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Challengesiin /Applied Academic-Research

Extremely Short Industry Innovation Cycles
— Limited Access to Latest Industrial Technologies——
Increasing Demand for IndustReady Research
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The’/Accelerating-Pace of Innovation

Yy Each Generation Buil #ddAcer|Rrati oows EAXAphinewne ment sTechnol
Yy Waved nafustri aw®@ 6Rfeohnol ogy Cycle Driven by Digitizatd:i
EMBARKING ON THE —

6TH INNOVATION WAVE WAVE

FOURTH WAVE

/\\ Al &10T

THIRD WAVE /

Robots & Drones
Clean Tech

SECOND WAVE

FIRST WAVE

@ Water Power @ Steam Power Electricity Petrochemicals Digital Network
) P2 —
@ Textiles @ Rail Q’ Chemicals Electronics 4} Software
@ Iron @ Steel @ Internal Combustion % AViEtion !“:;J NewilMedia
Engine =

50 YEARS 40 YEARS

- O HUMANETICS
1785 1845 1900 1950 1990 2020

Yy°Agil e» | ndus?t innoaation DyelesesShriokpagieom b Yewmrd.5 YeargAutomotive, Datacenters)
y" Fundamental Mismatch btw Academia & Industiyong PhD Research Timelines & Limited Interdisciplinarity
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ThelRace to GigawsScale Al Datacenters

Yy GigawattLevel Power Demahd 35 u6 5GWu 12 % of US El ectri ci [
Yy M.Zuckerberdg © Bet tRskMisspendify x 100 Bil l i on Than Arrive Late

Compute processor and server rack power consumption

_ ~2024 ~2027 - 2030
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NextGenenaitors SSBasedisp MYACIDG Gemniersion

y' Category #1 Novel SST Conce(idegree of Modularization & Hybridization)
y' Category #2 Distribution ArchitecturéDegree of Decentralization & Voltage Level & Protectiari)okVDC500Hz AC?
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Yy Numerous StattUps Aggressively Working onf8dale Prototypés 1-2 Years Realization Timeline
y" Academic Research Largely Limitedopologies & Contrbl System Aspects/Protection/Reliability NOT Addressed
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y' EV Market Expected to Double Within Four ¥egBs570 Billion (2026) A $ 1.3 Trillion (2030), 22% CAGR (!)
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Growth Rate /I\,}' 22.4%
Through 2030

TOOAY FUTURE REVENUE EWIX
REVENUE MI X Ne4dSy epr s Hnoggv"Qrigtec
$1283 Expected Gp f"wugt
\J ) Market Size [——— A X4l
86 Bn By 2030 e ——— A xa) 4D
New Use Casg ziﬁ
DRIVER New Technol g
EIec(chehlcles Ride High On 2 % New Ecosyst
Government Emission New POO d e ci*n
m i New [(Plairemter s QGOu
/Tar t M AD[ F
Gr AVgunc
e e AHqgt f
—_——_—_— = AXgnmuycigp
Asia-Pacific is the largest A H A : H
region in the Electric Vehicle AAp p i C/}acthaorng I ng Ty pe Nkmgn{"Tgxgpwg" Okz
Market APropul ASEndn Use

AVehicle Type
o

MARKETSANOMARKETS

@ Pgy"Tgxgpwaqygt

Equvu

.Gpgt i{"UcxkEiggec 0rIIT

AWDGR¢E ARG RC
.Dcemwr "

qugtCuugv"
Ogpgvk|c:

XAGpedngl " gy 54
Xgikengu ¢4 preme
X4J "
Kpvgitcvkap vizrqu
?2R0 NI WUq
X4N "
Hgcvwtgu

Tgiwncvgt {"
Eqornkcpeg

Yy Renewable Integration / Energy Resilience / V2X Setvidggirectional Charging Emerging as a New Standard
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NextGeneratior3-U /1-0 Input EV.Chargers

y" BidirectionalPower Flow Capability & Reactive Power Sugpoit2X = V2L, V2H, V2G, etc.

y' Standalone /Islanded Power Provisioning Fully Asymmetric Phase Loading (!)

y" Ohmic Mains Behavior Under SymmetAc®nmetric Fhase Mains Voltage -
Yy No Power Deratinig 1-Phase / Spl#Phase Operation (!)

3-u Operation © 1-v Operation
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y 2 Rect I fSimdar Component Stress fous3& 1- Operation / NO Derating ford Grid Connection etc.
Yy Demonstrator Systems Built by Automotive Companies Within Months of Conference Publication (!)
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The TRShift of Academic Research:1882025

y' Generations of Engineers Educdtetiigh-Level Expertise Established in Industry Over the Past 40 Years
y" No Remaining Information Advantage of UniverskieAdvanced Technologies Often Proprietary to Industry

