High-Voltage DC Safety for LMWh Solar Storage in Agriculture: A
Practical Guide
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Navigating the Maze: Safety First for High-Voltage DC Solar Storage on
the Farm

Honestly, if I had a dollar for every time a farm manager or an agribusiness owner told me they were excited about
solar storage but nervous about the "high-voltage stuff,” I'd probably be writing this from my own private island. It's a
common, and frankly, a very smart concern. Over two decades of deploying battery systems from California's Central
Valley to the wheat fields of Germany's North Rhine-Westphalia, I've seen this firsthand on site: the leap to a 1IMWh
solar storage system for agricultural irrigation is a game-changer for energy independence and cost savings, but it
introduces a new set of rules to the field. And those rules are written in the language of safety regulations.

This isn't about red tape. It's about protecting your investment, your land, and your people. Let's talk about what really
matters when bringing high-voltage DC battery storage onto your farm.
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The Real Problem: It's More Than Just Volts

The core challenge with deploying a LMWh high-voltage DC system for agricultural irrigation isn't just the electrical
engineering. It's the context. Farms are not sterile data centers. They're dynamic environments with dust, moisture,
wide temperature swings, and personnel who are experts in agronomy, not necessarily in electrophysics. The common
industry phenomenon | see is a disconnect: a brilliant solar+storage financial model meets the gritty reality of farm
operations, and safety can become an afterthought, buried in the fine print.

This leads to systems that might be electrically sound on paper but are operationally risky. Think about access: who can
get near the container? What happens during harvest when temporary workers are everywhere? How does the system
behave during a heatwave when you need irrigation the most? These are the questions that keep good operators up at
night, and they're precisely what proper safety regulations are designed to answer.

The Staggering Cost of Getting It Wrong

Let's agitate that pain point a bit. What's the real impact of overlooking or underspecifying safety? It's not just a
theoretical risk. According to a National Renewable Energy Laboratory (NREL) analysis on grid storage, safety
incidents, while rare, can lead to total system loss, prolonged downtime, and massive liability. For a farm, downtime
during peak irrigation season isn't an inconvenience; it's a direct threat to the year's yield.

Financially, a non-compliant system can be a black hole. You might face:

* Failed Inspections & Re-work: Local authorities (AHJs) will not grant permission to operate (PTO) if the system
doesn't meet code. I've seen projects delayed for months, with containers sitting idle while engineers scramble to
retrofit safety systems.

® |nsurance nghtmares Try gettlng a reasonable insurance premlum for an unlisted or non- compllant high-
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¢ Catastrophic Asset Loss: A thermal event in a battery module can cascade. Without proper mitigationfire
suppression, compartmentalization, ventinga $300,000 asset can become a $500,000 liability overnight.

The solution isn't to avoid the technology. It's to embrace the regulations as your essential guidebook. Frameworks like
UL 9540 (Energy Storage Systems), UL 1973 (Batteries), and the IEC 62933 series are not arbitrary hurdles. They are
the collective wisdom of the industry, codifying best practices for safe design, testing, and installation.

The Safety Framework: Your Blueprint for Success

So, what do these Safety Regulations for High-voltage DC 1MWh Solar Storage for Agricultural Irrigation actually look
like in practice? They form a multi-layered shield.

First, the product level. Any battery module or inverter in your system should be certified to relevant standards (UL
1973, IEC 62619). This is the foundation. At Highjoule, for instance, we source cells and design our battery racks with
certifications as a non-negotiable starting point. It's like buying a tractor with a roll-over protection structure (ROPS) C
it's built-in, not an add-on.

Second, the system level. This is where UL 9540 or IEC 62933-5-2 come in. They evaluate the entire assembled
unitbatteries, BMS, power conversion, cooling, safety disconnectsas a single product. This certification is crucial. It
means the system has been tested as a complete unit for electrical safety, fire exposure, and abnormal operation.

Third, and this is critical for high-voltage DC, are the installation and field safety protocols. This covers:

¢ Arc-Flash Mitigation: High-voltage DC arcs are sustained and dangerous. Systems need rapid shutdown
capabilities (like NEC 690 in the US) and proper labeling.

¢ Thermal Management: Not just cooling, but monitoring. The BMS must continuously track cell-level
temperatures and have predefined protocols to derate or shut down if thresholds are exceeded.

