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Keeping the Signal Alive: A Field Engineer's Guide to Installing Off-Grid
Solar for Telecom Towers

Let's be honest. When you're responsible for keeping a remote telecom base station online, that diesel generator
humming in the background isn't just a source of powerit's a source of anxiety. Fuel deliveries, maintenance runs, noise
complaints, and the ever-present risk of a runtime failure during a storm. I've been on those sites, knee-deep in mud,
trying to coax a balky genset back to life while the network ops center is lighting up my phone. The shift to battery
energy storage systems (BESS) paired with solar isn't just a "green trend"; it's a practical, hard-nosed solution to a very
real operational headache. But getting it right, especially with the air-cooled systems common for off-grid telecom,
requires a methodical, standards-aware approach. Here's the step-by-step process, distilled from two decades of getting
our hands dirty.
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The Real Cost of "Always-On" Diesel

We all know diesel is expensive. But the International Energy Agency (IEA) points out that for off-grid and poor-grid
applications, the levelized cost of electricity (LCOE) from diesel can be 2 to 4 times higher than grid power in many
regions. That's just the fuel. Now layer in the logistics: a National Renewable Energy Laboratory (NREL) analysis of
remote telecom sites highlighted that operational and maintenance costs can consume over 30% of the total site OPEX.
Every truck roll to a mountain-top site for filter changes or refueling is a massive cost sink. And then there's the
downtime risk. A generator failure during a weather event isn't just a revenue loss; it can be a public safety issue. This
isn't theoretical. I've seen a cluster of sites go dark during a wildfire because roads were closed and fuel trucks couldn't
get through. The problem isn't just power; it's resilient, hands-off power.

Why Air-Cooled Makes Sense for Remote Sites

Liquid-cooled BESS units are fantastic for high-density, grid-scale applications. But for a standalone telecom site?
Honestly, they can be overkill. Air-cooled systems use fans and clever internal ducting to manage battery temperature.
They have fewer moving parts (no pumps, no coolant loops), which translates to less that can break in the field. The
installation is simplerno need to plumb in a liquid cooling circuit. They're typically lighter and more modular. For the
20 kW to 200 kW range that covers most off-grid telecom towers, a well-designed air-cooled system is the workhorse.
The key is in the design and the installation to ensure that "air-cooled" doesn't become "overheated."

https://www.nrel.gov


  

The Step-by-Step Installation: From Pad to Power

This isn't a plug-and-play home appliance. A robust installation is what separates a system that lasts 15 years from one
that fails in 3. Here's the sequence we follow, honed from hundreds of deployments.

Phase 1: Site Prep & Foundation

It starts before the unit arrives. The foundation pad (concrete is typical) must be level, graded for drainage, and sized
not just for the BESS container, but for service access. I've seen pads poured without considering how a service tech will
open the cabinet door fullya simple oversight that haunts you for the system's life. Anchor points must align with the
unit's base frame. For seismic zones like California, this design must meet local codes, often referencing IEEE or IBC
standards.

Phase 2: Unloading & Placement

Use a crane or forklift with adequate capacity. The rigging points are engineered; use them. Don't get creative with
straps around conduit ports. Once positioned, level the unit precisely. An unlevel unit can stress the frame and, in rare
cases, affect internal battery rack alignment.

Phase 3: Electrical Interconnection

This is where standards are non-negotiable. All wiringfrom the solar combiner box, to the BESS, to the
inverter/charger, and to the critical load panelmust follow the National Electrical Code (NEC) in the US, or IEC
standards in Europe. Specifically, for the BESS itself, you're looking for UL 9540 certification (the standard for energy
storage systems) and UL 1973 for the batteries. This isn't just paperwork; it's a verified safety design.

DC from Solar: Use correctly sized, sunlight-resistant PV wire. Polarity checks are your best friend. A reverse
polarity connection during commissioning is a very bad, expensive day.
AC to Load: Size the conductors and breakers for the continuous current. Remember, this system might be



supporting the load for 12+ hours. Undersized cables heat up.
Grounding: This is sacred. A single-point grounding system per site, with all equipment bonded, is critical for
safety and surge protection.

