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Air-Cooled BESS at Elevation: What You Really Need to Know

Honestly, after two decades of deploying battery energy storage systems (BESS) from the Alps to the Rockies, I've
learned one thing the hard way: altitude changes everything. It's not just a line on a spec sheet. I've seen firsthand on
site how a system humming along perfectly at sea level can start throwing up alarms and losing efficiency when you take
it up a few thousand feet. For project developers and asset owners in Europe and North America eyeing sites in
mountainous regions or even just elevated plateaus, understanding the nuances of air-cooled container design for high-
altitude operation isn't just technical nitpickingit's fundamental to your project's bankability and long-term health.
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The Thin Air Problem: It's More Than Just Cooling

Let's grab a coffee and talk physics for a minute. When we say "high-altitude,"” we're typically talking about sites above
1,000 meters (3,280 ft). The air up there is less dense. For an air-cooled BESS containerwhich relies on fans to pull
ambient air across battery racksthis is a double-whammy.

First, heat transfer suffers. Less dense air simply can't carry away as much heat. It's like trying to cool a hot engine with
a hairdryer instead of a powerful fan. The cells run warmer, which accelerates degradation. Second, the fans themselves
have to work harder to move the same volumetric flow of air, drawing more power from the very system they're trying
to protect. This parasitic load goes up, and your round-trip efficiency (RTE) goes down. I've seen projects where the
auxiliary load from cooling increased by 15-20% at 2,500 meters compared to their sea-level design estimates, silently
eating into revenue.

Data Doesn't Lie: The Efficiency & Cost Impact

This isn't just anecdotal. A comprehensive study by the National Renewable Energy Laboratory (NREL) on BESS
performance in varied climates highlights that thermal management can account for up to 25% of a system's energy
losses in non-optimal conditions. At high altitudes, poor thermal design doesn't just risk safetyit directly hits your
Levelized Cost of Storage (LCOS). Every percentage point drop in efficiency, and every degree of excess cell
temperature, translates to a shorter system life and lower lifetime energy throughput. You're literally leaving money on
the mountain.

A Rocky Mountain Case Study: When Theory Meets Reality

A few years back, | was involved with a 20 MW/40 MWh BESS project in Colorado, USA, sitting at about 2,400
meters. The initial design used a standard, off-the-shelf air-cooled container. During commissioning in late spring,
things looked okay. But come the first hot summer afternoon, the story changed. The cooling system couldn't maintain
the optimal 25C cell temperature. We saw packs consistently hitting 30-32C. The system derated itself to protect the
batteries, missing out on peak revenue hours.

The fix? It wasn't a 3|mple software tweak We had to retroflt with hlgher-statlc pressure fans and redesign the mternal
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precisely why at Highjoule, our engineering team starts with altitude as a primary design input, not a footnote. We
model the airflow and thermal performance specifically for your site's conditions, ensuring the cooling system is right-
sized from day one.

Key Engineering Considerations for High-Altitude BESS
So, what should you look for in an air-cooled container destined for higher ground? Let's break it down in plain terms:

* Fan & Motor Specification: Standard fans are rated for sea-level air density. You need fans and motors
specifically selected or rated for the lower pressure at your site's altitude. They need to deliver the required mass
flow rate of air, not just volumetric flow.

¢ Thermal Buffer & Redundancy: The system should have a larger thermal buffer. This might mean slightly
oversizing the cooling capacity or incorporating phase-change materials in hot spots. Redundant fan banks are
also a wise investment for critical applications.

* C-Rate and Cycling Strategy: Be realistic about discharge rates (C-rate). Aggressive, high C-rate cycling
generates more heat. At altitude, a slightly moderated C-rate might lead to a better overall LCOS by keeping
temperatures in check and extending lifespan.

¢ Safety & Standards Compliance: This is non-negotiable. Systems must be tested and certified to relevant
standards considering the altitude. A UL 9540 listing is essential for the North American market, but ensure the
testing environment aligns with your deployment conditions. Electrical clearances and insulation properties can
also be affected by thin air.

Beyond the Container: The System View

It's not just the box. Your power conversion system (PCS) and transformers are also affected by altitude. They have
their own derating factors for cooling. A truly integrated solution, like the ones we engineer at Highjoule, ensures the
entire BESSfrom the container to the PCS skidis harmonized for the environment. Our local deployment teams are
trained on these nuances, ensuring commissioning and long-term maintenance plans account for the unique high-
altitude wear and tear.
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Why Standard Containers Can Fall Short

The temptation is to take a cost-effective, mass-produced container and plop it on a mountain site. | get it. But this
approach often leads to the "Colorado problem™: underperformance, unexpected downtime, and costly retrofits. The
engineering margin that covers you at sea level evaporates as you climb.

The solution is a design philosophy that embraces site-specific adaptation from the outset. It means working with a
provider whose engineering team asks about your altitude and ambient temperature profiles before they quote a
standard product. It means looking for a partner with field experience in these challenging environments, who can offer
a performance guarantee that's valid for your site, not just a lab in Stuttgart or San Francisco.

What's the highest elevation site you're currently evaluating? Have you factored the true cooling cost into your financial
model?
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