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Abstract. In the near future, it is expected the widespread 
use of electric vehicles (EV) and as consequence, a great 
development of charging stations. This paper presents the 
design of an electric vehicle fast charging station, which is 
supplied by the electrical network, renewable generation (wind 
and photovoltaic) and a storage system.  
 
Firstly, it is necessary to know the demand of the electric 
vehicles to size the installation. Thus the parameters are 
modelled according to the Monte Carlo method. Besides, an 
economical study, which calculates the net present value (NPV) 
of the installation setting its profitability, is carried out. 
 
In this paper, EV demand modelling has been achieved and the 
obtained results show that to meet demand combining the 
energy systems (grid, renewable generation and storage 
system), a charging station with a higher number of chargers 
improves the service and increases the profitability. And on the 
other hand, a great dependence of the grid occurs when the 
renewable energy is limited. 
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1. Introduction 
 
The current transport model seems to have reached an 
inflexion point due to different causes, being the most 
important ones the squandering of oil as an strategic 
resource and the environmental impact associated to its 
use. A solution for these problems, which is becoming 
more important, is the use of the electric vehicle. 
 
As a consequence of this, it is expected a strong 
development of the implementation of charging 
infrastructures. For this reason, the appropriate system 
design of the installation and its operation are required.  
 
Currently, several studies about the optimization of these 
installations have been carried out. To size the station, 
the EV demand must be calculated and there are different 
methods devoted to this task. One of these methods 
carries out a spatial and temporal model [1] but the 
battery state of charge is not taken into account. Others 

procedures assume a constant demand during one day, 
the energy systems are already sized and the analysis 
consists of economical assessment [2].  
In this paper, the Monte Carlo method is proposed to 
design an energy system including the EV fast charger, a 
photovoltaic system, a wind turbine and a battery storage 
system to minimize the costs involved. 
 
 
2.  Mathematical modelling 
 
To design the fast charging station, the parameters 
associated to each energy system have to be modelled: 
the EV demand, and the wind and PV generation.  
 
These data will be used to obtain the energy flux of the 
electric network and the storage system which meet 
demand. Finally, depending on the design and the energy 
prices, the profitability of the installation is studied.  
 
It is important to consider the uncertainty of some of the 
parameters involved in the operation of the charging 
station, these are: 
 

1) The arrival of vehicles at the charging station 
2) Battery capacity 
3) State of charge  
4) Wind density 

 
Predicting of the variables is performed using the Monte 
Carlo method [3]. The technique allows obtaining 
solutions of mathematical problems through repeated 
random tests. Consists of finding the values of a random 
variable by means of a probability distribution from the 
values of a random variable uniformly distributed in the 
interval (0, 1), provided by the computer. 
 
A. Electric vehicle demand 

 
To obtain the power demanded by the electric vehicles, 
the following parameters are modelled using repeated 
random tests (Monte Carlo): 
 

1) EV arrival time 
2) EV battery capacity 
3) State of charge (SOC) 



 
For the application of the Monte Carlo method, it is 
necessary to assign a probability function to the variables 
to associate the random variable provided by the 
computer to this probability distribution. 
 
The exponential distribution determines the time (ta) 
passed between the arrivals of two consecutive vehicles 
[4]. 
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where is the parameter that defines the distribution and 
corresponds to the average vehicle arrival time. 
 
The lognormal distribution represents the state of charge 
(SOC) of the EV battery and is defined by the average 
(µ) and the typical deviation (σ) of logarithm of the 
variable [4]. E represents the initial SOC of an EV 
battery and it change between 0 and 1. 
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The battery capacity is associated to the vehicle type. In 
this study, it is supposed that all type of vehicles come to 
the station (motorbikes, cars and vans). The battery 
selection is associated to a discrete distribution.  
 
B. Renewable generation 
 

1) Wind energy 
The wind energy is determined by the Weibull 
distribution. If scale and shape parameters of the location 
are known, the Monte Carlo method can be applied to 
calculate the wind speed. Once this parameter is 
obtained, it is introduced in the wind generator power 
curve and the power of the turbine is calculated. 
 

2) Photovoltaic solar energy 
To calculate the photovoltaic solar energy three 
parameters are needed: solar radiation, surface exposed to 
the sun and  panel efficiency. The solar power is obtained 
by means of the multiplication of the mentioned 
parameters. 
 
C. Operation flow  

 
The operating policy of energy systems is shown in the 
Fig. 1. 
 
The supply to the electric vehicles is prioritized to 
renewable generation. In case that the supply is not high 
enough, the energy stored in the storage system is used 
and, if the demand is still not satisfied, the energy of the 
electric network is used. 
 
In the opposite case, in which the energy available in the 
charging station is higher than the demand of the 
vehicles, this energy will be stored. Once the maximum 
capacity of the battery is reached, this surplus energy will 
be supplied to the electrical network. 

 
It has to be considered that there are limits for the energy 
that can be stored in batteries and the energy that can be 
consumed or supplied to the electrical network. 
 

 
Fig. 1 Charging station operation scheme. 

