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The Silent Threat to Your Network

Let's be honest. When we talk about telecom base stations, we talk about uptime. 99.999%. But here's the
uncomfortable truth I've seen firsthand from Texas to Bavaria: that "five nines" reliability often hangs by a threadthe
grid connection. A severe storm, a cascading grid failure, and suddenly your critical cell tower is just a silent piece of
metal on a hill. The backup diesel genset kicks in... if it starts, if fuel is available, if maintenance was done last quarter.
It's a risk profile that keeps network operators awake at night.

The shift to hybrid solar-plus-storage for base stations isn't just about green credentials anymore; it's about core
resilience. But slapping some solar panels and a commodity battery pack onto a site and calling it "backup" is where
many projects stumble. The real challenge isn't storing energy; it's guaranteeing you can reboot your entire site from
zeroa "black start"repeatedly, autonomously, and safely, often in remote, unattended locations. That's where generic
standards fall short, and where specific, rigorous manufacturing standards become your single most important insurance

policy.
It's More Than Just a Big Battery

The industry is booming. The International Energy Agency (IEA) notes solar PV and battery costs have fallen
dramatically, driving deployment. But cost reduction brings pressure to cut corners. A IMWh system isn't just 10x a
100kWh system; it's a complex electrochemical power plant. The failure modes scale exponentially. I've been on site
after a thermal runaway event in a poorly managed container. It's not a repair job; it's a total loss and a regulatory
nightmare.

The core pain point for you, the decision-maker, is unquantified risk. You're buying a system expected to sit idle for
95% of its life, then perform perfectly in a crisis. Will it? Without manufacturing standards that explicitly validate black-
start capabilitycovering the battery, the power conversion system (PCS), the controls, and their integration as a single
unityou're relying on vendor promises, not engineering certainty.




Your Blueprint: The Manufacturing Standards Roadmap

So, what should you look for? The magic isn't in one standard, but in a stack of them, applied with the specific duty
cycle of a telecom black start in mind.

¢ UL 9540 & UL 9540A: The non-negotiable safety foundation for the entire Energy Storage System (ESS) in
North America. 9540 covers unit-level safety. But for black-start systems, you must insist on the design passing
the large-scale fire mitigation tests outlined in UL 9540A. This proves the system's internal fire containment
strategy workscritical for unattended sites near other infrastructure.

* |EC 62933 Series (EU Focus): This is your functional safety and performance blueprint. Key parts include
62933-1 (general terminology) and 62933-2 (safety requirements). For black start, dig into the specifications for
grid-forming inverters (often tied to IEEE 1547-2018 in the US). The manufacturing standard must ensure the
PCS can create a stable, clean "grid" from a dead battery, powering sensitive telecom rectifiers and cooling
systems without harmful voltage flicker or frequency drift.

* |IEEE 1547-2018: The interconnection standard that now formally includes requirements for distributed energy
resources (like your BESS) to provide voltage and frequency support. A black-start-capable system manufactured
to this standard is built from the chip-level up to be a grid, not just follow one.

Honestly, the key is integration testing. The standard shouldn't just stop at the battery module. It must govern the
factory acceptance test (FAT) where the full LMWh system is commanded to perform a simulated black start
cycledischarge to a set depth, then use its own remaining energy (or simulated solar input) to restart its inverters and
establish a stable microgrid. I've seen projects where the battery and inverter, both individually certified, failed to
handshake during this sequence. The manufacturing standard must lock this sequence down.

A Real-World Test: California's Lesson

Let me give you a concrete example from a project we were involved with in Northern California. A telecom operator
needed to harden a cluster of mountain-top base stations against Public Safety Power Shutoffs (PSPS). The spec was
simple: 72 hours of off-grid runtime, with the ability to black start via solar after a full depletion.

> i oy T " . - ¥ .

b A d - 'y o

—————— S T il e e



The initial bid from a low-cost provider used Tier-2 cells in a standard rack design, with inverters certified only for grid-
following. They passed basic UL 9540. During a FAT, the system worked... until the black-start test. The inverter
couldn't handle the inrush current from all the site loads coming online at once on its "virgin" microgrid. VVoltage
crashed, the system faulted, and the test failed. The delay to re-engineer cost the operator an entire fire season of
protection.

The solution we implemented was built to a more stringent, proprietary manufacturing standard that wrapped the core
certifications. It specified:

* Inverters with grid-forming capability as standard.

* A staged, programmable load sequencing built into the controls for soft-start.

* Battery C-rate not just for peak discharge, but for the sustained intermediate load of a site reboot (which is
different).

¢ An enhanced thermal management system tested to maintain cell temperature within a 5C band during the high-
stress black-start sequence, even in 40C ambient heat.

That system passed FAT on the first try and has since performed multiple real-world black starts autonomously.

From the Field: What "Black Start" Really Demands

From my 20 years on site, here's the inside scoop on what these standards need to cover that data sheets often miss:

® C-rate is a Curve, Not a Number: A spec sheet might boast a 1C continuous discharge. But a black start
demands a high burst (to spin up inverters), then a medium, steady draw for hours. Manufacturing must validate
the cells and BMS for this specific duty cycle, not just a constant load. Degradation looks different under these
patterns.

¢ Thermal Management is the Silent Guardian: Black start events are high-stress. A good standard mandates that
the HVAC system can handle the worst-case heat rejection from the batteries and the inverters simultaneously at
the site's maximum recorded ambient temperature. I've opened containers where the AC was sized only for
battery cooling, and the inverter room was a saunaa guaranteed failure point.

* L COE vs. Cost of Failure: Everyone wants a low Levelized Cost of Energy. But for telecom backup, calculate
the Cost of Downtime. A slightly higher capex for a system manufactured to robust black-start standards that
guarantee 20-year reliability is trivial compared to the revenue and reputational loss of a network outage. The
right standards optimize for total cost of ownership, not just unit cost.




Making It Real for Your Next Project

At Highjoule, we learned these lessons the hard way, on remote sites from Scotland to Arizona. That's why our
manufacturing process for systems like our HT-1M TelecomCore is built around a Black Start Assurance Protocol
(BSAP). It's not just a test; it's a design and build philosophy that layers on top of UL, IEC, and IEEE compliance. It
dictates everything from the torque on the DC busbar bolts (vibration during transport can loosen them, increasing
resistance and heat) to the logic in the controller that manages the first 60 seconds of a restart.

Our service model extends this. We don't just ship a container. We provide the site integration guidelines and the
commissioning scripts that validate the black-start sequence on your actual site load before we leave. Because a standard
proven in a factory in Asia must be proven again under the specific conditions of your base station in Norway or
Nevada.

The question for your next procurement isn't "Does it meet UL 9540?" It's: "Show me the manufacturing standard that
proves this specific 1MWh system will black-start my specific site, on the worst day of the year, for the next two
decades.” When you start the conversation there, you separate the commodity players from the resilience partners.
What's the one vulnerability in your network's power plan that keeps you up at night?

Author: Thomas Han

12+ years agricultural energy storage engineer / Highjoule CTO
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