* Physical Security & Ventilation: The enclosure must prevent unauthorized access and safely vent any off-gases,
per NFPA 855 guidelines.

A Case in Point: Learning from the Field

Let me give you a real example from a project we completed last year for a large almond grower in California's San
Joaquin Valley. The challenge was classic: high irrigation pump loads, time-of-use rates that punished daytime
operation, and a need for 100% reliability during the critical summer months.

The initial designs from another vendor proposed a standard low-voltage AC-coupled system. It looked good on the
spreadsheet. However, our site assessment flagged a major issue: the proposed location was downwind of a frequently
used service road, exposing the container to significant dust intake, and it was over 200 feet from the main irrigation
pump control house, leading to substantial AC cable costs and efficiency losses.

Our solution was a IMWh, high-voltage DC system. By keeping the solar array and battery at a higher DC voltage, we
reduced current, allowing for smaller, less expensive cables run from the solar field to a container we could place
optimally. But the client's board was rightly focused on safety. Here's how the regulations guided us:

* We specified a UL 9540-certified all-in-one container. This was our "proof of compliance" to the local fire
marshal.

¢ We designed a dedicated, fenced gravel pad for the container, with clear signage, meeting NEC and local
clearance requirements.

* We integrated a multi-zone, very early warning VESDA smoke detection system that samples air from inside the
battery racks, paired with a non-water-based suppression systema requirement for that jurisdiction.

* The system's BMS was programmed with a conservative C-rate (charge/discharge rate) specifically for peak
summer ambient temperatures, preventing stress on the batteries when they were working hardest.

e

e —————— LA T T —— . 2 E 1 P ek e B . AL
i



The result? A smooth permitting process, an insurance policy that didn't break the bank, and most importantly, a
system that has operated flawlessly through two irrigation seasons. The farm manager sleeps better knowing the safety
wasn't an afterthought.

Making Sense of the Tech: C-Rate, Thermal Management, and LCOE

Let's demystify some jargon you'll hear. These aren't just specs; they're levers for safety and cost.

C-Rate: Simply put, it's how fast you charge or discharge the battery. A 1C rate means using the full LMWh in one
hour. For irrigation, you might need high power (a high C-rate) for a short period. Pushing a battery too hard (a very
high C-rate) generates more heat, stressing the cells. Good safety design involves right-sizing the battery and inverter so
you're not constantly operating at the system's stressful limits. It's like not running your tractor at full throttle all dayit
lasts longer.

Thermal Management: This is the system's "air conditioning." For high-voltage packs, liquid cooling is often the gold
standard. It quietly and evenly pulls heat away from every cell, preventing hot spots that can lead to premature aging or,
in worst cases, thermal runaway. A well-regulated battery is a safe and long-lived battery.

LCOE (Levelized Cost of Energy): This is your ultimate metric: the total lifetime cost of the energy your system
produces. Here's the insight: investing in upfront safety and robust design lowers your LCOE. How? It prevents
catastrophic failure (avoiding replacement cost), extends system life (more cycles from the asset), and minimizes

downtime (more reliable irrigation). The safest system is often the most economical over a 10-15 year horizon.

Our Approach: Engineering Confidence from the Ground Up

At Highjoule, we don't view regulations as a checklist to be completed at the end. They are the blueprint we start with.
Our product development for the agricultural market is guided by a simple principle: build a system that a farm
technician can live alongside safely for 15 years.

This means our
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¢ Inherently Safe Architecture: From cell chemistry selection to module design with built-in fusing and venting.

* Certification as Standard: UL and IEC certifications are baseline expectations, not premium options.

¢ | ocalized Support: We work with local engineering partners (PEs) who understand your region's specific
amendments to the NEC or equivalent standards. We provide the documentation packs they need to stamp the

drawings with confidence.
* Transparent Monitoring: Our platform gives you visibility into key safety parameterscell temperatures, voltage

spreads, isolation resistanceso you're never in the dark.

The goal is to hand you the keys to a system where the complex safety engineering is done, baked in, and quietly
working in the background. Your job is to manage your farm's energy, not to become a high-voltage safety expert.

So, what's the one question about safety and regulations you wish your storage vendor would answer before you sign on
the dotted line?
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