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Abstract. The flow refueling location model is adopted to describe the traffic network considering 
the shortest and the second shortest paths. Three objective functions of the electric vehicle charging 
station placement optimal model are defined to maximize the captured traffic flow, to minimize the 
investment cost, and to minimize the average voltage deviation. Then, the non-dominated sorting 
genetic algorithm-Ⅱ is used to solve the multi-objective model. With the example of the IEEE 33-
node power distribution network and the 25-node traffic network, the basic characteristics of the 
presented model and solving method are illustrated. 

INSTRUCTIONS 

With the growing prominence of energy and environmental issues in recent years and the devel-
opment of related technologies, more attention has been paid on electric vehicles (EVs) for their 
advantages in saving the energy and protecting the environment. EV charging stations, which are 
both public service facilities and power load facilities, need to be carefully planned before con-
structing. The influence of not only the traffic network, but also the power grid should be consid-
ered.  

Many works have been done about EV charging station placement. [1] introduces planning of 
EV charging and charging station construction from macro point of view, including the factors af-
fecting the layout of EV charging stations and overall principles of charging station planning.In 
[2],the objective is set to minimizetotal construction cost, subject to constraints of charging station 
coverage and convenience for drivers to charge their EVs. Literature [3] proposes a well-organized 
system architecture operational scheduling method for charging and discharging of EVs.Multi-
objective framework aims at minimizing total operation cost and emissions.Benders decomposition 
technique is used to solve the proposed model.Influence of the traffic flow is included in the plan-
ning model[4], and the super-efficiency data envelopment analysis is employed to transfer multi-
objective optimization into a single-objective one. 

In this paper, we adopt the flow refueling location mode considering shortest and second shortest 
paths, to describe effect of traffic network.Three objectives of the optimal EV charging station 
placement model is to maximize the captured traffic flow, as well as to minimize the investment 
cost and average voltage deviation. 

EV charging station placement model 

Model optimal objectives 
The optimal objectives we proposed in this paper are to maximize the traffic flow that charging 

stations capture, to minimize the investment cost and to minimize the power bus voltage deviation. 
To maximize the captured traffic flow 
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Assuming every time a driver passes a charging station, he will choose to fully charge his EV. 
1   q qr qr
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  In (1), q  represents a pair of start node and terminal node; Q  represents all there pairs; r  
represents the shortest path or the second shortest path; qR  is the set of the shortest path and the 
second shortest path between the node pair q ; qf  is the traffic flow on the shortest path between 
the node pair q ; qrg  is the proportion of drivers who are willing to take the path between the 
node pair q ; qry  shows whether the traffic flow on path r  between the node pair q  can be 
captured by the charging stations on this path, 1qry =  if the traffic flow can be captured, otherwise 

0qry = . 
To minimize the investment cost 

Assuming investment cost includes 3 parts: construction cost of the charging stations, cost of 
power capacity expansion, and cost of network power loss after charging stations are constructed.  
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Where, k  is the a candidate position where charging stations can be built; K  is the set of all the 
candidate positions; ,CS kx  shows whether a charging station is built at the position k , , 1CS kx =  if 
the charging station is built; i  represents a power bus; iN  is the set of all the power buses; ,SR ix  
shows whether a power bus capacity need to be expanded, , 1SR ix =  if it needs to be expanded; 

lossP  is the power network loss; 1,kc  is the construction cost of building a charging station at node 
k ; 2,ic  is the cost of expanding the power capacity at bus i ; 3c  is the cost of network power 
loss; in this paper 1,kc , 2,ic  and 3c  are set as constants. 
To minimize the voltage deviation 
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Where, iV  is the voltage at bus i ; 0V  is the voltage at swing bus; iγ  is the factor representing 
the importance of bus i . 

Model constraints 

Node combination constraint 
Only when the charging stations are built at a combination of nodes on a path, which meets the 

EVs’ refueling requirements and allows them to go from the start to the end and return to the start, 
the traffic flow on this path can be counted as captured. In this situation, we call the combination of 
nodes feasible. Then we define a parameter hv  to represent whether a combination of nodes h  is 
open. To a path q , if charging stations are built at every node of a feasible node combination h , 
we say the combination is open and 1hv = , otherwise 0hv = . The constraint for variable qry  is  
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Where, qrH  is the set of all the feasible node combination on a path. Equation (4) shows that 
when charging stations are built at every node of at least one feasible node combination on a path, 
then the traffic flow on this path can be captured, and 1qry = . 
Charging station number constraint 

