High-Voltage DC Pre-Integrated PV Containers: Solving the Real Grid
& Cost Challenges for Telecom BESS
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Let's Talk About Powering Remote Telecom Sites It's Not as Simple as They Say

Hey there. Grab your coffee. Over two decades on sites from the deserts of Arizona to the rolling hills of Scotland, I've
had this conversation a hundred times. A telecom operator needs to power a new base station, or upgrade an old one off
the main grid. The mandate is clear: integrate solar, add battery backup, ensure 99.99% uptime, and do it all within a
budget that makes the CFO smile. Sounds straightforward, right? Honestly, this is where the real headache begins for
most teams. The promise of a clean, resilient microgrid often gets bogged down in a swamp of complex engineering,
spiraling soft costs, and safety certifications that can stall a project for months. Let's break down why the usual
"piecemeal” approach is breaking the bank, and how a fundamentally smarter system design is changing the game.
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The Real Cost Pitfall: It's Not the Hardware

Here's the open secret in our industry: by the time a containerized BESS for a telecom site is commissioned, the balance-
of-system (BOS) and soft costs can eat up 40-50% of the total CAPEX. I've seen this firsthand. You're not just buying
batteries and PV modules. You're paying for:

¢ Custom Engineering & Integration: Electrical teams designing one-off DC coupling schemes, figuring out string
sizing, sourcing compatible high-voltage combiners, and designing the thermal management for a unique layout.

¢ Endless On-Site Labor: Multiple crews civil, electrical, solar, battery working in sequence, not always in sync.
Weather delays, coordination headaches, and the sheer man-hours of connecting hundreds of points.

¢ Uncertainty: Will all these components from different vendors, installed at different times, play nicely together
on day one? That commissioning phase can be a nervous rollercoaster.

This complexity directly hits your Levelized Cost of Energy (LCOE) the true measure of your system's cost over its life.
More upfront hassle and risk mean a higher LCOE, plain and simple.

Safety: A Silent Project Killer

Now, let's talk standards. In the US, you're looking at UL 9540 for the energy storage system and UL 1741 for
inverters. In Europe, it's IEC 62619 for the batteries and IEC 62109 for power converters. These aren't just checkboxes.
They are critical for insurance, fire department approval, and operational permits.

The problem? Getting a custom-assembled container system certified is a marathon. Each unique configuration might
need re-evaluation. I've seen projects where the safety certification process added 4-6 months to the timeline because
the DC wiring layout or the emergency disconnect scheme wasn't pre-approved. That's 6 months of potential revenue
lost for that telecom site.

The Efficiency Squeeze
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Efficiency losses are death by a thousand cuts. In a typical setup, solar DC goes through a charge controller, then often
gets stepped down to a lower DC voltage for the battery, only to be inverted to AC for the site load, or maybe kept at
DC... It's a conversion fest. Every conversion loses 1-3% of your precious, generated power. For a remote site relying on
solar, that's energy you literally can't afford to waste. It means oversizing your solar array and your battery bank just to
cover system losses another direct hit to your CAPEX and LCOE.

A Solution, From the Ground Up

This is where the philosophy of the High-Voltage DC Pre-Integrated PV Container clicks into place. It's not an
incremental improvement; it's a rethinking of the unit. Instead of a "container for stuff," it's a power plant in a box,
designed, wired, and certified as a single, optimized system before it ever leaves the factory.

At Highjoule, our approach is to engineer these systems like we have to deploy them ourselves because we do. The core
idea is high-voltage DC coupling. The PV strings and the battery bank operate on a common, optimized high-voltage
DC bus. This eliminates multiple power conversion stages right from the blueprint. The power electronics, battery
racks, HVAC, fire suppression, and controls are all pre-mounted, pre-wired, and pre-tested in a controlled environment.
What arrives on site is essentially a plug-and-play asset: you provide the foundation, connect the AC/DC feeds, and
you're in business.

The beauty for you? It directly attacks those three pain points:

* Cost & Speed: Slashes on-site labor by ~70%. The engineering is done once, at scale. The system arrives with
full UL or IEC certification as a complete unit, bypassing the approval quagmire.

¢ Safety & Compliance: It's a certified appliance. The safety protocols arc-fault detection, managed thermal
runaway containment, emergency shutdown are integrated and validated.

 Efficiency: By minimizing conversions, we've seen these systems achieve round-trip efficiency gains of 5-8%
compared to patched-together alternatives. That's free energy, straight to your bottom line.

Seeing is Believing: A
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Let me give you a real example from the field. A major telecom operator in North Rhine-Westphalia, Germany, had a
cluster of base stations in a forested area with weak and unreliable grid connections. Their challenge was classic: ensure
zero downtime for critical network infrastructure, integrate local PV, and avoid the astronomical cost of running new
grid lines.

The old plan was to source components separately. The new solution was a Highjoule pre-integrated HV DC container.
Here's what changed:

¢ Timeline: From site readiness to commercial operation took 11 weeks, compared to the projected 6+ months for
a traditional build.

e Commissioning: The system passed commissioning in 2 days. Because it was factory-tested as a whole, the "does
it work?" phase was almost a formality.

* Operational Result: The site now runs at ~95% solar self-consumption. The grid is essentially a back-up. Their
calculated LCOE for that site's power is now 30% lower than the neighboring sites using diesel generators as
primary backup.

The project lead told me afterwards, "The biggest value wasn't in the specs sheet. It was in the certainty."”

Key Tech Made Simple

When we talk tech, | want to demystify two terms that matter for your ROI:

1. C-rate in Plain English: Think of it as the "drinking speed" of a battery. A 1C rate means a 100 kWh battery can be
fully charged or discharged in 1 hour. A 0.5C rate takes 2 hours. For telecom, you usually don't need a super-high C-
rate (like for grid frequency regulation). You need a moderate, steady C-rate (like 0.25C-0.5C) that's perfectly matched

to solar charging cycles and discharge for overnight load. This allows us to use more robust, cycle-life-optimized (and
often more cost-effective) battery chemistry, which is a major lever for lowering your LCOE.

2. Thermal Management The Unsung Hero: This is where battery life is won or lost. In a pre-integrated container, the
HVAC isn't an afterthought; it's a core part of the control algorithm. We don't just cool the air in the container; we
manage the temperature of each battery rack precisely, keeping it in the 20-25C sweet spot. This can double or even
triple the expected lifespan of your batteries compared to a poorly managed system. I've seen too many projects ignore
this, only to face massive replacement costs years early.




What This Means For Your Next Project

So, where does this leave you? If you're planning a telecom, industrial, or microgrid project that needs reliable, clean
power, the question has shifted. It's no longer just "what battery chemistry?" or "how many kW of solar?". The more
critical question is: "What is my total path to operational, certified, low-LCOE power, and how de-risked can | make
it?"

The move towards pre-integrated, high-voltage DC solutions isn't just a technical trend,; it's a financial and operational
one. It turns a complex construction project into a predictable equipment delivery and deployment. It trades
customization headaches for certified, optimized performance. And honestly, in today's market, with supply chain
pressures and skilled labor shortages, that predictability is worth more than ever.

I'm curious on your last project, what was the single biggest delay or cost overrun you faced? Was it engineering,
commissioning, or something else entirely? Drop me a line sometime. Let's chat more over a virtual coffee.
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