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Motivation & Concept

• Rapidly growing

• 2021 (1.1 oC)

• 57% reduction of 
GHG emissions 
(from 1990 
levels)

Trucks & busses:

• responsible for 
27 % of CO2

emissions in 
road transport

• 5% of total GHG 
emissions in 
Europe

Global Warming and its Impact on Society Commercial vehicle sales in selected 
European countries 2021

Heavy & medium duty trucks: approx. 10 – 20 % 
of tot. comm. vehicle sales.

Busses: approx. 10 % of heavy & medium duty 
truck sales

Europe: more than 300,000 

new registrations (heavy & 

med. Duty trucks) in 2021
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Motivation & Concept
EU vehicle registrations 2025

Passenger cars

10.82 M

Petrol + diesel: 35.5%

EV: 17.4 %

Vans (≤3.5 t)

1.45 M

Diesel: 80.7%

EV: 11.2 %

Trucks (>3.5 t)

307 k

Diesel: 93.2%

EV: 4.2 %

Buses

38 k

Diesel: 62.1%

EV: 23.8 %

Diesel / petrol Hybrid (full + mild) Plug-in hybrid (cars only) Battery-electric

Passenger cars: powertrain shift 2020 → 2025
Share of new EU-27 registrations

Powertrain 2020 2025 Δ (    pp  |       %    )

Petrol 47.5% 26.6% −20.9 |    - 44 %

Diesel 28.0% 8.9% −19.1 |    - 68 %

Petrol + diesel combined 75.5% 35.5% −40.0 |    - 53 %

Hybrid-electric (full + mild) 11.9% 34.5% +22.6 | + 190 %

Plug-in hybrid (PHEV) 5.2% 9.4% +4.2 |   + 80 %

Battery-electric (BEV) 5.4% 17.4% +12.0 | + 222 %

• Vastly increase in new EV registrations (already > 17 

%!)

• New Electric Truck registrations still low (4 %) –

future demand expected

• Challenges for charging hubs to provide wide variety 

of charging power for different type of vehicles and 

customer usage.

Sources: ACEA, Links: passenger cars [1], vans [2], trucks [3], buses [4]

https://www.acea.auto/pc-registrations/new-car-registrations-1-8-in-2025-battery-electric-17-4-market-share/
https://www.acea.auto/cv-registrations/new-commercial-vehicle-registrations-vans-8-8-trucks-6-2-buses-7-5-in-2025/
https://www.acea.auto/cv-registrations/new-commercial-vehicle-registrations-vans-8-8-trucks-6-2-buses-7-5-in-2025/
https://www.acea.auto/cv-registrations/new-commercial-vehicle-registrations-vans-8-8-trucks-6-2-buses-7-5-in-2025/
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Motivation & Concept
Alternative Fuels Infrastructure Regulation (AFIR)

• Installation of 150 kW fast chargers every 60 km along the TEN-T core road network 

• Each station must offer a minimum total power output of 400 kW

• increasing to 600 kW by the end of 2027.

Global stock of public charging points by speed, 2018-2024

Source: IEA, link: https://www.iea.org/data-and-statistics/charts/global-stock-of-public-charging-points-by-speed-2018-2024

Global stock of public charging points by region, 2018-2024

Source: IEA, link: https://www.iea.org/data-and-statistics/charts/global-stock-of-public-charging-points-by-region-2018-2024
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Applications – DC Fast Chargers

▪ 1st generation of DC fast chargers

▪ 2nd generation of DC Fast Chargers - Alpitronic

✓ Input voltage: up to 480 V (or even 690 V)

✓ Solid State Transformer concept

✓ Output voltage: 150 V – 1000 V

✓ Multiple outputs (opt.)

✓ Efficiency: up to 97.5 %

✓ Power rating: up to 1 MW

✓ Input voltage: 400 V

✓ 50 Hz Transformer

✓ Output voltage: up to 500 V

✓ Efficiency: ~ 95 %

Source: https://www.hypercharger.it/products/#concept

Motivation & Concept
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Large charging parks today:

✓ 50 Hz transformer for MV connection

✓ Low voltage chargers

✓ 52 fast charging points (300 kW each)

✓ PV - 120 kWpk

✓ No information about battery storage

✓ No information about max. PCC capacity

Source: https://mobilityportal.eu/europes-largest-charging-hubs/

(October 2023)

Max. power demand: 52 x 300 kW = 15.6 MW!!

• Grid capacity (?), less than 15 MW (?)

• Transformer rating/size (?, at least several MW)

• installed rectifier capacity: 15.6 MW

• Installed DC/DC converter capacity: 15.6 MW

• PV and BESS: if available, connected to AC (!)

