Liquid-cooled BESS for Data Centers: Why Air-Cooling Falls Short
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The Silent Problem in Your Server Room

Let's be honest. When you think about data center resilience, your mind goes to redundant fiber lines, backup
generators, and UPS systems. The battery bank? It's often an afterthought, tucked away in a corner. But here's the thing
I've seen firsthand on site: that's where the next big point of failure might be quietly brewing. The industry's go-to for
backup power, the traditional air-cooled Battery Energy Storage System (BESS), is hitting its limits. It's not just about
having power; it's about having reliable, instantly available, and safe power for those critical 10-15 minutes until your
generators spin up. When the grid flickers, you can’t afford your backup power source to be the weakest link.

Why Air-Cooling Struggles When It Matters Most

Air-cooling is simple, right? Fans blow air across battery racks. It works... until it doesn't. The problem is heat density
and inconsistency. In a high-demand backup scenario, batteries discharge at a high C-rate, generating intense heat in a
very short time. Fans simply can't pull that heat away fast or evenly enough. You end up with hot spots. One module
might be at 25C while its neighbor, just inches away in the same rack, is pushing 40C.

This isn't a minor engineering quirk. It's a direct threat to your operations. Uneven thermal management leads to
accelerated, uneven aging of battery cells. Some cells degrade faster than others, compromising the entire string's
capacity and reliability. Honestly, I've walked into data centers where the BESS maintenance log showed a 20% faster
capacity fade than projected, all traced back to thermal hotspots. It also creates a safety headache. The NFPA and
standards like UL 9540A are laser-focused on thermal runaway prevention. An air-cooled system, with its inherent hot
spots, has a much harder time containing a single cell failure from cascading. For a facility manager, that's a risk that
keeps you up at night.

The Cost of "Good Enough™

Let's talk money. The initial CapEx for air-cooled might look attractive. But the real cost is in the Lifecycle Cost of
Energy (LCOE) and operational drag. That uneven aging means you're replacing battery packs more often. The large
footprint eats up valuable white space. And the power needed to run those massive fans? It adds to your PUE, silently
inflating your operational expenses year after year. You're paying for "good enough” multiple times over.

The Liquid-Cooling Advantage: It's Not Just About Temperature

So, what's the alternative? Let's talk about liquid-cooled BESS. It sounds complex, but the principle is beautifully simple
and borrowed from high-performance computing: use a coolant fluid to directly absorb heat from the battery cells. This
isn't a marginal improvement; it's a fundamental shift in how we manage the core challenge of battery systems.

Imagine a plate or cold channel directly attached to each cell. Heat is conducted away instantly and uniformly. The
result? Near-perfect temperature uniformity across the entire rack, typically within 2-3C. This changes everything:

e Safety First: By eliminating hot spots, the risk of thermal runaway propagation plummets. A liquid system can
also be de3|gned to phyS|caIIy |solate a falllng module Th|s isa huge win for meeting the stringent test criteria of
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¢ Longevity & Performance: Cells kept at a stable, optimal temperature degrade at almost the same rate. You get
the full, projected lifecycle out of your asset. It also allows for sustained higher C-rate discharge without derating
C meaning when you need that full backup power, it's there, no questions asked.

¢ Density and Efficiency: Liquid is 3-4 times more efficient at heat transfer than air. This lets us pack more energy
into a smaller footprint (critical for urban data centers) and cuts the parasitic load for cooling by up to 40%
compared to forced-air systems. That directly improves your site's overall efficiency.

Beyond the Hype: Real Numbers and Real Deployments

This isn't just theory. The data backs it up. The National Renewable Energy Lab (NREL) has published findings
showing that effective thermal management can extend battery life by as much as 2-3x under strenuous cycling
conditions. When you're talking about a multi-million dollar backup power installation, that lifespan extension is a game-
changer for your total cost of ownership.

Let me give you a real case. We worked with a hyperscale operator in North Virginia. Their challenge was retrofitting a
high-density BESS into an existing facility with strict floor load limits and space constraints. An air-cooled system would
have required extensive ductwork and raised-floor modifications, adding months and millions to the project. We
deployed a modular, liquid-cooled BESS. The units were more compact, required no complex air-handling
infrastructure, and the closed-loop cooling system was independent of the data hall's own cooling. They got higher
reliability, a safer system, and saved nearly 25% on the total installed cost versus the air-cooled alternative. The system
is now their template for future builds.

From a standards perspective, liquid cooling aligns perfectly with the direction of codes like IEC 62933 and IEEE
2030.2.1, which increasingly emphasize predictable performance and safety under fault conditions.

Making the Right Choice for Your Critical Load

So, how do you decide? Honestly, it comes down to your risk profile and what "uptime" is truly worth to you.
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Consideration Air-Cooled BESS Liquid-Cooled BESS

Thermal Uniformity Poor (5-15C variance common) Excellent (<3C variance)

Response to High C-Rate Slow, can lead to derating Instant, maintains full power

Safety & Containment Challenging for propagation Superior, inherent isolation

Footprint Larger (needs airflow space) Compact, high energy density

Lifecycle Cost (LCOE) Higher (faster degradation, higher Lower (longer life, lower cooling OpEX)
OpEXx)

For a corporate colocation or a tier-3 data center, an air-cooled system might still check the box. But for mission-critical,
hyperscale, or high-density environments where every watt and every square foot counts - and where a failure is simply
not an option - the comparison leans heavily toward liquid cooling.

At Highjoule, we've built our systems around this reality. Our liquid-cooled platforms are designed not just to meet UL
and IEC standards, but to exceed the real-world demands of 24/7 operations. It's about giving you one less thing to
worry about. So, next time you're evaluating your backup power strategy, ask your team: are we cooling our batteries,
or are we precisely managing their thermal environment? The answer might just redefine your resilience. What's the
one thermal data point from your current system that would surprise you the most?
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