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Air-Cooled BESS for Military Bases: The On-the-Ground Truth from
Two Decades in the Field

Let's be honest. When we talk about energy storage for military installations, we're not just talking about kilowatt-hours
or return on investment. We're talking about mission readiness, operational security, and sometimes, lives. Over my
20+ years deploying systems from the deserts of the Middle East to remote forward operating bases, I've seen the good,
the bad, and the ugly of how energy systems perform under pressure. And one conversation that keeps coming up with
base commanders and facility managers is this: "Should we go with an air-cooled or liquid-cooled battery system for our
solar-plus-storage project?"

It's a critical question, and the answer isn't a simple checkbox. It's a balance of priorities. Today, I want to pull up a
chair, grab a virtual coffee, and walk you through the real-world benefits and drawbacks of air-cooled photovoltaic
storage systems specifically for military applications. We'll move beyond the spec sheets and into the mud, dust, and
harsh realities these systems face.
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The Unforgiving Military Energy Problem: It's More Than Cost

Here's the pain point I see firsthand: military bases are caught between a rock and a hard place. On one side, there's a
massive push for resilience and energy independencethink about the 2021 Texas grid failure or increasing cyber threats
to critical infrastructure. The Department of Defense itself is a huge driver of clean energy, aiming to bolster security.
On the other side, you have constrained budgets, aging infrastructure, and a pressing need for solutions that are not just
effective, but also simple to operate and maintain by on-site personnel.

The agitation comes when traditional, complex systems meet military operational tempo. A system that requires
specialized coolant, complex piping, and frequent preventive maintenance becomes a liability, not an asset, during
extended deployments or when civilian contractor access is limited. I've seen projects where the projected operational
savings were completely erased by unexpected maintenance cycles and downtime. The National Renewable Energy Lab
(NREL) has highlighted that system reliability and O&M complexity are among the top barriers to wider BESS
adoption in critical infrastructure.

This is where the conversation about thermal managementhow we keep those battery racks at their happy
temperaturebecomes central. It's the unsung hero (or villain) of any storage system's lifespan and safety.

Why Air-Cooling is Gaining Traction: The Clear Benefits

So, let's talk about air-cooled systems. In essence, these systems use fans and internal ductwork to circulate ambient air
or conditioned air from an HVAC unit across the battery modules to manage heat. For many military scenarios, this
approach hits some very sweet spots.

Simplicity & Reduced O&M Burden: This is the biggest win. No coolant loops, no pumps, no risk of leaks corroding
electrical components. The maintenance primarily involves filter changes and fan checkstasks that can be handled by
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base electricians with standard training. In a remote location, that's gold.

Lower Upfront Capital Cost (CapEx): Generally, air-cooled cabinets have a simpler architecture. You're not paying for
chillers, liquid plates, and the associated plumbing. This can mean a lower entry price, which is crucial for projects with
tight initial funding. It allows a base to deploy more MWh of storage for the same budget, directly increasing its energy
buffer during an outage.

Proven & Standardized Design: Air-cooling is a mature technology. The industry has decades of experience with it, and
it aligns well with standardized, containerized solutions. This familiarity speeds up deployment and simplifies spare parts
logistics. At Highjoule, our FortisSeries air-cooled containers, for example, are built on this principle of standardized,
ruggedized simplicity. We design them to meet and exceed UL 9540A test standards for fire safetya non-negotiable for
any installationand the IEC 62933 series for overall system performance, giving you a known, reliable quantity.

Inherent Safety & Mitigation: While all systems must be designed safely, the absence of flammable dielectric coolant
removes one potential hazard vector. In the event of a thermal event, venting and suppression strategies can be more
straightforward.

  

The Other Side of the Coin: Drawbacks You Must Plan For

Now, let's get real about the limitations. Ignoring these is how projects fail.