Therefore:
• Large heavy-duty batteries: to reduce on the road charging demand

• MW charging: to reduce charging time for relevant applications

• Medium-voltage: to optimize infrastructure 

Motivation & Concept

https://mobilityportal.eu/europes-largest-charging-hubs/
https://mobilityportal.eu/europes-largest-charging-hubs/
https://mobilityportal.eu/europes-largest-charging-hubs/
https://mobilityportal.eu/europes-largest-charging-hubs/
https://mobilityportal.eu/europes-largest-charging-hubs/
https://mobilityportal.eu/europes-largest-charging-hubs/
https://mobilityportal.eu/europes-largest-charging-hubs/
https://mobilityportal.eu/europes-largest-charging-hubs/
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Moving from state of the art implementation to

Motivation & Concept

Next Generation Multi-Megawatt Charging Hubs
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MEDUSA Benefits

Optimized central MV rectifier in combination with 

decentralized MV-to-LV solid-state transformers.

Pot. applications: Charging, PV, wind power, aviation, DC-µGrids etc.

NO 50 Hz transformer (reduced volume & material)

Easily scalable (also many years after initial installation)

Low inst. cost (no costly excavation and construction work 

and optimized cost in terms of installed rectifier power cap.)

Minimized carbon footprint (high el. eff. & red. material)

Resilience to AC-grid outages & ancillary services

MV- and LV-DC µ-Grid (integration of RES and ESS)

Maximum system efficiency (int. of WBG devices & WHR)

Efficient & Sustainable

Reliable

Easily Scalable

Motivation & Concept
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Megawatt-Charging „Made in Austria“
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vs.

4400 A per phase

(3 MW, 400 V)

160 A per phase

(3 MW, 11 kV)

Material savings & reduced cost (excavation/installation)

4,5 MVA, 50 Hz Transformer

11.500 kg (2,5 kg/kVA)

5,0 MVA, 1.000 Hz Transformer

675 kg (0,14 kg/kVA)

Copper Material Transformer Material

Why the challenge is worth it
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▪ Relation between Total cost for copper material and voltage (does 

not include cable isolation, manufacturing etc.):

▪ Copper price 

increased by 100 x

in less than 100 

years!

▪ Short/Mid-term: 

price fluctuations

▪ Long term: increase 

of copper price 

expected (new 

copper reserves!)

𝑇𝑜𝑡. 𝑐𝑜𝑠𝑡 ~
$

𝑘𝑔
∙

1

𝑉𝑜𝑙𝑡𝑎𝑔𝑒

Reducing the dependency on copper price

100 x

Why the challenge is worth it
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40 x higher fsw

Lower Switching losses

Why “now” and not 20 years ago?
High-voltage SiC MOSFETs make direct medium-voltage grid connection economically viable for the first time

~2016

3.3 kV engineering samples

~2021

3.3 kV as production part

Today

10 kV modules available

2030

◆ Tipping point ◆

1 Technology is here
High-voltage SiC MOSFETs available

3.3 kV SiC MOSFETs as production parts 
from Wolfspeed, Infineon, Hitachi Energy

10 kV SiC modules available (Wolfspeed
XM3, engineering phase 6.5–10 kV)

Direct connection now feasible to 5 / 10 / 
20 kV MV grid without LV transformer

3.3 kV
commercially available

2 Market is scaling fast
26–30 % CAGR through 2030

$2 B market (2023) forecast to exceed 
$10 B by 2030

5 major suppliers Wolfspeed, Infineon, 
ROHM, STMicro, onsemi

200 mm wafer ramp-up underway: 
volumes rising, supply chains maturing

≈ 28 %
CAGR 2024 – 2030

3 Costs are falling
Learning curve & competition

Competitive pressure new entrants (BASiC, 
Sanan, StarPower) push prices down

Substrate oversupply SiC wafer prices 
dropped ~9 % in 2024

TCO advantage today compact system 
without 50 Hz transformer pays back faster

-9 %
SiC wafer price 2024

Bottom line: What was a research demonstrator a decade ago is industrial reality today — and standard practice in 5 years. 
Now is the moment to develop the MEDUSA MegawattHub.

Sources: Wolfspeed, Infineon, ROHM product portfolios. SiC MOSFET market studies (Yole Group, GMI, Transparency Market Research, Industry Research 2023 - 2025).

Status 2022

Higher Power density and Efficiency
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MEDUSA Initiative

MEDUSA 
Phase 1
Identification of concept and 

challenges for MV-Multi MW 

charging infrastructure,

4 kV, 80 kW, MV-LV iso DC/DC

Focus on multi-MW technology, 

efficiency optimization and next 

Gen - LV building blocks.

LV 1.5 MW+ charger, up to 1.5kVDC

MEDUSA 
DC Megacharger

Successfully finished Q2 2023 Currently running Initiation phase

The current status

Focus on medium-voltage technology 

for multi-megawatt charging hubs and 

charging hub integration challenges.

10 - 20 kVAC rectifier + MV-LV iso DC/DC

MEDUSA 
Phase 3
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Thank you!
Questions?
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