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Interchangeable batteries for cars proved to be 

difficult to handle, as battery lifetimes vary much, and 

batteries are expensive 

• Although 80% cheaper than 8-10 years ago 



The charging problem 

▪ Batteries need Direct Current (DC) for charging 

▪ The electric grid delivers Alternating Current (AC) 

▪ An AC/DC converter is needed – part of a „charger” 

 

▪ On board charger integrated in the vehicles 

▪ Small, light, cheap, long lasting – but slow (10-20 kW) 

▪ Takes hours to charge at home or at work – but we have time 

▪ Charge points at home are no chargers, but smart sockets 

▪ External charger does the AC/DC conversion 

▪ Heavier, larger, more complex, more expensive – but much faster (350 kw) 

▪ Takes 15-20 minutes to charge to 80% 

▪ Still much slower than refueling an ICEV (1-2 minutes) 





Private electric vehicle slow chargers by country, 2019 

 



From hardly visibile electric charging stations 
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To clearly visible, solar powered 

charging stations 







ROAMING 



Total cars worldwide: ~ 800 million (2019) – doubling every 20 years  

Percentage of electric cars: ~ 1% (2019) 

• Only 17.000 electric cars worldwide in 2010. 



Electric cars worldwide 

BEV (Battery Electric Vehicle) 

PHEV (Plug-in Hybrid Electric Vehicle 

ICEV (Internal Combustion Engine Vehicle)   



Share of electric cars 

 



Electric buses worldwide 



Electric buses: Helsinki (Finland) vs. Shenzhen (China) 

Schenzen 

▪ Population: 12 million 

▪ Electric buses %: 100 (by 2017 already) 

▪ Electric buses #: 17,000 

▪ Charging: 1700 terminals at 104 stations  
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Helsinki 

▪ Population: 1.5 million (Helsinki region) 

▪ Electric buses %: 3.4 (in 2020) 

▪ To be extended to 30% by 2025 

▪ Electric buses #: 48 

▪ Charging: 33 terminals at 2 stations  



Electric bikes/scooters 

▪ 350 million electric two/three-wheelers 

▪ 25% of two/three wheelers worldwide (as opposed to 1% for cars) 

▪ Most of them in China – ban on ICE scooters in many Chinese cities 
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Toyota iRoad 



~20-25 Ft/km for an ICEV 

~6 Ft/km for an EV 

- If driven 15-20,000 km/year 
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GreenHouse Gas (GHG) emission comparison 
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 Incentives to support the spread of electric cars 

 Lower registration fees and taxes 

 No drive-in restrictions (e.g., London downtown, Germany) 

 Free parking (e.g., in Budapest) 

 Free charging (just as a temporary measure) 

 Free use of HOV lanes  

 

Electric cars in smart cities 

 Bans on traditional cars (ICEVs)  

 No ICEVs sold in Norway after 2025 

 No ICEVs sold in California after 2035 
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 Intelligent route planning, charger reservation 

 Dynamically changing traffic data 

 Dynamically changing charger avaiability 

 Dynamically changing demand 

 Optimization of EV car sharing fleets 

 Allocation of cars taking into account charge levels 

 Gathering cars with depleted batteries 

 Placement of charging stations 

 Vehicle-to-grid optimization 

 Discharge energy from EV battery to the grid, to lower peak demand 

 Transform night-time energy from the suburbs into day-time energy in the city 

 Take into account mobility, battery-degradation, grid power fluctuation level  

 V2G scheduling a large-scale, multi objective optimization problem – hard to find a global optimum 

Electric cars in smart cities – research issues 