Thermal Management in Extreme Climates: This is the Achilles' heel. Air is a less efficient heat transfer medium than
liquid. In a scorching desert environment (like Yuma Proving Ground) or a humid tropical location, keeping batteries in
their optimal 20-25C (68-77F) range is a constant battle. The HVAC system has to work much harder, consuming its
own significant amount of powerwhat we call "parasitic load." This directly hits your system's round-trip efficiency and
increases long-term operating costs. I've seen parasitic loads chew up 5-10% of a system's output in extreme heat.

Limited High-C-Rate Performance: Military operations can have "surge" demandsthink of powering up a radar array
or a field hospital. High-power, fast discharges (high C-rates) generate heat quickly. Air-cooled systems often struggle to
shed this peak heat as effectively as liquid-cooled ones, which can limit their ability to support very high-power, short-



duration discharges without derating or overheating. You need to be brutally honest about your peak power needs.

Footprint & Siting: To move enough air, you need space for airflow and larger HVAC units. This can mean a larger
overall footprint for the container or enclosure. You also need to be mindful of where you site the intake and exhaust
ventsthey can't be blocked by debris, snow, or be positioned where they'll just recirculate hot air.

Noise: Those high-capacity fans and HVAC compressors generate noise. For a base with nearby barracks or sensitive
operations, this can be a non-starter and requires additional acoustic mitigation planning.

A Case from the Field: The California National Guard Microgrid

Let me make this concrete with a project I was closely involved with. A California National Guard facility needed a
resilient microgrid to ensure continuity during public safety power shutoffs (PSPS) and earthquakes. Their challenges:
moderate coastal climate (a plus for air-cooling), a need for 4+ hours of backup for critical loads, and a mandate for
minimal specialized maintenance.

We deployed a 2 MW / 8 MWh air-cooled Highjoule FortisSeries BESS, coupled with a substantial solar carport. Why
air-cooled here? 

Climate-Appropriate: The coastal temperatures rarely hit extremes, making air-cooling efficient.
O&M Alignment: The Guard's engineering staff could easily adopt the maintenance protocol.
Cost-Effectiveness: The saved CapEx allowed them to expand the solar PV array.

The key to success was in the design details: advanced computational fluid dynamics (CFD) modeling to ensure perfect
airflow across every module, using NMC chemistry cells known for good performance in this range, and integrating a
smart control system that pre-cooled the battery container using grid or solar power before a predicted discharge event.
Two years on, the system has performed flawlessly through multiple grid outages, and the reported Levelized Cost of
Storage (LCOS) is beating projections because of those low O&M costs.

Expert Insight: Decoding "C-Rate" and "LCOE" for Your Mission

You'll hear these terms thrown around. Let me demystify them. C-Rate is basically how fast you charge or discharge the
battery. A 1C rate means using the full battery capacity in one hour. A 0.5C rate means it takes two hours. For a base
running steady loads like comms centers, a lower C-rate (like 0.25C) is fine. For firing up a large motor or pulsed load,
you need a high C-rate. Air-cooled systems typically excel in the low to medium C-rate domain (below 1C).

LCOE/LCO (Levelized Cost of Energy/Storage) is the total lifetime cost of the system divided by the total energy it will
store and discharge. It's your true cost metric. A cheaper upfront system (air-cooled) with high parasitic loads in a hot
climate might have a worse LCOE than a more expensive liquid-cooled system that operates efficiently. You must
model this over a 10-15 year lifespan.

Making the Right Call for Your Base

So, is an air-cooled system right for you? Ask these questions, honestly:

What's your climate? Temperate = strong candidate. Extreme hot/cold = major red flag.
What's your discharge profile? Long-duration, steady backup (4+ hours)? Air-cooling is a great fit. Short,
massive power bursts? Look carefully at liquid-cooling.
What's your on-site maintenance capability? Limited technical staff? Air-cooling reduces dependency.
What are your acoustic and space constraints?

The goal isn't to sell you a technology. The goal is to match the right thermal management solution to your specific
mission profile, location, and resources. Sometimes, that's a rugged, simple air-cooled system. Other times, the
operational demands require the precision of liquid cooling.

What's the one operational constraint keeping you up at night when you think about your base's energy resilience? Is it
the climate, the budget cycle, or the manpower to keep things running?
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