Grid-Forming BESS: Hybrid Solar-Diesel Systems for Industrial Power
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Beyond Backup: Why Grid-Forming BESS is Redefining Industrial Power

Honestly, if | had a dollar for every time a plant manager told me their diesel generators were their "energy security
plan,” I'd probably be retired by now. Don't get me wrong, gensets have their place. But over two decades of deploying
battery storage across three continents, I've seen a fundamental shift. The real question for industrial parks isn't just
"how do we keep the lights on?" It's "how do we keep the lights on profitably, cleanly, and reliably while the grid gets
more unpredictable?" That's where the magic of a grid-forming hybrid solar-diesel system comes in. Let's talk about
what that actually looks like on the ground.
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The Real Problem: More Than Just Outages

The phenomenon is clear across the US and Europe: industrial energy costs are volatile, sustainability mandates are
tightening, and grid stability can no longer be taken for granted. A backup diesel generator addresses only one of these
issuesoutagesand does so at a high operational and environmental cost. The bigger pain point I see firsthand is the in-
between state. It's not a blackout, but poor power quality, voltage sags, or frequency fluctuations that can trip sensitive
manufacturing equipment, causing production downtime that costs tens of thousands per hour.

According to the National Renewable Energy Laboratory (NREL), integrating high levels of variable renewables like
solar requires advanced grid services that traditional "grid-following" inverters can't provide alone. Your solar array
might be saving you money, but during a grid disturbance, it typically shuts off as a safety measure, leaving you reliant
on diesel. That's a missed opportunity for resilience.

The Hidden Cost of "Business as Usual"

Let's agitate that pain point for a second. You've got a 2 MW solar canopy and a 1.5 MW diesel genset. When the grid
hiccups, the solar goes offline, the genset roars to lifeburning expensive fuel, needing maintenance, and emitting. You're
back online, but you're not using your clean solar power, and you're paying a premium for it. Furthermore, that genset
isn't designed to handle the delicate "black start" of your entire facility's sensitive load without potential damage. I've
been on site where the "solution™ caused as much disruption as the outage itself.

The financial model is broken. You're carrying the capital expense of solar, the operational expense of diesel readiness,
and still exposed to grid demand charges. The International Renewable Energy Agency (IRENA) notes that system
integration and flexibility are now the keys to affordable decarbonization. Sticking with siloed assets just doesn't cut it.

The Solution Unpacked: It's All About Control

This is where a grid-forming Battery Energy Storage System (BESS) becomes the orchestra conductor for your hybrid
system. Unlike grid-following tech that needs a stable grid signal to operate, a grid-forming BESS can create its own
stable voltage and frequency waveform. Think of it as the foundational bedrock of a mini, self-controlled grid (a
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In a hybrid solar-diesel setup, the grid-forming BESS sits at the heart. It seamlessly integrates solar, manages the diesel
genset's operation, and interfaces with the main grid. Its core job is to ensure always-stable power, regardless of the
source. During a grid outage, it can form an "island," keeping the solar online and controlling its output, and only
dispatching the diesel as a last resort or for peak shaving. This turns your solar from a fair-weather friend into a resilient
asset.

Case in Point: A Midwest Manufacturing Hub

Let me walk you through a real project we completed with Highjoule for a precision parts manufacturer in Ohio. Their
challenge was classic: 80% rooftop solar, two large diesel gensets for backup, and skyrocketing demand charges from
brief, high-power draws.

The solution was a 1.8 MW / 3.8 MWh Highjoule BESS with grid-forming capabilities, sandwiched between the solar
inverters, the gensets, and the main service entrance. Here's what changed:

* Resilience: During a brief grid disturbance last winter, the BESS detected the fault, islanded the critical load in
under 20 milliseconds, and maintained power using solar + stored energy. The diesels never even got a start
signal. The production line didn't flinch.

* Economics: The BESS now aggressively shaves peak demand, reducing monthly charges. It also allows the solar
to operate at full output even when plant load is low, storing excess for later use instead of curtailing it.

¢ Diesel Optimization: The gensets are now only called upon if the outage extends beyond the BESS's capacity.
Their runtime has dropped by over 90%, slashing fuel and maintenance costs.

The system paid for itself in under 4 years purely on demand charge savings and fuel avoidance, not counting the value
of avoided downtime.

The Tech Made Simple: C-Rate, Thermal Mgmt. & LCOE

Now, let's demystify some jargon you'll hear from vendors like us.
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C-Rate: Simply put, it's how fast you can charge or discharge the battery relative to its size. A 1C rate means you can
discharge the full capacity in one hour. For grid-forming and peak shaving, you need a high enough C-rate (like 1C or
more) to deliver big bursts of power quickly. Our systems are engineered for high C-rates without degrading lifespan.

Thermal Management: This is the unsung hero. Batteries generate heat. Poor thermal management leads to accelerated
aging, safety risks, and reduced performance. I've seen poorly ventilated containers in Texas heat turn into ovens. Our
Highjoule containers use a closed-loop liquid cooling system that keeps cells at their ideal temperature 24/7/365, which
is non-negotiable for industrial 20-year lifespans.

LCOE (Levelized Cost of Energy): This is your true cost per kWh over the system’s life. A grid-forming BESS lowers the
LCOE of your entire energy mix. It increases solar utilization, reduces diesel fuel burn, and avoids peak grid tariffs.
When we model projects, we look at the holistic LCOE impact, not just the battery's sticker price.

Making It Work for You: Standards & Practicalities

Deploying this in the US or EU isn't a wild west scenario. Compliance is your safety net. Any BESS, especially a grid-
forming one, must meet UL 9540 (the standard for energy storage systems) and UL 9540A (fire safety test). Our
Highjoule systems are certified to these, plus IEC 62619 for international markets. This isn't just paperworkit's a
rigorous validation of safety design that gives AHJs (Authority Having Jurisdiction, like your local fire marshal)
confidence to permit the system.

The deployment itself? It's modular. We typically deliver in purpose-built, weatherproof containers that are pre-tested
and commissioned at our facility. On-site, it's about connecting to your switchgear and integrating controls. Our local
service teams handle everything from interconnection studies to ongoing remote monitoring, ensuring the system
performs as promised for the long haul.

So, what's the next step? Ask your current energy team or consultant not just about backup, but about control and
optimization. Ask them how a grid-forming asset could transform your solar and diesel from separate tools into a single,
intelligent system. The goal isn't just to survive the next outage, but to thrive in between them.
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