High-voltage DC vs. AC: Choosing a LMWh Solar Storage System for
Industrial Parks
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The Silent Problem in Your Energy Bill

Let's be honest. When most industrial park managers in the US or Europe think about adding a 1MWh solar-plus-
storage system, the first thing that comes to mind is the shiny solar panels and the big battery container. The
conversation quickly jumps to capacity and price per kWh. But there’s a silent, energy-hungry guest at this party that
often gets overlooked: the conversion process itself.

Here's the typical setup: Solar panels generate direct current (DC). That power needs to be converted to alternating
current (AC) by an inverter to run your facility's equipment. To store any excess energy, that AC power must be
converted back to DC for the battery. When you need to use the stored energy, the battery's DC power is converted
back to AC. Every single one of these conversions, from DC to AC and back again, wastes energy as heat. I've seen
firsthand on site how these losses add up, quietly eating into your ROI. You're paying for a full unit of energy but only
getting, say, 93% of it to your critical load after all the back-and-forth. For a 1MWh system cycling daily, that's a
massive chunk of value literally disappearing into thin air over a 15-year lifespan.

The Real Cost of Waiting: More Than Just Dollars

This isn't just a theoretical efficiency loss. It translates directly into higher Levelized Cost of Energy Storage (LCOE), a
metric every savvy financial controller in an industrial firm cares about. The National Renewable Energy L aboratory
(NREL) has shown that system architecture is a primary lever in reducing LCOE. The traditional AC-coupled
approach adds more components - extra inverters, switchgear, cabling. More components mean more points of
potential failure, a larger physical footprint, and more complex installation. That complexity is a killer for project
timelines and budgets.

And honestly, in today's environment, it's about more than cost. It's about resilience. A complex system is harder to
manage and maintain. When you have a production line down because of a power quality issue or an inverter fault, the
losses are measured in tens of thousands per hour, not just in wasted kilowatt-hours. The traditional model, while
familiar, often builds in inherent inefficiencies and vulnerabilities from day one.

The High-Voltage DC Advantage: It's All About the Journey

This is where the comparison between high-voltage DC and AC architectures gets really interesting for a 1IMWh
industrial park system. Think of it as a simplified, more direct journey for your electrons.

In a high-voltage DC-coupled system, the solar array and the battery storage system share a common, high-voltage DC
bus. The power from the solar panels goes through a single, centralized inverter to become AC for the facility. The
battery connects directly to that DC bus. When there's excess solar, it flows directly into the battery as DC. When you
need battery power, it feeds directly onto the DC bus and through that single inverter. You've effectively eliminated two
entire conversion stages.

The benefits are tangible:
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¢ Higher Round-Trip Efficiency (RTE): You lose less energy in transit. We're seeing systems achieve RTEs of
97% or higher, compared to 93-94% for some AC-coupled setups. That 3-4% difference is pure, billable energy
saved every single day.

¢ L ower Balance of System (BOS) Costs: Fewer major components. This simplifies the design, reduces the
footprint (a huge plus in space-constrained industrial parks), and brings down installation time and cost.

¢ Inherently Simpler Control: Managing power flow between DC-coupled sources is often more straightforward
and faster, which improves the system's responsiveness to grid signals or sudden load changes in your facility.

Now, high-voltage DC isn't a magic bullet. It requires careful design, particularly around safety and compatibility. The
battery system must be designed from the ground up to operate reliably at higher DC voltages. This is where choosing a
partner with deep electrical engineering chops matters immensely. At Highjoule, for instance, our IMWh+
containerized solutions are engineered around this principle, with all the necessary protection and isolation built in to
meet and exceed UL 9540 and IEC 62933 standards from the outset. The goal isn't just to be high-voltage DC; it's to
make that architecture rock-solid, safe, and serviceable for you.

A Case in Point: A German Automotive Supplier's Story

Let me give you a real example from a project we were involved with in North Rhine-Westphalia. A mid-sized
automotive parts manufacturer had a 1.2 MWp rooftop solar array and wanted to add a 1MWh battery for peak
shaving and backup power for their precision machining line. Their initial plan was a standard AC-coupled system.

The challenge? Their substation space was extremely limited, and their CFO was laser-focused on the long-term
LCOE. The projected conversion losses from the AC-coupled design would have meant they couldn’t quite shift enough
peak load to hit their target payback period.

We worked with their engineering team to model a high-voltage DC alternative. By integrating the storage on the DC
side of their existing central inverter (with a major upgrade), we reduced the conversion losses significantly. The physical
layout was also cleaner, fitting into a tighter space. The result? They achieved their target peak shaving capacity,
improved their overall system efficiency by over 3 percentage points, and secured better financing terms because the
improved economics were so clear on paper. The system passed the rigorous German grid connection and safety
inspections (which lean heavily on IEC standards) without a hitch.
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Beyond the Spec Sheet: What Really Matters On Site

When you're comparing these two paths, don't just look at the headline efficiency numbers. As someone who's spent
decades on commissioning sites, | tell my clients to dig into three critical areas:

1. Thermal Management: High-voltage DC systems can have different thermal profiles. A well-designed system
will have a robust, redundant cooling system specifically calibrated for the battery chemistry and the higher
power densities involved. Ask about the cooling design and its fail-safes. A hot battery is an inefficient and short-
lived battery.

2. True C-rate and Longevity: The C-rate tells you how quickly a battery can charge or discharge relative to its
capacity. In an industrial setting, you might need high bursts of power for heavy machinery. A system designed
for a higher continuous C-rate without degrading faster is key. This is where cell quality, module design, and
that thermal management come together. A cheaper system might advertise a high C-rate but will degrade
rapidly if you use it regularly, destroying your LCOE calculation.

3. Serviceability and Local Support: This is paramount. How are the power conversion modules accessed? Can a
local technician safely isolate and replace a part if needed? At Highjoule, we design our containers with service
aisles and clear demarcation of high-voltage sections, and we provide comprehensive training to local
maintenance crews. You don't want a system that requires a specialist to fly in from another continent for every
minor alarm.

What's Your Next Move?

The comparison of high-voltage DC versus AC for LMWh solar storage in industrial parks ultimately boils down to a
choice between the familiar, component-heavy past and a more integrated, efficient future. For new installations or
major retrofits where maximizing every percent of ROl and minimizing system complexity are priorities, the DC-
coupled path is becoming increasingly compelling.

The best next step? Pull out your last year's energy bill and your site's single-line diagram. Map out your peak loads and
your solar production curve. Then, have a conversation with an engineer who can model both scenarios for your
specific site. The numbers usually tell a very clear story. What's the one operational constraint in your park that a
simpler, more efficient energy system could solve?
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