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Decarbonization
m “Net-Zero” Emissions by 2050 & Gap to be Closed
m 50 Gt(0,,, Global Greenhouse Gas Emissions / Year - 280 Gt(0, Budget Left for 1.5°C Limit
Units: GtCO;/yr
40 GtC029 gbsféuéeogap gf Sources of emission:
. t , to be ..
: -=-- ETO 2022 CO, emissions
closed in 2050 — PNZ Total CO:emissions
.. Overshoot emissions
A to limit warming below
1 = 1.5°C carbon budget overshoot of 1.5C
. , . . .
Carbon I 300 GtCO; to be closed by net negative 77 Netnegative emnssuorxst
budget emissions from 2050 to 2100 ETO DNV Energy Transition Outlook 2022
for1.5°C I L = PNZ Pathway Net Zero by 2050
| oo T
DNV
2020 2030 2040 2050 2060 2070 2080 2090 2100
'I\
~Net-Negative”
Remove Overshoot
of 300 GtC0,
m Challenge of Stepping Back from 0il & Gas
m Human History — Transition from Lower to Higher Energy Density Fuel — Wood - Coal > 0il & Gas
ETHzurich
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Energy Independence / Security of Supply

m Global 0il Trade (2016) — High Import Dependency of Leading Economies

Source: BP. The
Statistical Review of
World Energy 2017
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of more than 20 million tons, i.e. 78% of the world trade.

m 2°CTarget > Globally, 30% of Oil Reserves | 50% Gas Reserves | > 80% Coal Reserves Should Remain Unused (!)

m “The Stone Age Didn't End for Lack of Stone — The 0il Age will End Long Before
ETHzurich

the World Runs Out of 0il”
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PV & On-Shore Wind Power Installations

m Outlook of Global Cumulative Installations Until 2050 / Add. 1000 GW Off-Shore Wind Power
m In 2050 Deployment & 200 GW/Year (On-Shore Wind) incl. Replacements

9000 Historical | Projections 8519 (2050 5000 Historical | Projections
CAG;SS’EOJS cneg';ﬁg—so 21.3% . 1.2%
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E
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Sources: Historical values based on IRENA’s renewable energy statistics (IRENA, 2019¢) and future projections based on IRENA's analysis (2019a). Source: Histarical values based on IRENA's renewable capacity statistics (IRENA, 2019d) and future projections based on IRENA analysis (IRENA, 2019a).

m CAGR of =7% up to 2050 - 5000 GW
L EPE'
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. WHAT WE'RE NOT
The in the Room —
I S . A m 25°000 GW Installed Ren. Generation in 2050
o .
COMBUSTION T h‘{ COMBUSTION - 15 000 GWh Batt. Storage
— T =] l*““"*‘:"”'“l = %Hm m 4x Power Electr. Conversion btw Generation & Load
TRANSMISSION i : TRANSMISSION m 100000 GW of Installed Converter Power
T pe m m 20 Years of Useful Life
BE] pECC
PV >'>:vmo @%HEV PV )—’};vmo 5@“\:
2 ™, B L &5
oEE |eEE $BsBEE (=] ofE bE
T AC ;IIS‘:TRIBUTION—[ —l— AC_DIIS_TRIBUTIO:l—
nECC N ) [ ECC -
'y a auseioo af e,fm:"ESESS”"
E‘@ e LOADS % % LOR0S
f% 2
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m 5000 GW,, = 5°000°000°000 kW,, of E-Waste / Year (!)

ST - e, Boroyevich 2010) m 10°000°000°000 $ of Potential Value
_y EPE'
ETH:zurich ECCE 2 3




S1C I Power Electronic Systems

Laboratory

ETHzurich

Critical Minerals

m Production of Selected Minerals Critical for the Clean Energy Transition

Extraction Processing m Qatar

» Indonesia

mDRC
m Philippines
. m China
mUS
Saudi Arabia

m Russia
®ran

Oil Oil refining

Fossil fuels

Natural gas LNG export

‘ Fossil fuels ‘

Copper Copper
Australia
Chile
m Japan
Myanmar
m Peru
B Finland
Belgium
= Argentina
Malaysia

Nickel Nickel

Cobalt Cobalt

Minerals
Minerals

Rare earths Lithium

Lithium Australia Rare earths

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%  Estonia

Shares of top three producing countries, 2019

m Extraction & Processing More Geographically Concentrated than for 0il & Nat. Gas (!)
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Paradigm Shift

m Growing Global E-Waste Streams / < 20% Recycled
m 120°000°000 Tons of Global E-Waste in 2050

N\ RAW MATERIALS
RECVCLING& (.
MATERIALS
Global e-waste generated RECOVERY
60 E-waste totals
>0 < 52 Mt ( ! ) DESIGN
7 40
2230 COLLECTION CIRCULAR @
S 20 |
2 oh ECONOMY
o oo
0
2014 2015 2016 2017 2018 2019 2020 2021

