Liquid-Cooled 5SMWh BESS for High-Altitude Grid Stability & LCOE
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The Thin Air Challenge: Why Your Next High-Altitude BESS Needs
Liquid Cooling

Hey there. Let's grab a virtual coffee. If you're planning a utility-scale battery project in the Rockies, the Alps, or any
high-altitude region, you've probably run the numbers and felt that nagging worry about performance and longevity.
Honestly, I've been on-site at 2,500 meters, watching an air-cooled system struggle, and its a real engineering headache.
Today, | want to walk you through a specific, real-world solution thats changing the game: the liquid-cooled 5MWh
utility-scale BESS for high-altitude deployments.
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The High Ground Isn’t Always an Advantage

We all chase the perfect site: good grid connection, solid renewables mix, supportive policy. But in mountainous regions,
that perfect site comes with a built-in problem: thin air. The lower air density at high altitudes is a killer for traditional
air-cooled battery systems. Their cooling fans have to spin much harder to move the same amount of heat, leading to
massive parasitic loadenergy used just to run the system itself. I've seen firsthand on site how this can spike operational
costs. Worse, inconsistent cooling creates hot spots within battery racks, accelerating degradation and posing a real
safety concern that keeps any project manager up at night, especially under strict UL 9540 and IEC 62933 standards.

The Numbers Don't Lie: Efficiency at Altitude

This isn't just anecdotal. Data from the National Renewable Energy Laboratory (NREL) shows that for every 1,000
meters above sea level, air density decreases by about 10%. That translates directly to a proportional drop in convective
heat transfer efficiency for air-based systems. In a 5SMWh system, that inefficiency can mean dedicating 3-5% maore of
your stored energy just to thermal management, a hit your Levelized Cost of Storage (LCOS) simply can't afford. The
International Energy Agency (IEA) consistently highlights system efficiency as a top lever for reducing the overall LCOE
of storage, making this a critical financial, not just technical, decision.

Liquid Cooling: More Than Just a Tech Spec

So, what's the fix? The industry's move towards liquid-cooled utility-scale containers, like the 5SMWh units we're
deploying, isn't a marketing gimmick. It's a direct response to this physics problem. Liquid coolant, with its vastly higher
heat capacity, doesn't care about air density. It circulates in a closed loop, precisely pulling heat from each cell or
module. This means uniform temperature across the entire rack, which is the single biggest factor in maximizing cycle
life and maintaining a high, reliable C-ratethe speed at which you can safely charge and discharge the battery. For a
grid operator needing to respond to a frequency event in milliseconds, that consistent high C-rate capability is
everything.
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From Blueprint to Mountain Top: A Colorado Case Study

Let me give you a concrete example from our work. We partnered with a regional utility in Colorado, USA, on a
20MW/50MWh project (that's ten of our 5SMWh containers) sited at 2,200 meters. Their challenge was classic:
integrate wind, provide frequency regulation, and do it with a 20-year lifespan guarantee. The previous shortlisted air-
cooled design showed a projected 22% capacity fade after 10 years due to thermal stress, which was a non-starter.

Our solution centered on a fully integrated liquid-cooled BESS. The deployment had its momentslogistics up mountain
roads is always an adventurebut the core thermal performance was rock-solid. During peak summer operation, with
ambient temperatures hitting 30C, the battery cells were maintained within a 2C differential. The parasitic load for
cooling was a fraction of the comparable air system. Most importantly, the performance data now, two years in, is
tracking a lifecycle that exceeds the initial LCOE projections. Its meeting all UL 9540A fire safety standards, which gave
the local fire marshal and insurers the confidence they needed.

The On-Site Engineer's Notebook: C-rate, Heat, and LCOE

Let's break down the jargon. Think of C-rate as the "athleticism" of your battery. A 1C rate means it can fully charge or
discharge in one hour. For grid services, you often need 0.5C or even 1C. Heat is the enemy of this athleticism. An
overheated cell gets lazy, its internal resistance goes up, and its voltage sagsyou can't pull the power you need. Liquid
cooling keeps every cell in peak athletic condition, day in, day out.

This directly slashes your LCOE. How? Three ways:

* Longer Life: Even temperature = slower degradation. You're not replacing cells as early.
* More Revenue: Consistent high C-rate means you can bid into more lucrative, high-power grid service markets.
* | ower O&M: Fewer cooling fan failures, less dust ingress (sealed system), and predictable performance.

At Highjoule, when we design a system like this, we're not just bolting together cells and a chiller. We're modeling the
entire thermal and electrical system to ensure that from the cell level to the grid connection, every component is
. . - & & . v T emr .- i -+ - ="

e A i - & -

—————— S T il e e




optimized for that specific high-altitude environment. Our local deployment teams are trained on these integrated
systems, so commissioning and long-term support are seamless.

Your Next Step: Questions to Ask Your Vendor

So, if you're evaluating a BESS for a challenging site, don't just accept "yes, we can do altitude.” Drill down. Ask for the
derating curves of their cooling system at your specific elevation. Request the projected parasitic load as a percentage of
system capacity. Demand to see third-party test reports, like UL 9540A, for the exact module and thermal design
they're proposing. And most crucially, ask for a real, named reference project with at least 12 months of operational
data from a similar altitude.

The future of grid resilience in these critical regions depends on storage that's as tough as the environment. What's the
one thermal performance guarantee you wouldn't sign a project without?
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