ROI Analysis of High-voltage DC Photovoltaic Storage for Data Center
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Beyond the UPS: A Real-World ROI Look at High-Voltage DC Storage
for Keeping Your Data Center Online

Hey there. Let's be honest for a second. If you're managing a data center's power strategy, the word "backup™ probably
gives you a slight headache. It's that massive, necessary cost centertraditionally a bunch of lead-acid batteries and a
diesel generator sitting in the yard, eating up capital and maintenance budgets, all for a system you hope you never
really have to use. I've walked through dozens of these rooms, heard the same frustrations from facility managers across
California and Bavaria alike: the space it takes, the cooling it needs, the replacement cycles, and that nagging question
about sustainability goals.

The game is changing, though. The convergence of high-voltage DC photovoltaic (PV) storage systems and data center
backup isn't just a green dream anymore; it's becoming a hard-nosed financial and resilience decision. I want to cut
through the hype and give you a boots-on-the-ground perspective on the real ROI. This isn't about theory; it's about
what we're actually deploying and measuring in the field right now.
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The Real Problem: Backup as a Pure Cost Sink

Let's name the elephant in the server room. Your traditional Uninterruptible Power Supply (UPS) with its battery
strings and the diesel genset represent stranded capital. You invest hundreds of thousands, sometimes millions, into an
asset with one function: waiting. Its value is only realized during a grid failure, which, thankfully, might be rare. But the
costs are constant: floor space (at a premium), rigorous maintenance schedules, thermal management to keep those
batteries happy, and a guaranteed replacement cycle every 5-10 years. The financial model is fundamentally defensive.

I was on site at a colocation facility in Frankfurt last year. Their chief engineer showed me the battery rooma massive,
chilled space dedicated to 480V lead-acid blocks. "This real estate could host another twenty racks," he said, pointing at
the footprint. "And the cooling load for this room is a constant 15% of our total HVAC budget. For backup." That's the
agitation point. It's not just the upfront cost; it's the ongoing operational drag on your efficiency and your bottom line.

The Hidden Efficiency Penalty of Your Legacy Setup

Here's a technical pain point we see all the time. The typical data center power path is AC from the grid > to AC for
the UPS > converted to DC to charge batteries > back to AC for the UPS output > then finally converted back to DC
internally by each server's power supply unit (PSU). Every one of those conversions loses energy as heat, typically 2-5%
per step. By the time power reaches the server chip, you might have bled 10-15% of it in conversions alone. For a
facility drawing 10 MW, that's 1 MW+ of pure loss, 24/7. The National Renewable Energy Lab (NREL) has published
work showing how DC distribution can cut these losses dramatically.

This is where the conversation shifts from pure backup to energy efficiency. A system that only provides backup is a
cost. A system that improvgs your _dgily operating efficiency while also providing backup starts to pay for itself.
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https://www.nrel.gov

The High-Voltage DC Advantage: More Than Just VVoltage

So, what is a high-voltage DC PV-coupled storage system in this context? Honestly, it's simpler than it sounds. Instead
of the AC-AC-DC-AC-DC dance, we're talking about integrating a solar PV array (DC source) with a lithium-ion
battery storage system (DC source/sink) on a common DC bus, typically at 800V to 1500V. This DC bus can feed
directly into DC-powered servers or through a single, highly efficient inverter to the AC grid or your critical AC loads.

The ROI levers here are powerful;

* Reduced Conversion Losses: As mentioned, fewer conversion steps mean higher overall efficiency. We
consistently measure site-level efficiency gains of 8-12% compared to traditional AC-coupled backup paths.

* Dual-Use Asset: This is the big one. The BESS isn't just sitting idle. It can perform daily "energy
arbitrage"charging from the grid or your on-site PV when power is cheap (or green), and discharging during
peak rate periods to shave your demand charges. In markets like California or Germany with high time-of-use
rates, this daily cycling revenue alone can be substantial. It turns your backup system from a cost center into a
revenue-generating or cost-avoidance asset.

* PV Curtailment Mitigation: If you have on-site solar, grid operators sometimes ask you to curtail (turn off)
production during low demand. With integrated storage, you capture that otherwise lost solar energy and use it
later.

¢ | ower Balance-of-System (BOS) Costs: Higher voltage means lower current for the same power. Lower current
means smaller, less expensive cables, switchgear, and reduced electrical losses over distance within your site.