0
IS 1
2z 2 MATERIALS N
2 -Eu 3 AS LONG AS
T 4 POSSIBLE
- PRODUCTION &

6 ) @ (RE)MANUFACTURING

7 E-waste per inhabitant @.} g«’é

unitar
Note: 2017-2021 are estimates L

DISTRIBUTION

m “Linear” Economy / Take-Make-Dispose - “Circular” Economy / Perpetual Flow of Resources
m Resources Returned into the Product Cycle at the End of Use

ETHziirich EPEE23



Power Electronic Systems g
|-I E 5 Laboratory 3 7/12 ]

Complexity Challenge

m Technological Innovation — Increasing Level of Complexity & Diversity of Modern Products
m Exp. Accelerating Technological Advancement (R. Kurzweil)

2
3 complexity 7
>‘ =
S wago
é now—— v - o .- - TF"['I’" o
: o] jrtsing
2 : I
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= -ten— L 9 l_ _l
www = I bz
- hunderd —— 1':‘ — o g i
printing |- LI
- thousand —— g

writing |-
-10 thousand —— [

language -}
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[

m Ultra-Compact Systems / Functional Integration — Main Obstacle for Material Separation

ETHziirich ECEEZ 3
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Design for Repairability & Circularity

m Eco-Design — Reduce Environmental Impact of Products, incl. Energy Consumption Over Life Cycle
m Re-Pair / Re-Use / Disassembly / Sorting & Max. Material Recovery, etc. Considered

m EU Eco-Design Guidelines (!)

Material selection

Material quantity

Disassembly concepts

Performance- &
design requirements

Predetermined
breaking points

m FAIRPHONE — Modular Design | Man. Replaceable Parts | 100% Recycl. of Sold Products | Fairtrade Materials

Eece 23
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! sENEL Scarcity of Specialized Talent

m Increasingly Complex Technologies — Increasing Difficulty to Find Adequate Skills

Jobs (million) Renewable Energy Jobs in 2050 under 1.5°C Scenario
25
20
- All Ren. Energy: 43 million
15 @ Geothermal Marketing and
administrative
@ Offshore persennel
wind @ Engineers and
10 —— Onshore higher degrees 730
wind /O
Solar water Experts of engineering- and
heater R&D-focused companies
> @ Workers and report talent gaps
Solar PV technicians
0
BAIN & COMPANY (&)
Jobs by
technology

m Demography (!

) — Aging Society / Retirements / Mid-Career Engineers Transitioning to Non-Eng. Roles

m Reskill (0il & Gas) & Upskill Programs & Use of AI Mandatory for Achieving the Renewables Goals

ETH:zUurich
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Future Performance Indicators

m Assuming 20+ Years Lifetime - Systems Installed Today Reach End-of-Life in 2050 (!)
m Life-Cycle Analysis (LCA) Mandatory for All Future System Designs

Environmental
Impact
v S he-A
Mission Manufacturing & tate-of-the-Art
m Complete Set of New Energy Loss ~ Xecyeling Efjort Floorspace
Performance Indicators : Requirement

— Environmental Impact [kgC0,eq/kW] Total Cost

— Resource Efficiency  [kg x/f(W 8 vgnerfgmof Fazlure Rate
— Embodied Energy :th/kW

— TCO [$/kW]

— Power Density kW/m?] Future
— Mission Efficiency (%]

— Failure Rate h1]

fece 2.3
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CEC-Power Electronics Roadmap

m Environmental Awareness as Integral Part of Power Electronics Design

Circular-Economy-Compatible (CEC)
Power Electronics

\ ¢

“Net-Zero €0, is Not Enough”

* Max. Repairability | Reusability} Recyclability
e Min. Scarce Materials, Toxic Waste

Full Environmental Footprint
Based on Smart Datasheets
» Seamless Integr. of Comp. Models in Multi-0bj. Opt.

* Full A-Priori LCIA / Environmental Footprint

Generic Life-Cycle Impact * Standardization / Single Source of Truth

Analysis (LCIA) Modeling

* New Dimensions in Multi-0bj. Opt.
* Data Sources / Quality / Abstraction
/ Generalization as Key Challenges

Classical np-Pareto Optimization / Design
* Manual A-Posteriori LCA of Complete Converters

m Automated Design | On-Line Monitoring | Prev. Maintenance | Dig. Product Passport

ETHziirich ECEEZ 3
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Power Electronics 5.0

m Power Electronics 1.0 > Power Electronics 5.0
m X-Technologies & X-Concepts » Circular Economy Compatibility

m New Main Performance Indicators (!) » Cognitive Digital Twins
AI-Supported Design & Operation |

/

» WBG Semiconductors 5 é ﬁ
» Digitalization / IloT :
Multi-Cell/Level Conv.
3D-Packaging/Integr. /_
Funct. Integr. 4

» Super-Junct. Techn. / WBG /_ / X

» Digital Power
Modeling & Simulation 3.0

4 (Disruptive) p Circuit Topologies
Technology Microelectronics
» Modulation Concepts ,

SCRs / Diodes Control Concepts

Performance Replacement » Power MOSFETs & IGBTs /_ /

Emerging

< Established

Solid-State Devices
™ Existing 5 1.0 -
Technology x\ /
> Effort/ Time . * 2050
1958 2015

Eece 23
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