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Resource requirements in PV power plants
Estimated german demand until 2045 based on multiple sources

Cable requirements (x MW power plant)
~2.1 kg/kWp Al cable1

~0.9 kg/kWp Cu stringcable1

PV-induced requirements 
in germany until 2045 for 

60% rooftop plants4:

- Aluminium: 7,800,000 t
- Iron: 7,000,000 t

- Copper: 1,000,000 t 
- Ferrite: 130,000 t

- (without AC-transformers, 

switchgears)

430 GW 
Photovoltaik 
until 20454

Modules & substructure (x MW power plant)
~ 8 kg/kWp Al for modules & substructure2

~ 40 kg/kWp iron for substructure FF2

 ~15 kg / kWp Al for rooftop2

Inverter (50 kW stringinverter)
~0.12 kg/kWp Al for the heatsink3

~0.15 kg/kWp copper for magnetics3

~0.3 kg/kWp ferrite in magnetics3

[1]Gonzalo Díaz Silveira (2022): Investigation of elongated PV power plants and development of an optimized future plant and inverter concept. Master Thesis, University of Freiburg
[2]Lennon, Alison; Lunardi, Marina; Hallam, Brett; Dias, Pablo R. (2022): The aluminium demand risk of terawatt photovoltaics for net zero emissions by 2050. In: Nat Sustain 5 (4), S. 357–363. DOI: 
10.1038/s41893-021-00838-9
[3]Werte aus dem aktuellen Produkt Kaco Blueplanet 50.0TL3
[4]https://www.energy-charts.info/charts/remod_installed_power/chart.htm?l=de&c=DE
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Motivation
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Copper development according to IEA*

Increased Production Szenario

Primary Copper Supply

Primary Copper demand according to Net-Zero-Szenario

 Decreasing copper production at increasing 
demand

 Shortage projected already next year

 Research identifies several other critical raw 

materials for energy transition

* IEA Global Critical Minerals Outlook 2024: https://www.iea.org/reports/global-critical-minerals-outlook-2024

Today's topic: Innovation approach
at system level for massive material 

savings
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Concept for medium voltage utility scale PV plant
Decentral string inverters

V0,PV = 3 kV
VMPP,PV = 1.9 kV

Vout,LL = 1.5 kV

Bigger 
Substations

Central  
Breaker

250 kVA

10 MVA

20..36 kV1.5 kV

Higher outputvoltage

 Doubling of the output voltages
 Reduction of cable cross section of ~75%

Central breakers

 Disconnection point to the grid provided by MV 
switchgear

 Central disconnectors for several inverters lead to cost 
reduction

Bigger and less Substations

 Higher transformer outputs possible due to lower 
currents

 Less construction measures and lower installation 
costs (foundations, enclosures, etc.)
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Research project MS-LeiKra
Power electronics for the next generation of medium-voltage PV power plants

 3-phase ANPC

 hybride module with 1.7 kV semiconductors 
(2x SiC MOSFET, 4x Si IGBT)

 96 A output current

 power: 250 kVA

 output voltage: 1.5 kVLL,rms

 third harmonic injection

 switching frequency: 48 kHz

 Pilot phase planned in 2025/ 2026

5

Worldwide first medium voltage 
string inverter
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Actual Developments
World-wide development activities towards medium-voltage

TÜV Rheinland tests 2 kV 2 kV PV plant in China 2 kV in the US

https://www.das-solar.com/en/site/news_details/1https://www.tuv.com/landingpage/en/pv-solar-energy https://www.gevernova.com/solar-storage/flexinverter

https://www.das-solar.com/en/site/news_details/1
https://www.tuv.com/landingpage/en/pv-solar-energy
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Medium voltage concepts will come for all RE applications
Future MV-DC Distribution in hybrid plants

 Goal: Increase the voltages in the power plant that are currently still at 
low voltage to medium voltage level

 Direct coupling of batteries and electrolysers in the power plant via DC

 No transformers within the power plant, no no-load losses

 Larger substations in power plants are possible

 Reduction of cable costs in the power plant

 Cross-section reduction of Cu and Al

DC low voltage or 
medium voltage
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DC medium voltage
(3..5 kV)

Internal 
MV-DC grid

AC medium voltage
(~3 kV)

DC/DC-
converter
(~30 kVA)

PV-
generator

Central 
inverter

(~10 MVA)

Grid
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Accoding to „DIN VDE 0298-4, Tabelle 9.2“ when assuming „cables in ground“



Thank you!
—
Andreas Hensel
High power electronics and systems
Tel. +49 761/4588-5842
Andreas.hensel@ise.fraunhofer.de
www.ise.fraunhofer.de/power-electronics
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