At Highjoule, when we design these systems, we're not just sizing for backup runtime. We're running models on your
specific utility rate schedule, solar profile, and load patterns to optimize the battery's daily duty cycle. We aim to
maximize its financial return while guaranteeing its state-of-charge for when the grid falters. It's a dynamic asset, not a
static one.

Crunching the ROl Numbers: A California Case Study

Let's get concrete. We deployed a 2 MW / 4 MWh high-voltage DC-coupled system for a data center in Silicon Valley.
Their challenge: skyrocketing demand charges, a desire to add solar, and a mandate to upgrade their end-of-life UPS
batteries.




The Traditional Path (Baseline): Replace like-for-like UPS batteries. Cost: ~$500k. Zero revenue generation. Ongoing
cooling and maintenance costs remain.

The High-Voltage DC + PV Path (Our Solution): We installed a containerized, UL 9540-certified BESS on the 1500V
DC bus of their new solar carport array. The system provides 10-year warranted backup for their critical loads. But
here's the ROI kicker:

¢ Demand Charge Savings: By discharging the battery during the 4-9 pm peak window, they reduce their monthly
demand charge by an average of $18,000.

* Energy Arbitrage: Buying power off-peak at ~$0.12/kWh and using it during mid-peak periods at ~$0.28/kWh.

¢ |T Power Efficiency Gain: The cleaner, more stable DC power supply improved the efficiency of their server
PSUs, reducing their IT load by an estimated 3%.

The upfront capital was higheraround $1.8M for the integrated system. But when we modeled the Levelized Cost of
Energy (LCOE)the total lifetime cost of owning and operating the energy asset divided by the energy it providesthe story
flipped. The traditional battery's LCOE was purely an expense. The new system's LCOE, factoring in 10 years of
avoided demand charges and energy savings, projected a payback in under 7 years. After that, it's net positive cash flow
for the life of the asset. The CFO saw it not as an expense, but as a strategic infrastructure investment with a clear
return.

Safety & Standards: The Non-Negotiables

I need to pause here. When we talk high-voltage DC and lithium-ion batteries in a mission-critical facility, safety isn't a
feature; it's the foundation. I've seen what happens when thermal management is an afterthought. This is where you
must insist on systems engineered and certified for the environment.

For the US market, UL 9540 is the all-important standard for energy storage system safety. It's not just a component
test; it's a rigorous evaluation of the entire assembled unitbattery, BMS, power conversion, cooling, and enclosureas a
single system. In the EU, the equivalent is IEC 62933. Any system you consider must carry these certifications. Period.
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cooling fan. It's redundant sensors, active liquid cooling loops that maintain optimal cell temperature (which
dramatically extends life), and a Battery Management System (BMS) that talks seamlessly with the energy management
system. This ensures not only safety but also maximizes cycle life, which is a direct input into your ROI calculation. A
poorly managed battery might last 3,000 cycles; a meticulously managed one can exceed 6,000. That doubles its
revenue-generating potential.

Making the Transition: Practical Insights from the Field

So, you're intrigued. How do you start? You don't rip and replace your entire power train overnight. The practical path
is often a phased integration.

Think of your new high-voltage DC BESS as a parallel, superior backup source. It can be configured to supplement or
eventually replace your existing UPS battery bank. The key is a detailed site assessment and a digital twin model. We
map your exact load profiles, utility interconnect point, physical space, and future growth plans. The goal is a system
that scales with you.

The biggest lesson from our deployments in Texas industrial parks and German manufacturing sites? Localized support
matters. A container from overseas with a manual you can't understand is a liability. You need a partner with local
engineering and service crews who understand the grid codes, can get on site fast, and provide remote monitoring. That
operational reliability is a critical, often overlooked, part of the long-term ROI.

Honestly, the question is no longer if this technology makes sense, but when and how it fits into your capital planning
cycle. The next time you're budgeting for a UPS refresh or a diesel genset upgrade, run the numbers. Model the high-
voltage DC storage path not just as backup, but as a grid-resilient, efficiency-boosting, revenue-enabling asset. The
numbers, I've seen firsthand, are starting to speak very clearly.

What's the single biggest cost driver on your data center's utility bill right now? Is it energy, or is it demand?
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