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The Ultimate Guide to Grid-forming Hybrid Solar-Diesel Systems for EV
Charging Stations

Honestly, I've lost count of how many times I've stood on a site with a client, looking at their plans for an EV charging
hub, and we hit the same wall. The grid connection is weak, or it's miles away, or the utility wants a fortune to upgrade
it. And the diesel generator? It's loud, expensive to run, and let's be real, it doesn't exactly fit the "green™ branding of an
electric vehicle station. This is the real, messy problem we face in the field, from California to North Rhine-Westphalia.
It's not just about installing chargers; it's about creating a reliable, cost-effective, and sustainable power source for them.
That's where the magicand the real engineeringhappens.
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The Real Problem: More Than Just Plugging In Chargers

The phenomenon is clear: EV adoption is surging, but the grid infrastructure in many areasespecially industrial parks,
highway corridors, or remote commercial sitessimply wasn't built for this concentrated, high-power demand. You're not
just adding a new appliance; you're essentially building a small power plant. The traditional stopgap? A diesel
generator. But pairing a dirty, fluctuating generator with sensitive EV fast-chargers is a recipe for troublevoltage sags,
harmonic distortion, and unhappy customers whose cars aren't charging at peak speed.

Why This Hurts Your Bottom Line & Reputation

Let's agitate that pain point a bit. I've seen this firsthand. A generator running constantly for peak charging hours burns
through fuel. The Levelized Cost of Energy (LCOE)that's the total lifetime cost divided by energy producedfor pure
diesel is painfully high and volatile. Worse, if the generator stutters and causes a charger to fault, you have an EV driver
stranded, posting a negative review in real time. There’'s also the looming regulatory pressure. Markets like California
and the EU are increasingly penalizing carbon emissions. Relying on diesel undermines the environmental promise of
your EV station and opens you up to future carbon costs. It's a financial, operational, and brand risk.

The Solution Unpacked: It's All About the "Grid-Forming" Brain

So, what's the solution? Enter the grid-forming hybrid solar-diesel system. This isn't just slapping some solar panels and
a battery next to a generator. The core innovation is the grid-forming inverter inside the Battery Energy Storage System
(BESS). Think of old inverters as followersthey need a stable grid signal to sync to. A grid-forming inverter is a leader; it
creates that stable grid signal itself, like a mini-utility. This allows it to seamlessly orchestrate between solar panels (when
the sun shines), the battery bank (stored energy), and the diesel generator (only as a last resort or for peak shaving). The

generator can run at its optimal, efficient load or not at all, drastically cutting fuel use and wear.

At Highjoule, when we design these systems, compliance is baked in from the start. Our BESS containers are built to
UL 9540 and IEC 62619 standards, which is non-negotiable for fire safety and performance in North America and
Europe. It gives

S = e " —



A Tale from Texas: How a Truck Stop Ditched 80% of Its Diesel

Let me give you a real case. We deployed a system for a fleet charging depot outside Houston. Their challenge: power
10 dual-port DC fast chargers for electric trucks with a limited grid connection that couldn't handle the simultaneous
load.

® Scene: A 500kW solar canopy, a 1.2MWh Highjoule BESS with grid-forming capability, and an existing LMW
diesel genset.

¢ Challenge: Ensure "always-on" power for scheduled fleet charging, minimize generator runtime, and manage a
highly variable load profile.

¢ Deployment: Our system's controller uses forecasting to "pre-charge" the batteries with solar before the evening
charging rush. When the fleet plugs in, power is drawn first from the BESS and solar. The grid-forming inverter
maintains perfect voltage and frequency. The diesel generator only kicks in if the battery hits a low reserve
threshold, which our design made rare.

The result? An 80% reduction in diesel fuel consumption in the first year. The generator's maintenance interval
doubled, and the site's operational costs plummeted. The BESS paid for itself much faster than a pure generator
solution ever could.

The Tech Made Simple: C-rate, Thermal Runaway, and LCOE Explained

Time for some straight talk on key specs. Don't worry, I'll keep it coffee-chat simple.

C-rate: This is basically the "speed" of the battery. A 1C rate means a LMWh battery can discharge 1MW in one hour.
For EV charging, you need a high C-rate (like 1C or more) to deliver those big bursts of power for fast chargers. A low
C-rate battery would be too slow and bulky.

Thermal Management: This is the unsung hero. Pushing high power (high C-rate) creates heat. I've opened up poorly
designed systems where heat spots were cooking the battery cells, shortening their life massively. Our approach uses a
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liquid cooling system that wraps around each cell module, keeping the entire battery at a uniform, optimal temperature.
This prevents thermal runaway (a chain reaction failure) and is a core part of the UL 9540 safety certification.

LCOE (Levelized Cost of Energy): This is your ultimate metric. It factors in everything: capital cost of equipment,
installation, 20 years of fuel, maintenance, and replacement parts. A diesel-only system has a high LCOE due to
ongoing fuel costs. A solar-diesel hybrid lowers it. Adding a grid-forming BESS lowers it further by maximizing free
solar, reducing generator wear, and providing ancillary services. The goal is to design for the lowest LCOE, not the
lowest upfront price.

Making It Work for You: Standards, Safety, and the Long Game

Deploying this isn't a DIY project. It requires a partner who understands the entire ecosystemfrom the IEEE 1547
standard for connecting to the grid, to the local utility's interconnection requirements, to the daily reality of site
operations. Our role at Highjoule often extends beyond supplying the container. It's about providing the system-level
controls, the commissioning support, and the long-term performance monitoring to ensure your LCOE projections
become reality.

The future of EV charging, especially off the beaten path, is hybrid, intelligent, and resilient. It's about building a

microgrid that puts you in control of your energy costs and reliability. So, what's the biggest power constraint holding
back your next EV charging project?
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