T Net Embodied Energy Analysis in Siemens'

™ :
v croup Large-Scale Energy Storage Solutions

Net Embodied Energy Analysisin Siemens Large-Scale Energy Storage Solutions

Why Embodied Energy Matters in Grid-Scale Storage

When Siemens engineers designed their latest 500MW battery farm in Bavaria, they faced an energy paradox -
how much net embodied energy gets "locked" into the storage system itself? This critical metric measures the
total energy consumed across raw material extraction, manufacturing, transportation, and installation phases,
minus any recoverable energy through recycling.

The Hidden Energy Equation

Lithium mining consumes 1.3-2.5kWh per kg of raw material
Electrolyte production requires temperatures exceeding 3007C
Transportation accounts for 12-18% of total embedded energy

A single Tesla Powerpack contains enough aluminum to make 2,000 soda cans. Now multiply that by 10,000
units in a typical Siemens installation. That's enough metal to build a small aircraft carrier - all requiring
energy-intensive processing.

Siemens Circular Energy Blueprint
Through their EcoStor initiative, Siemens achieved 27% embodied energy reduction in 2024 prototypes
through:

Closed-loop cathode material recovery
Hydrogen-powered smelting furnaces
Al-optimized component modul arity

When Numbers Tell Stories
The table below reveals why material choices make or break energy math:

Component
Traditional (MJkg)
Siemens' Innovation (MJkQ)
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Battery Grade Nickel
180-220
142 (2024 Benchmark)

Graphite Anodes
65-80
48 (Recycled Content)

The Forgotten Energy Sink: Software

Siemens MindSphere platform reduces operational energy waste by 19% through predictive maintenance
algorithms. But here's the kicker - developing these Al models consumed 3.2 million kWh of computing
power. It's like using a flamethrower to light a candle, but the long-term payoff justifies the initial burn.

Transportation's Dirty Secret
When shipping container-sized battery modules from Singapore to San Diego:

Marine diesel accounts for 62% of transit energy
Customs inspections add 400-700kWh per container
Local trucking creates 12kg CO2/km

Siemens' solution? Regional "gigafactories’ within 500km of installation sites, cutting transport energy by
41%. They're essentially building energy storage systems where you'd least expect - former coa plants now
host three manufacturing hubs.

The Recycling Paradox
Current lithium recovery processes demand 30% more energy than virgin material production. Siemens
Phoenix recycling tech flips this equation through:

L ow-temperature hydrometallurgy (80?C vstraditional 650?C)

Bacterial bio-leaching for cobalt extraction
Blockchain-enabled material tracing

Web: https://www.sphoryzont.edu.pl
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