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From Blueprint to Black Start: A Real-World Guide to Deploying Resilient
BESS in Mining

Honestly, if 1 had a dollar for every time a mining operations manager told me their biggest fear was an unplanned grid
outage, 1'd probably be retired on a beach somewhere. The financial hemorrhage from halted production is staggering
we're talking six figures per hour, easy. And in remote sites, a blackout isn't just a cost problem; it's a safety crisis, with
ventilation, communications, and critical systems going dark. For years, the industry's answer was oversized, expensive,
and frankly, dirty diesel generators. But the game has changed. I've seen it firsthand from the Australian outback to sites
in Nevada: a properly installed, Black Start capable Battery Energy Storage System (BESS) isn't just a backup; it's the
heart of a modern, resilient, and increasingly sustainable mining operation. Let's walk through what a real, boots-on-the-
ground installation looks like, step-by-step.
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The Real Problem: More Than Just Lights Out

We all know mining is energy-intensive. But the vulnerability goes deeper than the monthly utility bill. According to the
National Renewable Energy Lab (NREL), a typical industrial facility faces an average of 4-8 hours of power
interruptions annually, with costs escalating rapidly with duration. For a mine, that's not an interruption; that's a
catastrophe. The aggravation? Legacy backup systems. Diesel gensets have a slow response time, require constant fuel
logistics (a nightmare in remote places like some sites we see in Mauritania or Chile), and fail more often than you'd
think under sudden, full-load pick-up. They also create a nasty emissions problem, clashing with global ESG mandates.
The real pain point isn't just having backup power; it's having instantaneous, reliable, and seamless backup that can
restart your entire site from a dead grid what we call a Black Start.

Why a Standard BESS Isn't Enough for a Black Start

Here's a critical distinction | have to make clear. Many folks see a battery container and think "problem solved." Not
quite. A standard grid-tied BESS is designed to support an active grid. It needs that grid signal to synchronize. When
the grid vanishes, so does its brain. A true Black Start BESS is an entirely different beast. It must act as an independent,
stable grid-forming source. It needs to create its own perfect sine wave (voltage and frequency) from zero, withstand the
massive inrush currents of large motors starting simultaneously, and do it all without breaking a sweat. The installation
and commissioning process is where we ensure these capabilities are baked in, not just bolted on.

The Installation Blueprint: A Step-by-Step Field Guide

Based on Highjoule's deployments for mining clients, here's the phased approach that actually works on the ground.
This isn't textbook theory; it's what prevents callbacks at 2 AM.

Phase 1: Site Assessment & Design (The "Measure Twice" Phase)
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¢ [ oad Audit & Sequencing: We map every critical load from the giant crusher motors to the control room
servers. Then, we design a restart sequence. You can't fire up everything at once. The BESS needs to power the
control systems first, then perhaps ventilation, then slowly ramp up the big loads. This sequencing is
programmed into the system's brain (the Master Controller).

® Grid Interconnection Study: We model how the BESS will interact with the remaining on-site generation (like
any existing gensets) and the main grid. This ensures smooth islanding and re-synchronization.

¢ Physical & Environmental: Soil testing for foundation design, assessing ambient temperature ranges (thermal
management is key), and planning for extreme weather, be it desert heat or coastal salt spray.

Phase 2: Procurement & Factory Acceptance (The "Trust but Verify" Phase)

For our North American and European clients, compliance isn't optional. We insist on core components that are UL
9540 certified for the overall system and UL 1973 for the batteries. For global projects, IEC 62933 is our baseline. We
often bring the client's engineers to the factory for a Factory Acceptance Test (FAT). You see the system perform under
simulated black start conditions before it ever leaves the dock. It saves weeks of headache on-site.

Phase 3: Installation & Commissioning (The "Moment of Truth")
The containers arrive. Here's the sequence:

1. Foundation & Civil Works: Installing the concrete plinths or slab with precise leveling. This seems simple, but a
unlevel container stresses frames and complicates busbar connections.

2. Container Placement & Interconnection: Setting the BESS and Power Conversion System (PCS) containers.
Then, the critical busbar work torquing every connection to the exact specification. Loose connections are the
number one source of heat and failure. We use thermal imaging on every joint.

3. Cabling & Control Wiring: Running medium-voltage cables (if applicable) and the low-voltage control cables
that are the nervous system of the setup. Redundancy is built in here.

4. The Commissioning Symphony: This is a multi-day process. We start with individual component tests, then
subsystem tests. FlnaIIy, the mtegrated system test, WhICh includes a live Black Start test. We deliberately island




life from silence is the ultimate proof point.

A North American Case Study: From Theory to Practice

Let me give you a concrete example. We worked with a copper mine in the southwestern U.S. Their challenge was grid
instability during summer peak loads, which threatened curtailment, and a reliance on aging diesel gensets for backup.

The Highjoule Solution: We deployed a 8 MW / 32 MWh Black Start BESS in a staged approach. The system was
designed to UL 9540A (the fire safety standard) as a non-negotiable for their insurers. The installation had a twist; we
integrated the BESS with their existing gensets, creating a hybrid microgrid.

The Outcome: Now, during a grid outage, the BESS performs the Black Start within milliseconds, restoring power to
critical circuits. It then stabilizes the site's "island grid™ before seamlessly starting the larger diesel gensets for extended
runtime. This cut their potential blackout time from 15+ minutes (genset start and load acceptance) to under 2 seconds.
The system also participates in daily energy arbitrage, shaving peak demand charges. The project paid for itself in under
4 years through avoided outages and demand charge savings alone.

Key Technical Insights from the Field
When we talk tech with decision-makers, we keep it practical:

e C-rate Isn't Just a Number: For Black Start, you need a battery that can discharge a lot of power quickly (a high
C-rate) to meet motor inrush currents. But constantly operating at a high C-rate kills battery life. Our systems
use advanced chemistry and sizing to provide that burst power when needed, while operating at a gentle, life-
optimizing rate 95% of the time.

* Thermal Management is Everything: A battery's worst enemy is heat. In a mining environment, ambient heat is
a given. Our containerized systems use a closed-loop, liquid-cooling system that's independent of outside air. It
keeps the battery at its ideal temperature year-round, whether it's 115F in the desert or -20F in the mountains.
This is the single biggest factor in hitting that 20-year design life.

¢ Understanding the Real LCOE: The Levelized Cost of Energy for a BESS isn't just about the sticker price. It's
about value stacking. A Black Start BESS provides: 1) Avoided outage costs (huge), 2) Demand charge reduction,
3) Potential grid services revenue, and 4) Fuel savings from optimized genset runtimes. When you calculate
LCOE across all these revenue streams, the economics become compelling fast.




Making the Investment Work for You

The journey doesn't end at commissioning. A BESS is a living asset. Our approach includes remote monitoring from
day one, with predictive analytics to flag potential issues before they become problems. We provide operational training
for your on-site team, so they understand the system's status and basic procedures. Honestly, the best technology in the
world fails without a clear partnership between the provider and the operator.

The step-by-step process for installing a Black Start BESS is a detailed, disciplined engineering endeavor. It's the
difference between having a battery in a box and having a resilient energy asset that protects your core operations. The
mines that are leading aren't just buying equipment; they're investing in a new layer of strategic infrastructure. What's
the one process on your site that a 2-second power interruption would shut down for hours?
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