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Flexibility of EV charging
Many EVs need not be charged every day.

Charging can be scheduled based on availability of wind.

Distribution of home arrival times and daily distance [1]



Charging strategy based 
on predicted price 

Price depends on residual demand (= demand – renewable generation)

Price reflects marginal generation cost 
and costs of non-served energy. Modeled price for a period of 

five days in summer



Optimal charge schedule: dynamic programming 

Backward recursive DP equation

Charging: electricity price

Discharging: electricity price 
minus battery degradation cost

Cost of intermediate steps

Price forecasts are updated by iteration



Results for one vehicle

Optimal charge schedule



Effect on demand

Residual demand + EV demand (50% EVs)

EVs fill valleys and shave peaks



Effect on dispatch

EVs wait for periods with high wind and solar
Diesel generation displaced by wind and solar



CO2 emissions

Total reduction up to 85% possible

CO2 reduction due to 'smart' 



Economics
Costs of generation:
 
Diesel ~250 $/MWh (Marginal cost)
Wind ~100 $/MWh (Levelized cost)
Solar ~200 $/MWh (Levelized cost)
 

With control even most aggressive scenario still feasible

How much renewable energy do we need to spill?



Conclusions

-EV have large potential for emissions and cost reduction 

-Right signal to react on wind/solar is key

-Solar complementary to wind makes sense

Future research

-Uncertainty in forecasts

-Network, stability, reliability, dynamics etc.
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