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High-voltage DC 1MWh Solar Storage: The Step-by-Step Guide for High-
altitude Deployment

Honestly, over my twenty-plus years in the field, 1've seen the good, the bad, and the downright concerning when it
comes to battery energy storage systems. There's a particular challenge that keeps coming up, especially in the
European and North American markets: deploying reliable, large-scale storage in high-altitude, rugged environments.
Whether it's a mountain-top microgrid in Colorado or an industrial facility in the Swiss Alps, the rules change when the
air gets thin and the temperatures swing wildly. Today, | want to cut through the theory and walk you through the real,
step-by-step process of installing a robust, high-voltage DC 1MWh solar storage system in these demanding locations.
Think of this as our coffee chat about what actually happens on site.
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The High-altitude Problem: It's More Than Just Thin Air

Let's start with the pain point. You've got a perfect site for solargreat irradiation, plenty of space. But it's at 2,500
meters (8,200 ft) or higher. The immediate thought is often about derating inverters due to lower air density, and that's
valid. But for a 1MWh Battery Energy Storage System (BESS), the challenges run deeper. I've seen firsthand on site
how rapid temperature cyclesthink 25C days followed by -10C nightscan stress battery cells, leading to accelerated
degradation and, in worst-case scenarios, thermal runaway risks. The cooling systems designed for sea level simply don't
perform as efficiently. According to a National Renewable Energy Laboratory (NREL) report on BESS in extreme
climates, temperature inconsistency is the leading cause of premature capacity fade in lithium-ion batteries deployed in
non-standard environments.

Then there's the logistical headache. Transporting a pre-assembled, containerized 1MWh system up winding mountain
roads isn't just a shipping issue; it's a structural one. The units undergo significant mechanical stress. At Highjoule,
we've had to redesign internal bracing and component mounting specifically for these routes after seeing what vibration
can do to busbar connections. The aggravation? These hidden costs and risks often don't show up in the initial CAPEX
model but can cripple your project’s lifetime cost (LCOE) and reliability.

Why High-voltage DC (HVDC) Architecture is a Game-Changer

This is where the solution starts to take shape. For a 1MWh system destined for high altitudes, moving to a high-voltage
DC architecture isn't just a technical preference; it's a practical necessity. Here's the simple, non-engineer explanation:
by stringing battery modules in series to create a higher DC voltage (typically around 800-1500V DC), you drastically
reduce the current. Lower current means thinner, lighter cables, fewer connection points, and significantly lower
electrical losses over long runs from the solar array.

On a high-altitude site, where every kilo of copper and every connection is a potential point of failure or efficiency loss,
this is huge. It simplifies the balance-of-system. More importantly, from a safety and standards perspective, a well-
designed HVDC system bU|It to UL 9540 and IEC 62933 standards incorporates comprehenswe protectlon rlght at
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HVDC racks with this in mind, ensuring each string has its own, granular monitoring and disconnecta critical feature
for maintenance and safety in remote locations.

The Step-by-Step Installation: From Site Prep to Commissioning

Okay, let's get into the nuts and bolts. How do you actually put this IMWh HVDC system in the ground at high
altitude? Forget the generic manuals; here's the field-proven sequence.

Phase 1: Pre-Deployment & Site Adaptation (Weeks 1-2)

This happens before the container leaves our factory. We don't ship a generic unit. Based on the site's altitude and
climate data, we pre-configure the battery management system (BMS) thresholds and calibrate the thermal
management controls. We also switch out standard contactors and breakers for high-altitude rated components, as per
IEEE standards, to prevent arcing issues. The foundation design is also criticalit's not just a slab. It needs to account for
potential permafrost thaw or heavy snow loads, which we model using local data.

Phase 2: Receiving & Positioning (Week 3)

The unit arrives as a pre-integrated power block. The key here is inspection. After that rough journey, we check every
structural weld on the container and torque every major electrical connection before we even think about craning it
onto the foundation. I've lost count of the times this has caught a loose DC busbar that would have caused a major fault
months later.

Phase 3: The Critical HVDC Integration (Week 4)

This is the heart of the process. We connect the HVDC output from the battery container to the DC input of the solar

inverter. This involves deploying specially rated, UV-resistant DC cabling in conduits that protect against wildlife and

ice. We then perform a series of insulation resistance tests and polarization index tests at the elevated voltage. This step,

often rushed, is where you verlfy the lntegrlty of your entlre DC system We foIIow a strict sequence: ground everything,
“connect thpn a e




Phase 4: Commissioning & Cycle Testing (Week 5)

We don't just turn it on. We simulate the local charge/discharge cycles (C-rate) based on the solar profile. For a high-
altitude site, we pay close attention to how the system behaves during a rapid transition from charge (solar noon) to
discharge (evening peak). Does the thermal system keep up? Does the voltage stay stable? We run it through these paces
for a minimum of 72 hours, collecting data on every string. Only then do we sign off.

The Thermal Management Secret for LMWh Systems

Let's geek out for a minute on the biggest technical hurdle: heat. A LMWh battery pack holds a lot of energy, and
inefficiencies create heat. At high altitude, the low air pressure reduces the cooling efficiency of air-based systems by up
to 20-30%. The solution isn't just bigger fansthat adds noise and power draw.

The expert insight here is indirect liquid cooling with a glycol mix. Instead of blowing thin air over cells, we use cold
plates that directly contact the battery modules. A coolant absorbs the heat and rejects it through a dry cooler. This
system is sealed and pressurized, making it completely immune to altitude effects. It maintains an even cell temperature
(critical for longevity) whether you're at sea level or 3,000 meters. This focus on precise thermal management is a
cornerstone of Highjoule's design philosophyit's the single biggest factor in optimizing the Levelized Cost of Storage
(LCOS) for your project because it directly extends battery life.

A Real-World Case: Lessons from the Rockies

Let me give you a concrete example. We deployed a 1.2MWh HVDC system for a ski resort and municipal microgrid
in Colorado, USA, at 2,800 meters. The challenge: backup power for critical lifts and lodges, plus daily arbitrage, with
temperature swings from +30C to -25C.

The standard, off-the-shelf BESS proposal failed on thermal management and transport feasibility. Our step-by-step
approach looked different:

¢ We shipped the container with the battery racks installed but not fully connected, to withstand vibration.

* We used the site's existing propane line to fuel a backup heater for the container enclosure during extreme cold
snaps, preventing the coolant from freezinga simple, pragmatic integration.

* \We over-sized the DC cabling by one size to further reduce losses, accepting a small upfront cost for long-term
efficiency gain in the harsh climate.

The system has now operated for two full winters, maintaining 98% of its original capacity. The resort managers don't
care about C-rate or voltage windows; they care that the lights and heaters stay on during a blizzard. Our HvDC
design and rigorous installation process made that reliability possible.




Making It Work for Your Project

So, what's the takeaway for a commercial or industrial decision-maker looking at storage for a challenging site? First,
insist on altitude-adapted design, not just a derating factor. Ask your vendor specifically about their thermal
management approach for low-pressure environments and their step-by-step installation protocol. Second, leverage the
efficiency of HVDC architectureit pays dividends in both performance and simplified O&M over the system's 15-20
year life. Finally, choose a partner with field experience. The standardsUL, IEC, IEEEare the baseline. The real
expertise is in knowing how to apply them when the manual runs out, the road ends, and the altitude gauge keeps
climbing.

At Highjoule, this isn't theoretical. It's what we do every day, from the Alps to the Sierra Nevada. What's the unique
terrain challenge for your next storage project?
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