Cost of Scalable Modular Hybrid Solar-Diesel Systems for Remote Island
Microgrids
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Let's Talk Real Numbers: The Cost of Powering Remote Islands with
Scalable Hybrid Systems

Hey there. If you're reading this, you're probably looking at a map, a set of energy bills, and a remote community or
operation that depends on diesel. You're asking the fundamental question: "What will it really cost to integrate solar and
battery storage with our existing diesel gensets?" I've been on those islandsfrom the Pacific to the North
Atlanticdeploying these very systems. Honestly, the sticker price you get from a brochure is just the beginning. The real
conversation is about total cost of ownership, resilience, and building something that can grow with your needs. So, grab
a coffee, and let's break it down, engineer to engineer, or engineer to decision-maker.
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The Real Problem: It's More Than Just Diesel Price Volatility

We all know diesel is expensive and its price swings like a pendulum. But on the ground, the problem is more intricate.
I've seen firsthand the logistical nightmare of fuel delivery in rough seas, the environmental pressure to reduce
emissions, and the sheer operational fragility of a 100% diesel-dependent grid. One failed shipment or a major
generator outage, and the entire community is in the dark. The International Renewable Energy Agency (IRENA) notes
that islands often pay two to ten times more for electricity than mainland counterparts, with diesel fuel constituting up to
90% of that cost. It's a cost, security, and sustainability trap.

The agitation point? Legacy thinking. Trying to solve this with a one-size-fits-all, oversized solar farm or a standalone
battery slapped onto an old diesel plant. Without proper system integration and modular design, you risk poor
performance, wasted capital, and even damaging your existing assets. The goal isn't just to add solar; it's to create a
harmonized, scalable hybrid system that optimizes every liter of diesel and every kilowatt-hour of solar.

The Modular Hybrid System Cost Breakdown: CAPEX vs. The Long Game
So, "how much does it cost?"" Let's move beyond the vague. For a scalable, modular hybrid system (solar PV + Battery

Energy Storage System + existing diesel gensets), your costs fall into two buckets: upfront (CAPEX) and ongoing
(OPEX). The magic of modularity is that it lets you tackle these strategically.

Upfront Capital Expenditure (CAPEX)

This is the initial investment. A modular approach means this can be phased.

e Solar PV Array: Typically $0.70 - $1.20 per Watt (DC) installed, depending on site difficulty and scale.

¢ Battery Energy Storage System (BESS): This is the heart of the system. For industrial-grade, containerized
solutions meeting UL and IEC standards, you're looking at $400 - $800 per kWh of usable storage capacity. The
range is wide because chemistry (like LFP), C-rate (how fast you can charge/discharge the battery), and thermal
management systems drastically affect price and longevity. A higher C-rate battery might cost more upfront but
allows for smaller, more agile diesel gen-set operation.
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* Power Conversion System (PCS) & Controls: The "brain™ of the operation. This includes inverters, controllers,
and the software that orchestrates diesel, solar, and battery. This can be 15-25% of the total BESS cost.
Skimping here is the biggest mistake I see; robust controls are non-negotiable for safety and efficiency.

¢ Balance of Plant (BoP): Site work, civil foundation, cabling, switchgear upgrades, and integration with existing
diesel plant. For remote islands, this can be a significant variablesometimes 20-30% of total CAPEX. Weather
windows, local labor, and shipping logistics are key cost drivers.

Ongoing Operational Expenditure (OPEX) & The LCOE Metric
This is where you win. The goal is to slash OPEX to justify the CAPEX.

* Diesel Fuel Savings: The primary OPEX reduction. A well-tuned hybrid system can achieve 60-80% diesel fuel
displacement during sunny hours, with the BESS smoothing demand and allowing gensets to run at optimal
load.

* Genset Maintenance Savings: Less runtime, fewer running hours, and operation at steady, efficient loads reduce
engine wear and tear. I've seen maintenance intervals double.

¢ Levelized Cost of Energy (LCOE): This is the critical number. It's the total lifetime cost of your system divided
by the total energy produced. According to the National Renewable Energy Lab (NREL), hybrid systems for
microgrids can achieve an LCOE significantly lower than diesel-only over a 20-year lifespan. The modular
scalable approach keeps the initial LCOE manageable and improves it as you expand.

From Blueprint to Reality: A North Atlantic Island Case Study

Let me give you a real example from a project | led. A fishing and research community on a North Atlantic island (pop.
~500) was spending over $0.50/kWh on diesel-generated power. Their challenge: reduce cost, ensure 24/7 power for
critical infrastructure (cold storage, lab facilities), and future-proof for growth.

We deployed a phased, modular solution: Phase 1: A 500 kW solar PV canopy and a 1 MWh / 500 kW containerized
BESS (UL 9540 certlfled) mtegrated W|th two 800 kW dlesel gensets The BESS's advanced thermal management was
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LCOE for the new hybrid portion came in at about $0.28/kWh. The system automatically manages the grid, using
batteries for instantaneous load-following, allowing a single diesel genset to run at its peak efficiency point. The
community now has a blueprint for Phase 2, adding more solar and storage as demand grows, without obsoleting the
initial investment.

What Actually Drives Your Final Cost? Key Factors Explained
Your final number will hinge on a few technical and logistical specifics:

e Scalability & Modularity Design: Are you buying a monolithic system or a Lego-like one? At Highjoule, our
modular BESS containers are designed for future capacity or power upgrades. This means your Phase 1 cost is
lower, and your Phase 2 integration is plug-and-play, protecting your investment.

¢ Compliance & Safety (UL, IEC, IEEE): This isn't optional for the US and EU markets. Equipment meeting UL
9540 (ESS safety) and IEC 62619 (safety for industrial batteries) might have a premium but de-risks insurance,
financing, and operation. I've seen projects delayed for years over compliance issues.

¢ System Intelligence: The control software's ability to forecast solar generation, manage state-of-charge, and
dispatch assets optimally saves more fuel than any hardware component alone. It's a cost item that pays the
highest dividend.

¢ L ocal Partnerships & Logistics: Your cost isn't just hardware. Working with a provider that has experience in
remote logistics and can partner with local trades is invaluable. It prevents costly delays and ensures quality
installation.

Looking Beyond the Price Tag: The Value of Scalability & Standards

So, when we talk cost, we're really talking about value and risk mitigation. A scalable modular system from the start
might have a slightly higher unit cost than a rigid, oversized one, but its total lifetime cost and flexibility are superior.
You're building an energy asset that adapts.

The peace of mind that comes with UL and IEC-certified equipment, especially for fire safety and grid interconnection
(IEEE 1547), is something you can't put a price on during an insurance review or a regulatory audit. It's about building
something that lasts, is safe for the community, and works seamlessly day in, day out.

What's the first energy challenge you'd tackle with a scalable systemfuel bills, grid stability, or carbon goals? Let's map
out what Phase 1 could look like for you.
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