Optimizing Grid-Forming Hybrid Solar-Diesel Systems for Telecom Base
Stations
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The Silent Revolution: Powering Telecom Towers with Smarter Hybrid
Energy

Honestly, if you've been to a remote telecom site lately, you know the drill. The constant hum of diesel generators, the
fuel truck visits that feel like clockwork, and that underlying worry about what happens if the grid flickers or isn't there
at all. For years, this was just the cost of doing business. But sitting with clients from Texas to Bavaria over coffee, | hear
the same frustration: the old way is too expensive, too noisy, and frankly, too fragile for today's 24/7 connectivity
demands. The good news? There's a smarter path forward, and it starts with rethinking the heart of your power system.
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The Real Cost of the "Status Quo™ Power Setup

Let's talk numbers for a second. The International Energy Agency (IEA) points out that diesel generation can constitute
over 40% of the total operational expenditure for an off-grid or weak-grid telecom site. That's staggering. But it's not
just the fuel bill. It's the maintenance, the carbon emissions, the noise pollution complaints, and the sheer operational
complexity. I've been on site where a generator's unexpected failure led to hours of downtime and let me tell you, the
cost of that outage in lost revenue and service level agreements (SLAs) far exceeded the price of a new fuel pump.

The common "solar-diesel" hybrid approach of the past often just slapped PV panels onto an existing system. The solar

would reduce runtime when the sun shone, but the diesel genset was still the boss, the "grid-former" providing the stable
voltage and frequency the sensitive telecom load requires. This meant it had to keep running at low, inefficient loads just
to be present, leading to "wet stacking™ and more maintenance. The battery, if there was one, was often an afterthought
a basic backup that couldn't truly orchestrate the show.

The Grid-Forming Game-Changer

This is where the modern, optimized grid-forming hybrid system flips the script. Instead of the diesel generator calling
the shots, a sophisticated, UL 9540-certified Battery Energy Storage System (BESS) with a grid-forming inverter
becomes the foundational power source. Think of it as promoting the battery from a benchwarmer to the team captain.

In this setup, the BESS establishes a stable, clean "microgrid" for the base station. The solar PV feeds directly into this
system. The diesel generator? It's demoted to a "fill-in" player. It only kicks in when the battery state-of-charge gets low
and solar isn't enough, and it runs at its most efficient, high-load setpoint. Once it has recharged the battery, it shuts off
completely. The result is a dramatic drop in fuel use, maintenance cycles, and noise. I've seen sites where generator
runtime dropped from 24/7 to less than 4 hours a day. That's a transformation.

A Blueprint for Optimization: It's More Than Just Hardware

Optimizing such a system isn't jUSt about buying the right components. It's about intelligent integration and control.
Here’ s what atrul optimizec ;
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* The Brain: An advanced energy management system (EMS) that makes real-time decisions based on load, solar
forecast, battery health, and fuel levels. It prioritizes solar, leverages storage, and dispatches the generator only as
a last resort.

* The Heart: A grid-forming inverter within the BESS. This is the key piece of tech that can "black start" the site
and maintain perfect frequency and voltage without a live grid or spinning generator. It's what allows the diesel
to sleep.

* The Muscle: The battery pack itself, sized not just for backup, but for daily energy shifting. Chemistry matters
(we often recommend LiFePO4 for its safety and cycle life), but so does thermal management. A proper liquid-
cooled or forced-air system per IEEE 2030.2.1 guidelines is non-negotiable for longevity, especially in desert or
alpine sites.

* The Support: The solar array and the generator, now both controlled assets rather than primary drivers.

Case in Point: A Site in the California Hills

Let me give you a real example. We worked with a telecom provider on a critical site in Northern California, prone to
both public safety power shutoffs (PSPS) and high grid tariffs. Their challenge was reliability and cost.

The old system: A 30kW diesel genset running constantly, with a small solar array and a lead-acid battery bank that
needed replacement every 3-4 years.

The optimized solution: We deployed a 100 kWh UL 9540/A certified containerized BESS with a grid-forming
inverter. We upsized the solar canopy and integrated a new, smaller 20kW diesel genset as the backup. The advanced
EMS was programmed to maximize self-consumption of solar, use the battery for daily peak shaving and overnight
load, and only call on the generator after multiple cloudy days.

The outcome? A 92% reduction in diesel fuel consumption. The Levelized Cost of Energy (LCOE) for the site dropped
by over 60% when factoring in avoided fuel, maintenance, and grid demand charges. The site now operates silently
95% of the time, and has survived multiple multi-day grid outages without a hiccup. That's the power of optimization.
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When evaluating components, especially the BESS, don't just look at the price per kWh. Dig deeper:

e C-rate is Your Friend (Within Reason): A battery that can sustainably discharge at a higher C-rate (say, 1C vs.
0.5C) means you can size it smaller for the same power demand. But balance this with cycle life. A system
optimized for telecom will have an EMS that manages C-rate to maximize battery lifespan.

¢ Thermal Management is Everything: I've seen too many battery systems fail prematurely because they
overheated in a sealed container. Active thermal management that keeps cells within a tight 20-30C (68-86F)
range is what gets you to that 10+ year design life. It's a must for any site facing temperature extremes.

* Think in LCOE, Not Capex: The initial investment is higher. But you must calculate the total Levelized Cost of
Energy over 10-15 years. Include everything: capital, installation, fuel, maintenance, replacement costs, and
even carbon credit potential. The optimized hybrid system almost always wins on LCOE, which is what your
CFO cares about.

Making the Shift: What to Look For in a Partner

This isn't a plug-and-play project. You need a partner who gets both the technology and the gritty reality of remote
sites. Look for providers whose systems are pre-certified to UL/IEC 62477 and IEEE 1547 standards for grid-forming
capability it saves months of interconnection headaches. They should offer robust, remote monitoring so you can see the
performance and fuel savings in real-time from your desk. And honestly, ask them about their commissioning process.
Do they send engineers to site, or just ship boxes? That on-the-ground expertise during startup is what separates a
smooth project from a problematic one.

At Highjoule, we've built our containerized solutions around this exact philosophy. Every system is designed with safety-
first architecture (like cell-level fusing and gas detection), built to relevant UL and IEC standards for global acceptance,
and comes with an EMS that's already pre-configured with optimization strategies for telecom loads. Our local teams
handle the deployment, so the system is generating savings and silent, clean power from day one.

The question isn't really if this shift to optimized grid-forming hybrids is the future for telecom power. The data and the
field results are too clear. The real question is, what's the cost of waiting? Your next site upgrade or generator
replacement cycle is the perfect opportunity to make the change. What would a 70% fuel cut do for your bottom line
this year?

Author: Thomas Han

12+ years agricultural energy storage engineer / Highjoule CTO

URL: https://glenproperty.co.za/articles/how-to-optimize-grid-forming-hybrid-solar-diesel-system-for-telecom-base-stations



http://www.tcpdf.org

