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The Safety Conundrum We Can't Ignore

Honestly, when you've been on as many project sites as | have, from California's solar farms to remote microgrids, one
thing becomes crystal clear: fire safety isn't just a line item in a spec sheet. It's the bedrock of trust. For commercial and
industrial players in the US and Europe looking at battery energy storage systems (BESS), the question isn't if you need
protection, but how you implement it without creating new problems. The push for off-grid solar, especially for
challenging applications like rural electrification, amplifies this dilemma tenfold. You're dealing with limited
maintenance access, extreme environments, and the absolute necessity for reliability. When a system is hours away from
a service technician, the fire suppression system you choose isn't just equipment; it's your first and sometimes only line of
defense.

The Data Behind the Concern

Let's talk numbers for a second. The National Renewable Energy Laboratory (NREL) has been tracking performance
and failure modes in BESS deployments. While major fires are rare, thermal runaway events - a cascading battery
failure - are a recognized risk that scales with system size and energy density. The financial and reputational cost of an
incident is staggering, often far exceeding the initial cost of the entire storage system. This risk profile forces a tough
conversation: how do we achieve UL 9540A compliance and ensure safety without compromising the project's
environmental goals or its Levelized Cost of Energy (LCOE)?

A Fire Suppression Agent's Promise and Peril

This brings us directly to the heart of the matter: clean agent fire suppression, specifically systems using Novec 1230
fluid. For those unfamiliar, it's a fluorinated ketone engineered to extinguish fires quickly without conducting electricity
or leaving residue. From a pure performance standpoint, it's impressive. It meets stringent standards like NFPA 2001,
has a low toxicity profile for occupied spaces, and won't ruin your million-dollar battery racks with corrosive residue. In
a controlled data center or a UL-listed indoor BESS enclosure, it's a top-tier choice.

But here's where my field experience kicks in. The conversation around Novec 1230, especially for off-grid solar

generators destined for places like rural communities, needs a much more nuanced look. The benefits are clear, but the
drawbacks become magnified in these specific, often harsh, contexts.

The Benefits, Through an Engineer’s Eyes

¢ Rapid, Clean Suppression: It knocks down a Class C (electrical) fire incredibly fast, minimizing damage to
adjacent, healthy battery cells. No cleanup means faster potential recovery.

e Zero Ozone Depletion & Low GWP (for its class): Compared to older halons or even some HFCs, its
environmental impact is lower. This matters for projects with sustainability-linked financing or strict corporate
ESG mandates.

» Space-Efficient: The fluid can be stored in relatively compact tanks, a plus for containerized or skid-mounted off-
grid generator desig ns where every square foot counts.
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The Drawbacks You Feel on Site

* Cost, The Big One: Novec 1230 is a premium agent. For a large, off-grid BESS designed to power a remote
village or industrial site, the cost of filling the system can be a significant portion of the balance-of-system
expenses. This directly hits the project's LCOE.

* One-and-Done Deployment: Once discharged, the entire system needs professional refilling. In a remote
Philippine barangay or a mining site in the Australian outback, that's not a next-day service call. That's a
potential week-long outage. I've seen projects where the logistical challenge of storing spare agent or arranging
swift refills becomes a major operational headache.

* The PFAS Question: This is the growing elephant in the room. Novec 1230 is a per- and polyfluoroalkyl
substance (PFAS). Regulatory landscapes in the EU and several US states are shifting rapidly regarding PFAS
compounds due to persistence concerns. Choosing a system today that might face future use restrictions or
liability issues is a genuine risk for asset owners planning a 15-20 year lifespan.

¢ |t's a Response, Not a Prevention: This is critical. The agent suppresses a fire that has already started. It does
nothing to prevent thermal runaway. A robust thermal management system - active liquid cooling, in our
experience at Highjoule, is far superior - is what keeps cells within their safe operating window and prevents the
event in the first place.

Balancing Acts: On-Site Realities in Rural Deployment

Let me give you a real-world parallel from a microgrid project we supported in Northern California, serving a remote
research facility. The client initially specified a premium clean agent system. During value-engineering, we modeled the
total lifecycle cost: agent, specialized holding tanks, the planned 10-year refresh, and the risk premium for potential
discharge and refill logistics. We contrasted this with investing those upfront dollars into a more advanced, fault-tolerant
liquid cooling system with early detection gas sensors. The math shifted. The enhanced cooling reduced the battery’'s
operating temperature, which extended its cycle life (lowering the effective LCOE) and drastically reduced the
probability of a thermal event. The safety budget was spent on prevention, making the suppression system a last-resort
backup, not the primary safety layer.




preventing failure through superior design - like using robust, lower C-rate cells that generate less heat, coupled with
active cooling - often creates a more resilient and cost-effective solution over 20 years than a system designed around a
single, expensive mitigation event.

Beyond the Fire Extinguisher: A Systems-Level View

So, what's the answer? It's never black and white. At Highjoule, when we design systems for off-grid applications,
whether for a factory in Germany or a rural community, we think in layers of safety, aligned with IEC 62933 standards.

1. Cell & Pack Design: Selecting chemistries and configuring modules for inherent stability.

2. Thermal Management: This is non-negotiable. Precise temperature control is the #1 preventative measure.

3. Advanced Monitoring: Real-time analytics on voltage, temperature, and off-gas detection to catch anomalies
days before a problem.

4. Physical & Electrical Segmentation: Isolating faults to prevent propagation.

5. Finally, Suppression: The last barrier. And here, the choice between Novec 1230, water mist, or other agents
depends on a cold, hard look at local regulations, environmental mandates, serviceability, and total cost of
ownership.

Our approach is to engineer the need for that last barrier to be as remote as possible. That's how you build a system
that financiers, insurers, and communities can have lasting confidence in.

Where Do We Go From Here?

The debate around Novec 1230 highlights a broader industry maturation. We're moving beyond checkbox compliance
to holistic risk and lifecycle management. For any developer or operator, the key questions are changing. It's not just "Is
this system UL certified?" but "How does this safety choice impact my operational resilience, my long-term costs, and
my environmental commitments over the next two decades?"

I'd love to hear your perspective. Have you run the TCO models comparing prevention-focused designs versus
suppression-focused ones on your remote projects? What's weighing heavier in your decisions: upfront cost or long-term
operational risk?
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