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The Real Cost of Downtime

Let's be honest. When a telecom base station goes dark in a remote area, it's more than an inconvenience. For the
operator, it's a direct revenue hit and a SLA breach. For the communityespecially in areas prone to wildfires or severe
stormsit can mean losing a critical lifeline. I've seen this firsthand on site: a single downed cell tower can isolate entire
towns during an emergency. The industry knows this. The North American Electric Reliability Corporation (NERC)
has been pushing for more resilient critical infrastructure, and the data backs it up. A study by the National Renewable
Energy Laboratory (NREL) highlighted that power outages cost the U.S. economy billions annually, with telecom
disruptions being a significant contributor.

The traditional playbook? Diesel gensets. They're loud, require frequent fuel deliveries (a logistical nightmare in remote
or winter conditions), and honestly, they're not getting any cheaper to run. They also assume the grid will eventually
come back to give them a "start" signal. But what if the grid is gone for days, or worse, what if the genset itself fails to
start?

Why Traditional Backup Falls Short

This is the core pain point | want to agitate. We're not just talking about backup power; we're talking about self-
initiated backup power. A standard battery system needs an external source to kickstart its inverter. No grid, no start. A
black-start capable system, on the other hand, is like having a built-in jump-starter. It can self-energize from a
completely dead state using its own stored energy. For a telecom site miles from the nearest service road, this capability
isn't a luxury; it's the difference between being offline for hours versus days.

The challenge amplifies when you layer in standards. In the U.S., you're looking at UL 9540 for the energy storage
system itself and IEEE 1547 for its interconnection and islanding functions. In Europe, it's the IEC 62619 standard.
Meeting these isn't just about compliance; it's about ensuring safety and interoperability. A misconfigured system can be
a fire risk or fail to sync when the grid returns. I've been called to sites where the installation was technically "to code,"
but the thermal management was an afterthought, leading to premature battery degradation and, you guessed it, a
failed black-start attempt when it was needed most.

A Better Way: Black-Start Solar Generators

So, what's the solution? It's a purpose-built, off-grid solar generator with black-start capability at its core. This isn't just
a solar panel hooked to a battery. It's an integrated system designed for autonomy, built to UL/IEC standards, and
engineered to be installed correctly the first time. The goal is to achieve the lowest possible Levelized Cost of Energy
(LCOE) for that site over 15+ years, which means prioritizing reliability and low maintenance from day one.

At Highjoule, this is our bread and butter. We design our containerized BESS solutions with black-start logic baked into
the power conversion system (PCS) and a battery management system ‘'reserve to start” energy
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buffer. But the best hardware in the world can underperform if the installation isn‘t meticulous.

The Installation Playbook: Step-by-Step

Based on hundreds of deployments, here's the sequence that matters. Forget the generic manuals; this is what works in
the real world.

Phase 1: Pre-Site & Foundation

Site Audit (Beyond the Obvious): Don't just check for flat ground. Analyze solar access across seasonswinter sun angle is
critical. Assess wind and snow loads for structural mounting. Verify soil composition for the concrete pad; we once had
to redesign a foundation in Texas because the soil report was outdated.

Foundation & Conduit: Pour the pad with embedded conduit runs for DC and AC cables. This seems basic, but sealing
those conduit entries from moisture and pests is a step often rushed. Use UL-listed seals. Position the pad considering
future panel cleaning and container door swing.

Phase 2: Hardware Mounting & Electrical Rough-In

Mounting the Container: Secure the BESS container to the anchor bolts. Immediately install the grounding busbar. |
can't stress this enoughproper grounding and lightning protection are non-negotiable for electronics in an open field.

DC Side - Solar Array: Mount the PV panels and run the DC wiring to the combiner box, then to the container. Here's

a pro tip: oversize the DC wiring by one gauge. It minimizes line loss, which directly improves charging efficiency and
LCOE. Label every cable at both ends.

