for the battery cells themselves.

From Blueprint to Reality: A Glimpse at a German Quarry Retrofit

Let me give you a non-Mauritania example that illustrates the principle. We worked with a large aggregate quarry in
North Rhine-Westphalia, Germany. Their challenge was peak grid demand charges and a desire to integrate a new
onsite solar farm. The grid connection was limited, and diesel was a backup.

The solution was a 1.5 MWh modular BESS, integrated with their existing 2 MW solar canopy and two 1.5 MW diesel
gensets. The system was designed to:




* Firm the solar output, preventing export surges that would violate their grid agreement.
* Provide seamless backup power, starting the gensets only if a prolonged grid outage occurred.

The modular design was key. They started with four battery cabinets. Based on the first year's performance data and a

planned expansion of their crushing line, they added two more cabinets the following year with a single week of planned
downtime. The system's scalability turned a potential future bottleneck into a non-event.

Coffee Chat Tech Talk: C-Rate, Thermal Runaway, and LCOE Demystified

Okay, let's get technical for a minute, but | promise to keep it in plain English. When evaluating a BESS for your hybrid
system, three specs are critical:

Term What It Means Why It Matters for Mining

C-Rate How fast a battery can charge or High, sustained C-rates (like running a
discharge relative to its capacity. A 1C large ball mill) generate heat. You need
rate means a 2 MWh battery can a battery chemistry and cooling system
deliver 2 MW for 1 hour. designed for industrial duty cycles, not

just short grid bursts.

Thermal Management The system (liquid/air) that keeps In a desert mining camp, ambient
battery cells within their ideal cooling won't cut it. Active liquid
temperature window. cooling is often non-negotiable for

safety (preventing thermal runaway)
and longevity. It's a core part of our
UL/IEC compliance.

LCOE (Levelized Cost of Energy) The total lifetime cost of the system This is your true north metric. A
divided by the total energy it produces modular system might have a slightly
($/kWh). higher upfront wholesale price per

module than a cheap, monolithic unit.
But by extending equipment life,
cutting fuel use, and allowing scalable
growth, it drives your project's LCOE
down dramatically. That's the number
your CFO cares about.

Honestly, the field is moving past looking at storage as just a cost component. In a well-designed scalable modular
hybrid system, the BESS is the intelligent controller, the financial optimizer, and the reliability backbone. It transforms
your solar and diesel assets from independent actors into a synchronized, cost-effective orchestra.

The question for your next remote site or mine expansion isn't "Can we afford a better battery system?" It's "Can we
afford the lifetime cost of not having one?" What's the one operational constraint in your current power setup that keeps
you up at night?
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