The number of all the charging stations we plan to construct is p . 
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Power bus capacity constraint 

   , , , i,max

,i
, , , i,max

1     

0     
i

i

i k CS k c k
k K

SR
i k CS k c k

k K

P x P P
x

P x P P
∈

∈

 + >


= 
+ ≤



∑

∑
                                       (6) 

Where, ,i kP  is the original power load of bus i , which is corresponding to the traffic node k ; 
iK  is the set of traffic nodes which are corresponding to power bus i ; ,c kP  is the charging power 

of the charging station built at node k ; i,maxP  is the limit of active power of bus i . 
In (6), we need to calculate the charging power of the station built at node k . In this paper, ac-

cording to historic data, we assume the total charging power ,c totalP  in the planning area is a known 
parameter, and the charging power of each charging station is directly proportional to the ratio be-
tween the traffic flow captured by the station and the total traffic flow. 
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Power flow equation constraint 
Power flow equation is the basic constraint in power system. 
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Where, ,i kP  and ,i kQ  respectively represent the original active power and reactive power at bus i  
which is corresponding to the traffic node k ; ,c kP  and ,c kQ  respectively represent the active and 
reactive power the charging station consumes at node k ; ijG  and ijB  are respectively the real 
part and imaginary part of the bus admittance matrix; ijθ  is the phase angle difference between the 
voltages of the two terminals of the line ij . 
Solving method 

Take (1)-(3) as objectives, and (4)-(8) as constraints, we get the EV charging station placement 
model, which is a multi-objective nonlinear integer optimization problem. To solve this model, we 
choose the non-dominated sorting genetic algorithm-Ⅱ(NSGA-Ⅱ)[10] as the solving method. By us-
ing this algorithm, we can get a set of pareto solutions, among which no solution can dominate the 
others, i.e. can be better than the others in all 3 objective directions. 

The flow refueling location model 

The flow capturing location allocation model 
M. John Hodgson proposed the flow capturing model in 1990 [5]. In this model, traffic flow is 

moving on the road and passes the traffic nodes. Assuming there is a traffic path which starts at 
node A and ends at node D. If at least one service facility is constructed among all the nodes from A 
to D, then all the traffic flow on this path can be captured. The objective of the model is to capture 
the traffic as much as possible. 

 
Figure 1. A path from node A to D (unit: km) 

The flow refueling model for EV charging stations 
The flow capturing location model in 2.1 assumes only one facility can capture all the traffic 

flow on the path, which avoids the repetitive counting of the captured traffic flow when more than 
one facility is constructed on the path.  

However, when it comes to EV charging station planning, we need to consider the constraint of 
EVs’ battery capacity, i.e. the EVs’ range. For example, in figure 1, when an EV’s range is between 
90 km and 180 km, it will require more than one charging station to refuel in order to finish a trip 
from A to D, and back to A. In fact, the EV can finish the mentioned trip only when 3 charging sta-
tions are built at nodes (A, C, D) or (B, C, D).  
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When we take the constraint of EVs’ range into consideration, we need to figure out in order to 
capture the traffic flow on a path, at which nodes we should construct the charging stations. After 
knowing all the nodes a path passes and an EV’s range, we can use the method in [6] to get the 
combination of nodes which can meet the EV’s charging need to achieve a round trip. 
The choice of driving paths 

In the flow refueling model, an important parameter is the combination of all the nodes on the 
path from a start to a terminal.  Considering most drivers now have navigation equipment, we as-
sume they will choose the shortest path. Also, under some circumstances, drivers may need to take 
a detour to get the destination, so we assume some drivers will choose the second shortest paths.  

We use the Floyd algorithm [7] to get the shortest paths, then, we can use the ‘cut edge method [8]’ 
to obtain the second shortest paths. 

By using the above-mentioned algorithms, we have both the shortest and second shortest paths 
that we need. To simulate the traffic flow on the shortest paths, we choose the simple gravity spatial 
interaction model [4] to calculate. While for the second shortest paths, considering the fact that not 
all drivers are willing to choose them, according to the model Kim and Kuby proposed [9], we mul-
tiply the traffic flow on the shortest paths by a path deviation factor which is smaller than 1, to sim-
ulate the traffic flow on the second shortest paths.  