Phase 4: Commissioning & Software Setup

Power on sequence is key. Usually, you bring up the BESS controls first, then integrate the solar source, then the load.
The system's energy management system (EMS) needs to be configured for the site's specific profile: What's the load of
the radio equipment? What's the "critical" voltage threshold to switch from grid/diesel to battery? Set the state-of-
charge (SOC) parameters to avoid deep cycling the batteries unnecessarily. A 20% - 90% SOC window often gives the
best trade-off between availability and battery longevity.

The Thermal Management Secret No One Talks About

Here's the field insight everyone misses: air-cooled doesn't mean "install it anywhere." Thermal management is the
single biggest factor in lithium-ion battery lifespan. The rule of thumb is every 10C above 25C (77F) can halve the
expected cycle life. So, your air-cooled system needs good, clean, cool air.

Location: Don't cram it in a sun-baked corner. Provide shade if possible. Orient air intake vents away from
prevailing winds that might carry dust or sand.
Clearance: Respect the clearance diagrams! Those aren't suggestions. They ensure air intake and exhaust vents
aren't blocked, preventing hot air recirculation. I once found a site where weeds had grown over the lower
ventthe system was constantly in thermal deration, cutting its capacity.
Ambient Consideration: In hot climates, we sometimes spec a slightly oversized unit. If the site needs 100kW, a
120kW unit might run its fans less aggressively, last longer, and have more margin. It's a LCOE optimization
play.

The C-ratethe rate at which a battery charges or discharges relative to its capacityalso ties into heat. A lower, steady C-
rate (like 0.5C) generates less internal heat than a high, bursty C-rate (like 1.5C). Your system design and EMS
programming should account for this.

Case Study: The Silent Sentinel in the California Hills

Let me give you a real example. A major carrier had a site in Northern California's coastal range. It was grid-connected
but suffered 10-15 outages yearly from wind and trees falling on lines. The diesel backup was loud, and fuel delivery was
a nightmare in winter. The challenge: provide 48 hours of backup for a 12kW continuous load, reduce OPEX, and be
nearly silent.

We deployed a 120kWh air-cooled Highjoule BESS (UL 9540 certified, of course) paired with a 30kW ground-mount
solar array. The installation followed the steps above. The key details? We placed the BESS container under the
dappled shade of existing trees for natural cooling, with a gravel skirt for drainage and weed control. The electrical
integration included an automatic transfer switch (ATS) programmed for "grid-following" modethe site runs on solar
first, uses the grid to top up the batteries, and only touches the diesel genset as an absolute last resort. The
commissioning set conservative thermal limits, telling the system to slightly reduce charge current if the internal cabinet
temperature crept above 35C.

The result? The diesel genset now runs less than 50 hours a year, down from nearly 800. The site survived a 72-hour
grid outage last winter entirely on solar and battery, silent and reliable. The carrier's regional manager called it a "set-
and-forget" asset. That's the goal.



  

Getting It Done Right the First Time

The technology for reliable, off-grid telecom power is here. Air-cooled BESS paired with solar is a proven, standards-
compliant solution. But its success hinges on treating the installation as a disciplined engineering process, not a
construction afterthought. It's about the right pad, the right wires, the right clearances, and the right software settings.
At Highjoule, our product designsfrom the placement of service disconnects to the logic in our EMSare built from these
field lessons. We don't just sell a container; we provide the installation manuals, the training, and the support network
that references UL, IEC, and IEEE standards so your team, or your local contractor, can deploy with confidence.

So, the next time you're planning a site upgrade or a new build in a challenging location, ask yourself: are you
budgeting for a lifetime of fuel runs and generator anxiety, or for a one-time, disciplined installation of a resilient
system? The step-by-step path is clearer than you think.
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