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Energy Efficient

» Average consumption of ICE: 7I/100km = 60-70kWh/100km
» Average consumption of EVs: 15-25kWh/100km Personetagen und Inchien Nuts- Frsauge 2033 - vune 2024

Cars: Direct electrification is by far the most efficient

Direct electrification Hydrogen Electro-diesel Electro-petrol
2020-2050 2020-2050 2020-2050 2020-2050

100% renewable electricity 100% renewable electricity 100% renewable electricity 100% renewable electricity

Electrolysis

Capturing CO2 directly from
the air and FT synthesis

Transport, storage and
distribution
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Overall efficiency

Charging equipment
Battery charging efficiency

Converting H2
into electricity

From the tank to the wheel

DC/AC inversion II 05%
Engine efficiency 95% 95% 36% | 304
otemio 7% 81% 33% 42% 20% 22% 16% 18%

Endesa June 2023 Why are neither hydrogen nor e-fuels a solution for road transport? Source: Wrokbank (2014) Apotolaki-losifidou et al. (2017), Peters et al. (2017),
Larmanie et al. (2012), Unweltbundesamt (2019), National Research Council (2013), Ricardo Energy & Environment (2020), DOE (undated), ACEA (2016)
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Energy Efficient

Battery energy density keeps ...while battery cost keeps ...driving exponential growth of
rising... falling... battery demand...

Top-tier battery cell energy Battery cell cost outlook, Battery demand outlook,
density outlook, Wh/kg $/kWh TWh/y
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...which, in turn, further increases energy density and lowers
cost through economies of scale and learning effects.

RMI: X-Change: Batteries - The Battery Domino Effect December 2023

%é‘ New Conversion Alternative Increased Safety with Solid or
B = Electrodes Insertion lons Non-Flammable Electrolytes
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Energy Eficien

Zero-emission vehicle Level of policy
Current share of road Current estimated global (ZEV) fleet share in 2050 intervention needed to
transport CO2 emissions fleet size - Economic Transition hit Net Zero Scenario
Scenario (100% ZEV share) by 2050

Three-wheeled vehicles 120 million

Two-wheeled vehicles 1.1 billion

Municipal buses 3.4 million

Positive trajectory:
Light commercial vehicles 170 million moderate additional
measures needed

Positive trajectory:
Passenger vehicles 1.3 billion moderate additional
measures needed

Medium + heavy

q 7 83 million
commercial vehicles

BloombergNEF: Electric Vehicle Outlook 2024
June 12, 2024
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Energy Efficient

. Pro;ects about Mobility Electrification
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CIRCUBAT Swiss eBus plus BIENE MWCharger
2021-2025 2021-2024 2022-2026 CIS4BET

2021-2025

Axes of the research:
Experimental testing and Modelling of LIB for BMS algorithms
Operating strategies for performance and lifetime improvements
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OPEN SESAME
2020-2023
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2020-2023

Swiss Federal Office of Energy SFOE

Flagship
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Sustainable

t CO2-eq/vehicle
50 Stated Policies Scenario 2023  Announced Pledges Scenario

IEA Global EV Outlook-2024

A battery electric car sold in
2023 will emit half as much
as conventional equivalents
over its lifetime I

ojli,l aaiflanil

ICEV HEV PHEV BEV ICEV HEV PHEV BEV ICEV HEV PHEV BEV

© Carproduction @ Battery production © Well-to-tank ® Tank-to-wheel © Grid decarbonisation impact
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Energy Efficient

Waste stream
from manufacturing

Raw material o :
N Battery cell in
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& processing

Waste stream
from recycling

Sustainable

Disposal of EVs
abroad

Evs in use
on export market

EV battery packs
ready for sale

Disposal of EVBs
abroad

EV batteries in use
on export market

Battery packs
in disposal

Collected

batteries in
EA Batteries in assessment
automotive use

Integrated

)

4V, .
3,‘\2 CircuBAT

Flagship
unterstiitzt von

Battery parts

in disposal 0

Batteries
in disassembly

Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

Innosuisse - Schweizerische Agentur
fiir Innovationsférderung

Linear value chain of Lithium-ion EV batteries

. Circular pathways for Lithium-ion EV batteries
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Sustainable

Create models to assess battery Remaining Useful Life via ML CircuBAT
Help triage and sorting at the end of first life to increase reuse rate

Reference cell Training on Transfer Learning
Feature Extraction identification reference cells for other cells

Battery BE \ / K-means \ / Reference cells / Other cells \
dataset 5 J— P — I I i Wﬂzﬂjﬂ
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Reference cells: 1 cell
per long, medium and
short degradation
pattern

Reference cells are Other cells are trained
trained using whole only using the first 100
lifetime of cell cycles of the cell
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Energy Efficient Sustainable Integrated

How California powered itself in April 2021 ... and in April 2024.

AVERAGE DAILY GENERATION, BY FUEL TYPE Peak demand

|

Peak demand

IMPORTS

SOLAR POWER

3p.m. e 8p.m. 12a.m.
1

Source: Califonia Independent System Operator via Grid Status

Flagship
unterstiitzt von

Schweizerische Eidgenossenschaft Schweizeris;he Eiqgenossenschaft
Confédération suisse Confédération suisse

Confederazione Svizzera Confederazione Svizzera
Confederaziun svizra O Confederaziun svizra

Innosuisse - Schweizerische Agentur
fiir Innovationsférderung

Swiss Federal Office of Energy SFOE

BIENE MWCharger
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Integrated

stz von Optimization of bidirectional power profile based on
L — TéD—) flexible energy tariff and battery degradation
0—0

Confederaziun svizra

Innosuisse - Schweizerische Agentur
fiir Innovationsférderung

STORE O STO RE Optimal Power Profile '

ENTSOe

Transparency Platform
Swiss energy market
Decision variables forecasts
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Integrated

— Replacement of Diesel Cargo - 11Mio L consumption

-
o M P Cumulated Capacity - >100MWh

S Development of Battery Manager to exploit full potential
of battery asset

BIENE
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Improve Performances

Fast Charging

Energy O

Efficient =
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Thank you for your

attention

priscilla.caliandro@bfh.ch
Energy Storage Research Centre, Bern University of applied Science

BFH-Zentrum Energiespeicherung
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