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Extremely Short Industry Innovation Cycles
Limited Access to Latest Industrial Technologies
Increasing Demand for Industry-Ready Research

Challenges in Applied Academic Research
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ƴ   Each Generation Builds on Previous Achievements ¹ Accelerating Exponential Technology Growth  
ƴ   Waves of ºIndustrial Revolution» ¹  6th Technology Cycle Driven by Digitization / Physical AI / Clean Tech

The Accelerating Pace of Innovation 
1

ƴ  ºAgile» Industrial Development ¹ Innovation Cycles Shrinking from 5 Years Ą 1.5 Years (Automotive, Datacenters) 
ƴ   Fundamental Mismatch btw Academia & Industry ¹ Long PhD Research Timelines & Limited Interdisciplinarity  

Source:



/ 30

The Race to Gigawatt-Scale AI Datacenters 
2

ƴ  1 Megawatt IT Racks Expected by 2030 ¹ 800VDC or Ñ750VDC Replacing 54VDC In-Rack Bus
ƴ  Ultra-Compact Single-Stage AC/DC Solid-State Transformers (SSTs) Directly Connecting MVAC to 800 VDC

ƴ   Gigawatt-Level Power Demand ¹  35µ65GW ¹  7µ12% of US Electricity in 2028 (Ć4% in 2023)
ƴ   M. Zuckerberg ¹ ºBetter to Risk Misspending $ x100 Billion Than Arrive Late to Superintelligence» 

Source:
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Next-Generation SST-Based 3-ʊMV AC/DC Conversion
3

ƴ   Numerous Start-Ups Aggressively Working on Full-Scale Prototypes ¹ 1-2 Years Realization Timeline
ƴ   Academic Research Largely Limited to Topologies & Control ¹ System Aspects/Protection/Reliability NOT Addressed

ƴ  Category #1 ̧ Novel SST Concepts (Degree of Modularization & Hybridization) 
ƴ  Category #2 ̧ Distribution Architecture (Degree of Decentralization & Voltage Level & Protection) / ±10 kVDC, 500 Hz AC? 

Ą

Research / 
Solution Space

Hybridization 

Modularization

Decentralization 
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ƴ  Renewable Integration / Energy Resilience / V2X Services ¹ Bidirectional Charging Emerging as a New Standard 

ƴ   EV Market Expected to Double Within Four Years ¹  $ 570 Billion (2026)  Ą $ 1.3 Trillion (2030) ̧  22% CAGR (!)

The Race to Electrify Mobility
4



/ 30

Next-Generation 3-ū/1-ū Input EV Chargers

5

ƴ  ºX-Rectifier» ¹ Similar Component Stress for 3-ʊ & 1-ʊ Operation / NO Derating for 1-ʊ Grid Connection etc. 
ƴ   Demonstrator Systems Built by Automotive Companies Within Months of Conference Publication (!)

3-ʊ Operation230 V

230 V

1-ʊ Operation

Source:        , S. Weihe et al.  
PCIM Europe, 2025

ƴ   Bidirectional Power Flow Capability & Reactive Power Support Ą  V2X = V2L, V2H, V2G, etc.
ƴ   Standalone / Islanded Power Provisioning w/ Fully Asymmetric Phase Loading (!) 
ƴ   Ohmic Mains Behavior Under Symmetric & Asymmetric 3-Phase Mains Voltage
ƴ   No Power Derating in 1-Phase / Split-Phase Operation (!)
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ƴ   Growing Expectations for Higher Technology Readiness Level (TRL) & Rapid Research-to-Demonstrator Timelines
ƴ   Industry̧ University Research Centers Bridging Capability Gaps & Avoiding Incremental Research

ƴ  Generations of Engineers Educated ¹ High-Level Expertise Established in Industry Over the Past 40 Years
ƴ  No Remaining Information Advantage of Universities ¹ Advanced Technologies Often Proprietary to Industry

The TRL-Shift of Academic Research 1985 ¹ 2025  
6

1985 2025Source: A. Lavin et al. 
https://www.nature.com/articles/s41467-022-33128-9
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Experience-Based Performance Multiplication
Erosion of Traditional Education Concepts

Source:  
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ƴ  Expert Engineers ¹ AI Multiplies Productivity in Solving Complex Engineering Problems 
ƴ  Personalized AI Assistance / Cognitive Digital Twins ¹ Persistent Engineering Expertise Beyond Human Lifetimes 

