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Air-Cooled BESS for Utility Grids: The On-the-Ground Perspective

Hey folks. Let's talk about something that keeps coming up in every utility planning meeting I've been in lately: how to
cool those massive battery banks for the grid. Honestly, after 20+ years on sites from California to North Rhine-
Westphalia, I've seen the thermal management debate go from a technical footnote to a make-or-break decision for
project viability. It's not just an engineering spec anymore; it's about dollars, safety, and getting the job done on time.
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The Real Grid Cooling Dilemma for Utilities

Here's the problem I see. Utilities are under immense pressure to deploy storage, fast. The 1EA reports global grid-scale
storage capacity needs to multiply by over 6x by 2030. But the business case is tighter than ever. You're not just buying
a battery; you're acquiring a 20-year grid asset. Every decisionfrom the inverter to the fire suppression systemimpacts
your levelized cost of storage (LCOS), which is the number every CFO cares about.

The agitation? I've been on sites where the thermal system became the project’s Achilles' heel. An overly complex liquid
cooling loop fails, and suddenly you have a 100 MWh asset derating or shutting down during a peak demand event.
The O&M costs spiral, and the promised revenue from capacity payments or arbitrage evaporates. The core challenge
is balancing upfront cost, long-term reliability, and performance across diverse climatesfrom Arizona deserts to
Canadian winters.

Air-Cooling Explained: Simplicity is Key

So, where does air-cooling fit? It's the straightforward approach. Think of a sophisticated, heavy-duty HVAC system for
a battery container. It uses fans and air ducts to pull ambient air across battery racks, carrying heat away to the outside.
There's no secondary coolant loop, no chillers, no risk of coolant leakage inside the container. At Highjoule, when we
design these systems, the mantra is "fewer moving parts, fewer points of failure.” It's a principle that's served us well in
harsh, remote grid-tie locations where maintenance crews aren't always on standby.



https://www.iea.org/reports/grid-scale-storage

The Benefits: Why Utilities Are Looking at Air

Let's break down the advantages I've witnessed firsthand.

¢ Lower Upfront Capex: This is the big one. Eliminating the liquid coolant loops, pumps, and plate heat
exchangers can shave 10-15% off your initial BESS hardware cost. For a 100 MW/200 MWh project, that's a
massive saving that improves your project's IRR from day one.

¢ Simplified O&M & Safety: Honestly, this is huge for risk managers. No glycol mixtures to check, no leaks to
detect inside the rack. Maintenance is familiarit's filter changes and fan checks. From a safety and compliance
standpoint, especially under standards like UL 9540 and IEC 62933, having no flammable liquid inside the
enclosure simplifies the safety case significantly.

* Proven Reliability in Moderate Climates: For a large swath of the US and Europe, the climate is just fine for air.
We're not talking about deploying these in Death Valley at peak summer. In regions with temperate summers,
the system works reliably for peak shaving, frequency regulation, and renewable smoothing duties.

¢ Faster, Cleaner Deployment: On site, it's simpler to install and commission. There's no liquid filling, bleeding, or
complex leak testing. That can trim weeks off your construction schedule, getting your asset revenue-ready
Sooner.

The Drawbacks, Honestly

Now, let's have the real talk over coffee. Air-cooling isn't a magic bullet. Its limitations are very real and can be deal-
breakers in the wrong application.

¢ Thermal Management & C-Rate Limitation: This is the core trade-off. Air is less efficient at moving heat than
liquid. What does that mean practically? It can limit your continuous C-rate (the charge/discharge power
relative to capacity). If your grid service requires frequent, high-power bursts (like heavy-duty frequency response
or rapid energy arbitrage), the cells might heat up faster than the air can cool them, forcing the system to derate.
You might be leaving money on the table.

* Climate Dependency & Efficiency Loss: The system's performance is tied :(phe glmbient temperature. On a hot
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day, the cooling system has to work much harder, consuming more of its own energy (the "parasitic load"),
which hits your round-trip efficiency. In very dusty or humid environments, you're also battling filter clogging
and corrosion.

¢ Potential for Cell Temperature Gradients: In a large container, it's harder for an air system to ensure every cell
in every module is at exactly the same temperature. You can get gradients. Why does this matter? Uneven
temperatures accelerate aging differences across the battery pack, potentially shortening its overall lifespan and
complicformance warranties.

* Footprint & Noise: To move enough air, you need large ducts and powerful fans. This can mean a slightly larger
footprint for the container. Those fans also generate noise, which can be a siting issue near residential areas,
requiring additional acoustic mitigation.

Case in Point: A Texas Peaker Project

Let me give you a real example. We worked with a municipal utility in Texas on a 40 MWh peaker replacement
project. Their needs were clear: moderate daily cycles (1-2 full cycles), a primary focus on Capex, and operation mainly
during evening peaks (not the brutal 3 PM summer sun).

The Challenge: They had a tight budget and needed a solution that their existing electrical crews could maintain
without specialized training.

The Solution & Outcome: We deployed an air-cooled BESS, designed with high-ambient-temperature fans and a smart
control system that pre-cooled the containers ahead of discharge cycles. The key was right-sizing the C-rate to 0.5C,
perfectly matching their duty cycle. The result? The project came in under budget, was commissioned in record time,
and has been hitting its availability targets for over two years. The simplicity of the system was a perfect fit for their
operational model.




* Map Your Duty Cycle: Is it mild (like peak shaving) or aggressive (like daily energy trading)? High C-rates favor
liquid.

¢ Audit Your Climate: Pull the historical temperature data for your site. More than a few weeks over 95F (35C)
per year? Think hard.

¢ Calculate the TCO, Not Just Capex: Model the efficiency losses on hot days and the potential lifespan impact.
Sometimes a higher upfront cost (liquid) yields a lower LCOS.

¢ Know Your O&M Capabilities: Do you have specialized technicians? If not, simplicity reigns supreme.

At Highjoule, we don't believe in one-size-fits-all. Our engineering process starts with these questions. We've optimized
our air-cooled platforms with advanced airflow modeling and cell-level monitoring to mitigate gradients, and we design
everything to the latest UL and IEC standards for grid interconnection. But we're also upfront when a project's needs
point to a different solution.

The bottom line? Air-cooled BESS is a robust, cost-effective workhorse for a well-defined set of grid applications. It's not
about which technology is "better," but which is right for your specific 20-year financial and operational reality. What's
the primary grid service keeping you up at night? Let's talk about the duty cycle first.
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