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The Real Talk on Scalable Modular BESS for Public Grids; What We've
Learned on Site

Let's be honest. If you're managing a utility grid in the US or Europe right now, you're juggling a dozen priorities at
once. Grid stability with more renewables coming online, managing peak demand, navigating regulatory shifts, and all
while keeping an eye on that capital budget. I've sat across the table from dozens of grid operators, and the conversation
almost always circles back to one thing: how do we add storage capacity that's not just effective, but also sensible? Not a
monolithic bet-the-farm project, but something that grows with our needs. That's where the whole discussion around
scalable, modular Battery Energy Storage Systems (BESS) comes in. Having spent over two decades deploying these
systems from California to North Rhine-Westphalia, | want to share a straightforward, field-level perspective on what
they truly offer, and where the headaches can sometimes lie.
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The Grid Operator's Tightrope Walk

The mandate is clear: integrate more wind and solar. The International Energy Agency (IEA) notes that global
renewable capacity additions jumped nearly 50% in 2023. But honestly, from the control room perspective, that
variability is a real challenge. You need dispatchable assets to smooth things out, and fast. The traditional answer was
often a large, centralized storage facility. But committing to a 100+ MW, single-site BESS from day one is a massive
capital outlay and a complex permitting puzzle. What if demand evolves differently? What if the technology improves in
two years? You're locked in.

Why "Bigger Isn't Better" Anymore

I've seen this firsthand. A utility plans a large-scale storage project. The initial studies look great. Then, land acquisition
gets complicated, local community concerns arise (often around safety perceptions), interconnection studies drag on,
and the financial model gets stretched. The risk becomes concentrated. A single point of failure in a massive system, or a
delay in one permitting phase, can derail the entire timeline and ROI. The agility needed to respond to grid demands
just isn't there with a monolithic approach.

Modular BESS: The Building Block Approach

This is where the scalable modular philosophy changes the game. Think of it like adding high-performance Lego blocks
to your grid. Instead of one giant battery plant, you deploy standardized, pre-engineered containerized unitstypically in
the 1-5 MW rangethat can be combined to reach your target capacity. Start with a 20 MW pilot to manage a specific
substation congestion, for example. Prove it, learn from it, and then scale to 50 MW or 100 MW by adding more
identical units, often with significantly streamlined subsequent approvals. It's a phased, de-risked investment path.
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The Clear-Cut Advantages (It's Not Just Hype)

* De-risked Deployment & Financing: Smaller initial capex gets projects off the ground faster. You generate
revenue and prove the concept with Phase 1, which makes financing Phase 2 and 3 much more straightforward.
It turns a massive CAPEX project into a more manageable OPEX-friendly roadmap.

* Unmatched Flexibility & Siting: Can't find 10 acres for a single site? Place 2 MW units at five different strategic
distribution nodes or substations. This not only eases land use but can provide more targeted grid services,
reducing transmission losses and strengthening the network at vulnerable points.

* Technology & Upgrade Path: Let's be real, battery tech is still advancing. Committing to a 20-year, single-
technology monolith is risky. With a modular approach, you can potentially adopt newer, more efficient battery
chemistries in later expansion phases, future-proofing your investment. At Highjoule, our modular architecture
is designed with this interoperability in mind, allowing for easier technology refreshes down the line.

¢ Enhanced Resilience & Uptime: If one module needs maintenance or has an issue, you can take it offline
without shutting down the entire storage asset. The rest keep operating. This massively improves system
availability and simplifies maintenance schedulinga huge plus for grid reliability metrics.

¢ Standards Compliance by Design: Reputable modular systems are built from the ground up to comply with key
standards like UL 9540 and IEC 62933. Because each module is a repeat of a certified design, the entire system's
compliance is more consistent and verifiable, which is a major comfort for utilities and insurers. We bake these
standards into every Highjoule module, so compliance scales with your project.

