Ty Carnot Battery: Storing Energy Differently
™

HUIIUE GROUP

Carnot Battery: Storing Energy Differently

Table of Contents

What Makes Carnot Battery Unique?

The Heat 1s On: Why Thermal Storage Matters
Turning Electricity into Heat & Back

When Theory Meets Practice: Global Projects
Not All Sunshine: Technical Hurdles

What Makes Carnot Battery Unique?

Y ou've heard about lithium-ion battery storage and pumped hydro, but what if we could store electricity using
temperature differences? The Carnot battery concept does exactly that - converting excess renewable energy
into thermal energy for later use. Unlike conventional batteries that rely on electrochemical reactions, this
system uses heat pumps to "charge" and heat engines to "discharge”.

Recent data from the International Renewable Energy Agency (IRENA) shows thermal energy storage could
reduce grid-scale storage costs by 40-60% compared to lithium-ion solutions. But here's the kicker: these
systems can utilize existing industrial infrastructure, making them sort of a"stealth upgrade” for power plants.

The Heat Is On: Why Thermal Storage Matters

Let's face it - solar panels don't work at night, and wind turbines can't spin on demand. The Carnot principle
offers a clever workaround by transforming intermittent renewable energy into storable heat. excess solar
power runs industrial-scale heat pumps, creating temperature reservoirs that can generate electricity days later
through thermodynamic cycles.

Germany's recent pilot project in Hamburg achieved 72% round-trip efficiency using molten salt storage.
While that's dightly lower than lithium-ion's 85-90%, consider the cost difference: $45/kWh versus $150/kWh
for battery-based systems.

Turning Electricity into Heat & Back
The magic happens in three phases:

Charging phase: Electricity drives heat pumpsto create thermal gradients

Storage phase: Insulated materials maintain temperature differences
Discharging phase: Heat engines convert thermal energy back to electricity
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What's redlly groundbreaking? These systems can use abandoned coal plant turbines - talk about turning
environmental liabilitiesinto assets! A Danish startup successfully retrofitted a decommissioned power station
in 2024, achieving 650MWh storage capacity at 30% |lower cost than building new battery farms.

When Theory Meets Practice: Global Projects

Spain's Andasol Solar Plant has been using molten salt storage since 2008, but the new Carnot battery iteration
improves efficiency by 18% through advanced heat exchangers. Meanwhile, California's PG&E is testing a
hybrid system combining lithium-ion batteries for short-term needs with thermal storage for multi-day grid
support.

The table below shows comparative performance metrics:

TechnologyEfficiencyCost/kWhL ifespan
Lithium-ion85-95%%$15010-15 yrs
Carnot Battery65-75%%$4525-30 yrs

Not All Sunshine: Technical Hurdles

Material science remains the biggest bottleneck. Current phase-change materials lose about 2-3% of stored
heat daily - not terrible, but room for improvement. Researchers at MIT recently developed a ceramic
composite that cuts thermal losses by half, though it's still in lab testing.

Regulatory frameworks haven't caught up either. Most countries lack specific standards for thermal energy
storage integration, creating permitting nightmares. The EU's revised Renewable Energy Directive (RED 111)
finally addresses this gap, requiring member states to establish thermal storage guidelines by Q3 2025.

So where does this leave us? The Carnot battery isn't a silver bullet, but it's proving crucia for long-duration
storage needs that traditional batteries can't economically address. As grid operators grapple with increasing
renewable penetration, having multiple storage technologies available might be our best insurance against

blackouts and price volatility.
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