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Beyond the Peaks: Why Grid-forming PV Storage Makes Financial Sense
in High-altitude Regions

Hey there. Grab your coffee. Let's talk about something I've wrestled with on-site from the Colorado Rockies to the
Swiss Alps: getting renewable energy projects to pencil out in high-altitude regions. Everyone loves the idea of solar up
there fantastic irradiance, less atmospheric interference. Honestly, the potential is huge. But then you get into the nitty-
gritty of deploying a Battery Energy Storage System (BESS) at 8,000 feet, and the spreadsheet starts flashing red. The
conventional wisdom often says it's too complex, too costly. I'm here to tell you that wisdom is outdated, especially
when you run a proper ROI analysis for a grid-forming photovoltaic storage system.
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The High-altitude Paradox: Great Solar, Tough Storage

Here's the phenomenon we see across North America and Europe. Developers and commercial/industrial operators are
eyeing mountain terrains, remote communities, and alpine industrial sites for solar. The resource is undeniably good.
The National Renewable Energy Lab (NREL) data shows solar irradiance can be 20-25% higher compared to sea-level
regions. That's a massive production boost. But the grid? Often weak, distant, or non-existent. You need storage to firm
up that solar power and make it usable. That's where the classic ROI model stumbles.

The immediate thought is, "Cold temperatures will hurt battery efficiency.” That's true, but it's just the tip of the
iceberg, pun intended. The financial pain points run deeper.

Where the ROI Leaks: It's More Than Just Cold Batteries

Let's agitate that pain point a bit, based on what I've seen firsthand. A standard, grid-following BESS thrown into a
high-altitude project faces a triple threat that erodes your return:

¢ Derating & Capacity Loss: Thin air affects cooling system efficiency. Your thermal management has to work
harder, consuming more parasitic load (that's energy used just to run the system itself). Plus, manufacturers often
derate power conversion systems for altitude. You might pay for a 2 MW system but only be able to safely
operate it at 1.7 MW. That's a direct hit to your revenue stack.

¢ Increased Balance-of-System (BOS) Costs: Everything gets more expensive. Transportation, specialized labor,
enclosures rated for extreme snow loads and temperature swings. The International Renewable Energy Agency
(IRENA) notes that BOS costs can be the make-or-break factor in remote renewables.

* Grid Stability Costs (The Hidden Killer): In weak-grid or off-grid scenarios, you traditionally need a diesel
genset or a synchronous condenser to create a stable voltage and frequency “grid" for the solar and battery to
follow. That's a huge capital and operational expense, not to mention the emissions. Your storage system is
reactive, not proactive.

Add these up, and the Levellzed Cost of Energy Storage (LCOS) skyrockets kllllng the project's economlcs The
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https://www.nrel.gov/gis/solar.html
https://www.irena.org/publications
https://www.irena.org/publications

The Grid-forming Advantage: Your ROl Game-Changer

This is where the solution comes into sharp focus: a purpose-built, grid-forming PV storage system. This isn't a minor
tweak; it's a fundamental shift in how the system operates and creates value.

A grid-forming BESS doesn't wait for the grid to tell it what to do. It can start up a grid from black, or hold the fort on a
weak grid, acting as the voltage and frequency source. In high-altitude applications, this is revolutionary for ROI:

¢ Eliminates the Need for a Genset: This is the single biggest capital expense you can avoid. The BESS itself
provides the stability, allowing the PV to operate at its full potential. Suddenly, a big line item disappears from
your pro forma.

* Optimizes Performance in Thin Air: A system designed from the ground up for high-altitude, like what we
engineer at Highjoule, features enhanced cooling and power electronics that aren‘t derated at 3,000 meters. You
get the full nameplate capacity you paid for. Every kilowatt-hour matters.

¢ Unlocks More Revenue Streams: Beyond just energy time-shift, this system can provide essential grid services
like voltage support and black start capability, which can be highly valuable for microgrids or remote utilities,
adding new columns to your income statement.

Case in Point: A Ski Resort in Colorado

Let me give you a real-world example. We worked with a major ski resort in Colorado, sitting above 9,000 feet. Their
challenge: power a new high-speed lift and lodge expansion with clean energy, but the local utility feeder was at
capacity. A diesel generator was the default, expensive and noisy.

We deployed a 1.5 MW / 3 MWh grid-forming BESS coupled with a 2 MW solar carport. The BESS was built in our
UL 9540 and IEC 62933 certified containers, with a thermal management system specifically calibrated for the dry,
cold, low-pressure environment.

The result? The system formed its own stable microgrid, allowing the solar to run continuously. It completely offset the
need for a new diesel genera e ROI calculation shifted dramatically: the avﬂg,fg' ggnerator CAPEX, combined
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with reduced demand charges from the utility and the value of the renewable energy credits, delivered a payback period
under 7 years in a conservative model. The resort got its clean, quiet power, and the finance team got a project that
made sense.

Key Tech Considerations for Your Financial Model

When you're modeling the ROI, don't just take the battery vendor's spec sheet at face value. Dig into these details with
your engineering partner:

e C-rate at Altitude: Ask, "What is the sustainable charge/discharge rate (C-rate) at my project's specific altitude
and temperature range?" A lower C-rate means it takes longer to fill or empty the battery, potentially missing
price arbitrage windows.

¢ Thermal Management Power Draw: Get the data on how much energy the HVAC and liquid cooling systems
will use at -20C versus +25C. This parasitic load is a direct cost. Our systems use a hybrid approach to minimize
this, which looks great on the LCOS line.

¢ Compliance is Non-negotiable: In the US and EU, insist on UL 9540 for the system and relevant IEC standards
(like IEC 62933 for safety). This isn't just about safety; it's about insurance, permitting, and long-term
bankability. A non-compliant system is a financial and legal liability, full stop.

Honestly, the right partner should be able to walk you through a sensitivity analysis on all these factors, showing you
best-case, worst-case, and most-likely financial outcomes.

Making It Work For You: The Practical Next Steps

So, you're evaluating a high-altitude solar+storage project. How do you move forward? First, integrate the grid-forming
capability and altitude-adjusted performance data into your financial model from day one. Compare it against the
"traditional” approach (solar + grid-following BESS + genset). The difference is often startling.

Second, work with a provider that has the technical depth and the real-world deployment experience. At Highjoule, we
don't just sell containers; we provide a fully engineered solution. Our service includes site-specific modeling for thermal
and electrical performance, navigating local utility interconnection requirements (whether it's IEEE 1547 in the US or

similar in Europe), and long-term performance monitoring to ensure the system delivers the ROI we projected.

The peaks shouldn't be a barrier to profitable, clean energy. With the right technology and a clear-eyed ROI analysis,
they can be your greatest asset. What's the most challenging site elevation you're currently looking at?

Author: Thomas Han

12+ years agricultural energy storage engineer / Highjoule CTO

URL: https://glenproperty.co.za/articles/roi-analysis-of-grid-forming-photovoltaic-storage-system-for-high-altitude-regions



http://www.tcpdf.org

