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Black Start in the Desert: Why Safety Isn't Just a Checkbox for 5MWh
Mining BESS

Honestly, if you've been in this industry as long as | havetwenty-plus years on sites from the Australian outback to the
Chilean highlandsyou develop a kind of sixth sense. You walk onto a project and you can almost feel where the potential
failure points are hiding. Lately, that sense has been tingling around a specific, growing demand: large-scale, Black Start-
capable Battery Energy Storage Systems (BESS) for remote, critical operations like mining.

I was just reviewing specs for a 5MWh system destined for a mining operation in Mauritania. The technical
requirements were robust, but the safety regulations section... it was the most detailed I've ever seen for a project of that
scale and purpose. And it got me thinking. This isn't just about one project in North Africa. The safety philosophy
baked into those regulations is precisely what's missingor inconsistently appliedin many industrial and utility-scale
deployments, even in regulated markets like the US and Europe. We're talking about systems that need to wake up a
dead grid, in the middle of nowhere, under extreme stress, with zero margin for error.
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The Silent Problem: Safety as an Afterthought

Here's the phenomenon | see too often. A project's primary drivers are Capex, power rating (MW), and energy capacity
(MWh). Safety gets its own line-item, sure, but it's frequently treated as a compliance hurdlesomething to be "met™ with
a certificaterather than the foundational design principle. The focus is on getting the system to deliver its first megawatt-
hour. The question of how it behaves under catastrophic failure, or during a frantic Black Start sequence at 45C
ambient temperature, can become secondary.

This is a dangerous shortcut. The National Renewable Energy Laboratory (NREL) has been crystal clear in its research:
a holistic safety approach encompassing cell selection, system design, installation, and ongoing management is non-
negotiable for mitigating risks like thermal runaway. Yet, on the ground, budget pressures can lead to value engineering
on the very components that manage these risks.

The Real Cost of Cutting Corners

Let's agitate that problem a bit. What happens when safety is undervalued? It's not just about a scary headline (though
those happen). It's about hard financial and operational pain.

® Catastrophic Loss: A single thermal runaway event can destroy a multi-million dollar asset in hours. The total
loss isn't just the BESS; it's the production downtime it was meant to prevent.

* |nsurance & Liability Nightmares: Insurers are getting smart. They're digging into safety protocols and
certifications. A system without rigorous, demonstrable standards like UL 9540A (test method for thermal
runaway fire propagation) will face exorbitant premiumisif it can be insured at all.

. Falled Black Start When You Need It Most: ThIS is the ultlmate test A Black Start isn't a gentle procedure It's
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https://www.nrel.gov/docs/fy23osti/85089.pdf

the battery management system (BMS) and thermal management aren't designed for this specific duty cycle, the
system might fail precisely when the entire operation is counting on it.

I've seen this firsthand on site: a system that passed factory acceptance tests struggled during a simulated Black Start
because its cooling couldn't handle the combined heat load of inverters and batteries at full C-rate. The project was
delayed six weeks for a retrofit.

The Mauritania Blueprint: A New Safety Standard

So, what was so special about the Mauritania mining project's safety regulations? It wasn't a single rule, but a systemic,
"belt-and-suspenders" philosophy that integrated multiple international standards into a site-specific fortress. It serves as
a perfect solution blueprint for any critical, remote application.

The regulations mandated a layered defense:

¢ Certification Foundation: Full compliance wasn't just suggested; it was contractually mandated for UL 9540
(energy storage system safety), UL 9540A, IEC 62933 (stationary battery system standards), and IEEE 1547 (grid
interconnection). This wasn't a pick-one scenario.

* Black Start-Specific Protocols: The safety case didn't end at normal operation. It included detailed procedures
for the Black Start sequence itself, with redundant safety controls on the power conversion system (PCS) and
explicit thermal state-of-charge windows from which a Black Start could be safely initiated.

* Environmental Hardening: The spec went beyond electrical safety. It demanded ingress protection (IP rating) for
dust and water suitable for desert storms, and corrosion resistance for the saline atmosphere. A safe system also
has to survive its environment.

Case Study: The Unseen Lesson from the 2021 Texas Freeze

We don't have to look to the desert for proof. Let's consider a case closer to home for our North American readers: the
February 2021 Texas winter storm.
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While the crisis highlighted grid fragility, a less-told story involves the few industrial facilities with on-site backup power,
including some early-adopter BESS installations. The challenge wasn't just capacity; it was cold-weather operability.
Lithium-ion batteries have a minimum operating temperature. Systems not designed with integrated, fail-safe heating
systems found their batteries unavailable"bricked"at the moment of peak need.

The Takeaway: The Mauritania regulations' focus on full environmental hardening is valid everywhere. A mining site
might worry about +50C heat, while a Texas site worries about -10C cold. The principle is identical: the safety and
availability of the BESS are dictated by its design for the worst-case environmental scenario, not the average day. True
safety and reliability are about preparedness for extremes.

Thermal Management, Decoded for Non-Engineers

Let me break down a key technical term you'll hear: Thermal Management. It sounds complex, but think of it as the
BESS's air conditioning and heating system, combined with its internal fire alarm and sprinkler systemall in one.

Its job is simple: keep every battery cell in its happy, safe temperature zone (usually between 15C and 30C). During a
Black Start, cells work hard and generate heat. A top-tier system, like the ones we engineer at Highjoule, uses a liquid
cooling loop that directly contacts cell surfaces. It's like giving each cell its own personal cooling seat, rather than just
blowing cool air into the room (air cooling). This allows for a more uniform temperature, higher performance, and,
crucially, it can remove heat fast enough to prevent a small hotspot from cascading into a failure.

When we design for projects with stringent regulations, we don't just size this system for normal cycling. We model the
"what-if" of a Black Start at peak ambient temperature and ensure the thermal system has the headroom to handle it.
This directly impacts the system's Levelized Cost of Energy (LCOE)a more reliable, longer-lasting system has a lower
cost over its 20-year life.

Beyond the Container: The Highjoule Approach

Reading those Mauritania regulations felt familiar because it mirrors our internal design philosophy. For us, safety isn't
a department; it's the first line in every design document. How does that translate for a client?

¢ Standards as a Baseline, Not a Goal: Our 5MWh utility-scale platforms are designed to exceed UL and IEC
standards. We build the safety case from the cell chemistry up, selecting suppliers with proven, stable track
records.

¢ Designing for the Duty Cycle: We ask, "How will this system actually be used?" If Black Start is a requirement,
we simulate and test that sequence explicitly, ensuring the BMS, PCS, and thermal management are in perfect
sync.

* Localized Support for Global Standards: Whether it's a mine in Mauritania or a microgrid in California, our
deployment teams are trained on these integrated safety protocols. We ensure the system is commissioned and
handed over with the same rigor it was designed with, and our remote monitoring is tuned to watch for early
warning signs long before an issue arises.

The mining industry, with its remote locations and critical power needs, is forcing a much-needed evolution in BESS
safety thinking. They're showing us that for infrastructure this important, safety is the ultimate performance metric. The
question for any operator isn't just "Can it provide backup power?" but "Can it do so safely and reliably, every single
time, no matter what?"

What's the one safety or reliability concern keeping you up at night about your next energy storage project?
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