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The Real Environmental Math: Why Your Data Center's Backup Power
Choice Matters More Than You Think

Honestly, if I had a coffee for every time a data center manager told me their backup generators were "fine," I'd never
sleep. We've all been in those meetings where the conversation jumps from server racks to cooling loads, and the backup
power system gets a five-minute slot at the end. It's treated as a compliance box to tickoften a row of diesel gensets
sitting idle, waiting for the worst. But here's what I've seen firsthand on site: that's where a massive, hidden
environmental and financial liability is quietly building up. The shift to Battery Energy Storage Systems (BESS) is
changing that, but not all BESS are created equal, especially when we talk about their true environmental footprint.
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The Hidden Cost of "Compliant" Backup

The traditional model is simple: install enough diesel capacity to meet NFPA 110 or local uptime requirements, test
them monthly, and forget them. The environmental impact is seen as negligible because they rarely run, right? Well,
that's only part of the story. First, there's the manufacturing and mining impact of all that iron and copper sitting idle
99.9% of the time. More critically, this model completely misses the opportunity. Your backup power asset is a sunk cost
that could be working for youand the gridevery single day, generating revenue or shaving peak demand charges,
thereby offsetting the carbon from its creation. By being passive, it has a perpetually negative environmental return on
investment.

The Numbers Don't Lie: Energy and Carbon Waste

Let's talk data. The International Energy Agency (IEA) notes that data centers are responsible for about 1% of global
electricity demand, a portion that's growing. Their backup systems are a slice of that. But the inefficiency is often in the
conversion layers. A typical legacy backup path might involve AC to DC conversion for the battery (if there's a UPS),
then DC back to AC for the load. Every conversion loses energy as heat, sometimes 5-10% per step. Over a year, in a
10MW facility, that's gigawatt-hours of wasted electricity, often from a grid that might still be carbon-intensive.

Now, compare that to a system designed for modern renewables. A study by the National Renewable Energy
Laboratory (NREL) on high-voltage BESS integration highlights the efficiency gains from reducing conversion stages.
When you pair a high-voltage DC battery string directly with a DC bus in your data centeror with a more efficient,
single-stage inverteryou can cut those conversion losses significantly. We're talking about moving system-level round-trip
efficiency from maybe 88% to 96% or higher. That 8% difference isn't just a utility bill line item; it's a direct reduction
in the carbon footprint of every megawatt-hour you store and use.

https://www.nrel.gov/docs/fy23osti/85383.pdf


  

High-voltage DC BESS: More Than Just a Battery Swap

So, the solution isn't just "add batteries." It's about re-architecting the backup power chain for minimal environmental
impact from cradle to grave. A high-voltage DC BESS sits at the heart of this. Here's how it tackles the problem:

Material & Manufacturing Efficiency: Higher system voltage means lower current for the same power. That
translates to thinner copper cabling, smaller busbars, and lighter power conversion equipment. Less copper
mining, less transportation mass, and a lower embedded carbon footprint from day one.
Operational Carbon: That higher efficiency (96%+) means for every 100 MWh of renewable energy you
capture (from your onsite solar or a green PPA), you deliver 96 MWh to your servers. A less efficient system
might deliver only 88 MWh, meaning you'd need to pull 12 MWh more from the grid to do the same work.
Lifecycle & Second Life: Honestly, the biggest environmental concern I hear is "what happens to the batteries in
10-15 years?" A well-designed high-voltage DC system, like the ones we build at Highjoule with modularity in
mind, makes repurposing easier. Cells can be tested and regrouped for less demanding second-life applications,
like stationary storage for solar farms, extending the useful life of those raw materials by another decade. This
dramatically improves the Lifecycle Carbon Analysis.

A Look at a Real Project: From Theory to Grid Support

Let me tell you about a project we completed last year in Northern Virginia, a huge data center hub. The client had a
20MW facility with traditional UPS and gensets. Their goal was twofold: enhance backup resilience and participate in
the PJM grid's frequency regulation market to generate revenue.

The challenge was spacethey had a tight utility yard. We deployed a containerized Highjoule HVDC BESS, UL 9540
and IEC 62933 certified. The high-voltage architecture meant we needed fewer parallel strings and a much simpler,
smaller power conversion system (PCS) skid compared to a low-voltage alternative. This saved crucial space.

But the environmental win was in the operation. The system doesn't just sit there. It performs automatic frequency
regulation for the grid 24/7, a service that helps integrate more intermittent wind and solar power regionally. The



revenue from this nearly covers the system's finance lease. From a carbon perspective, it's actively enabling a cleaner
grid while providing backup. During a brief grid disturbance last summer, it seamlessly took over the critical load, and
the diesel gensets never even startedavoiding that local emissions event entirely.

Under the Hood: What Makes a System Truly "Green"?

As an engineer on the ground, I look past the marketing. When evaluating the environmental impact of a BESS,
especially for a critical load like a data center, three technical aspects are non-negotiable:

C-rate and Longevity: A battery's C-rate is basically how fast you charge or discharge it relative to its capacity.
For backup, you might need a high discharge rate (like 2C) for a short time. But for daily grid services, you use a
gentle, shallow cycle (like 0.5C). A system designed for both, with robust thermal management, will degrade
slower. A longer-lasting battery is the most sustainable battery. We design our systems to operate at the optimal
C-rate for each duty cycle, maximizing calendar life.
Thermal Management is Everything: Heat is the enemy of both efficiency and battery life. An active liquid
cooling system, which we standardize, keeps cells within a tight 2-3C window of each other. This prevents hot
spots that cause accelerated degradation, meaning you won't need to replace modules as often. Less
manufacturing, less waste. It also allows for a higher, safer continuous power output.
The Real LCOE (Levelized Cost of Energy Storage): This is the financial metric that mirrors environmental
cost. It factors in capital cost, efficiency losses, cycle life, and maintenance over the system's lifetime. A high-
upfront-cost but high-efficiency, long-life system often has a lower LCOE than a cheaper, inefficient one. A
lower LCOE generally means you're getting more stored energy out per unit of embedded carbon and cost
invested. It's the ultimate measure of sustainability for a business.

  

Where Do We Go From Here?

The conversation is shifting. It's no longer just about "having backup." It's about how your backup power strategy aligns
with your corporate ESG goals and actually improves your bottom line. The right high-voltage DC BESS turns a cost
center into a resilient, revenue-generating, grid-supporting asset that measurably reduces your facility's carbon footprint.



The technology is here, proven, and compliant with the strictest UL and IEC standards that govern the North
American and European markets. The question I leave you with is this: when you look at your data center's utility yard,
do you see a liability waiting in the wings, or an active participant in your clean energy transition?
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