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The Real-World Guide to Optimizing Grid-Forming Hybrid Solar-Diesel
Systems for EV Charging Stations

Honestly, if I had a coffee for every time a client asked me about building a future-proof EV charging hub, 1'd be
buzzing all day. The dream is clear: power those chargers with the sun, back it up smartly, and say goodbye to sky-high
grid demand charges. But the reality on the ground? I've seen firsthand how a poorly integrated system can turn that
dream into a logistical and financial headache. Let's talk about how to get it right.
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The Real Problem: It's More Than Just Adding Solar Panels

The common approach | see? Slap some solar PV on the canopy, keep the existing diesel genset for "backup," and plug
in a basic battery. On paper, it looks green. In practice, you often end up with three systems fighting each other. The
solar is intermittent, the battery is just passively storing energy, and the diesel generator kicks in clumsily, wasting fuel
and creating power quality issues for sensitive EV chargers. The grid-forming capabilitythe brain that seamlessly
orchestrates these sources to act like a stable, unified gridis missing. This isn't just an engineering nuance; it's the
difference between a resilient asset and a costly liability.

Why This Hurts Your Bottom Line and Reliability

Let's agitate that pain point a bit. Without true grid-forming intelligence, your system is reactive, not proactive. When a
cloud passes over or a fleet of buses plugs in simultaneously, voltage and frequency can swing. I've seen EV chargers
fault and shut down because of this. The diesel generator ends up running in inefficient, low-load conditions just to
provide stability, which according to NREL data, can increase fuel consumption and maintenance costs by up to 30%
compared to optimal loading. You're burning diesel, wearing out your generator, and not even maximizing your solar
investment. The Levelized Cost of Energy (LCOE) for your site stays high, and the promised savings vanish.




The Solution Core: The Grid-Forming Hybrid System

So, what's the fix? It's about making the Battery Energy Storage System (BESS) the intelligent quarterback of your
entire microgrid. A true grid-forming BESS doesn't just follow the grid; it creates a stable, high-quality voltage and
frequency waveform that the solar inverters, diesel generator, and EV chargers can all sync to. Think of it as the
conductor of an orchestra, ensuring every instrument plays in perfect harmony. This allows the diesel genset to be
completely shut off for long periods, only starting at optimal load when the battery is low and solar is insufficient. The
result? You maximize solar self-consumption, minimize generator runtime, and provide rock-solid power for fast
charging.

Key Technical Insights From the Field

Heres where the rubber meets the road, explained simply. When we design these systems at Highjoule, we obsess over a
few key things that matter for EV charging:

® C-rate Isn't Just a Spec: It's about power availability. For EV charging, you need high power (a high C-rate) to
meet sudden demand spikes from multiple DC fast chargers. A battery with a low C-rate might have the energy
capacity but can't deliver it fast enough, causing the generator to kick in unnecessarily. We size and select cells to
balance energy capacity with the punchy power delivery EV sites demand.

* Thermal Management is a Safety & Longevity Must: In a containerized BESS sitting next to diesel equipment,
heat is the enemy. Poor thermal management accelerates battery degradationa major LCOE killerand is a safety
risk. Our systems use active liquid cooling, not just fans, to maintain an even temperature. This is non-negotiable
for meeting UL 9540 and IEC 62933 standards, which we build into every unit from the ground up.

e L COE is Your North Star: The ultimate metric isn't the upfront cost of the battery. It's the Levelized Cost of
Energy over 15+ years. A cheaper, poorly integrated system will have a higher LCOE due to more diesel fuel,
more generator maintenance, and faster battery replacement. The right grid-forming BESS lowers LCOE by
optimizing every kilowatt-hour from the cheapest source (solar) and drastically cutting fuel Opex.
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Let me give you a real example. We deployed a system for a logistics park in California's Central Valley. The challenge:
power 12 new fleet vehicle chargers in an area with a constrained grid connection and high demand charges. Their old
setup had solar and a diesel generator, but voltage issues were causing charger faults.

Our solution was a 500kW/1MWh UL 9540-certified grid-forming BESS, integrated with their existing solar and a
750kW generator. The BESS was programmed to be the primary grid former. Now, the site runs 100% on solar and
battery for over 85% of the year. The generator only starts, at 80% load for efficiency, during a string of cloudy days.
The result? They've eliminated grid demand charges, cut diesel fuel use by over 90%, and have had zero charger faults
due to power quality since commissioning. The system pays for itself in under 5 years purely on fuel and demand charge
savings.

Making It Work For Your Project

The lesson here isn't to just buy a battery. It's to design a system with grid-forming intelligence at its heart. This requires
deep expertise in power electronics, control software, and the specific standards of your regionbe it UL in North
America or IEC in Europe. Look for partners who don't just sell hardware but understand the complete energy
ecosystem of an EV charging site.

At Highjoule, this is all we do. We design our BESS units from the cell level up for these high-cycle, high-power
applications, and our software is what makes the solar, diesel, and battery play nice. The goal is to hand you a system
that just works reliably for decades, with local support to keep it that way.

So, what's the biggest power quality or fuel cost challenge you're facing at your planned or existing charging site?
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