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Background
EU GREEN DEAL
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All sectors need to 
decarbonize. This is a 
challenge, but also an 
opportunity as sector 
coupling provides 
storage capacity.
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IEEE Spectrum
Oct. 2022

Cost:

275 trillion$
or
9 trillion$/year

= 10 % World 
economic product

but

the cost when we 
stick to business 
as usual is much 
higher!

engl.: trillion = 
deutsch Billion =
1.000.000.000.000
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A techno-economical optimum has to be found for the electrical grid that is socially 
acceptable, ecologically sound and sustainable
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A techno-economical optimum has to be found for the electrical grid that is socially 
acceptable, ecologically sound and sustainable
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Achieving Green Deal 
targets & lowering costs 
is only  possible with 
power electronics.
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Urgency to innovate in all sectors to meet EU Green targets
More Silicon, less Copper and Steel!

■Saving material resources using power electronics and higher frequencies in DC solid state transformers 
(SST) is needed to reach climate goals
□Recycling of PEL components
□New materials to increase power density

■Standard of living (and emissions)  is correlated to electricity use
■About 1 Billion people have limited or no access to electricity 

■Electrification of all sectors will increase massively more copper use
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Copper Alliance,based on 
Global copper reserves are 
estimated at 830 million 
tonnes (United States 
Geological Survey [USGS], 
2019) 
https://copperalliance.org/abo
ut-copper/long-term-
availability/

Time out 2065 (predicted in 2019)
Consumption in 2021: 21 MioTonnes
Time out: 2058



Urgency to innovate in all sectors to meet EU Green targets
More Silicon, less Copper and Steel!

■Saving material resources using power electronics and higher frequencies in DC solid state transformers 
(SST) is needed to reach climate goals
□Recycling of PEL components
□New materials to increase power density

■Standard of living (and emissions)  is correlated to electricity use
■About 1 Billion people have limited or no access to electricity 

□Requires 12,5 MioTons Cu extra when using 50 Hz grids (Time out 2057)
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□Electrification of 1.4B vehicles will use > 130 MioTons Cu (Time out 2051)
□Electrification of HVAC will use > 80 MioTons Cu (Time out 2047)
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Urgency to innovate in all sectors to meet EU Green targets
More Silicon, less Copper and Steel!

■Saving material resources using power electronics and higher frequencies in DC solid state transformers 
(SST) is needed to reach climate goals
□Recycling of PEL components
□New materials to increase power density

■Standard of living (and emissions)  is correlated to electricity use
■About 1 Billion people have limited or no access to electricity 

□Requires 12,5 MioTons Cu extra when using 50 Hz grids (Time out 2057)
■Electrification of all sectors will increase massively more copper use

□Electrification of 1.4B vehicles will use > 130 MioTons Cu (Time out 2051)
□Electrification of HVAC will use > 80 MioTons Cu (Time out 2047)

■Innovation needs to be accelerated to meet EU Green Deal targets
■Electrification of developing countries for geopolitical stability
■China State Grid may deploy UHVDC technology (more than +/- 1 MV) and is considering an “Electrical Silk 

Route” from China to EU -> HVDC can and will go global. We all must work together.
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Security of supply – saving materials
Price of copper has already doubled over past five years (LMEx)
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It is expected that price of silicon will keep going down while price of 
metals, in particular copper price is already increasing.
(best investment according to The Economist).

In 2018
$ 0.113



Silicon is made of SiO2 (i.e. sand, an abundant material) and energy
Energy is produced by PV
PV energy is controlled and converted by power electronics made of silicon

50 Hz transformer 3Phase MV Inverter

Security of supply – saving materials
Price of converters has dropped by 25x over past 25 years
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In 2018
$ 0.113



DC Transition with DC Solid State Transformers
Higher Efficiency, Saving Materials, Digital, Flexible, but also more Ecological!

§ Solid State DC transformers reduce significantly our CO2-foot print
Estimated Transformer use; AC@50 Hz >25,000 ton/GVA,  DC@1 kHz Grid < 1,500 ton/GW

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)



Power electronic inverters are progressively having lower costs 
than 50 Hz transformers

AutomoOve inverter 3 €/kVA 
DC Solid-State DC Transformer 9 €/kW

Estimated cost for 2021

50 Hz transformer 3Phase MV Inverter



Electrical Grids for a CO2 Neutral Electrical Energy Supply System 
Energy flow dynamically controlled by power electronic energy converters (electronic grid)
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Electrical Grids for a CO2 Neutral Electrical Energy Supply System 
Energy flow - about 1/3 in HV, 1/3 in MV, 1/3 in Low-Voltage Distribution Grid
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Interesting 
observation:
The transmission 
grid requires just 
minimal extension 
with HVDC. 

