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Context of “Power Electronics for Electrifying Everything” is the decarbonization of everything 
through the decarbonization of electricity.

The big Decarbonization goal is of course aimed at limiting global temperature rise to 1.5 ° C 
from/above the pre -industrial level.  We are sort of on the edge with this.   If emissions stay at their 
current level, the world could hit 1.5 degrees C of warming in just nine years, scientists 
estimate, breaching the targets set in the Paris Agreement.

Over the last decade, carbon uptake by oceans has fallen 4 percent, while uptake by land has 
fallen 17 percent, research shows.

The Big concern is hitting tipping points
-coral
-ice sheets
-methane in tundra
-shellfish

https://essd.copernicus.org/articles/14/4811/2022/
https://essd.copernicus.org/articles/14/4811/2022/




Primary “no carbon” Energy
Solar (PV and thermal)
Wind
Nuclear (fis s ions . Fus ion, small modular)
Geothermal

2ndry Energy – fill in the gaps
H2 ?
Electrochemical Batteries
CAES
Heat (Malta  ?)

Global not local
Energy usage is  increas ing
Interface is  a lmos t ubiquitous  Power Electronics
What do we need from the Power Electronics?
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Typical metrics of concern for power electronics

Cost
Reliability
Efficiency
Volume/weigh t

Modularity (MTTR …)
Controls
Speed (fault and impulse suppression, area stability)









US Energy Sankey - LLNL



OtherLabs – Arpa-E - Sankey



Global demand reaches about 660 quadrillion 
Btu in 2050, up ~15% versus 2021, reflecting a 
growing population and rising prosperity.
Residential and commercial primary energy 
demand declines by ~10% to 2050 as efficiency 
improvements offset the energy needs of a 
growing population.
Electricity generation is the largest sector and 
one of the fastest-growing, driven mainly by 
expanding access to reliable electricity in 
developing countries.  Non-OECD share of 
global energy demand reaches ~70% in 2050.
Developing countries account for more than 
100% of the global energy demand growth.
The combined share of energy used in the U.S. 
and Europe declines from about 30% in 2021 to 
about 20% in 2050.  (US at 20% today down 
from 25% in 1980)



Growth in demand is in the non-OECD world





Decarbonizing Thermal Processes (cement, steel, fertilizer, ….)



¼ of world’s steel is already made from arc proces ses , 
higher grade s teel
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Starting Point

• Control for Wolfspeed evaluation inverter CRD300DA12E-XM3
• by Mathias  Schnarrenberger - Karls ruhe Ins titute of Technology
• We developed a  software including the PMSM machine control for the Wolfspeed 

evaluation inverter CRD300DA12E-XM3.
• https :/ / avl-s et.com/ en/ library/ open-source-library/

Dr. Ty McNutt – formerly Northrop, now Wolfspeed, VP, Project 
Leader
-very interested in cooling, coating, packaging, additional hardware

-Team has extensive experience with Wolfspeed/Cree from Satcon, 
10+ GW of grid connected inverters, 26 certified designs, inverters also 
used by Makani/Horizon/Malta

-First 100kW motor drive and first 100kW inverter in SiC, Casey and 
Borowy, 2003

https://www.mathworks.com/matlabcentral/profile/authors/15377416
https://avl-set.com/en/library/open-source-library/
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Inverter topology & Control
• Semiconductor-bas ed device (SiC) 

• Generates  AC waveform from a DC s ource 

• RLC interface (harmonics  filter) with the grid

• Control components :
- Output meas urement
- Semiconductor-bridge modulation
- Current controller (in all cas es  of inverters )
- Voltage controller (mos t typically for grid forming inverters )
- Active/ reactive power controller
- Grid forming or Phas e Locked Loop (PLL) control

• Grid Forming – Grid Following
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Visions, Perceptions and Reality

Electromechanical Electronic

Clumsy Smart
Simple Complex
Large Compact
Rugged Less so?
Reliable Less so?
Slow Fast
Cheap (1-2c/VA) Expensive (5-10+c/VA)
Overload (fault clearing) Limited Overload
99+% efficiency ~97% efficiency?

Hybrids?

Power Electronics have repeatedly 
struggled to penetrate the Grid in the past
-FACTs machines? (~90s)
-StatComs? (~2000s)

WHY?

Major successes have been in dc TX lines 
and renewables 2016 Workshop NREL
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Visions, Perceptions and Reality

Electromechanical Electronic

Clumsy Smart
Simple Complex
Large Compact
Rugged Less so?
Reliable Less so?
Slow Fast
Cheap (1-2c/VA) Expensive (1-2+c/VA)
Overload (fault clearing) Moderate Overload
99+% efficiency ~99% efficiency?

Hybrids?

Power Electronics have repeatedly 
struggled to penetrate the Grid in the past
-FACTs machines? (~90s)
-StatComs? (~2000s)

WHY?

Major successes have been in dc TX lines 
and renewables 2023 Workshop SANDIA
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Summary

• Transporta tion, Indus tria l and Commercia l Applications  a ll 
move to Power Electronics  with reasonable cos t, 
efficiency, reliability, …

• Fas ter Inverters offer new features and promises
• New Controls pos s ible
• New s ens ing pos s ible

• Electrify Everything works  TODAY?
• Riding on electrification of transporta tion
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