TRL6 TRL7
1985 2025 System Pre-Commercial
Demonstrator Prototype
TRLO TRLS TRL5 TRLS8
First Principles / Engineering Engineering Qualified
Idea Prototype Prototype Product
TRLY9
S;Ii-eRn!?ﬁ?: IaRbL-r:tory ;.erL 4t- Commercial
i aboratory Product
Discovery TRL2 Prototype TRL2 TRL3 Prototype roduc
Technology Proof of Technology Proof of
Concept Concept Concept Concept

y" Growing Expectations for Higher Technology Readiness Levé& R&fifl Researdb-Demonstrator Timelines
Yy Industry, University Research Centers Bridging Capability Gaps & Avoiding Incremental Research
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Experienc@8ased Performance Multiplication——
Erosion of Traditional Education Concepts

SVG ¥ Stack
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Future /AlAugmented Engineering
y
y

n neérli nnsgaAngerCtosmprehenS|ve Acce®OsstopEngangeReERAgOF
Nat draasnlguage I nterface to Knowledge of Human Experts
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Multiplication-Effect of LLMs
Avg. Expertis
Hi gh Expertis

1

Productivity = EXPryman X (1 +K_ X UQy)

! !

[Op1l] [ Opl]
(P, Human Expertise Al Usage Skills

e [
e [ 1020 +]

y" Expert Engineets Al Multiplies Productivity in Solving Complex Engineering Problems
Yy Personalized Al Assistaricgognitive Digital Twirls Persistent Engineering Expertise Beyond Human Lifetimes
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The Vanishing Entry: L.evel

y" Al Automates Entrizevel Tasks Hiring Graduates for Routine Engineering Work Becomes Economically Irrational
y" Al Engineering Agents Effective Utilization Requires High Engineering Expertise

Multiplication-Effect of LLMs
Avg. Expertis
Hi gh Expertis

1

Productivity = EXPryman X (1 +K_ X UQy)

! !

[Ounl] [Op 1] .
TP Human Expertise Al Usage Skills

e [
e [ 1020 +]

y" Future Job Entry MidLevel (Hardware) Expertise Becomes a New Entry Requiten@&pabilities, NOT Credentials (!)
Yy AgingWorkforcé Companies Must Reinvent How Engineering Expertise Is Built with University Graduates
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The'Mandatory (?)'PhD:Degree

y" Building Deep Expertise Requires Finid0,000Ho u r R ti¥kae PhD @ @ B/Day)
y" NonLinear Learning Cur¥e Rapid Theoretical Progress / Slow Acquisition of Experimental & Hardware Expertise

EXPERTISE vs HOURS
10,000 =

8,000 =

HOURS

6,000 =
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EXPERTISE

Y Industry-Led Deefd ech Fellowships & Corporate lalEEmerging Alternative to UniversiBased PhD Education (?)
Yy Academic Researth"Beyond Tomorrow" Research on Lbergn Challenges to Remain Competitive
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°LBieny lonmidow " Tioemor r ow» Researc
Challenges in:Power Electronics

1995, 2005 Industrial Automation
2000, 2015 Renewable Energy

2010, 2025 Electrified Transportation
2015, 2030 Digital Infrastructure

2020, 2040 Intelligent Machines

2030, 2060 Electrified Process Industry

Electrification of Hardo-Abate Sectors
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o Heato-Abatecee»s Sector s
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are naturally occurring rocks that
contain metals or metal compounds.

METALS

— are the valuable parts of ores
that can be extracted and sold.
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High-Temp. Process Heat (5@000C) and Chemical Feedstocks Represent Fundamental Decarbonization Challenges
Y $30 Trillion Additional Capital Required by 283@40% Directly /C % for Clean Energy Infrastructure
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The'Horseman of the Climate-Apocalypse

Yy Steel | Cement | Chemicals | Aviation & ShippingOften Referred to as tliélorsemen of the Climate Apocalypse"
y Deep Decarbonizatidn Requires Elimination of EBmissions from Both Industrial Processes AND Heat Generation

Sources of carbon emissions from

chemicals, steel and cement production

100%

75

50

25
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SHARE OF ANNUAL CARBON EMISSIONS BY SOURCE, U.S.

Chemicals Iron and Steel Cement

L N B = |
Process

35MT

51%

G
IS . -
Process

70 MT
24%

—-— -
Electricity

Process

13 MT
15%
- .-

Electricity

1 MT / 129

Source: U.S. Department of Energy

y' Carbon as Feedstock or Reducing Algeltectrification Alone Cannot Eliminate Prodeskated CREmissions
y" Power Electroniés Key Enabler for Electrified HiJlemperature Processes & Green Hydrogen Production
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| The'Material Intensity of Wind-RPower

cataPULT reddit

Yy PermanentMagnet Generators & Power Electrohid3ependence on Rare Earths & Advanced Materials
y Clean Energy Transitibn Massive Demand for Strategic Materials May Exceed Future Supply
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Blast FurnacdBased Steel Production

y' Steel Industry 1.9 BillionTonnes Y e a r T@ne<QkrTonneof Steelt 30% of Global Industrial GEmissions
yC80% of Steel Pr od u OedfyfPigironaCorBbinadsvt BadtclOxygem Euenace [(BrmpoSkee)

nwi.com The Blast Furnace

Charge: iron ore, coke, limestone

Hot waste gases Hot waste gases

Reduction of iron ore:

