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A Field Engineer's Guide: Installing Black Start Capable PV Storage for
Telecom Sites

Honestly, if I had a dollar for every time a telecom operator told me their backup power plan was "the diesel generator,"
I'd probably be retired by now. Sitting here, thinking about the countless base stations I've visited from rural Texas to
the Scottish Highlands, one thing is painfully clear: the old way of keeping the lights on is getting, well, expensive and
unreliable. We're not just talking about a brief outage anymore. We're talking about communities losing connectivity
during critical moments, and operators bleeding money on fuel and maintenance. The industry knows it needs a
change, and that change is a resilient, renewable-powered storage system that can self-start a black start capable PV
storage system. But knowing you need it and knowing how to properly install it are two very different things. Let's walk
through this, step-by-step, like I would if we were on site together.
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The Real Problem: More Than Just a Power Blip

You see, the core issue for telecom base stations, especially in remote or extreme-weather-prone areas across the US and
Europe, isn't just grid instability. It's the cascading failure. The grid goes down. The legacy battery system might kick in,
but it's only designed for a short ride-through maybe a few hours. Then it depletes. Now you're relying on a diesel gen-
set that, in my experience, has about a 15-20% chance of failing to start on demand, especially after sitting idle for
weeks. According to the National Renewable Energy Laboratory (NREL), hardening critical infrastructure with
solar+storage can reduce outage impacts by up to 60%. That's not just a number; it's a business case.

The agitation? It's in the cost. It's in the lost revenue per minute of downtime, which can run into thousands of dollars
for a major carrier. It's in the emergency truck rolls to refuel generators during a regional storm. I've been on those
calls. It's not pretty, and it's certainly not sustainable.

Why "Black Start" Isn't Just a Buzzword

So, what's the solution we're installing? A Black Start Capable Photovoltaic Storage System. Let's break that down
without the jargon. Most standard battery systems are "grid-following." They need a stable signal from the grid to sync
up and operate. No grid, they shut down. A black start system is "grid-forming." It can wake up in complete darkness
from a 0% state and establish its own stable voltage and frequency, creating a mini-grid for the base station. It's the
difference between a follower and a leader. The solar PV then becomes the refueling mechanism, not just a nice-to-have
add-on.

This capability is becoming a de facto standard in regions with strict resilience codes, like California's Rule 21 or
following the latest IEEE 1547-2018 standards for distributed resources. It's what separates a basic backup from a true
energy asset.

The Non-Negotiable Pre-Installation Checklist

https://www.nrel.gov
https://www.ieee.org


Before we even unload the first container, there are three pillars we must get right. This is where I've seen projects go
sideways.

Site Assessment & Permitting: This is more than a site survey. We need a detailed analysis of the solar resource
(using tools like PVsyst), soil bearing capacity for the container pad, and clear access for crane operations.
Crucially, we map all local utility interconnection requirements and building codes. For our projects in
Germany's North Rhine-Westphalia, for instance, this meant pre-validating compliance with VDE-AR-E
2510-50 for stationary storage systems, saving weeks of back-and-forth.
Component Selection & Certification: Every major component must carry the right certifications. The battery
system must be UL 9540 certified (the standard for energy storage systems safety in North America) and IEC
62619 for international markets. The inverter must be explicitly listed as "grid-forming" or "black start capable."
Don't assume; verify the model number on the certification body's website. At Highjoule, our HJT-ES Series
containers are pre-certified to UL 9540 and IEC 62619, which honestly, removes a massive headache for the
installation team and the AHJ (Authority Having Jurisdiction).
Safety & Logistics Planning: We develop a Site-Specific Safety Plan (SSSP) that covers everything from lithium-
ion battery fire mitigation (having the right Class D fire extinguishers on site) to crane lift plans over live telecom
equipment. This isn't paperwork for the sake of it. It's the playbook.

The Step-by-Step Field Installation Guide

Alright, let's get our boots dirty. Here's the sequence that works, refined over dozens of deployments.

Phase 1: Foundation & Mechanical

Step 1: Foundation & Pad Prep. We pour a reinforced concrete pad, perfectly level, with anchor bolts positioned per the
container drawing. We always allow for cable conduit stubs to be embedded for the DC and AC runs. Water drainage
away from the pad is critical I've seen enclosures flood because this was an afterthought.

Step 2: Container Placement & Anchoring. Using a certified crane operator, we lift and place the BESS container. This
is a tense moment, but with a clear radio protocol, it goes smoothly. We then torque down all anchor bolts to the spec
provided by the structural engineer. We then install the PV array mounting structure nearby, ensuring proper tilt and
orientation.



  

Phase 2: Electrical & Integration

Step 3: DC-Side Wiring (PV to BESS). We run the PV DC cables from the combiner boxes to the container's DC
disconnect switch. Every connection is torqued to spec, and we use a megohmmeter to test insulation resistance (Hi-Pot
testing) before making the final connection. A loose connection here is a future arc-fault.

Step 4: AC Integration & Grid Connection. This is the nerve center. We run the AC output from the container's
inverter to a new, dedicated Automatic Transfer Switch (ATS). The ATS is the brain that decides when to island the
site from the grid and command the BESS to black start. The wiring from the ATS to the base station's main
distribution panel is then completed. All conduits are bonded and grounded per NEC (US) or IEC (EU) standards.

Step 5: Control & Communication. We pull low-voltage control wires or fiber between the BESS controller, the ATS,
and the site's SCADA/Network Operations Center (NOC). This communication link is what allows for remote
monitoring and dispatch. We configure the system's setpoints voltage, frequency, when to black start based on the
utility's requirements.

The Make-or-Break: Commissioning & Testing

Commissioning is where we prove it all works. We don't just flip a switch. We follow a rigorous test protocol:

1. Functional Checks: Verify all disconnects, breakers, and safety relays operate manually.
2. Insulation & Dielectric Tests: Ensure no shorts or grounds.
3. Inverter No-Load Test: Energize the system with grid power, verify all software is updated and parameters are

loaded.
4. The Black Start Test (The Big One): This is the moment of truth. We simulate a grid outage by opening the

main utility breaker. The ATS signals the BESS. The BESS inverter, using its internal energy reserve, should
establish a stable 60Hz/480V (or 50Hz/400V) microgrid within milliseconds. We then sequentially load the
microgrid with the base station's actual loads, monitoring for voltage and frequency stability. Finally, we close
the grid breaker and test seamless re-synchronization.



I remember a project for a carrier in Colorado where this test revealed a grounding mismatch that would have caused a
nuisance trip during a real storm. Finding it then, in a controlled setting, was priceless.

Beyond Installation: The Long-Term View

A perfect installation is only the beginning. The real value is in the Levelized Cost of Energy (LCOE) over 15+ years. A
well-installed black start system slashes LCOE by minimizing fuel costs, reducing maintenance (no more diesel engine
overhauls), and even generating value through grid services in some markets.

The key is proactive monitoring. That's why our approach at Highjoule includes a performance guarantee backed by
24/7 remote monitoring from our operations center. We track C-rate (the speed of charge/discharge keeping it optimal
to extend battery life) and thermal management data religiously. A rising temperature trend in a cell module can be
addressed before it becomes a performance issue.

So, the next time you look at a remote telecom site, don't just see a tower. See a critical node that needs a resilient,
intelligent heartbeat. The technology is here, and the installation process, while detailed, is proven. The question isn't
really if you should upgrade, but how quickly you can get a team on site that understands both the blueprints and the
real-world challenges of making it work, day in and day out.

What's the biggest hurdle you're facing in making your backup power strategy more resilient?
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