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The Silent Problem at the Base of the Tower

Let's be honest. When you think of a telecom base station, you're picturing the antenna up top. But down at ground
level, in that often-ignored container or shelter, there's a battle for reliability happening every single day. I've been on
site for dozens of these deployments, from the sun-baked deserts of Arizona to the humid coastal regions of Northern
Germany. The universal challenge isn't just providing backup power; it's ensuring the battery energy storage system
(BESS) that provides it can survive - and thrive - in conditions it was never designed for.

The core problem is thermal stress. Traditional air-cooled battery racks struggle to maintain a uniform, optimal
temperature (typically 20-25C / 68-77F) inside a sealed container that's baking in the summer sun and subject to
massive, rapid discharge loads during grid outages. According to a National Renewable Energy Laboratory (NREL)
study, every 10C increase above the recommended operating temperature can halve battery cycle life. For a telecom
operator, that doesn't just mean replacing batteries sooner; it means unexpected downtime, soaring operational costs,
and a direct hit to network reliability promises.

Why Air-Cooling Falls Short for Modern Telecom Loads

Air-cooling has been the default for years. It's simple, right? But here's what I've seen firsthand: it's fundamentally
mismatched to the density and duty cycles of modern 5G and edge computing sites.

¢ Hot Spots are Inevitable: Air moves in paths of least resistance. Center cells in a rack get less airflow, leading to
temperature differentials of 10-15C. This imbalance causes some cells to degrade faster, dragging down the
entire string's performance and capacity.

¢ The High C-Rate Conundrum: Telecom backup requires high discharge rates (high C-rates) to support the site
load instantly. That rapid energy conversion generates intense, concentrated heat. Air simply can't absorb and
remove that heat quickly enough, leading to thermal runaway risk and forced power derating.

¢ Inefficiency Squeezes ROI: To combat this, you oversize HVAC units, which themselves consume 15-30% of
the container's valuable energy. You're literally using backup power to cool the backup power system - a vicious
cycle that destroys your Levelized Cost of Energy (LCOE).

This isn't a minor efficiency loss. It's a fundamental constraint on your site's power density, safety, and total cost of
ownership.

The Liquid Cooling Advantage: More Than Just a Coolant

So, how do you optimize a liquid-cooled container? It starts by understanding that liquid cooling isn't just a "better fan."
It's a paradigm shift in thermal management. At Highjoule, when we design systems like our HLQ Series for critical
infrastructure, we treat the coolant loop as the central nervous system of the BESS.

The optimization magic happens in three layers:
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1. Cell-Level Precision: Cold plates directly contact cell modules, absorbing heat at the source. This eliminates hot
spots, allowing us to safely support sustained high C-rates without derating. Honestly, the temperature
uniformity we achieve is something air systems can only dream of - we're talking differentials under 3C.

2. System-Level Harmony: The liquid loop connects to an external dry cooler. By decoupling the internal climate
from the external one, the container's internal environment stays stable and clean (no dust ingestion, a huge
maintenance win). This design is inherently simpler and more reliable than a complex, oversized internal HVAC
system.

3. Standards-Built Safety: True optimization means safety is non-negotiable. Every coolant path, pump, and
connection is designed to meet UL 9540A test criteria and IEC 62933-5-2 standards. It's not an add-on; it's the
foundation. A well-optimized system manages heat to prevent incidents, not just react to them.

Optimization in Practice: A Real-World Blueprint

Let me give you a concrete example from a project we completed in California. A major telecom provider needed to
upgrade a cluster of urban base stations to support 5G and provide 6 hours of backup. Their existing air-cooled units
were failing prematurely, and the frequent maintenance visits were unsustainable.

The Challenge: Limited physical footprint, stringent local fire codes, and a requirement to maximize cycle life to hit a
target LCOE.

Our Optimization Approach: We didn't just drop in a liquid-cooled box. We optimized the entire package:

* \We sized the battery capacity based on real load profiles, not peak theoretical loads, reducing the initial bank
size by 18%.

* We integrated the cooling loop's control logic with the battery management system (BMS). This lets the system
pre-cool the batteries before an anticipated high-demand period (like a scheduled grid maintenance window),
reducing thermal shock.

* We used the thermal stability to implement a conservative, health-focused charging algorithm. This extended




The result? The sites now run cooler, the operator has a predictable maintenance schedule, and the total cost per
kilowatt-hour stored over the system's life plummeted. That's what real optimization looks like on a balance sheet.

Thinking Beyond the Box: System-Level Optimization
Optimization doesn't stop at the container’s edge. The most successful deployments think systemically.

¢ Grid Interaction & Revenue Stacking: In many European markets, a stable, high-performance BESS can
participate in grid services. Our team's expertise in IEEE 1547 interconnection standards ensures your asset isn't
just a cost center but can become a revenue-generating grid citizen.

* Future-Proofing with Software: The thermal headroom of liquid cooling allows for future battery chemistry
upgrades without changing the core thermal infrastructure. Your container becomes a platform, not a disposable
appliance.

¢ Localized Deployment Intelligence: What works in Texas won't work in Norway. Our field teams optimize the

external dry cooler sizing and glycol mix ratios for the local climate, ensuring peak efficiency whether it's -20C
or +45C outside.

Your Next Step: From Concept to Reliable Power

The question isn't really "if" liquid cooling is the right path for demanding telecom applications - the physics and

economics are clear. The real question is how to implement it optimally for your specific sites, regulations, and financial
models.

That's where two decades of getting our boots dirty on site makes all the difference. It's the difference between a vendor

selling you a box and a partner engineering a solution. What's the one thermal or reliability challenge at your sites that
keeps you up at night?
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