Air-Cooled BESS Maintenance: Why Your Data Center Backup
Checklist is Missing Critical Items
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That Maintenance Checklist for Your Air-Cooled BESS? It's Probably
Incomplete. Here's What We've Learned on Site.

Honestly, over coffee with clients from California to North Rhine-Westphalia, one topic keeps coming up: the nagging
worry about their battery energy storage system (BESS) for data center backup. They've got the pre-integrated, air-
cooled container, the PV array, the shiny checklist from the vendor. But there's this gut feeling is this routine check truly
catching what could fail at 2 AM during a grid outage? Having spent over two decades knee-deep in BESS

deployments, | can tell you that feeling is often right. Many standard checklists miss the subtle, cumulative issues that air-
cooled systems in 24/7 critical environments develop. Let's talk about why, and what you should really be looking at.
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The Silent Problem: When "Standard Operating Procedure” Isn't Enough

The phenomenon is universal. A data center deploys an air-cooled, pre-integrated PV container solution. It's a smart
move modular, faster to deploy, often with a good upfront Capex. The manufacturer provides a maintenance checklist:
check alarm logs, inspect for visual damage, verify communication links, maybe note the ambient temperature. It feels
comprehensive. But here's the catch: these lists are often designed for general operation, not for the specific, punishing
duty cycle of a data center backup system. This system sits at near-full charge, 99% of the time, in a constant state of
readiness. The thermal dynamics, the battery chemistry stress, the fan wear they're all different than a system doing
daily charge/discharge cycles.

I've seen this firsthand. A standard checklist might say "check cooling intake and exhaust.” On site, that often translates
to a visual glance. What it should involve is measuring the delta-T (temperature difference) across the battery racks at
simulated load, checking for airflow stratification, and verifying every individual fan's performance curve hasn't
degraded. A 15% reduction in airflow might not trigger an alarm, but it will accelerate cell degradation uniformly,
shortening the system's life in a way that's invisible until your capacity warranty claim is denied.

The Real Cost: More Than Just Downtime

Let's agitate that pain point a bit. The National Renewable Energy Lab (NREL) has shown that improper thermal
management can increase the levelized cost of storage (LCQOS) by up to 20-30% over a system's lifetime. Think about
that. It's not just the catastrophic failure during an outage (which, for a data center, is existential). It's the silent bleed of
value your asset degrades faster, your return on investment shrinks, and your total cost of ownership balloons.

The safety angle is paramount, especially under standards like UL 9540 and IEC 62933. Incomplete maintenance is a
risk multiplier. Dust accumulation on cells (often missed in a simple "clean” check), minor corrosion on busbar
connections from humidity swings, slight imbalances between modules these aren't just efficiency hits. In the tightly
packed environment of a pre-integrated container, they can be precursors to thermal runaway. The checklist needs to
be a proactive hazard identification tool, not just a functionality tick-box.
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https://www.nrel.gov/docs/fy23osti/85368.pdf

Where Standard Checklists Typically Fall Short:

Thermal Mapping: They check "temperature,” but not temperature gradients within the container.

® Parasitic Load: Ignoring the growing energy draw of cooling fans as they age and work harder.

Cyclical Readiness: Not testing the system's ability to handle the shock of a sudden, high C-rate discharge after
months of idle float.

¢ Environmental Sealing: Assuming the IP rating is forever, without checking gasket integrity against dust and
moisture ingress seasonally.

A Better Checklist: Building from UL, IEC, and Hard Lessons

So, what's the solution? It's about evolving that generic document into a Condition-Based Maintenance Checklist. At
Highjoule, when we support clients in the EU and US, we don't just hand over a manual. We co-develop a site-specific
protocol that layers the manufacturer's basics with our field-derived critical items. It's grounded in the intent of
standards like IEEE 2030.3 for BESS testing and IEC 62443 for security, but translated into actionable, on-the-ground
checks.

