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The Silent Threat to Your Grid-Forming Investment

Let's be honest. When you commission a major grid-forming photovoltaic storage system, the celebration is real. The
ribbon-cutting, the press release, the sigh of relief seeing it sync with the grid. The hard part's over, right? I've been on
dozens of those sites, from Texas to North Rhine-Westphalia, and | can tell you: that's when the real work begins. The
silent threat isn't the technology - it's the assumption that it'll run itself.

The problem 1 see too often is a "set-and-forget" mentality, especially with these advanced systems that are supposed to
be smart. A grid-forming BESS isn't a dumb battery; it's the beating heart of a modern, resilient grid. It's actively
creating a stable voltage waveform, providing inertia, and managing fault currents. When its maintenance is treated like
an afterthought, you're not just risking downtime. You're risking the stability of the microgrid or utility segment it
supports. IRENA's 2023 report on renewables integration highlights that nearly 40% of underperformance in storage
assets is linked to inadequate operational and maintenance practices. That's a direct hit to your levelized cost of energy
(LCOE) and your ROI.

Maintenance: It's More Than Just Checking Boxes

So what's different about maintaining a grid-forming system versus a traditional grid-following one? Honestly, it's the
difference between maintaining a generator and a light bulb. The inverter's power electronics are under constant,
dynamic stress. It's not just reacting to the grid; it's forming it. This puts a premium on two things: thermal management
and software/firmware integrity.

Thermal runaway is the nightmare scenario for any battery engineer. In a grid-forming system operating at high C-rates
(the speed of charge/discharge) to respond to grid events, heat generation is intense. I've seen firsthand on site how a
slightly underperforming cooling loop in one module can cascade. It's not just about checking if the fans are running.
It's about analyzing differential temperatures across racks, checking coolant purity, and ensuring the environmental
control in that container is keeping up with local ambient swings - something we rigorously design for at Highjoule with
our N+1 redundant cooling systems.

And the software? It's the brain. A glitch in the grid-forming control algorithm during a frequency event is not an IT
problem; it's a grid security event. Your maintenance checklist must go beyond hardware.

The Core Philosophy: Predictive, Not Reactive
Waiting for a fault alarm is a failure strategy. The goal is to catch the drift in performance before it becomes a deviation.
This means your maintenance protocol needs to be built on data trends - voltage ripple, harmonic distortion levels, the

gradual increase in internal resistance of battery cells, state-of-health (SOH) trends. It's predictive analytics, grounded in
physical checks.

The Highjoule Field-Proven Maintenance Checklist

Based on two decades and glgawatts of managed assets here's the framework we use and recommend. Think of it as the
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1. Daily/Weekly Operational Vigilance (Often Remote)

¢ Grid-Forming Mode Verification: Confirm operational mode and log any automatic switches between grid-
forming and grid-following.

¢ Performance Data Snapshot: Review key metrics: round-trip efficiency, reactive power output, frequency
response accuracy.

¢ Event Log Audit: Scan for any unexplained trips, fault ride-through events, or communication errors.

2. Monthly Physical & Data Inspection

¢ Thermal Imaging Survey: Critical. Use a FLIR camera on all major power connections, busbars, and battery
terminals. Look for hotspots >10C above ambient. 5

* Thermal Management System (TMS): Check coolant levels, pump vibration, and filter status. Calibrate
temperature sensors against a handheld probe.

* DC & AC Electrical Integrity: Torque check on a sample of critical connections (per NFPA 70B). Visual
inspection for corrosion or degradation.

3. Quarterly Comprehensive Health Check

¢ Battery Depth of Discharge (DOD) Analysis: Are cycles aligning with the intended use case? Deep, frequent
cycles accelerate aging.

¢ Internal Resistance & SOH Tracking: Compare against baseline. A 20% increase in IR often signals the
beginning of accelerated degradation.

* Control Software & Firmware: Review patch status, cybersecurity logs, and validate control setpoints. This is
non-negotiable for UL/IEC compliance.

* Grounding & Isolation Resistance Test: Ensure integrity of the ground fault detection system.

4. Annual Major Overhaul & Certification

¢ Full Capacity Test: A controlled, full charge-discharge cycle to verify nameplate capacity and calibrate the BMS.

¢ Grid Support Function Test: Simulate or actually perform (in coordination with the grid operator) tests of black
start, frequency regulation, and voltage support capabilities.

¢ Environmental System Calibration: Full calibration of all sensors (temp, humidity, smoke, gas detection).

¢ Documentation & Compliance Review: Update all as-built drawings, single-line diagrams, and ensure the entire
system audit trail meets local utility and AHJ requirements.

Case in Point: A 50MW System in California

Let me give you a real example. We supported a 50MW/200MWh grid-forming BESS at a solar farm in California.
The system was performing, but our quarterly data showed a subtle, steady rise in the variance of cell voltages within
two racks. The BMS wasn't flagging it yet as a fault.

Following our checklist, the site team did a targeted infrared scan and found a slightly loose busbar connection on a DC
combiner box serving those racks It was creatlng a tlny resistance, causing |mbalance during high-C-rate discharges. It
wasn 't hot enoug jh to alarm, but it we g Ve ca i ‘c‘)-sgic and re- balanced the racks.
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The result? Prevented accelerated degradation in a $2 million+ battery block and avoided a potential forced outage
during the next peak demand event. That's the ROI of a rigorous checklist.
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Making It Stick: Building a Maintenance Culture

The best checklist in the world is useless if it's a PDF buried on a server. The key is integration. At Highjoule, we build
these protocols directly into our customer portal, with automated work order generation and digital sign-offs. It becomes
part of the workflow, not an extra task.

Ultimately, maintaining your grid-forming asset isn't a cost center; it's the core defense of your capital investment and

your grid's reliability. The question isn't whether you can afford to do it. It's whether you can afford not to. What's the
one metric on your BESS dashboard that you haven't looked at this week?
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