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Beyond Installation: Why Your Grid-Forming BESS Needs a Smarter
Maintenance Plan

Hey there. Let's be honest for a minute. Over my twenty-plus years on sites from California to North Rhine-Westphalia,
I've seen a pattern. Utilities and large-scale operators are fantastic at the deployment phase of a Battery Energy Storage
System (BESS). The engineering is meticulous, the UL and IEC certifications are checked, the commissioning is
thorough. But then, often, the system becomes a bit of a "set it and forget it" asset. Especially with these new, more
complex grid-forming inverters that are crucial for grid stability. That's a risky move.
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The Silent Cost of "Reactive" Maintenance

The problem isn't neglect, it's perspective. Many view maintenance as a pure cost center - an activity you only engage
in when a warning light flashes. For a grid-forming BESS container supporting the public grid, this reactive approach is
a direct threat to three things: safety, revenue, and grid reliability.

A 2022 analysis by NREL on storage system failures highlighted that a significant portion of issues stem from
undetected degradation or minor faults that escalate. Think about thermal runaway. It rarely happens out of the blue.
It's usually a cascade, often preceded by subtle signs like uneven cell voltages or a slight drift in cooling performance. A
checklist isn't about ticking boxes; it's a structured opportunity to catch these whispers before they become screams.

On the financial side, unplanned downtime for a utility-scale asset is a massive hit. You're not just losing potential
revenue from frequency regulation or energy arbitrage; you're potentially missing contractual obligations and incurring
penalties. The Levelized Cost of Storage (LCOS) isn't just about the capital expense. It's heavily influenced by how long
and how effectively the system operates. Proactive maintenance is the single biggest lever to optimize that cost over
15-20 years.

It's More Than Just Batteries: The Grid-Forming Complexity

This is where the "grid-forming" part changes the game. A traditional, grid-following BESS waits for a signal from the
grid. A grid-forming BESS creates the signal. It acts like a virtual synchronous generator, providing voltage and
frequency stability. This means the power conversion system (PCS), the controls, and the software are under different,
often more demanding, operational stresses.

Your maintenance protocol must evolve accordingly. It's no longer just about battery health. You need to ensure the
inverter's ability to provide that stable voltage waveform and its seamless transition between grid-tied and off-grid
(island) modes. I've seen firsthand on site how a firmware glitch or a degrading capacitor in the inverter can cause a grid-
forming system to trip offline during a critical grid event, just when it was needed most.

https://www.nrel.gov/news/program/2022/energy-storage-failure-database.html


  

Your Practical Grid-Forming BESS Maintenance Checklist

So, what should this holistic checklist look like? Based on IEEE and IEC standards for system health, and tempered by a
lot of field reality, here's a framework. Think of it as a conversation starter with your ops team.

Core Mechanical & Electrical Integrity

Container & Environmental: Check for seal integrity, corrosion, and proper HVAC operation. Ambient
temperature directly impacts lifespan.
Thermal Management System: This is the heart. Verify coolant levels/flow, clean air filters, inspect pumps and
fans. A 10C rise above optimal can halve battery life.
Electrical Connections: Thermal imaging (thermography) scan on busbars, cables, and breakers. Loose
connections create heat and fire risk.
Safety Systems: Full functional test of smoke detection, gas detection (for Li-ion off-gassing), and fire suppression
systems. No exceptions.

Battery String & Health Analytics

Voltage & Temperature Uniformity: Log individual module/rack voltages and temperatures. Growing deviation
is the earliest sign of cell imbalance or cooling issues.
DC Internal Resistance: Periodic trending of resistance can reveal early-stage degradation before capacity fades.
State of Health (SOH) & Capacity Verification: Compare the BMS's reported SOH with periodic full capacity
tests (when grid conditions allow). Don't just trust the number; verify it.

Grid-Forming Power Electronics & Controls

Inverter Efficiency Curve Check: Measure input vs. output at different load levels. Efficiency drop can indicate
component wear.
Control Software & Firmware: Verify version, check logs for recurring minor faults, and apply security patches.



This is digital maintenance.
Grid-Support Function Verification: This is critical. Simulate or test (if possible) key functions: frequency
response (FCR/FFR), voltage support, and black-start capability. Confirm the system "forms" the grid as
designed.

Checklist Area Typical Frequency Key Standard Reference
Visual & Safety Inspection Weekly / Monthly NFPA 855, UL 9540
Thermal & Electrical Scans Quarterly IEEE 3007.2
Battery Analytics Review Monthly IEC 62933-5-2
Grid-Forming Function Test Semi-Annually / After Updates IEEE 1547-2018

A Case in Point: Lessons from a German Grid-Support Project

Let me share a relevant example. We worked with a municipal utility in Germany to support a grid-stabilization project.
Their 20 MW/40 MWh grid-forming BESS was performing well, but our quarterly analytics review spotted a gradual
increase in the delta-T (temperature difference) across one battery rack. The BMS wasn't flagging an alarm yet.

Our checklist prompted a deeper dive. We found a partially clogged filter and a slightly underperforming fan in that
rack's cooling duct. A simple, low-cost fix. If left unchecked, that thermal imbalance would have accelerated
degradation in that specific string, creating a weak link. Within a year, it could have led to a forced derating of the entire
system's power output (its C-rate) to protect the weak section, crippling its revenue-generating ability during peak grid
events. The checklist didn't just find a filter; it protected their long-term LCOS and grid service reliability.

  

Shifting the Mindset from Cost to Value

At Highjoule, when we commission a system, we don't just hand over the keys. We sit down with the operations team
and co-develop a site-specific maintenance plan based on this holistic checklist philosophy. It's built into our service
offering. Why? Because our incentive is aligned with yours: we want our systems to perform safely and optimally for
their entire design life. Our design choices - like using top-tier cells with lower degradation rates and building in



redundant cooling paths - are made to make this proactive maintenance easier and more effective.

The final insight is this: In the US and European markets, with evolving grid codes and fierce competition, your BESS's
reliability is your brand. A robust, living maintenance plan for your grid-forming assets isn't an expense. It's the
insurance policy that protects your multi-million dollar investment and ensures you deliver on your promise to the grid.
So, here's my question for you: When was the last time you reviewed not just if maintenance is happening, but what
exactly is being checked on your most critical grid assets?
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