Liquid-Cooled Pre-Integrated PV Container: The Future of Data Center
Backup Power
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Beyond Generators: The Quiet Revolution in Data Center Power
Resilience

Honestly, if I had a dollar for every time I've walked onto a data center site and seen a sea of diesel generators, 1'd
probably be retired on a beach somewhere. For decades, that's been the playbook. But after 20+ years in this field, from
Texas to Bavaria, 1've seen firsthand the shift happening. The conversation is moving from pure, brute-force backup to
intelligent, resilient, and yes, even sustainable power systems. And a big part of that conversation now revolves around a
specific piece of tech: the liquid-cooled, pre-integrated PV container for backup power. It's not just a battery box; it's a
paradigm shift.
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The Real Cost of "Just in Case" Power

Let's talk about the elephant in the server room: cost. It's not just the capital expenditure (CapEXx) of those diesel
gensets. The real pain is operational. You have to maintain them, test-run them (which is noisy, polluting, and often
regulated), secure fuel contracts, and manage the physical footprint. The Uptime Institute's 2023 survey found that
power-related issues remain a top cause of significant data center outages. The financial impact of such an outage?
We're talking hundreds of thousands of dollars per minute for major hyperscalers. The old model is a costly insurance
policy that you hope you never have to use.

When Heat Becomes the Enemy

Here's a critical piece often overlooked in backup power discussions: thermal management. Batteries, especially when
you need them to discharge at high power (what we call a high C-rate) during a grid failure, generate heat. A lot of it.
I've been on sites where air-cooled battery cabinets, crammed into a corner, ended up derating their output because
they couldn't shed heat fast enough. In a backup scenario, that's a disaster. You spec'd a 2 MW system, but when the
grid goes down in July, you only get 1.5 MW because the batteries are overheating. That gap can mean critical systems
going offline.

The Integration Headache: More Than Just Plug-and-Play

Many clients come to us thinking a BESS is a commaodityjust buy the batteries, the inverter, the cooling, and wire it
together. The reality on the ground is a complex, months-long dance of engineering, procurement, and construction
(EPC). You're dealing with multiple vendors, ensuring communication protocols talk to each other, and navigating a
maze of local codes and standards like UL 9540 in the US and IEC 62933 in Europe. Every hour of on-site integration
labor is an hour of risk and cost. For a data center where uptime is sacred, a prolonged construction phase for backup
systems is a major vulnerability.
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https://uptimeinstitute.com/

A Smarter Blueprint: The Pre-Integrated, Liquid-Cooled Container

This is where the concept of the pre-integrated, liquid-cooled container changes the game. Think of it not as a collection
of parts, but as a power resilience appliance that arrives on a truck.

* The "Pre-Integrated” Advantage: The entire systembattery racks, bi-directional inverters, HVAC, fire
suppression, and the brain (the energy management system)is assembled, wired, and tested in a controlled
factory environment. At Highjoule, we subject these containers to full performance and safety validation cycles
that are simply impossible to replicate on a live construction site. This slashes deployment time from months to
weeks.

¢ Why Liquid Cooling is a Game-Changer: Remember the heat problem? Liquid cooling is like putting a
dedicated, silent, and incredibly efficient air conditioner on every single battery cell. It maintains optimal
temperature uniformly, which means no derating during high-power discharge. It also dramatically improves
safety by preventing thermal runaway propagation and extends the battery's lifespan, directly improving the
system's Levelized Cost of Energy (LCOE)the total lifetime cost per kWh stored and delivered.

e Standards-Built, Not Standards-Fitted: From the first design meeting, these containers are architected for
compliance. Our standard designs are built to meet UL 9540, IEC 62933, and relevant IEEE standards. This
isn't an afterthought; it's baked in, which makes permitting and approval with local authorities (AHJs)
significantly smoother.

Lessons from the Field: A German Case Study

Let me give you a real example. We worked with a colocation provider in Frankfurt, a market with intense power
density and strict environmental regulations. Their challenge was twofold: augment backup power for a new server hall
and reduce their reliance on diesel generators to meet corporate sustainability targets.

The solution was a 1.5 MW/3 MWh liquid-cooled, pre-integrated container. It was sited adjacent to the building.
Because it was pre-permitted as a UL and IEC-compliant unit, the local approval process focused on site work
(foundation, grid connection) rather than dissecting the unit itself. The container was craned into place, connected to
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the medium-voltage switchgear and the building's PV system, and was operational in under three weeks from delivery.
The result? It provides seamless transitional power during grid dips, participates in the German grid's primary control
reserve market to generate revenue when not in backup mode, and allowed the client to right-size their new diesel

generator, saving on CapEx. The liquid cooling system operates so quietly it met the city's strict noise ordinances
without extra mitigation.

Decoding the Tech (For Non-Engineers)

I know the jargon can be dense, so let's break down two key terms in plain English:

® C-rate: Think of this as the "sprint speed" of a battery. A 1C rate means the battery can fully discharge its stored
energy in one hour. For backup, you often need a higher C-rate (like 0.5C or 1C) to deliver a lot of power
quickly. Liquid cooling is what lets the battery "sprint" without overheating and slowing down.

* LCOE (Levelized Cost of Energy): This is the most honest metric for cost. It's not just the purchase price. It adds
up everythinginstallation, maintenance, energy losses, lifespanand divides it by the total energy the system will
deliver over its life. A system with better cooling (longer life) and higher efficiency (less energy lost as heat) has a
lower LCOE, meaning cheaper power over 10-15 years.

What This Means for Your Next Project

So, when you're planning your next data center expansion or backup power refresh, the question is no longer just "How
many megawatts of backup do | need?" The new questions are:

* How can my backup system be an asset, not just a cost center? (Think grid services, PV smoothing).
¢ How do | guarantee full power availability, regardless of the outdoor temperature?
* How do | de-risk and accelerate my deployment timeline?

- The evolution from a




advanced, pre-fabricated containers, is proven and ready. The real step is reimagining what backup power can be.

What's the biggest hurdle you're facing in your current power resilience strategy?
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