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30.4.2021, Link

1) In theory the goal of meeting 11 TWh/a in 2030 can be achieved with rooftop PV potential alone. 

2) The need for an expansion of PV generation for a full decarbonization of the Austrian economy until 2050 is an 
order of magnitude higher than the 2030 goal (additional solar PV of 21.8 TWh/a to 109.3 TWh/a).

3) Concentrating the realization of rooftop installations on larger buildings with a footprint of more than 210 m2

allows to attain 67% of the total potential and reach the goal of 11 TWh/a. 

Source: Mikovits et. al., 2021, A Spatially Highly Resolved Ground Mounted and Rooftop Potential Analysis for Photovoltaics in Austria, Link

https://www.derstandard.at/story/2000126280385/studie-oesterreich-hat-genuegend-daecher-fuer-ausreichend-solarstrom
https://doi.org/10.3390/ijgi10060418
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Necessary Energy Storage-Scenarios 2050
Germany: 30 TWh needed for all Sectors

* DENA Leitstudie Integrierte Energiewende, 7/2018       Wissenschaftlicher Dienst des Bundestages, 01/2021      other (partly silmilar): Ariadne scenario report, 10/2021

▪ 40 million vehicles

▪ 30% of it usable

▪ 12 kWh available 

per vehicle

required
in 2050*

0.038 TWh
All current energy 

storage capacity in Germany

0.008 TWh
Largest energy storage

in Germany today

0.0005 TWh
A large battery storage system

(Victoria AUS, Tesla)
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0.14 TWh
Possible contribution BEV

Fleet Germany 2050

Energy storage capabilities need a massive build-up until 2050
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Material Demand drives Dependencies and Cost
Global BEV passenger car fleet 2035

Access to raw materials and dependencies needs to be managed. New dependencies.

Global Material Demand

Battery & Electric Machine 

203520202035

Global Sales Forecast 
Passenger Cars
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Sources: AVL, Net Zero Scenario, Powertrain Split (07/2021) | Material demand based on AVL Benchmark data: average of 72kWh battery (470kg), 150kW Peak E-Drive 
(AVL Design IPM with higher Reluctance)
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Material Demand drives Dependencies and Cost
Global BEV passenger car fleet 2035
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Sources: 
GREET: Lithium carbonate Production in Chile (Concentrated Li Brine production as basis) 
3450 kg CO2 per ton lithium carbonate | 
Roskill: CO2 emissions from lithium production set to triple by 2025 - Green Car Congress Link

CO2 intensity varies by material source. Lithium carbonate price development…

https://www.investing.com/commodities/lithium-carbonate-99.5-min-china-futures 
Date: Feb 22nd, 2023

https://www.greencarcongress.com/2020/10/20201006-roskill.html
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Graz City Bus Fleet Electrification
Solar Operation, Grid Independent

Case A: Solar sufficiency
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▪ PV 20.4 MWp (102,000 m2)

▪ Storage 6.5 GWh

PV output SOC of storage

1 2 3 4 5 6 7 8 9 10 11 12 month/year

SOC max. limit: 95%

SOC min. limit: 5%

E-Bus charging*:

▪ 30 GWh/year (2.2% of city electricity demand)

▪ Max charging power: 6,6 MW

▪ Assumed charging power: 600 kW

▪ Maximum allowed number of buses 

plugged into the grid: 11

* 78% overall efficiency; for E-bus fleet consumption of 23.6 GWh/year

Required invest:

▪ Solar 20 MWp:             invest ca. 22 Mio. EUR

▪ Battery 6,5 GWh: (70 EUR/kWh) 455 Mio. EUR

CO2 footprint of battery:

▪ Production: 500.000 t CO2 eg.

➢ Over 25 vs. diesel bus operation

▪ Size of the e-bus fleet: 170 buses

▪ Total travel distance: 12,8 x 106 km/year

▪ Total electricity demand: 23,6 GWh/year

▪ Average 1,8 kWh/km for an e-bus

Main challenges: Cost and storage cycle (duration)
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Target: Sustainable Future
Different Pathways to get there

▪ Hydrogen

▪ Bio-fuels

▪ E-fuels

▪ Ammonia

Technology routes must be environmentally and economically sustainable

Electrons Molecules
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Efficiency Chain: From Source to Wheel

▪ Efficiency and CAPEX for Infrastructure should determine the technological path.

Source: Siemens, Alexander Tremel and AVL
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