The On-Site Realities & How to Navigate Them

It's not all sunshine. A good engineer tells you the full story. Here are the challenges we regularly work through with
clients:

¢ Increased Balance-of-System (BOS) Complexity: More modules mean more power conversion systems (PCS),
more HVAC units for thermal management, and more interconnection points. The design and integration of
this distributed system require careful engineering to ensure efficiency isn't lost in the aggregation. The key is
selecting a vendor ith deep integration experience, not Est battery pack manufe‘;(fturing. _
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¢ Footprint & Efficiency Trade-off: A modular system might have a slightly larger total physical footprint for the
same capacity compared to a highly optimized single system. The distributed power electronics and safety
spacing can impact energy density. However, the siting flexibility often more than compensates for this.

¢ Software & Controls Mastery is Critical: The real magic of a modular BESS is in the software that orchestrates
all the individual units as one cohesive grid asset. If the energy management system (EMS) and controls aren't
rock-solid, you're managing a fleet of separate batteries, not a unified plant. This is where a provider's software
chops are absolutely tested.

¢ Potential for Higher O&M Logistics: Visiting multiple, geographically dispersed sites for routine checks can
increase operational logistics costs. The counter-strategy is to invest in a top-tier, cloud-based monitoring and
diagnostics platform that enables predictive maintenance and minimizes truck rolls. Our service team at
Highjoule spends as much time on the remote dashboard as on site, catching issues before they become
problems.

A Glimpse from the Field: Modular Deployment in Practice

Let's look at a project we supported in the Midwest US. The utility faced recurring thermal overloads on a critical
feeder during summer afternoons, driven by air conditioning load. The traditional solution was a feeder upgrade costing
millions and taking 18+ months.

Challenge: Provide 12 MW / 24 MWh of peak shaving capacity, but the ideal substation site had limited space and
needed a solution within 9 months to avoid summer peak penalties.

Solution: We deployed a modular BESS using four 3 MW/6 MWh containerized units. They were sited on available
land adjacent to the substation. Because the units were pre-certified (UL 9540A tested) and pre-assembled, site work was
primarily foundation and interconnection. The first two containers were online in 7 months, providing immediate relief,
with the second pair following 60 days later.

Outcome: The utility deferred the costly feeder upgrade by at least 5 years. The modular approach allowed them to
right-size the initial phase based on more precise load data collected after the first units were operational. It turned a
grid emergency into a manageable, scalable investment.




Key Technical Bits, Explained Simply
When evaluating modular BESS, don't get lost in the spec sheet. Focus on these three things:

* C-rate (The "Power vs. Endurance™ Dial): Think of it as the engine's horsepower. A higher C-rate (like 1C or
2C) means the battery can charge or discharge its entire capacity in 1 or 0.5 hours, respectively. It's great for fast
grid services like frequency regulation. A lower C-rate (0.25C) is like a long-haul truckslower discharge but
longer duration, ideal for energy arbitrage or peak shaving. A good modular system lets you configure this based
on each module's purpose.

¢ Thermal Management (The Unsung Hero): This is the climate control system for your batteries. In a modular
setup, each container manages its own thermal environment. The best systems use liquid cooling for precise,
even temperature control, which is crucial for safety, longevity, and consistent performance whether it's in
Arizona or Norway. Poor thermal design is where lifespan and safety guarantees fall apart.

¢ Levelized Cost of Storage (LCOS): This is your true north metric. It's the total cost of owning and operating the
storage system over its life, per MWh delivered. Modular systems can score well here by improving uptime (more
revenue), allowing phased capex (lower cost of capital), and easing future upgrades. When a vendor talks cost,
ask them to walk you through their LCOS assumptions for your specific duty cycle.

The bottom line? Scalable modular BESS isn't a one-size-fits-all miracle cure, but it's arguably the most pragmatic tool
we have for the flexible, resilient grid we're all building. It aligns technical capability with financial and operational
reality. The question for your team isn't necessarily "should we go modular?" but rather "what's the right modular
strategy and partner for our specific grid challenges and growth trajectory?"

What's the single biggest hurdle you're facing in your next storage deployment? Is it siting, financing the upfront cost, or
managing long-term performance risk?

Author: Thomas Han

12+ years agricultural energy storage engineer / Highjoule CTO

URL.: https://glenproperty.co.za/articles/benefits-and-drawbacks-of-scalable-modular-bess-battery-energy-storage-system-for-
public-utility-grids



http://www.tcpdf.org