ƴ  AI Engineering Agents ð Instant Comprehensive Access to Engineering Knowledge & Cross-Disciplinary Reasoning 
ƴ  LLMs ¹  Natural-Language Interface to Knowledge of Human Experts & Human Guidance 

Future AI-Augmented Engineering 

7

[0µ1]
Human Expertise

Multiplication-Effect of LLMs
Avg. Expertise        [3µ5]
High Expertise  [10µ20+]

[0µ1]
AI Usage Skills

Productivity = ExpHuman x (1 + kLLM x UQAI) 

Source: U. Drofenik, Keynote 
Presentation: ºAI Meets Power Electronics: 

Are We There Yet?, PCIM 2026  

Source:  
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ƴ  Future Job Entry ¹ Mid-Level (Hardware) Expertise Becomes a New Entry Requirement ¹ Capabilities, NOT Credentials (!)
ƴ  Aging Workforce ¹ Companies Must Reinvent How Engineering Expertise Is Built with University Graduates

ƴ  AI Automates Entry-Level Tasks ¹ Hiring Graduates for Routine Engineering Work Becomes Economically Irrational
ƴ  AI Engineering Agents ¹ Effective Utilization Requires High Engineering Expertise

The Vanishing Entry Level 

8

[0µ1]
Human Expertise

Multiplication-Effect of LLMs
Avg. Expertise        [3µ5]
High Expertise  [10µ20+]

[0µ1]
AI Usage Skills

Productivity = ExpHuman x (1 + kLLM x UQAI) 

Source: U. Drofenik, Keynote 
Presentation: ºAI Meets Power Electronics: 

Are We There Yet?, PCIM 2026  

Source:  
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ƴ  Industry-Led Deep-Tech Fellowships & Corporate Labs ¹ Emerging Alternative to University-Based PhD Education (?)
ƴ  Academic Research ¹ "Beyond Tomorrow" Research on Long-Term Challenges to Remain Competitive

ƴ  Building Deep Expertise Requires Time ¹ "10,000-Hour Rule" (Ć3-Year PhD @ 8 h/Day)
ƴ  Non-Linear Learning Curve ¹ Rapid Theoretical Progress / Slow Acquisition of Experimental & Hardware Expertise

The Mandatory (?) PhD Degree

EXPERTISE

9

Source:  
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Electrification of  Hard-to-Abate Sectors 

ºBeyond Tomorrow» Research 
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 
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ƴ   High-Temp. Process Heat (5002̧000ÁC) and Chemical Feedstocks Represent Fundamental Decarbonization Challenges
ƴ   $30 Trillion Additional Capital Required by 2030 ¹ Ć40% Directly / Ć 60% for Clean Energy Infrastructure

ƴ   Hard-to-Abate Sectors Account for Ć30% of Global GHG Emissions ¹ Essential for Achieving Net-Zero by 2050
ƴ   Enormous Annual Demand for Steel, Cement, Chemicals, Fuels, and Other Industrial Materials 

ºHard-to-Abate» Sectors
10

2022

Source: https://www.instagram.com/p/C0UeLx1yTAd/
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ƴ  Carbon as Feedstock or Reducing Agent ¹ Electrification Alone Cannot Eliminate Process-Related COϜ Emissions
ƴ  Power Electronics ¹ Key Enabler for Electrified High-Temperature Processes & Green Hydrogen Production

The Horseman of the Climate Apocalypse 

11

ƴ  Steel | Cement | Chemicals | Aviation & Shipping ¹ Often Referred to as the "Horsemen of the Climate Apocalypse"
ƴ  Deep Decarbonization ¹ Requires Elimination of COϜ Emissions from Both Industrial Processes AND Heat Generation

Source: https://de.wikipedia.org/wiki/Datei:Apocalypse_vasnetsov.jpg



/ 30

ƴ  Permanent-Magnet Generators & Power Electronics ¹ Dependence on Rare Earths & Advanced Materials
ƴ  Clean Energy Transition ¹ Massive Demand for Strategic Materials May Exceed Future Supply

ƴ   3 Megawatt Wind Turbine ¹ 330 Tonnes of Steel | 1200 Tonnes of Concrete | 4.7 Tonnes of Copper  | etc. 

The Material Intensity of Wind Power

12

Source: Source:
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ƴ  Ć8% of Global CO2 Emissions ¹ Iron Ore Reduction & Process Heat ¹ C+O2 Ą CO2 | CO2+C Ą 2CO | 3CO+Fe2O3 Ą 2Fe+3CO2 
ƴ   Multiple Decarbonization Pathways  ¹ H2-DRI, Hydrogen Plasma Reduction, Molten Iron Electrolysis, etc.  