 
D. Profitability 
 
An economical study is performed to assess the charging 
station profitability. The comparison of the initial 
investment respect to the future cashflows, obtained as 
the difference between incomes and expenses, is the net 
present value (NPV):  
 

1
 (3) 

 
where CF are the cash flows, i is the rate of interest 
which transform the cash flow to the future, I is the initial 
investement and t is an index which add up the number of 
years. If NPV is positive, the charging station is 
profitable. 
 
The initial outlay corresponds to the cost of installing 
each energy system. 
 
The income is associated to the energy supplied to 
customers who recharge their vehicles. Also it is 
associated to a possible surplus energy which will add the 
benefit obtained for discharging electricity into the grid. 
 
On the other hand, expenses correspond to the price to be 
paid for the energy consumption of the grid. Besides, an 
additional expense, not real but to be considered, is the 
opportunity cost for the case in which all vehicles 
arriving to the station cannot be attended. 
 
All the parameters described before must be calculated 
for a study period of 20 years. 
 



 
3. Results 
 
Once the variables affecting to the design are modelled, 
the algorithm is executed, keeping all the parameters 
constant, except the one to be evaluated. The studied 
cases present the following results.  
 
A. Number of charging points 
 
An important aspect to be taken into account for the 
design of a charging station is the number of charging 
points to be installed. If one charging point is installed it 
is used most of the time, as shown in Fig. 2. However, if 
more charging points are installed, the distribution of the 
vehicles is more stepped, existing inactive periods (Fig. 
3). The higher the number of charging points is, the more 
evident this fact is.   
 

 
Fig. 2 Distribution of EVs for one charging point.    

 
Fig. 3 Distribution of EVs for three charging points. 

 
From the energy balance point of view, the higher 
quantity of charging point is, the higher the demanded 
power is and, as a consequence, the energy systems to 
supply the charging station will have a higher power too.  
 
This fact is shown in Fig. 4. In the case of the existence 
of only one charging point, the EV demand (green curve)  
has a similar magnitude to the renewable generation (the 
violet curve represents the wind energy and the light blue 
curve corresponds to photovoltaic energy) . By contrast, a 
great dependence on the electric network (blue curve) 
appears when five charging points are installed. 
 
 
 
 
 
 

 

 

 
Fig. 4 a. Energy balance for one charging point.              

b. Energy balance for three charging points. 

Taking into account the guarantee of the charging 
service, the Fig. 5 shows that, for a higher number of 
charging points, the number of not supplied vehicles in 
one year is decreased. A complete service is achieved if 
more than five charging points are installed. 

 
Fig. 5 EVs not supplied in accordance with the number of 

charging points. 

Besides of the service, it is important to consider the 
profitability of the installation. The investment paid for a 
charging point is not outweighed by the benefit obtained 
as a consequence of the exploitation of the charging 
station (Fig. 6). Nevertheless, if the number of chargers is 
increased, the profitability is increased too. 
 
As a summary, to obtain benefits more than one charging 
point must be installed. 
 

 
Fig. 6 Profitability variation based on the number of 

charging points. 
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B. Wind turbine power 
 
To calculate the wind power, four wind turbines are 
selected with the following power values: 3, 7.5, 15 and 
30 kW. Keeping constant the rest of the parameters, the 
results obtained are shown in Fig. 7. 

 
Fig. 7 Profitability according to wind turbine power. 

Initially, it is shown that, as the wind turbine power for 
the first two models is increased, the profitability value 
decreases. However, this tendency is not followed if the 
15 kW wind turbine is selected. In this case, an increase 
of 30% of NPV with respect to the following higher 
value, corresponding to the 3 kW wind turbine is 
obtained. Finally, the net present value decreases 
drastically if a higher power wind turbine is used. The 
higher the wind turbine power is, the higher the 
acquisition cost is, but the energy balance causes the 
selection of the 15 kW wind turbine and not the cheapest 
one with the lowest power. Then, the selection of the 
wind turbine power is determined by technical and 
economic aspects 
 
C. Photovoltaic power 
 
The Fig. 8 shows the Net Present Value for different 
photovoltaic surfaces. It is supposed that the surface is 
limited by the placement, so the minimum surface 
corresponds to the surface of a parking place and the 
maximum surface to 200 m2. 
 
The difference of the minimum profitability value with 
respect to the maximum value is 5%, so the surface 
selection, which will determine the power, has a 
insignificant influence in the NPV value. The rule that 
determines the power to be installed is more dependent 
on the energy balance than on the economic criteria.  

 

 
Fig. 8 Profitability according to photovoltaic surface. 

 

4.  Conclusions 
 
This paper carries out a technical-economic study to size 
a EV charging station. As shown, the wind generation 
combines both technical and economic factors to select 
the wind turbine power, but the selection of the 
photovoltaic power has a little impact on the final cost 
and is determined using energy aspects.  
 
The decision of the number of charging points to be 
installed is influenced by different factors. A higher 
number of chargers imply a higher installation 
profitability. This fact occurs because a better service is 
provided if the number of vehicles not attended is 
reduced, although the utilization rate of the chargers is 
lower.  
 
On the other hand, it can be seen that, for stations in 
which renewable generation can be restricted to the 
characteristics of the location, the dependency of the 
electric network is higher for several charging points 
because the demand is also higher. 
 
As a summary, the study shows that it is more 
appropriate to install a charging station with a high 
number of charging points, if there is a positive 
relationship between cost and service. 
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