High-Voltage DC BESS for Mining & Industrial Sites: A Real-World
Mauritania Case Study
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Beyond the Spec Sheet: What a Mining BESS in Mauritania Teaches Us
About Industrial Resilience

Honestly, after two decades on sites from the Australian Outback to the Chilean highlands, I've learned that the real test
of an energy storage system isn't in a controlled lab. It's in a place where the grid is weak, the environment is harsh, and
the cost of downtime is measured in millions, not thousands. | want to share a story from one of our recent projectsa
high-voltage DC Battery Energy Storage System (BESS) for a mining operation in Mauritania. It's a case that,
surprisingly, holds a mirror up to some of the most pressing challenges we see in industrial and commercial energy
projects right here in North America and Europe.
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The Real Problem: It's Not Just About Backup Power

When | talk to plant managers in Ohio or facility directors in Bavaria, the initial conversation often starts with "we need
backup power." But dig a little deeper, and the pain points are more nuanced and costly. The core issue isn't just an
outage; it's the quality and cost of continuous power. I've seen firsthand on site the damage caused by voltage sags and
frequency fluctuationsthose micro-interruptions that trip sensitive machinery, halt production lines, and corrupt data. In
a mining operation, it can mean a conveyor belt shutdown, which takes hours to restart safely. In a semiconductor fab,
it's a ruined batch worth a fortune.

Then there's the demand charge monster. Utilities in commercial and industrial (C&lI) sectors structure bills to penalize
your highest 15-minute power draw each month. You might run efficiently 29 days, but one peakmaybe from starting
all your HVAC units at once on a hot Monday morningcan define 30-50% of your entire electricity bill. It's a financial
volatility that makes budgeting a nightmare.

The Data: Why Industrial Energy Costs Are Spiraling

This isn't just anecdotal. The International Energy Agency (IEA) highlights that industrial electricity prices in Europe
and parts of the US have seen volatility increase by over 200% in some regions post-2021. Meanwhile, the National
Renewable Energy Laboratory (NREL) consistently shows that for C&I customers, demand charge management is the
single fastest path to a positive ROI for storage, often beating out pure energy arbitrage.

The aggravation? Traditional solutions are bandaids. Diesel generators address only outages, add fuel cost and
emissions, and do nothing for power quality or demand charges. Upgrading grid connection infrastructure is
astronomically expensive and time-consuming. You're left trading one problem for another.

The Mauritania Case: A Blueprint for Harsh Environments

This brings me to the Mauritania mining site. The challenge was a textbook example of amplified industrial pain points:

an extremely remote location with a weak, unreliable grid, sky-high diesel costs for backup, and a 24/7 operation where

any power dip ¢ a mine shafi uipment. The financial and safety risks were
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immense.

The solution we deployed was a containerized, high-voltage DC BESS, integrated with their existing on-site solar PV.
The "high-voltage DC" part is key hereit allows the system to interface directly with the solar array and the mine's large
motor drives with fewer power conversion steps. Fewer conversions mean higher round-trip efficiency (we're talking
2-4% gains, which is huge at scale) and less heat generation.

The system had three core missions:

* Black Start & Grid-Forming: If the grid failed, the BESS could restart the site's microgrid without a single diesel
generatora huge operational and environmental win.

* PV Smoothing & Firming: When a cloud passed over the solar field, the BESS instantly injected power to
prevent a dip. It also stored excess solar for use at night, slashing diesel consumption.

¢ Peak Shaving: It predicted and capped the site's power draw from the main grid, eliminating those crippling
demand charges.

The outcome? A 40% reduction in monthly energy costs, a 60% cut in backup diesel use, and, most importantly for the

engineers on site, zero production downtime due to power issues in the first 18 months of operation. The system's design
adhered to a hybrid of IEC 62933 for grid-connected storage and UL 9540 for system safety, which was non-negotiable

for the international insurers backing the project.

Expert Insights: C-rate, Thermal Management & The LCOE Game

Let's break down a few technical terms that made this work, in plain English. You'll hear these in any serious BESS
discussion.

C-rate: Think of this as the "throttle™ of the battery. A 1C rate means a 100 kWh battery can discharge 100 kW for 1
hour. For Mauritania, we didn't need a super-high C-rate (like 4C for fast frequency response); we needed a moderate,
sustainable C-rate (~0.5C-1C) that could support long-duration discharge (2-4 hours) for peak shaving and nightly solar

use. Overspec'ing on C-rate inflates cost without benefit. It's about matching the spec to the duty cycle.
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Thermal Management: This is the unsung hero. Batteries degrade fast if they're too hot or too cold. In Mauritania's
50C (122F) ambient heat, a passive cooling system was a non-starter. We used a liquid-cooled system that precisely
controls each cell's temperature. It's more expensive upfront than air-cooling, but it extends battery life dramatically,
improving the...

Levelized Cost of Energy (LCOE): This is the ultimate metric. It's the total lifetime cost of owning and operating the
system, divided by the total energy it will dispatch. A cheaper battery with poor thermal management might have a
lower capital cost but a higher LCOE because it degrades in 8 years instead of 15. Our focus at Highjoule is always on
minimizing the client's LCOE, not just the sticker price. That means engineering for longevity from the cell up, with
robust thermal management and conservative cycling protocols.

Local Lessons: Applying This to Your Operation

So, what does a desert mine have to do with a manufacturing plant in Indiana or a data center in Frankfurt?
Everything. The principles are identical: energy resilience, cost predictability, and integration of renewables.

For a European client facing stringent carbon taxes, the BESS becomes the enabler for a higher penetration of wind or
solar, turning a compliance cost into a strategic asset. For a US-based warehouse with time-of-use rates and demand
charges, the math is almost purely financialthe BESS pays for itself by shifting energy consumption and clipping peaks.

The key is to think of a BESS not as a "big battery" but as a software-controlled energy asset. Its hardwarethe cells, the
HVAC, the UL 9540-certified enclosuresmust be bulletproof. That's our foundation. But its value is unlocked by its
brain: the energy management system (EMS) that decides when to charge, when to discharge, and how to respond to
grid signals or on-site loads. That's where the real customization for your load profile and tariff structure happens.

Looking at your own facility's utility bills from the last year, where was your single highest 15-minute peak? Could a
system have shaved that peak? And what would the stability of knowing your power quality is rock-solid, regardless of
grid disturbances, be worth to your operations team?
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