ƴ   Steel Industry ¹ 1.9 Billion Tonnes/Year @  Ć2 Tonnes CO2 per Tonne of Steel ¹ 30% of Global Industrial CO2 Emissions 
ƴ  Ć80% of Steel Produced via Blast Furnace (Iron OreĄPig Iron) Combined w/ Basic Oxygen Furnace (Pig IronĄSteel)

Blast Furnace-Based Steel Production
13

Source:

Source:
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ƴ   Ć0.30̧.5 t COϜ vs. Ć1.82̧.2 t COϜ per Tonne of Steel for Blast Furnace Route
ƴ   Recycling Limited by Steel Scrap Availability & Tramp Elements (Cu, Sn, Cr, etc.) ¹ Future Role of Plasma Metallurgy (!) 

ƴ  30% (Ć60% by 2050) of Global Steel Demand from Secondary Metallurgy ¹ Melting Steel Scrap in Electric Arc Furnaces (EAFs) 
ƴ  Up to 300 MW ¹ AC or DC Power Supply / Non-Submerged Electric Arc ¹ Heat Generated Mainly by Current Flow Through Scrap   

Electric Arc Furnace-Based Steel Production 

14

Source: https://teara.govt.nz/
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ƴ   Hydrogen Based Ironmaking ¹  Shaft Furnace DRI  |  Fluidized Bed DRI  | Green Hydrogen Plasma Reduction
ƴ   Electrified Technologies  ¹   Electrowinning (Aqueous Electrolysis) & Molten Oxide Electrolysis  

ƴ   CO2-Free Reduction of Low-Grade Iron Ore w/ H2 in Plasma State ¹ voestalpine Austria ºSuSteelº TRL Ć 5 R&D Project
ƴ   DC Transferred Thermal Plasma / Arc btw Hollow Graphite Cathode & Molten Iron Oxide / Ar & N2  for Current Conduction

Green Ironmaking Technologies 

Source: Journal of SustainableMetallurgy(2024) 10:1845̧1894 
https://doi.org/10.1007/s40831-024-00915-1

Source: La MetallurgiaItaliana - n. 7/8 2018

15

Source:  https://www.k1-met.com/en/
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ƴ  Halļ Héroult (H Ḩ) Electrolysis ¹ DC Current Between Carbon Anodes and Molten Aluminum @ Carbon-Lined Cathode 
ƴ  Dissolved Alumina Splits into Al 

3+ and O 
2- Ions ¹ Oxygen Reacts w/ Carbon Anodes Forming CO2

ƴ   Ć72 Million Tonnes of Primary Aluminum Produced per Year ¹ Global End-of-Life Recycling Rate Ć30% 
ƴ   Alumina (Al2O3) Extracted from Bauxite Ore Ą Electrochemical Reduction ¹ 2Al2O3 + 3C Ą 4Al + 3CO2 

Aluminum Smelters   1/2 
16

Source: 



/ 30

ƴ  500µ1Ë200 MW Potline Power ¹  Ć400 Electrolysis Cells in Series (Ć1.7 kV DC / 300µ700 kA)
ƴ  Consumable Carbon Anodes Ą  Process COϜ Emissions / Ć0.4 t Carbon per t Aluminum, Replaced Every 203̧5 Days

17

ƴ   Ć72 Million Tonnes of Primary Aluminum Produced per Year ¹ Global End-of-Life Recycling Rate Ć30% 
ƴ   Alumina (Al2O3) Extracted from Bauxite Ore Ą Electrochemical Reduction ¹ 2Al2O3 + 3C Ą 4Al + 3CO2 

Aluminum Smelters   2/2 

Source: 
https://www.lzcarbon.com/
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ƴ   Red Mud ¹ Hazardous By-Product of Bauxite Refining for Aluminum Production 
ƴ   180 Mio Tons / Year ¹  More than 4 Billion Tons Stored Globally 

ƴ   Fossil-Free H2 Plasma-Based Reduction ¹ Transforms Red Mud into High-Value Feedstock for  Green Iron Production 
ƴ   Reduced Steel-Related CO2 Emissions ¹ Potential for Production of x100 Million Tons of Green Steel

Green Steel Production from ºRed Mud»  
18

Source: https://www.nature.com/articles/s41586-023-06901-z


