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The Unseen Footprint: Rethinking Environmental Impact for Data Center
Backup Power

Honestly, if I had a dollar for every time a data center operator told me their backup power strategy was "green"
because they were considering batteries... well, let's just say | wouldn't be writing this blog. I've been on-site from Silicon
Valley to Frankfurt, deploying Battery Energy Storage Systems (BESS) for nearly two decades. The conversation is
shifting, and it's not just about having backup power anymore. It's about the total environmental impact of that backup
solutionfrom manufacturing and shipping to daily operation and end-of-life. And when we talk about scalable, modular
industrial ESS containers, the calculus gets even more interesting, and frankly, more critical for your bottom line and
your ESG report.
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The Real Problem: It's More Than Just Carbon

The industry narrative has been simple: replace diesel generators with batteries, reduce emissions. Full stop. But from an
engineering standpoint, that's just the first layer of the onion. The real environmental footprint of an industrial-scale
ESS for data centers encompasses:

* Embodied Carbon: The energy and emissions from mining materials, manufacturing cells, and constructing the
containerized system.

¢ Operational Efficiency & Degradation: How much energy is wasted as heat? How often will you need to replace
modules due to poor management, driving up long-term material use?

* Spatial & Resource Efficiency: Are you over-provisioning a massive, fixed system for future needs, tying up
capital and materials today? Or under-provisioning and facing costly, disruptive expansions later?

¢ End-of-Life Pathways: Is the system designed for easy disassembly, module-level replacement, and recycling? Or
is it a welded-shut black box destined for complicated processing?

I've seen firsthand on site how a poorly specified system can lead to constant thermal throttling (inefficiency) and
accelerated capacity fade (waste), creating a cycle of replacement that negates the initial green benefits.

The Hidden Costs of *Monolithic" Backup

Let's agitate this a bit. The traditional approach is a large, single-container ESS, sized for peak future load. The
National Renewable Energy Lab (NREL) has shown that oversizing can increase the Levelized Cost of Storage (LCOS)
by 15-30%, but we rarely talk about the environmental cost of that oversizing. You're fabricating and shipping steel,
copper, and lithium that won't be utilized for years. The system runs at a low state of capacity, which can be suboptimal
for battery health, and the thermal management system has to cool a huge, partially empty spacea massive energy drain.

Furthermore, a failure in one part of a monolithic system can take the whole unit offline, potentially triggering... you
guessed it, the diesel generators. That's not resilience; that's an environmental and operational liability.
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https://www.nrel.gov

Why Scalable Modularity is the Environmental Game-Changer

This is where the concept of a scalable, modular industrial ESS container transitions from a nice-to-have to a must-have
for sustainable operations. The solution isn't just a battery in a box; it's a philosophy of design.

At Highjoule, when we design a modular system, we're thinking in building blocks. You start with what you need for
today's N+1 redundancy. When your data hall expands, you add another pre-engineered, pre-tested power module or
battery string modulenot an entirely new container. This "pay-as-you-grow" model has a direct, positive environmental
impact:

* Reduces Upfront Embodied Carbon: You only produce and deploy the assets you need now.

* Optimizes Operational Efficiency: Each module runs in its optimal load and efficiency band. Our thermal
management is zoned, so we're not cooling empty space.

* Enhances Sustainability & Serviceability: A single faulty module can be isolated, swapped out in hours, and sent
back for refurbishment or recycling in a controlled stream, minimizing downtime and maximizing material
recovery. This modularity is baked into designs that meet both UL 9540 and IEC 62933 standards, ensuring
safety isn't compromised for flexibility.

Case in Point: A 50MW Data Hub in North Carolina

Let me give you a real example. We worked with a hyperscale developer in North Carolina on a 50MW campus. Their
challenge was phased expansion over 5 years, but they needed reliable, clean backup from Day 1. A traditional single-
container solution would have meant a 50MW system sitting at 20% utilization for two years.

Our solution was a master container with switchgear and controls, paired with four 2.5MW/5MWh modular battery
power blocks initially. The system was UL 9540A listed as a complete assembly. As they built each new data hall, we
added more identical modules. The local utility interconnection study was simpler because we were adding predictable,
pre-certified blocks. Honestly, the biggest win was operational: their facility team could now track performance and
health per module, scheduling proactive maintenance during low-activity periodsl?teagl of emergency outages. The

' MY e R g : TN e - b

T it T 1 Lo o ’

—————— S T il e e



embodied carbon savings from the phased material deployment were significant, and their LCOE for the backup system
dropped by an estimated 22% over the project life.

The Tech Behind the Impact: C-rate, Thermal Management & LCOE

For the non-engineers in the room, let's demystify some terms that directly affect environmental impact.

e C-rate: This is basically how fast you charge or discharge the battery. A 1C rate means using the full capacity in
one hour. For backup, you might need a high C-rate for short, high-power bursts. But constantly running at a
very high C-rate creates more heat and stress, degrading the battery faster. A modular system allows you to
share the load across more modules, effectively lowering the C-rate on each, which extends lifespan and reduces
long-term waste.

* Thermal Management: This is everything. Batteries hate heat. I've seen systems where the cooling was an
afterthought, leading to a 20%-+ loss in efficiency just to keep them from overheating. Our approach uses a
liquid-cooled, modular design that precisely controls temperature at the module or even cell level. This isn't just
for safety; it cuts the energy needed for cooling dramatically (that energy has a carbon cost too!) and can double
the operational life of the cells. It's the single biggest lever for reducing long-term environmental impact.

* L COE (Levelized Cost of Energy): This is your total cost of ownership per kwWh stored/used. A lower LCOE
almost always correlates with a lower lifetime environmental footprint. How? By maximizing efficiency (less
energy waste), extending life (fewer replacements), and reducing maintenance (fewer service trips). Modularity,
superior thermal management, and smart controls all drive down LCOE, making the green choice the
economically rational one.

Looking Beyond the Container: A Systems Approach

The final piece isn't about the box itself, but how it integrates. A sustainable backup system should also be an asset for
daily grid servicesfrequency regulation, demand charge reductionflattening your carbon curve 24/7, not just during an
outage. This requires intelligent controls and grid interfaces that comply with local standards like IEEE 1547 in the US.

Our role at Highjoule doesn't end at delivery. Our local deployment teams ensure the system is commissioned for
optimal efficiency from the start, and our remote monitoring proactively manages battery health to prevent premature
degradation. We're not just selling a container; we're partnering to minimize its total footprint over a 20-year life.

So, the next time you evaluate a BESS for data center backup, look beyond the kWh rating. Ask your vendor: How does
your design minimize embodied carbon? How does the thermal system efficiency impact my PUE? Can | truly scale
without obsoleting my initial investment? The answers will tell you everything you need to know about their
commitment to real environmental impactand yours.

What's the biggest hurdle you're facing in making your backup power strategy truly sustainable?
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