VDE ETG Task 
Force expects less 
cost for DC 
integration in 
infrastructure.

The MV 
distribution grid will 
become 
bottleneck.
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© R.W. De Doncker, J. von Bloh

Flexible Grids for Decentralized Power Generation
Cellular Grid Topologies, Sector Coupling and  DC Intelligent Substations

LVDC-MVDC

LVDC-MVDC

LVDC-MVDC

LVDC-MVDC
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DC-Grid and Energy Management in DC city quarter
Lower infrastructure costs, higher efficiency and bidirectional power flow for prosumer

MVDC

LVDC

(AC)

5 kV
+/(-) 380 V

DC-
Converter
Legacy AC

RWTH Aachen University, Prof. Dr. ir. Rik W. De Doncker



Medium-Voltage High-Power DC-DC-Converters at PGS

§ Modular three-phase dual active bridge
- 𝑃 = 5 MW,𝑉DC = 5 kV ± 10%
- Off-the shelf three-level neutral-point-clamped converter 

and newly-developed 1 kHz transformer with 16x power 
density compared 50 Hz state-of-the-art



Conclusion – Key components (DAB) are production ready!

§ Additional issues of DAB solved (see references, patents)
- Compensation of asymmetries of three-phase transformers 
- Predictive IFCC control under transient condition to avoid oscillations and saturation
- ZVS over the entire operating range (ARCP, Star-Delta, NPC )          higher part load efficiency and 

reduced EMI
- Active saturation avoidance of three-phase transformer 
- Asymmetric duty cycle control for fault ride through (FRT) capability, while keeping ZVS

• FRT enables electronic protection w/o circuit breakers
- High-voltage (HVDC) to MVDC DC converter          uses existing converter solutions and reduces cost
- Control of IPOS, ISOP            a true DC PEBB for multiple voltage and power levels

Three-phase DABs can be built today, using existing converters (TRL 8) 



Conclusion and Outlook

§ The 3-phase DAB offers high efficiency and power density
§ The control algorithms have been fully developed to make the 3-phase DAB a suitable, robust DC 

transformer for LV and MV DC distribuOon grids

§ New wide bandgap devices (SiC) will increase switching frequencies, increasing power densiOes 
further, in parOcular in MVDC-LVDC applicaOons

§ Development and design of symmetrical MF & HF 3-phase transformers, with integrated leakage 
inductances, will further reduce control complexity 

§ Development of suitable insulaOon (BiL) and cooling systems for MF & HF 3-Phase transformers 



We are on the right track
DC – DC converters are currently most relevant topics in Electrical Power Engineering (SciVal)
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Furthermore

§ Three-level, three-phase DAB converters offer more degrees of freedom to extend ZVS
- S. Thomas, “A medium voltage multi-level DC/DC converter with high voltage transformation ratio”, PhD thesis, 

RWTH Aachen, 2014, ISBN 978-3-8440-2605-4

§ Dead time compensation in 3p-DAB
- H. Siddique, “The three-phase dual-active bridge converter family : modeling, analysis, optimization and 

comparison of two-level and three-level converter variants”, PhD Thesis, RWTH Aachen, 2019, DOI: 
10.18154/RWTH-2020-01205

§ HVDC to MVDC 3p-DAB – MMC & 3p-DAB
- S. Cui, “Modular multilevel DC-DC converters interconnecting high-voltage and medium-voltage DC grids”, PhD 

Thesis, RWTH Aachen, 2019, DOI: 10.18154/RWTH-2019-05892

§ Multi-port Active Bridges for multi-terminal distribution grids
- M. Neubert, “Modeling, synthesis and operation of multiport-active bridge converters”, PhD Thesis, RWTH 

Aachen, 2020, DOI: 10.18154/RWTH-2020-10814

https://doi.org/10.18154/RWTH-2020-01205
https://doi.org/10.18154/RWTH-2019-05892
https://doi.org/10.18154/RWTH-2020-10814
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