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High-voltage DC BESS for Farm Irrigation: What We've Learned On the
Ground

Honestly, when I'm visiting farms from California's Central Valley to the plains of Northern Germany, the conversation
always circles back to two things: unpredictable energy costs and the pressing need for reliable, clean power for
irrigation. Its a massive pain point. Farmers are caught between rising grid tariffs during peak irrigation hours and the
fantastic, yet intermittent, potential of their onsite solar. I've seen firsthand the frustration of having a field ready for
water, but the economics or the grid simply don't cooperate.

That's where the talk about Battery Energy Storage Systems (BESS) comes in. And recently, there's been a lot of buzz
around high-voltage DC-coupled systems specifically for agricultural use. Are they the silver bullet? Having deployed
these systems across different continents, | can tell you it's not a simple yes or no. It's about fit. Let's grab a virtual coffee
and walk through the real benefits, the often-overlooked drawbacks, and what this means for your operation.
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The Real Problem: More Than Just Bill Shock

The issue isn't just a high electricity bill. It's about operational rigidity. Traditional grid-powered irrigation forces you to
pump when the grid says it's affordable, not necessarily when your crops need it most. This mismatch can affect yield.
Furthermore, according to the National Renewable Energy Laboratory (NREL), the agricultural sector accounts for a
significant portion of peak demand in many rural grids, putting strain on aging infrastructure. Adding large solar arrays
helps, but without storage, you're spilling free energy in the afternoon when your pumps might be idle, and have none
left for a critical evening irrigation cycle.

Why High-Voltage DC BESS is Gaining Traction

In simple terms, a high-voltage DC BESS (often with a battery stack voltage of 800V to 1500V DC) connects directly to
the DC side of your solar inverter, rather than going through its own separate AC inverter first. Think of it as a more
direct highway for the power from your solar panels to the battery and back out. This architecture is different from the
more common AC-coupled systems you might see on homes.
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https://www.nrel.gov

The Tangible Benefits for Your Irrigation Loads
So, why would a farmer consider this setup?

* Higher Efficiency, Lower Losses: This is the big one. Every time you convert power from DC to AC or vice
versa, you lose a bit of energy as heat. By keeping the solar-to-battery path on DC, you minimize conversions.
We're talking about system round-trip efficiency often 2-5% higher than AC-coupled alternatives. Over a season
of daily cycling for irrigation, that saved energy translates directly to more pumped water or a lower bill.

¢ Better LCOE (Levelized Cost of Energy): This is the financial metric that matters. The higher efficiency and
typically lower balance-of-system costs (fewer, larger components) of high-voltage DC designs can reduce the
lifetime cost per kWh stored and discharged. For a capital-intensive business like farming, improving LCOE is
critical for ROL.

® Space & Component Savings: Higher voltage means for the same power, the current is lower. This can allow for
smaller cables and fewer parallel electrical combiner boxes. In a containerized or skid-mounted system we often
deploy at Highjoule, this leads to a cleaner, more compact footprintimportant when every acre counts.

* Grid Support & Revenue Potential: A large, high-voltage BESS isn't just for self-consumption. In markets like
parts of the US or Germany, it can participate in grid services (like frequency response). This can create an
additional revenue stream, turning your energy asset into a cash-flow positive investment. The system’s fast
response is ideal for this.

The Drawbacks & What You Must Consider

Now, let's be real. It's not all upside. Here are the challenges we engineer around on every project.

e System Complexity & "Lock-in": The DC coupling creates a tighter integration between the solar inverter and
the battery. They need to be designed to talk the same electrical language from day one. This can limit future
flexibility if you want to expand or change one component independently.

» Safety & Standards are Paramount: Working with high-voltage DC presents unique arc flash risks. The entire
system design, from the battery modules to the disconnect switches, must i(i'r]ere ‘E) the strictest safety standards.
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This isn't an area to cut corners. We insist on designs that meet and exceed UL 9540 (ESS safety) and IEEE
1547 (grid interconnection) in the US, and the equivalent IEC standards in Europe. Proper thermal
management is also non-negotiable at these power densities.

¢ Higher Upfront Engineering & Commissioning: Because it's a more integrated system, the initial design and
setup require deeper expertise. You need a provider that understands both the power electronics and the battery
chemistry intimately. The commissioning process is more involved than simply plugging in an AC unit.

¢ Serviceability Considerations: Troubleshooting can require more specialized knowledge. That's why at
Highjoule, our service model is built on local, certified technicians who are trained on our specific high-voltage
DC architecture. You shouldn't be left waiting for an expert to fly in from another country.

Technical Deep Dive: C-rate and Your Irrigation Schedule

Let's demystify one technical term: C-rate. It simply means how fast you charge or discharge the battery relative to its
total capacity. A 1C rate means discharging the full battery in one hour. Many irrigation pumps require high power (a
high C-rate discharge) for a relatively short period. A well-designed high-voltage DC BESS can often support higher C-
rates more efficiently, matching that burst demand profile perfectly. But, you have to ensure the battery chemistry (like
LFP C Lithium Iron Phosphate, which we prefer for its safety and cycle life) and the thermal management system are
specified for that duty cycle.

A Case in Point; California Almond Orchard

Let me share a recent project. A 500-acre almond farm in Central Valley had a 1.2 MW solar array but was still hitting
brutal demand charges and couldn't run critical frost protection pumps at night during a cold snap. Their challenge was
space, high peak power needs, and a desire for future grid program participation.

We deployed a 2 MWh, 1500V DC-coupled BESS in a single 40-ft container. The system was designed for a 2C
discharge rate to handle the simultaneous start of multiple large pumps. By shifting solar energy to night-time irrigation
and peak shaving, they cut their demand charges by over 60% in the first season. The DC coupling maximized the use
of their existing solar inverter capacity. The key to approval? Having all the UL certifications in hand and a clear, local
maintenance plan for the farm manager.




Making the Choice: Key Questions from the Field

So, is a high-voltage DC BESS right for your farm? Ask yourself and your provider these questions:

* What is my exact load profile? (How many kW for how many hours, day and night?)

* How compatible is this with my existing or planned solar?

¢ Can the provider show me full UL/IEC certification for the integrated system, not just components?
¢ What is the local service and warranty model? Who will be here in 5 years?

¢ Have you modeled the long-term LCOE, not just the upfront cost?

The trend is clear: storage is becoming a vital tool for resilient, profitable agriculture. High-voltage DC BESS offers
compelling advantages in efficiency and cost for large, demanding loads like irrigation. But its success hinges on
impeccable safety, robust design, and expert support. It's a powerful tool, but you need the right partner to wield it
effectively.

What's the biggest energy challenge you're facing with your irrigation setup this season?
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