High-Voltage DC 1MWh Solar Storage for Remote Mining: Benefits,
Drawbacks & Real-World Insights
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High-Voltage DC for Tough Jobs: What a 1IMWh Solar Storage System
Really Means for Remote Mining

Honestly, when we talk about powering a remote mining operation C whether it's in the Mauritanian desert or the
mountains of Nevada C the conversation quickly moves past theory. It's about reliability when you're 200 miles from
the nearest grid connection. It's about keeping the lights on and the machinery running for a 24/7 operation, where
every hour of downtime costs a small fortune. Over my two decades on sites like these, 1've seen the good, the bad, and
the downright dangerous when it comes to energy solutions. Lately, there's been a lot of buzz around high-voltage DC-
coupled, containerized battery storage, especially in the 1MWh range for mid-sized operations. But is it the right fit?
Let's have a coffee-chat about what this technology really offers, where it shines, and where you need to be cautious,
especially from a compliance and total cost perspective that matters to operations in the US and Europe.
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The Real Remote Power Problem: It's More Than Just "No Grid"

We all know mining sites are off-grid. But the real pain point isn't just isolation; it's the volatility and cost of the
alternatives. Relying solely on diesel gensets is a financial rollercoaster. I've seen fuel logistics eat up 40% of an
operation's non-labor OPEX when prices spike or supply chains get tricky. Then there's efficiency. Most gensets run
inefficiently at partial load, which is often the case, wasting fuel and money. On top of that, the push for ESG
compliance is real. Shareholders and regulators are demanding cleaner operations, and running purely on diesel is a
growing liability, not just an environmental one, but a market-facing one.

The other silent killer? Power quality. Sensitive processing equipment and modern camp facilities don't like the voltage
fluctuations and harmonics that traditional setups can create. A voltage dip can trip a crusher motor, leading to a
cascade of downtime. This is the agitation C it's not just an energy problem, it's a business continuity and cost-control
problem wrapped in an environmental challenge.

Why High-Voltage DC & 1IMWh? Why Now?

Enter the integrated solar-plus-storage solution, specifically the high-voltage DC (HVDC) coupled 1MWh Battery
Energy Storage System (BESS). This isn't just an incremental change; it's a architectural shift. In a typical AC-coupled
system, you have solar inverters and battery inverters both converting to AC, then syncing up. It works, but it adds
complexity and conversion losses at each stage.

A HVDC system, like the architectures we've been refining at Highjoule for rugged applications, is more elegant. The
solar array feeds DC power directly into the same high-voltage DC bus that the battery system sits on. A single, large, bi-
directional inverter then handles the conversion to AC for the site's loads. This simplicity is key for reliability. According
to a NREL study on DC-coupled systems, this topology can reduce conversion losses by 2-5% compared to AC-coupled
designs. In a 1MWh system running constantly, that's a massive amount of energy saved over a year.

al loads during

:

S = e " —


https://www.nrel.gov/docs/fy21osti/79349.pdf

solar dips without starting a genset), smoothing solar output, and handling several hours of essential nighttime load for a
mid-sized camp or processing plant. It's also a modular, containerized standard that fits well on transport trucks and
requires minimal on-site assembly C a huge plus for remote logistics.

The Core Tech in Plain English

Let's demystify two terms you'll hear:

C-rate: Think of this as the "thirst" of the battery. A 1IMWh battery with a 1C rating can deliver LMW of power in one
hour. For mining, you often need high bursts of power (to start a large motor). A system with a higher C-rate (like 1.5C)
can deliver 1.5MW from that same 1MWh pack, giving you more "punch" when you need it, which directly translates
to being able to support heavier equipment without oversizing the entire battery.

Thermal Management: This is the unsung hero. In the desert heat of Mauritania or the cold of Canada, keeping battery
cells at their happy temperature (usually around 25C) is critical for safety, performance, and lifespan. A poor thermal
system can halve a battery's life. Our approach at Highjoule uses a liquid-cooled, closed-loop system C it's like a
precision car radiator for the battery, maintaining even temperature far more effectively than basic air cooling, which is
a must for the >100F ambient temperatures we design for.