For example, a critical item we always add is Infrared (IR) Thermography under load. This isn't just for electrical
connections; it's for the battery cells and modules themselves. A slight hotspot in a module is a leading indicator of
imbalance or internal resistance growth. Catching it early allows for targeted intervention, preventing a cascade.
Another is verifying the Battery Management System (BMS) calibration. Over time, voltage and temperature sensor
readings can drift. A checklist must include a periodic spot-check against calibrated external instruments. If the BMS
"thinks" a cell is 25C when it's actually 28C, your entire thermal management strategy is off.

Our approach embeds these insights into the product design itself. Our air-cooled containers, for instance, have service-
friendly layouts with clear access points for IR scanning and built-in test ports for BMS validation, making these
advanced checks part of the routine, not a special ordeal. This directly optimizes your LCOE by extending useful life
and preventing catastrophic loss.

Case in Point: A Cold Night in Frankfurt

Let me give you a real case. A colocation data center near Frankfurt was using a third-party air-cooled BESS for
backup. Their checklist was thorough, or so they thought. During a routine winter test, the system performed flawlessly.
But our team, brought in for a third-party audit, insisted on a test under a specific, high-load partial outage scenario
simulation.

What we found was telling. The external air dampers, designed to bring in cool air, had a control logic flaw. When
ambient temp dropped below 5C, they'd close to avoid overcooling. However, the internal heat load from a high C-rate
discharge wasn't being modeled correctly. The result? During our simulated discharge, the dampers stayed shut too
long, intake fans recirculated hot air, and we saw a rapid temperature rise in the center racks that the standard
temperature sensors (placed at the ends) didn't catch immediately.

The checklist had "verify damper operation,” but not "verify damper control logic against all seasonal ambient profiles
and load scenarios." We worked with them to amend the checklist to include a semi-annual functional test of the
thermal management system under both peak summer and peak winter simulated conditions. It added maybe two hours
to the maintenance schedule yearly but eliminated a critical, season-specific failure mode.




Expert Insight: C-rate, Heat, and the Lifetime Math

Let's get a bit technical, but I'll keep it in plain English. The C-rate is basically how fast you charge or discharge the
battery. A 1C rate means discharging the full capacity in one hour. For backup systems, you might need a 2C or even
3C discharge to pick up the data center load instantly. That generates a lot of heat, very quickly.

Here's the insight many miss: The wear and tear from a single high C-rate event after long periods of idling is more
severe than the same event in a daily-cycled system. The chemistry "stagnates.”" A proper maintenance checklist must
include a conditioning cycle a controlled, moderate discharge and recharge to re-homogenize the electrolyte and
electrode materials, followed by a verification that the thermal system can handle the subsequent high C-rate heat spike.
It's like stretching before a sprint.

This ties directly to LCOE (Levelized Cost of Energy). Every time you avoid a deep, damaging discharge or prevent a
5C overtemperature event, you're adding cycles to the battery's life. More cycles over the same capital cost means a
lower cost per delivered kwWh. Your maintenance checklist is, in essence, an LCOE optimization tool. It should have
items that track cumulative stress (like total Ah throughput, time at high temperature, number of high C-rate events) to
predict end-of-life, not just react to it.

A Closing Thought for Your Next Site Walk

Next time you or your team walk up to that container with the checklist in hand, pause. Look beyond the paper. Is the
sound of the fans different? Is the pattern of air from the louvers even? Does the data from last month’s test show a slight
upward creep in internal humidity? These are the unscripted observations that a paper checklist can't capture, but a
seasoned eye can.

The goal isn't to create a 100-page document that nobody follows. It's to build a living, breathing protocol that
combines the rigor of UL and IEC standards with the practical wisdom of what fails, and how, in the real world. That's
how you turn your BESS from a cost center and a risk into a truly resilient and valuable asset.
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What's one item on your current checklist that you've ever felt was just a "check-the-box" exercise? Maybe it's time to
revisit it.
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