Real-world Case Study of Grid-forming Off-grid Solar Generator for
Public Utility Grids
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The Quiet Problem: When the Sun Goes Down and the Grid Goes Weak

Let's be honest. Over coffee with utility engineers across the US and Europe, | hear the same story. We've built
incredible solar capacity. Fields of panels that pump clean energy during the day. But the grid? It's feeling the strain.
Honestly, I've seen this firsthand on site: a cloud passes over a major solar farm, and the voltage dips. The sun sets, and
a distant fault causes frequency to wobble. The traditional grid-following inverters on most solar installations and
batteries? They need a strong, stable grid signal to sync to. They're followers, not leaders. And when the grid gets weak
C whether due to high renewable penetration, remote locations, or aging infrastructure C followers have a tough time.

This isn't a niche issue. The International Energy Agency (IEA) highlights that integrating variable renewables like solar
and wind is a top challenge for modern power systems worldwide. For public utilities, the mandate is clear: keep the
lights on, maintain power quality, and integrate more renewables. But how do you do that when the very source of
clean energy can, paradoxically, make the grid less stable?

Why It Matters More Than You Think: Costs, Outages, and Wasted Sunshine

This "weak grid" problem isn't just a technical headache. It hits the bottom line and community trust. First, potential
curtailment. When the grid can't handle the solar influx, you have to tell those panels to stop generating. You're literally
wasting free fuel and losing revenue. Second, reliability. In areas prone to wildfires or storms, a traditional "grid-tied"
system goes dark when the main grid fails. That community shelter or critical water pump powered by your solar field?
It's offline when it's needed most. Third, there's the constant capital spend on reinforcing traditional grid infrastructure
C bigger lines, more substations C just to manage intermittency.

It feels like you're building a highway to handle rush hour, but rush hour only happens when the sun's out. There's got
to be a smarter way.

A Game-Changer on Site: The Grid-Forming BESS

This is where the real-world case study gets exciting. The solution isn't just adding more batteries; it's adding the right
kind of batteries with the right brain. Enter the Grid-Forming Battery Energy Storage System (BESS). Unlike its grid-
following cousin, a grid-forming BESS can start a grid from black. It creates its own stable voltage and frequency signal,
acting like a traditional rotating generator. It's a leader. This means it can:

¢ Support "off-grid" operation of solar fields, creating instant microgrids for public utilities.
* Provide crucial inertia and fast frequency response to stabilize weak parts of the main grid.
e Seamlessly transition between grid-tied and islanded modes during an outage.

The technology has moved from lab to field, and the results, from what I've seen in deployments, are transformative.

Case in Point: A Publi
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Let me share a scenario based on composite projects we've been involved with. A municipal utility in the US Southwest
had a 10 MW solar field at the edge of its service territory. Their challenges were textbook: voltage swings during
ramping, curtailment orders during mild grid congestion, and vulnerability to outages on the single transmission feed
serving the area.

Their solution was a 4 MW / 16 MWh grid-forming BESS collocated with the solar plant. The goal wasn't just energy
time-shift; it was creating a grid-forming off-grid solar generator. Here's what the deployment focused on:

e UL 9540 & IEC 62443 Compliance: Non-negotiable for utility acceptance. The system was certified for safety
and cybersecurity from the ground up.

¢ Advanced Grid-Forming Controls: The inverter software was the star, capable of forming a stable grid using
only solar and battery power.

* Thermal Management Built for the Desert: We're talking active liquid cooling housed in a robust container. In
that 115F heat, keeping the battery at an optimal 77F (25C) is what ensures performance and longevity. A
poorly managed thermal system can double degradation rates, honestly.

The outcome? During a planned grid outage for line maintenance, the solar-plus-storage system islanded perfectly. It
powered a nearby critical wastewater treatment plant for 8 hours completely off-grid. On a normal day, it smooths solar
output and injects fast frequency response, allowing the utility to defer a costly substation upgrade. The Levelized Cost
of Energy (LCOE) for that combined asset dropped significantly because they eliminated curtailment and added
multiple revenue/avoided-cost streams.

The Tech Talk (Made Simple): What Makes a BESS Truly Grid-Forming?

I know "grid-forming" can sound like buzzword. Let's break down what we, as engineers, look for on the spec sheet and
on site.

First, the C-rate. This is basically the speed of the battery. A 1C rate means a 10 MWh battery can discharge 10 MW
for 1 hour. For grid-formi d cover, you need a high C-rate (like 1C

e AR P R

—————— S T il e e



or more). It's the difference between a sprinter and a marathon runner C you need that burst power to keep the grid
stable.

Second, the inverter technology. It needs built-in software that mimics the physics of a spinning generator (virtual
synchronous generator or VVSG tech is common). This provides synthetic inertia. It's not just about having power; it's
about how intelligently you deliver it to create a stable electrical waveform from scratch.

Finally, system-level integration. The BESS, the solar inverters, and the protection relays all have to talk the same
language and react in milliseconds. This is where experience from hundreds of MWs deployed matters. At Highjoule,
our approach has always been to design for this from the start C using UL 9540 certified enclosures with integrated,
NEMA-rated thermal systems and controls pre-validated to IEEE 1547 standards. It reduces deployment risk
dramatically. You're not piecing together a science project; you're integrating a proven grid asset.

Feature Traditional Grid-Following BESS Grid-Forming BESS (The Solution)

Grid Role Follower, needs grid reference Leader, can create grid reference

During Outages Shuts down (anti-islanding) Can form an "off-grid" microgrid

Primary Value Energy Arbitrage, Smoothing Grid Stability, Resilience, Renewable
Integration

Key Standard IEEE 1547 (Grid Support) IEEE 1547 + UL 1741 SB (Grid
Forming)

Looking Ahead: Is This the Future for Your Grid Assets?

The data from the National Renewable Energy Laboratory (NREL) is clear: grid-forming capabilities are essential for a
high-renewables future. This real-world case study isn't a one-off. It's a blueprint. For public utilities looking at their
next solar farm or substation battery, the question is shifting from “should we add storage?" to "are we adding storage
that makes our entire grid more resilient and flexible?"

The technology is here, it's proven in the field under brutal conditions, and the standards (UL, IEC, IEEE) have evolved
to support it. The business case now stacks up not just on energy shifting, but on avoided infrastructure costs, improved
reliability metrics, and future-proofing your assets. So, what's the weak link in your network that could become a
strength?
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