Simulation 

Test case 
The test case used in this paper is combined by IEEE 33-bus power distribution system and 25-

node traffic system. And we assume the traffic nodes 1 to 25 are corresponding to the power buses 
1-25. The topologies of the power distribution system and the traffic system are shown in figure 2 
and figure 3. 

 
Figure 2. The topology of IEEE 33-bus power distribution system  

 
Figure 3. The topology of 25-node traffic system 

Results 

The population size of NSGA-Ⅱ algorithm we used in this paper is set as 50. The captured traf-
fic flow (which we multiply with -1 to change maximizing to minimizing), initial population and 
bus voltage deviation of the initial population that randomly chose are shown in the 3-dimention 
figure 4(a). After 60 iterations, values of the above-mentioned 3 objectives of the final population 
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are show in figure 4(b). It is obvious that after optimization, all the 3 objective values of the popula-
tion become better, which shows the effectiveness of the proposed method. 

 
                                 (a)                                  (b) 

Figure 4. The objective values of the initial and optimized population 
By using NSGA-Ⅱ algorithm, we can have multiply pareto solutions simultaneously, which are 

widely spread in the feasible region. We choose the solutions solved once to illustrate the result. In 
this solution, the total traffic flow of the traffic network is 47.29 10×  units. When 5 stations are 
built, the captured traffic flow is 45.57 10×  units, which is 76.4%  of the total flow. Under the 
circumstance that the charging stations capture most traffic flow, the positons of 5 stations are 
shown in figure 5. 

 
Figure 5. The positions of charging stations when they capture most traffic flow 

We can find in figure 5, all the charging stations are built in the middle and west areas, the rea-
son is there are more roads in these areas and accordingly, the traffic flow is more than east area. So 
when the total number of stations are not too many (in our test we only build 5 stations), they are 
mainly built in middle and west areas. Especially, although the roads from node 14 to node 25 are 
in the corner of the map, but in our test case, the weights of node 24 and 25 are very high in the 
simple gravity spatial interaction model we use, which means the traffic flow on these paths taking 
node 24 and 25 as destinations are quite much. In order to capture these traffic flow, it is easy to 
understand that we build charging stations at node 14 and 24. Whilst node 14 is the only way vehi-
cles can get to node 24 and 25, much traffic flow will pass here, based on the fact that the charging 
power of a station is proportional to the traffic flow it captured in our model, we can predicted the 
charging power of the station at node 14 will be very high. By assuming that the total charging 
power in the whole area is 800 kWh and calculating the charging power of every stations, the re-
sults are as followed. 
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When we lay more importance on the investment cost, it is a little difficult to analyze the results 

because the investment cost contains construction cost, power expansion cost and power loss cost. 
Generally speaking, we need to consider the 3 aspects comprehensively. By solving the model, the 
cost is lowest when we build charging stations at node 1, node 2, node 6, node 15 and node 19. 
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When more attention is paid on bus voltage deviation, because the power distribution network is 
usually operated in radial topology, we can have the general idea that the voltage deviation is lower 
when the charging stations are built at the beginning nodes. We can observe from the results that 
the 5 charging stations are built at node 1, node 2, node 19, node 20 and node 21 to lower the volt-
age deviation, and the deviation under this situation is 0.502. The bus voltage of every power bus is 
shown in figure 6 when the voltage at swing bus 1 is set as 12.66 kV. 
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Figure 6. The bus voltages when the deviation is lowest 

By analyzing the results as above, we can see the population is optimized in all three objective 
dimensions after we solve the model using NSGA-Ⅱ algorithm. At the same time, we should also 
notice that because NSGA-Ⅱ algorithm is an intelligent optimization method based on randomly 
searching, it is not certain that we can find the global optimal solutions every time. But it can help 
us find the most accurate solution by solving the problem several times and analyze the results from 
all the solutions we get. 

Conclusion 
By optimally planning the EV charging stations, we can better serve the EV owners and at the 

same time help the power distribution system keep stable. In this paper, the EV charging station 
placement model aiming at maximize the captured traffic flow, minimizing the investment cost and 
minimizing the bus voltage deviation is formulated. By solving the model using NSGA-Ⅱ algo-
rithm, we can get a set of pareto solutions, from which the decision maker can choose the most suit-
able one. 

Based on this paper, there are several ways that we can improve. For example, we can further 
improve our model by considering more than shortest paths and second shortest paths. Also, we can 
modify the crossover and mutation operators in NSGA-Ⅱ algorithm to shorten the solving time.  
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