Phase 3: The Critical Connections & Commissioning

AC Integration: Connect the BESS output to the site's critical load panel via an automatic transfer switch (ATS). This
d de ctlon" per IE E 1547 The wiring between the BESS and the telecom shelter's




HVAC is often overlookedensure it's rated for the startup current.
Commissioning Sequence: This is where black-start is proven.

e Step 1: Initialize the BMS and PCS with grid power (if available) or a temporary generator. Verify all firmware
is updated.

¢ Step 2: Charge the battery to 100% and perform a capacity test. This establishes the baseline.

¢ Step 3: Program the "Black Start Reserve." We typically lock out 10-15% of capacity solely for the self-start
function.

* Step 4: Simulate a Black-Start. This is the moment of truth. Isolate the system from all external power.
Command a shutdown to 0% output. Then, initiate the black-start sequence. The system should use its reserved
energy to boot the PCS, establish a stable microgrid voltage and frequency, and then enable the load
connection.

Thermal Management Validation: Don't just assume the HVAC works. Run the system at full charge and discharge
rate (check that C-rate!) for a full cycle in the ambient temperature. Monitor internal temperature gradients. A well-
managed pack should have less than 5C difference between modules.

Case Study: California Mountain Site

Let me give you a real example. A major carrier had a site in the Sierra Nevada mountains, prone to winter outages and
public safety power shutoffs (PSPS). Their old diesel genset failed to start during a heavy snow event.

Challenge: Provide 72+ hours of backup for the radio equipment and shelter HVAC, with zero dependency on grid
availability for start-up. Strict CAL FIRE access regulations limited fuel truck visits.

Solution: We deployed a 120 kwWh Highjoule BESS with black-start software, paired with a 40 kW ground-mount solar
array. The installation followed the steps above, with extra focus on snow load calculations for the PV frames and
heating tapes on critical conduits.

The Result: During a PSPS event the following fall, the grid went down. The system detected the outage, isolated, and
continued powering the site from solar and battery. When a deep cloud cover depleted the battery after two days, the
system performed a flawless black-start the next morning using the reserved energy as the sun came up, re-energizing
the site without any human intervention. The site stayed online. The carrier avoided tens of thousands in potential
outage penalties and fuel delivery costs.

Expert Insights from the Field

Heres the stuff you won't always find in the spec sheet. When we talk about C-ratethe speed at which a battery charges
or dischargesfor a telecom black-start system, you need a battery that can handle a high discharge C-rate momentarily.
Why? Because the initial surge to start the inverter and site loads is intense. But you also need a BMS smart enough to
throttle back immediately after to preserve cycle life. It's a balancing act between power and longevity.

On LCOE: Everyone focuses on the upfront cost per kWh of battery. For an off-grid telecom site, the real LCOE
calculation must include: avoided fuel deliveries (often by helicopter!), reduced O&M visits, and the financial value of
guaranteed uptime. A slightly higher upfront cost for a UL 9540 system with proven black-start logic pays for itself
many times over by virtually eliminating the risk of a no-start failure.

Getting It Right The First Time

Look, the technology is proven. The standards are clear. The biggest variable remains the quality of the installation and
the depth of the commissioning process. Choosing a partner who provides the hardware and the detailed installation
protocolor better yet, certified local crews who've done it beforeis critical.

At Highjoule, our system designs come with site-specific installation packs and we offer remote commissioning support
to ensure that black-start test is performed correctly. Because honestly, your backup system's first real test shouldn't be
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What's the one reliability risk at your remote sites that keeps you up at night? Is it fuel, maintenance access, or simply
the fear of an unknown failure mode when the grid is down?

Author: John Tian

5+ years agricultural energy storage engineer / Highjoule CTO

URL: https://gusroomebrokers.co.za/articles/step-by-step-installation-of-black-start-capable-off-grid-solar-generator-for-telecom-
base-stations



http://www.tcpdf.org

