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The Pathway

m “Net-Zero” Emissions by 2050 & Gap to be Closed

Units: GtCO,/yr

40 GtC0,~>

Absolute gap of
22.2 GtCO; to be .-
closed in 2050

1.5°C carbon budget overshoot of

Sources of emission:

ETO 2022 CO, emissions
PNZ Total CO, emissions
Overshoot emissions

to limit warming below
1.5C
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Carbon I 300 GtCO; to be closed by net negative etnegative emnssuonj\sf
budget emissions from 2050 to 2100 ETO DNV Energy Transition Outlook 2022
for1.5°C I - — PNZ Pathway Net Zero by 2050
| S T St
Source:
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m 50 Gt(0,,, Global Greenhouse Gas Emissions / Year - 280 Gt(0, Budget Left for 1.5°C Limit
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The Challenge

m Global Energy Flows — 2021
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m Large Share of Fossil Fuels (!)
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The Solution

m Global Energy Flows — 2050 / Net-Zero Scenario

L ;
e: "o oil Other transformation
. .
o -
e Natural gas Cars

Trucks

Transport Trains

Ships

Aircrafts

Other transport

Bioenergy

Other renewables

4 Chemicals
From power and heat -/
From hydrogen wem Iron and steel

Hydro Cement

‘ ; // . Buildings
Other industry
/ Solar PV v i d

%@ m 4 = Agriculture
- 4 & \% . DAC Residential
— — > mm To power and heat
& o Wind ! ? y/ - mm To other transformation Services
‘ff ﬁ m g% X Non-energy use

Losses
Nuclear

Source: IEA / Energy Technology Perspectives 2023

m Dominant Share of Electric Energy — Power Electronics as Key Technology (')

ETHzurich

3/8_1@




S1C I Power Electronic Systems
I'— Laboratory

Source: D. Boroyevich (2010)
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The Elephant in the Room — 2050

20 Years of Useful Life

25°000 GW of Installed Renewable Gen. & 15 000 GWh Batt. Storage
4x Power Electronics Conversion Stages btw Generation - Load
100°000 GW of Installed Converter Power

m 5000 GW,, = 5°000°000°000 kW, of Electronic Waste / Year ()

43 Texas INSTRUMENTS

* Early life
(infant

| mortality) Normal (useful) life Intrinsic wear-out

Failure |
Rate |

2020 Time 2050
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The Global E-Waste Problem

m 53°000°000 Tons of Electronic Waste Produced Worldwide in 2019 - 74 000 000 Tons in 2030
m Increasingly Complex Constructions - No Repair or Recycling

GreenIT
Solution

E-waste flow

:
-
g

Venezuela

E-waste generation in 2014
(kilograms per capita)

42 MILLION
TONNES

E-waste generated|
each year H

WORLD ASIA AMERICAS EUROPE AFRICA OCEANIA

41.8 million 16 137 116 1.9 0.6
tonnes million million million million million
nature

m Growing Global E-Waste Streams —> Regulations Mandatory (!)
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The Paradigm Shift

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

RAW MATERIALS
m Qatar
»Indonesia

RECYCLING &
MATERIALS ®
RECOVERY @ Ol refining mDRC
E H Philippines
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m Geographically Concentrated Production of Many Energy Transition Critical Minerals
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The Future

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]
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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 ,

Solid séng /DDiqdes Control Concepts
) olid-State Devices /
™ Existing \ o

2050

» Effort / Time |

1958 2015

Performance Replacement » Power MOSFETs & IGBTs /_ /

Emerging

< Established
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Thank You !
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