
 

 

 

 

 

 

Electric Vehicles (EVs) could play a major role in the fu-

ture intelligent electric power grids to support a large pen-
etration of renewable energy in Denmark, especially from 
wind turbines. The EVs can operate as flexible demand 
and generation in the distribution grids by smart charging 
and discharging of their batteries. However, it is important 
to verify the electric vehicle penetration levels possible  in 
the electricity grids. In the project, this is analysed on typi-
cal Danish residential grids while taking into account its 
technical and operating bottlenecks. 

Three residential grids in Denmark are used in this project 
to investigate the impact of adding electric vehicle units to 
the Low Voltage (LV) distribution networks. Fig. 1 depicts 
the layout of a sub-urban residential area where the three 
grids are located. 

 

The LV grid transformers  could be loaded close to their ’energy limit’ by flexible charging of EVs 
to support high wind power penetration planned in Denmark. A simple voltage-droop control is an 
added feature possible from EVs  to provide local grid support. 
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There is sufficient head-space on the residential grid 
transformers (average capacity factor is 20%) that ena-
bles significant electric vehicle integration in LV grids.  By 
adopting simple and cheap options of grid reinforcement 
(adding/splitting feeders, load reallocation), further EV 
penetration is possible in weaker grids.  

Table 1 gives the relevant information of the three low voltage distribution grids. A full circuit mod-
el of these distribution grids are developed in this study. The steady state power system analysis 
is conducted to determine the penetration levels and impacts of electric vehicles in LV grids sub-
jected to voltage, thermal and grid capacity limits.  

Fig. 1: Layout of the residential area 

Table 1: Key particulars of LV grids 

Fig. 4: Average EV penetration levels. 

Fig. 2: LV-II Grid model 

Fig. 3: EV penetration levels in different feeders. 
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LV Grids 
LV-I LV-II LV-III 

Number of  feeders 8 6 5 

Number of house-

holds 
84 166 75 

Total annual demand  

(kWh) 
330,041 738,345 325,526  

Household with max. 

annual demand (kWh) 
12,304 15,615 10,997 

Household with min. 

annual demand (kWh) 
872 421 638 

Average annual  

Demand (kWh) 
3929 4,395 4,340 

Transformer 
400kVA, 

10/0.4kV 

630kVA, 

10/0.4kV 

400kVA, 

10/0.4kV 

<LV Grid 

Transformer 

loading 

Active power losses (%) 

Minimum  

demand hour 

Maximum  

demand hour 

LV-I 
100% 3.62 3.58 

LV-II 
56% 2.91 2.71 

LV-III 
80% 3.92 3.75 

Table. 2: Transformer loading and  active 
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