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The Hidden Cost of "Always-On™ Power in Mining

Let's be honest. When we talk about power for remote mining operations, the conversation usually starts and ends with
diesel gensets. They're the known devil. You know the fuel cost, you (sort of) know the maintenance schedule, and you
accept the noise and emissions as a cost of doing business. But over my two decades on sites from the Australian outback
to the Chilean highlands, I've seen the real balance sheet impact of this reliance. It's not just the line item for diesel. It's
the operational fragility it creates.

Honestly, the biggest pain point | see isn't the generator itself; it's the entire energy ecosystem's lack of resilience. A
weak or non-existent grid means every piece of equipment, from the crusher to the camp's water pump, is vulnerable to
voltage sags, frequency swings, and outright blackouts. The IEA reports that power outages and poor power quality can
account for up to 15-20% of unplanned downtime in industrial facilities. In mining, where uptime is directly tied to
tonnes processed, that's not an expenseit's a massive hole in your potential revenue.

You're not just paying for diesel; you're paying for risk. The risk of halted production, the risk of equipment damage
from poor power quality, and increasingly, the risk of failing to meet ESG benchmarks that investors now scrutinize.
The traditional model is a cost center with a cap-ex and op-ex structure that only goes up.

Beyond Backup: Why Grid-Forming is the Game-Changer

This is where the conversation needs to shift. We're not talking about adding more batteries to a shaky system. We're
talking about building a new, robust, and intelligent energy foundation. Enter the grid-forming Battery Energy Storage
System (BESS).

Think of a traditional "grid-following" BESS like a skilled dancer. It needs a partner (the grid) to follow. If the partner
stops, it stumbles. A grid-forming BESS is the band and the conductor. It creates its own stable voltage and frequency
waveform from scratch. It can start a microgrid from black, power large motor starts (those big ball mills are brutal), and
seamlessly balance between solar PV, your existing gensets, and the critical load.

The technical magic is in the inverter's control algorithms. But for a site manager, the practical magic is in what it
enables: true energy independence. You can downsize your diesel fleet, run them at their optimal, fuel-efficient load
points, and let the BESS do the rapid-response heavy lifting. Suddenly, adding a large solar PV array isn't a grid-
stability headache; it's a fuel-saving no-brainer because the BESS can digest the intermittent solar power and serve it up
as rock-solid, mine-grade electricity.
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Crunching the Real Numbers: The ROI Drivers They Don't Tell You

So, let's talk ROI. Everyone focuses on the capital cost per kWh of the battery. That's important, but it's maybe 60% of
the story. The real ROI on a grid-forming BESS for mining comes from layering multiple value streams. Here's how we
break it down at Highjoule, based on real project modelling:

Fuel Displacement (The Big One): By enabling high penetration of renewables and allowing gensets to run at
peak efficiency, savings of 30-50% on diesel are not uncommon. With volatile fuel prices and supply chain issues,
this is your primary hedge.

Demand Charge Management: Even in remote grids, utility-style demand charges can apply. A BESS can shave
peak demand, turning a monthly cost into a direct saving.

Uptime & Asset Protection: How much is an hour of unplanned downtime worth for your operation? The BESS
prevents outages. Furthermore, by providing perfect power quality, it extends the life of sensitive processing
equipmenta hidden capex saving.

Reduced Genset Maintenance: Running fewer gensets, and running them gently, slashes overhaul intervals and
parts replacement costs.

LCOE is the North Star: We guide our clients to look at the Levelized Cost of Energy (LCOE) for their entire
hybrid power system. A well-integrated grid-forming BESS almost always lowers the 20-year LCOE compared
to a diesel-only or diesel-heavy system, even with the battery's upfront cost. NREL's extensive studies on hybrid
microgrids consistently back this up.

Safety & Standards: The Non-Negotiable Foundation of ROI

I need to pause here for a critical point. All this ROI vaporizesinstantlyif the system isn't inherently safe and built to last.
This isn't a consumer gadget. We're talking about multi-megawatt energy systems in harsh environments.

On site, I've seen the aftermath of thermal events in poorly designed systems. It's why at Highjoule, our design
philosophy starts with safety. Every system we deploy for the North American and European markets is engineered to
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cell-level fusing, advanced thermal runaway propagation prevention, and a passive thermal management system that
doesn't rely on a single fan to prevent overheating.

Let me get a bit technical but practical: C-rate matters. It's not just about peak power. A system designed for a
sustainable, lower C-rate with superior cooling will have a longer lifespan and better round-trip efficiency than one
pushed to its thermal limits for short-term specs. A longer lifespan directly improves your ROI. Our focus is on the total
lifecycle cost, not just the flashiest spec sheet.

A Case in Point: From Theory to Working Reality

Let's look at a project that mirrors the challenges of a remote mining operation. We deployed a 4 MW/10 MWh grid-
forming BESS for an industrial processing facility in Northern Finland. The site had a weak grid connection, expensive
power, and needed to ensure 24/7 operation for its kilns.

The Challenge: Unreliable grid causing production halts, high energy costs, and a desire to integrate future wind power.

Our Solution: We didn't just drop in a battery. We provided a complete UL 9540-certified BESS with grid-forming
inverters, acting as the "grid brain" for the facility. It provided instantaneous backup, performed peak shaving to cut
demand charges, and its black-start capability meant the entire plant could restart without external power.

The Outcome: The facility now has 100% uptime from a power perspective. Their demand charges fell by over 40% in
the first year. Most importantly, the system is "wind-ready." When they add turbines next year, the BESS will seamlessly
integrate the variable generation. The client's CFO now sees the energy system as a strategic asset, not just a utility bill.
The payback period was significantly shorter than their initial, diesel-focused models predicted.

Your Practical Roadmap: Getting the ROI Right from Day One

If you're evaluating a grid-forming BESS, the key is to start with the right analysis. Don't just ask for a battery quote.
Ask for a comprehensive energy system simulation.

1. Gather Your Data: A full year of hour-by-hour load data, diesel consumption logs, fuel costs, and any renewable
resource data (solar/wind).

2. Model Holistically: Use this data to model different scenarios: diesel-only, diesel+solar, diesel+solar+grid-forming
BESS. The model must account for battery degradation, thermal performance, and real-world control logic.

3. Prioritize Safety & Compliance: Insist on systems certified to UL 9540 and IEEE 1547 for grid interconnection. This
is non-negotiable for insurance, financing, and long-term operation.

4. Plan for the Long Haul: Choose a partner with proven O&M (Operations & Maintenance) capability. The lowest
upfront cost can mean the highest lifetime cost if the system isn't supported properly. Our team provides remote
monitoring and predictive maintenance, so you focus on mining, not megawatts.

The energy landscape for heavy industry is changing. The question is no longer if to modernize your power system, but
how. With the right grid-forming BESS strategy, you're not just buying backup poweryou're investing in the resilience,
predictability, and ultimately, the profitability of your entire operation. What's the first energy vulnerability you'd like to
eliminate?

Author: Thomas Han

12+ years agricultural energy storage engineer / Highjoule CTO

URL: https://glenproperty.co.za/articles/roi-analysis-of-grid-forming-bess-battery-energy-storage-system-for-mining-operations-in-
mauritania



http://www.tcpdf.org