The Benefits Breakdown: Beyond the Brochure
So, what do you actually gain with a well-engineered HYDC 1MWh system?

* Lower Levelized Cost of Energy (LCOE): This is the big one. By maximizing solar harvest (through DC
efficiency) and drastically cutting diesel consumption, your cost per kilowatt-hour over the system's 15-20 year
life plummets. The battery isn't just a cost; it's a fuel-saving asset. I've seen projects where the ROI is primarily
calculated on displaced diesel, and it can be under 5 years in high-fuel-cost environments.

¢ Enhanced Reliability & Grid-Forming Capability: A modern inverter in these systems can "form" a stable
microgrid from scratch. If a genset fails, the BESS can pick up critical loads instantaneously, providing what we
call "black start" capability. It creates a buffer that makes the entire power system more resilient.

. Slmpllfled Compllance & Safety For our US and EU clients, thls is non- negotlable A contalnenzed system like
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62933. This means the fire safety, electrical safety, and system controls are certified together. It removes a
massive headache for the site’s electrical engineer, as they're receiving a pre-approved power plant in a box,
rather than a pile of components they need to certify on-site.

The Drawbacks: Straight Talk from the Field

No technology is a magic bullet. Here's what you need to watch for:

¢ Higher Upfront Capital Cost: Yes, the CAPEX is higher than a simple diesel plant. The business case is built on
long-term OPEX savings. You need a financial model that accounts for fuel, maintenance, carbon costs, and
downtime. If your project horizon is short, this gets harder to justify.

* Specialized Maintenance & Local Support: You can't fix a sophisticated BESS with a wrench and a hunch. It
requires trained technicians for diagnostics and servicing. The key is a provider with a strong global service
network or who trains your local team thoroughly. At Highjoule, we deploy with a remote monitoring portal and
have regional technical partners for this exact reason C you're not left alone.

¢ Site-Specific Engineering is Crucial: The "1MWh container" is a standard product, but its integration is not plug-
and-play. The sizing of the solar field, the dispatch strategy for the gensets, and the load sequencing must be
meticulously engineered for your specific site load profile. A generic design will fail. This is where 20 years of
deployment experience really pays off C we've learned what questions to ask upfront.

A Tale of Two Sites: Learning from Real Deployments

Let me give you a contrast from a project in Northern Europe. A mining company in Sweden wanted to reduce diesel
use and emissions at a remote site. They deployed a LMWh HVDC system with a large solar carport. The challenge
was the extreme cold, not heat. The thermal management system had to be designed for heating just as much as
cooling. By pre-conditioning the batteries using excess solar during the day and using insulated containers, the system
maintained efficiency through the dark, freezing winter. The result? A 70% reduction in diesel runtime for camp loads,
and a system that met both EU machinery directives and the company’s internal carbon targets.

The lesson? The technology is adaptable, but the engineering must be local. What works in Mauritania (extreme heat,
dust protection) is different from Sweden (extreme cold, snow loads) or Texas (grid-interactive requirements). The core
benefits of efficiency and fuel savings remain, but the path to achieving them is always bespoke.




Making the Right Call for Your Operation

So, is a high-voltage DC 1MWh solar storage system right for your mining operation? Ask these questions:

What's your true cost of diesel? Include transport, storage, generator maintenance, and
future carbon pricing.

What are your critical loads? Can they be sequenced or prioritized to fit within the
battery's power (C-rate) and energy (LMWh) capacity?

Who will maintain it? Does your provider offer remote monitoring and local
service agreements?

Is the system certified? Demand proof of UL or IEC certification for the entire

storage unit, not just components.

The move towards HVDC solar storage in mining isn't just a trend; it's a logical step towards energy independence and
cost predictability. The drawbacks are manageable with the right partner and planning. The benefits C a stabilized
microgrid, a shielded budget from fuel volatility, and a tangible step towards sustainability C are real and measurable.
I've seen the relief on a site manager's face when they can finally stop worrying about the next fuel convoy and focus on
what they do best: mining.

What's the one power reliability issue keeping you up at night on your remote site?
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