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The Hidden Cost of "Green" Farming

Let's be honest. When we talk about solar-powered irrigation, the mental image is pristine: solar panels glinting under
the sun, powering pumps that deliver water sustainably. It's a powerful vision, and one I've helped bring to life on farms
from California’s Central Valley to the plains of Spain. But here's the uncomfortable truth I've seen firsthand on site:
that vision often has a diesel-powered backup plan. When the sun sets or a cloud bank rolls in, the reliable old diesel
generator roars to life to keep the pumps running. Suddenly, our "green" irrigation system has a significant carbon
shadow and an operating cost that fluctuates with global fuel prices.

The problem isn't the solar panelsthey're fantastic. The problem is the intermittency. Farms need water on a schedule
dictated by crops, not clouds. This reliability gap forces a difficult choice: risk crop stress or fire up the generator. It's a
pain point that undermines both the environmental goals and the economic promise of solar irrigation. We're adding
clean energy to the grid, but still burning diesel in the field. It just doesn't add up.

Beyond the Megawatt: What the Data Shows

This isn't just an anecdote. The National Renewable Energy Laboratory (NREL) has highlighted that for agriculture to
truly decarbonize, we must address the "firming™ of renewable energymaking it dispatchable and reliable. Adding a
battery seems like the obvious fix, and it is. But not all batteries are created equal, especially when we talk about
environmental impact.

Honestly, the conversation often stops at the LMWh capacity. "We need a megawatt-hour of storage," the farmer says.
My job, after 20 years in this field, is to ask: "For what, exactly?" Is it just for energy time-shiftingstoring noon sun for
evening irrigation? Or is it to create a resilient, self-sufficient microgrid that can completely ditch the diesel genset? The
latter is where the real environmental win is, and that requires a specific kind of battery system: a grid-forming BESS.

A standard, grid-following battery needs a stable grid signal to sync with. In a remote farm setting, if the grid goes down
or you're off-grid, it simply shuts off. The diesel generator is still your only source of "grid-forming™ power. A true grid-
forming BESS, built to standards like IEEE 1547-2018, can start from a black state and create its own stable voltage and
frequency, acting as the bedrock of a microgrid. This technical capability is what enables the diesel-off strategy.

The Real Environmental Math
Let's put some rough numbers to it, based on a typical 100HP irrigation pump:

* Diesel Scenario: Running a backup generator 4-6 hours per day during peak season can consume 15-25 gallons
of diesel. That's roughly 150-250 kg of CO2e per day, not counting particulate matter and NOx emissions right
at the field edge.

* 1MWh Grid-forming BESS + Solar Scenario: The system charges from the solar array. Its environmental
impact is front-loaded in manufacturing. According to lifecycle assessments cited by the International Energy

gency (IEA1 the carbon debt of a modern I|th|um -ion BESS is typlcally pald back within 1 2 years of operation
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The real impact isn't just in the battery's chemistry; it's in its intelligence and grid-forming capability that allows the
diesel to be retired, not just occasionally silenced.

A California Case: From Diesel Fumes to Solar Resilience

I want to share a project from the Salinas ValleyAmerica's "Salad Bowl." A large leafy greens grower had a 1.2MW
solar array and a bank of diesel generators for their critical irrigation and cold storage. Their goal was 24/7 renewable
operation to meet both sustainability targets and retailer requirements.

The challenge? Their existing, standard battery system couldn't handle the simultaneous start-up of large pump motors
when the grid experienced a flicker or during planned islanding. The generators were always on standby, idling, just to
provide that instantaneous stability.

Our solution was a 1MWh grid-forming BESS, specifically a Highjoule HZ-1000 system, designed with high C-rate
capability (we'll get to that) and advanced inverter controls. We integrated it to work in concert with the solar and the
existing generators. The key outcome: the BESS became the primary source of grid stability. The generators now sit
completely off, only starting automatically if the battery reaches a very low state of charge after multiple cloudy daysa
rare event in California.

The environmental result? They eliminated over 95% of their runtime on three large diesel generators. Financially, they
locked in their energy cost and avoided volatile fuel prices. The system's design complied with UL 9540 for energy
storage safety and was certified to relevant parts of IEC 62933, which was critical for both local permits and their
internal ESG reporting.

The Tech Behind the Impact: C-rate, Thermal Management & LCOE Demystified

So, what makes a IMWh grid-forming system different? Let's break down the jargon into plain English.

C-rate, Slmply Put Think of it as the "athletlusm“ of the battery. A 1C rate means the battery can discharge its full
3 rge pump otors you need a burst of'%q‘vl\llgra hlgh C rate (hke 1.5C or 2C).
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A battery designed for slower, steady discharge might be cheaper, but it will stumble when a 200HP pump kicks on.
Our systems are engineered for these high-power agricultural loads, ensuring the water flows when you hit the switch.

Thermal Management The Unsung Hero: This is where longevity and safety live. In a containerized BESS in the
middle of a sun-baked field, heat is the enemy. Passive cooling isn't enough. An active, liquid-cooled thermal
management system, like what we use in Highjoule containers, keeps every cell within its ideal temperature range.
Honestly, I've seen too many projects where poor thermal design leads to accelerated degradation, increasing the
Levelized Cost of Energy (LCOE) and the environmental footprint per cycle. Good cooling means the battery lasts
longer, performs better in heat, and is inherently safer.

LCOE The True Cost of Water: Levelized Cost of Energy sounds complex, but for a farmer, it's simple: What is my all-
in cost for each kilowatt-hour that pumps my water? A cheap, low-C-rate, poorly cooled battery might have a low
upfront cost, but its shorter life and inability to prevent generator use drive the LCOE up. A robust, grid-forming BESS
has a higher initial price but delivers a lower LCOE over 15+ years by maximizing solar self-consumption, providing
resilience, and minimizingor eliminatingfuel costs. That's the sustainable choice, both economically and
environmentally.

Making It Work For Your Operation

Deploying this technology isn't just about dropping a container on a concrete pad. It's about understanding your load
profile, your water rights schedule, and your long-term sustainability goals. At Highjoule, our deployment process starts
with that conversationoften over a coffee, looking at your field maps.

We focus on designing a system that meets the rigorous safety standards (UL, IEC) that North American and European
markets demand, not just as a checkbox, but as a core part of risk management for your farm. Our service model
includes local technical support and performance monitoring to ensure the system delivers on its promised impact for
years to come.

The question isn't really if solar-plus-storage is the future for agricultural irrigationit is. The real question is: Will your
storage system be sophisticated enough to truly change your environmental and economic equation? Or will it leave you
still listening for the diesel generator to start?

What's the one operational challenge on your farm that a truly resilient power source could solve?
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