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 Positive effects of EVs, like lower primary energy consumption, reduce CO2 and noise 
emissions, diminish dependence on fossil fuels 

 Range anxiety of users as problem of BEVs, which may be reduced by: e.g.  

 Using a PHEV 

 but no independence on carbon fuels 

 behavioural change 

 Larger batteries 

 Charging Infrastructure 

 Development of charging infrastructure considered in many countries [European 
Expert Group (2011)] 

 How much infrastructure is actually needed? 

 

 We compare the effects of the last two options to determine whether an investment in 
infrastructure or in additional battery capacity is cheaper. 

Bes ides  a l l  pos i t i ve  e ffec t s ,  e l ec t r i c  veh i c l e s  
c l ea r l y  l ack  o f  d r i v ing  range .  
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 Driving behaviour from German Mobility Panel [MOP (2008)] 

 German movement profiles for one week 

 1994-2008: 12,812 households 

 Allocation to cars where possible reduces sample to 6,629 car-specific driving profiles 

 

 Simulation of battery profiles with main assumptions: 

 Uncontrolled charging whenever possible 

 All cars medium-sized with consumption 0.194 kWh/km [Helms and Hanusch (2011)] 

 in different infrastructure scenarios (table below) [Kley (2011)] 

I n  a  s imu la t ion  o f  ba t te r y  p ro f i l e s  we  de te rm ine  
the  m in ima l  ba t te r y  capac i t y  neces sa r y  pe r  d r i ve r.  

power rates [kW] private semipublic public 

home-only (ISa) 3.7 - - 

home-and-semipublic (ISb) 3.7 11.1 - 

everywhere (ISa) 3.7 11.1 11.1 
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A lo t  o f  use r s  cou ld  do  a l l  the i r  d r i v ing  w i th  
BEVs  w i th  sma l l  ba t te r i e s  (<  20  kWh) .  

 Home-only charging 
scenario for simulation 

 Every user with minimal 
battery capacity 

 50% of users would only 
need a net capacity of 
15kWh 

 Only very few users 
needed large battery 
capacities (> 40 kWh) 

 

  Easier to observe in 
cumulative distribution 
function 
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Δ 
 

 Results of previous slide 
as cumulative distribution 
function 

 Different infrastructure 
scenarios 

 

 Additional users (market 
shares) Δs with additional 
infrastructure or battery 
capacity 

 Main assumptions: 

 All drivers use same 
battery capacity 

 One additional 
charging option per 
additional driver 

We compare  inves tment s  v i a  add i t iona l  marke t  
sha res  o f  in f ra s t ruc tu re  and  ba t te r y  capac i t y.  
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 Increasing infrastructure 
availability adds more 
potential users (Δs) 

 

 Additional users depend 
on initial battery size 0 

 Maximum values at 
10kWh  

 with an additional 7% 
of users if there was 
also semipublic 
charging infrastructure 

 Or 17% if there was 
infrastructure 
everywhere 

Add i t iona l  marke t  sha res  th rough in f ra s t ruc tu re  
deve lopment  reach  17  pe rcent .  
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 Shown is battery capacity 
for same increase of 
market share as with 
additional infrastructure  

 

 Additional battery 
capacity growing 
constantly with initial 
battery size 0  

 For initial battery capacity 
of 10kWh, we needed 
2kWh additionally to 
reach the same increase 
as with additional 
semipublic charging 
options 

Add i t iona l  ba t te r y  capac i t y  fo r  same add i t iona l  
marke t  sha res  i s  g rowing  w i th  in i t i a l  ba t te r y  s i ze .  
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I f  on l y  add i t iona l  use r s  pa id  in f ra s t ruc tu re  ( a ) ,  i t  
wou ld  be  cheaper  to  inves t  in  ba t te r y  s i ze .  
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invest add capacity like add semipublic invest add capacity like add semipublic and public 

 Investments per capita 
under the assumption 
that every additional user 
needs one charging point 
(semipublic or public) 

 Investments borne by 
additional users (case a) 

 Intersection of additional 
semipublic charging 
options compared to 
increasing battery 
capacity at around 
0=50kWh 

 For semipublic and public 
charging options at 
0=25kWh 
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I f  a l l  BEV-use r s  pa id  fo r  in f ra s t ruc tu re  (b ) ,  i t  wou ld  
be  l e s s  expens i ve  than  inves t ing  in  ba t te r y  s i ze .  
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options compared to 
increasing battery 
capacity at around 
0=10kWh 

 For semipublic and public 
charging options at 
0=10kWh 
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An example  shows  the  d i f f e rence  o f  the  two 
cases .  

Electric vehicles and charging infrastructure 
in 2020 [NPE 2011] 

 1 million EVs in 2020 

 
 45 % are BEVs  450,000 

 60 % of all drivers in MOP could drive BEV 
with private infrastructure 

 66 % could manage all their ways with 
private-and-semipublic charging 
infrastructure 

In the battery profile simulation with a 
battery capacity of 20 kWh 

Additional 6 % needed semipublic charging 
points 

 Same market share with battery capacity of     
 =23 kWh  Δ =3 kWh 
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 450,000 * 6/66 = 40,900 semipublic 
charging points 

 Total investment for semipublic charging 
points: 102.3 million Euro 

 Additional BEV-users bear investment (a):   
2500 Euro/capita 

 All BEV-users bear investment (b):             
227.3 Euro/capita 

 Investment for additional battery capacity:   
900 Euro/capita 
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1. If charging infrastructure is borne by only those users who needed the infrastructure, it 
would always be cheaper to invest in additional battery capacity. This could be the case if 
companies added a supplement to the electricity price at charging facilities. 

 

2. If all BEV-users carried the cost (e.g. via a special BEV-tax), one charging point per 
additional user would be less expensive than an investment in additional battery size. 

 

3. It is important to determine who invests in charging infrastructure.  

 

We expect the first case to be more likely and there may also be different battery sizes 
available to users. Thus, an economic justification for charging infrastructure seems difficult 
with the results presented here. 

Under  the  g i ven  as sumpt ions  we  can  f ind  th ree  
ma in  conc lus ions .  
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Thank you for your attention. 

P lease  read  our  paper  fo r  fu r the r  in fo rmat ion .  
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 Calculation of battery state of charge: 

 

 

 

 
 

 Calculation of additional market shares: 

 

 

 Equilibrium where additional market share through infrastructure is equal to additional 
market share through additional battery capacity: 

Equat ions  fo r  ba t te r y  p ro f i l e  s imu la t ion  and  
inves tment  compar i son  
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Sens i t i v i t i e s  fo r  case  (b )  where  a l l  u se r s  bea r  the  
cos t  
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 Electric consumption per car: 

 0.194 kWh/km 

 

 Battery price: 

 300 Euro/kWh 

 

 Investment for semipublic charging point: 

 2500 Euro/kWh 

 

 Investment for public charging point: 

 5000 Euro/kWh 

Paramete r s  used  in  ca l cu la t ions  


