High-voltage DC Hybrid Solar-Diesel Systems for Remote Microgrids: A
Real-World Case Study
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From Diesel Dependence to Resilient Power: A Real-World Look at High-
Voltage DC Hybrid Systems for Islands

Honestly, if you're managing power for a remote community or industrial site, you know the drill. The diesel generators
are roaring, fuel bills are a constant headache, and the idea of integrating solar feels like adding another layer of
complexity to an already fragile system. I've been on-site for these deployments from the Caribbean to the Scottish Isles,
and the challenges are universal. Today, | want to walk you through a solution that's moving beyond theory: the high-
voltage DC-coupled hybrid solar-diesel system. It's not just a tech spec; it's a practical answer I've seen transform
operations firsthand.
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The Diesel Dilemma: More Than Just Fuel Costs

The problem isn't just the price per liter of diesel. It's the entire ecosystem of cost and risk. We're talking about volatile
fuel supply chains, the environmental footprint, and the sheer operational burden of maintaining aging generator sets.
The International Renewable Energy Agency (IRENA) has highlighted that in many island settings, electricity costs can
be three to ten times higher than on the mainland, primarily driven by diesel. But when you're on the ground, you see
the other side: these gensets are the lifeline. Any new system must work with them, not just replace them overnight. The
goal is resilience, not ideology.

The Hybrid Hurdle: Why AC-Coupling Often Falls Short

So, the logical step is to add solar, right? The traditional approach has been AC-coupling: solar inverters connect to the
AC bus alongside the diesel gensets. On paper, it works. In practice, on remote microgrids, I've seen it create
headaches. You now have multiple inverters and generators trying to "talk" to each other on the AC bus, managing
frequency and voltage. This can lead to stability issues, especially when solar generation fluctuates rapidly. The gensets
often have to run at very low, inefficient loads just to provide grid stability, negating much of the fuel savings. It adds
cost, complexity, and points of failure.

The High-Voltage DC Advantage: Simplicity, Efficiency, Control

This is where the high-voltage DC-coupled architecture changes the game. Let me break it down simply. Instead of
every solar array converting DC to AC immediately, we keep it as DC at a higher voltage (typically around 800V to
1500V). This high-voltage DC stream is fed directly into a central, bi-directional inverter that also connects to the
battery energy storage system (BESS) on its DC side. This single inverter then interfaces with the AC bus and the diesel
generators.

The beauty is in the centralized control. The system’s brain can now manage solar harvesting, battery

charging/discharging, and generator dispatch as one optimized orchestra. Excess solar charges the batteries directly

with minimal con 5 batteries can discharge through the same inverter
' : Ve BT

T . b i : s ] : : | v -

S = e " —


https://www.irena.org/

to support the grid, allowing generators to shut down or run at their most efficient, high-load set points for longer
periods. The efficiency gains are reall've consistently measured a 3-8% overall system efficiency improvement compared
to AC-coupled designs, which directly lowers the Levelized Cost of Energy (LCOE).

Case in Point: A Mediterranean Island’s Transformation

Let me share a project we completed last year for a small Mediterranean island community. Their challenge was classic:
two 500kW diesel gensets, fuel delivered by weekly barge, and a growing tourist demand straining the system. They had
1.2MW of solar PV already installed but were only achieving 20% diesel displacement due to the stability limits of their
old AC-coupled setup.

Our solution with Highjoule was a turnkey DC-hybrid upgrade. We deployed a 1MWh, containerized BESS with a
1.5MW central inverter, all designed for high-voltage DC input from a new section of solar PV and the existing arrays
(with DC-DC converters). The core was the advanced microgrid controller, programmed to prioritize solar, use
batteries for peak shaving and night-time load, and treat the diesel gensets as the last-resort backup.

The results after six months? Diesel fuel consumption dropped by over 68%. The generators now run less than 10 hours
a week, primarily for maintenance cycles. The system automatically black-starts if needed, and the local utility managers
have visibility and control from a simple dashboard. It wasn't just about adding tech; it was about designing for the
island's specific load profile, harsh salt-air environment (with appropriate corrosion protection), and providing local
technician training.

Key Technical Insights From the Field
When evaluating such a system, here are two non-negotiable technical aspects | always check, explained simply:

e Thermal Management is Everything: In a containerized system in a hot climate, how you manage heat dictates
lifespan and safety. We don't just use fans. We employ a closed-loop liquid cooling system that precisely controls
the temperature of e ery module. This prevents hotspots, ensures even performance, and is a key reason
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our systems maintain >95% of their capacity after thousands of cycles. It's the difference between a system that
lasts 5 years and one that lasts 15+.

¢ Understanding C-rate in Context: You'll see battery specs with "1C" or "0.5C." This simply means how fast you
can charge or discharge the battery relative to its total capacity. A 1IMWh battery at 1C can deliver IMW of
power. For microgrids, you don't always need a super-high C-rate. It's about matching the C-rate to the
applicationsmoothing solar variability might need a high C-rate, while overnight load shifting might not.
Overspecifying here wastes capital. Our design process always starts with the load and generation profile to right-
size this, optimizing for the lowest LCOE.

Why Standards Like UL 9540 Aren't Just Paperwork

In the U.S. and EU, standards are your blueprint for safety and insurability. For a containerized BESS in a hybrid
system, UL 9540 (the standard for energy storage systems) and UL 1973 (for batteries) are critical. Honestly, 1've seen
projects delayed for months because the BESS wasn't fully certified. At Highjoule, we design to these standards from the
ground up. It means our systems have undergone rigorous testing for electrical safety, battery management system
functionality, and environmental stress. For a remote island, this isn't a nice-to-have; it's what allows the local fire chief
and insurance provider to sign off, giving everyone peace of mind.

Making It Work: Standards and Real-World Deployment

The final step is deployment that sticks. A system can be brilliantly engineered but fail if the local team doesn't
understand it. Our approach is to partner with local electrical contractors, provide comprehensive O&M manuals that
go beyond the generic, and often set up remote monitoring from our network operations center. This way, we can
provide predictive maintenance alerts and support, turning a capital purchase into a long-term reliability partnership.

The transition for remote microgrids is happening. The question is no longer if to hybridize, but how to do it in the
most robust, cost-effective way. The high-voltage DC architecture, backed by rigorous safety standards and real-world
operational wisdom, is proving to be that path. What's the biggest operational pain point you're facing with your
current power setup?
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