3CO(g) + Fe,0,(s)—>2Fe(l) + 3CO,(g)
Carbon dioxide reacts
with coke:

CO,(g) + C(s)—2CO(g)

Limestone decomposes and
slag forms:

CaCo,(s) — Ca0(s) + CO,(g)
Ca0 (s) + SiO,(s) — CaSiO,(l)

Hot air reacts with coke:
sand slag

Cls) + 0,(g)—CO,(g)

Hot air blast Hot air blast

:ﬁ",‘iima

pe

Yy 8% of Global C&Emissions Iron Ore Reduction & Process HedE+QA CQ| CO+CA 2CO [3CO+E®, A 2Fe+3CO
Yy Multiple Decarbonization Pathways H,-DRI, Hydrogen Plasma Reduction, Molten Iron Electrolysis, etc.
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Electric’/Arc FurnasBased Steel Production

Yy30% (C60% by 2050) of Gl obal Sit Medtihg Steel Sceap id EldctriccAne Fuisnaces (BEAFS) r
y" Up to 300 MW AC or DC Power Supply / Mabmerged Electric Arc Heat Generated Mainly by Current Flow Through Scrap

Power cables Electrodes

Hatch for iron ore,
I lime and other material

Oxygen inlet

(= =i Tapping spout
Door for for molten iron
removing slag l

Iron ore

y C0.03tCBv s . ,X21 C®perTonnef Steel for Blast Furnace Route
y" Recycling Limited by Steel Scrap Availability & Tramp Elements (Cu, Sn, Cr,Fituye Role of Plasma Metallurgy (!)
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It Greerdronmaking Fechnologies

y* Hydrogen Based Ironmakifhg Shaft Furnace DRI | Fluidized Bed DRbréen Hydrogen Plasma Reduction
y" Electrified Technologies Electrowinning (Aqueous Electrolysis) & Molten Oxide Electrolysis

Ore and flux Vent to
feeding system safe location
—
/
Mass spectrometer
Pressure Flow —_—  —
controllersand  controllers E Filter Ventto
e oStivES indicators  and indicators safe location
FeO, Si0, / Ca0
n Off-gas
Fe,0; + 3 Hydrogen plasma < Fe + 3H,0(g) Electrode
——
(2H,2H*,H3,2/3 Hi or H3) Holdes
Orifices for
PLASMAREACTOR Reactor /— auxiliaries
e s —P Ho o Hollow roof
. Source: LMetallurgidtaliana- n. 7/8 2018 graphite
u DC power - electrode
...................... supply a
""" - Gas film
Hz :
. Liquid wustite Steel ring
m H;0 A Ignition pin
Metallic iron Steel 3
' i (sor) Bottom crucible
Y ] A ~
N, -H," ; Refractories g rode
Gas flow ™. > Interfacial chemical
: reaction

Through cooling
Inlet water —o%J system Outlet water

b f gihm @R lea shMaoHSY tad lep ?SnueS ? elRE5tRI&iDa Pr oj ect
Pl asma / Arc A&wNKol ICcmwr@magllti:iotn@I
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Aluminum:Smelters 1 1/2

y & Mi |l ToonatsPrimary Al umi A uGh ofbrad 4l iEha&d Re e GBRY ¢ & g
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Rat e

Yy Al umi O EAtracted AEbmcBaokhetaeli D&+3RAe 4Ad BT o n

Graphite Graphite
anode cathode

Purified aluminium Molten
ore dissolved in aluminium
molten cryolite

Steel case
[B|B[C]

y Hall, Héroult(H, H) Electrolysi$ DC Current Between Carbon Anodes and Molten Aluminum @LGsbtdathode

y' Dissolved Alumina Splits into®Adnd G- lonst Oxygen Reacts w/ Carbon Anodes Forming CO
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Alrumisnaum Z2nel t er s

y C7 2 Miohnksf Brimary Aluminum Produced per YedBlobal Enebf-L i f e Re cl
y  Alumina (AJQ,) Extracted from Bauxite Ofg Electrochemical Reductibn2AL0, + 3CA 4Al +3C0Q

ing Rate C30

Yy 5 0 0 200 MW Potline Power C4 00 EIl ec't

r Il I's i n Series (
y" Consumable Carbon AnodesProcess CE mi s s i 0

I i S e =1
s /| C0.4 t Carbon3gbDays t A
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GreerStecleed Prrooodluctdir on from ©°Re

Yy Red Mud Hazardous BfProduct of Bauxite Refining for Aluminum Production
y 180 Mio Tons / Year More than 4 Billion Tons Stored Globally

! Fe nodules

Weight of 1 red mud pound
= up to 30 million tonnes

=4.6x \ Neutralized oxide
Environmental y % & 7 | / \
catastrophe = 4
500 m

The Great Golden Gate
Pyramid of Giza Bridge

Rare-earth
elements -
3 extraction
Construction -

material Steel production

Yy FossHFree HPlasmaBased Reductidn Transforms Red Mud into Highlue Feedstock for Green Iron Production
Y Reduced Ste®elated CEmissiont Potential for Production of x100 Million Tons of Green Steel
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