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Abstract 

 
E-motorcycle technology is an attractive option to be developed in Indonesia because of the large number of 
motorcycle users. It can grow rapidly in the market if it is supported by charging facilities. To anticipate the 
development of e-motorcycle usage in the city of Surakarta, it is necessary to plan and design a network of this 
charging facility. This study proposes a supply chain network model for charging station facilities in the city of 
Surakarta with the aim of achieving the greatest possible coverage with the least number of charging stations and the 
minimum investment costs. Gas stations spread across the city are potential locations to be chosen as charging 
stations. The model used to solve the problem is built from a combination and modification of the models in relevant 
previous studies. The integer linear programming method is used to achieve optimal solutions and the model is run 
using CPLEX with four different scenarios. The model generates selected candidates site and determines which 
candidate sites are the supply for each demand point. The results of this study are expected to provide insight, 
recommendations and input to the city government of Surakarta to support the acceleration of e-motorcycle usage. 
 
Keywords  
e-motorcycle, charging station, facility location, supply chain network design 
 
1. Introduction 
 
Electric motorcycle is considered as a new transportation to reduce gas emission and promote environmental 
sustainability (Lukic and Pantic, 2013; Mak et al, 2013; Nosi et al, 2017). Electric motorcycles have an electric 
motor and a battery to store the energy needed to drive the vehicle. The known charging patterns include conductive, 
inductive and battery replacement (Ahmad et al, 2018; Rahmawatie et al, 2017). The conductive method is done by 
connecting an electric vehicle with an electricity supply cable (Dericioglu et al, 2018). The number of power levels 
supplied during electric charging determines the length of the charging process. There are three levels of filling 
namely slow, medium and fast charging (Martinez et al, 2017). The inductive method occurs via electromagnetic 
transmission without any contact between the electric vehicle and the charging infrastructure (Ahmad et al, 2018; 
Karakitsios et al, 2014; Lu et al, 2016). The swap method is carried out by swapping an empty swap battery with a 
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swap battery that is fully charged (Huang, 2016).  To popularize electric motorcycles, with the exception of the high 
price and the unresolved technological bottleneck, we should consider the development of charging facilities as a 
precondition. 
 
In fact, the implementation of charging stations providing a fast charging service is our priority. Their presence will 
relieve the fears of common users regarding the travel recharging process and will significantly promote the spread 
of electric vehicles and minimize carbon emissions, achieving an energy-saving goal. A precondition for the 
commercialization and industrialization of the electric motorcycle is the development of a highly productive energy 
supply network. Therefore, the study of charging stations deployment has practical significance. In this paper, we 
propose the concept of considering conventional gas stations as candidate sites and develop model based on 
previous researches in order to generate charging station network. It takes advantage of the current gas stations 
network and makes the early decision-making process easy. We also performed a computational experiment to 
validate our model and algorithm. 
 
There have been various studies on electric vehicles (Sutopo and Kadir, 2017; Sutopo et al, 2018; Sutopo and Kadir, 
2018; Rahmawatie et al, 2017; Atikah et al, 2014; Aristyawati et al, 2016; Sutopo et al, 2013; Prianjani et al, 2016; 
Waloyo et al, 2018; Sutopo et al, 2018) and supply chain network design (Lupita et al, 2017; Wahyudin et al, 2015; 
Sutopo et al, 2014; Sutopo et al, 2013; Aqidawati et al, 2018). In addition, there are also several studies related to 
the development of network models and charging station locations. Mehar and Senouci (2013) minimize the cost of 
developing a charging station to meet customer demands. Chen and Hua (2014) minimized the cost of 
transformation in selecting candidate locations to convert into charging stations. Zeng et al (2019) developed a cost-
effective BSS while meeting the demand for swap batteries in metropolitan areas. Giménez et al (2016) maximized 
the number of potential users with minimum daily access times. Cruz et al (2019) minimized construction costs and 
the value of energy losses from the system for the selection of the charging station location. Sun et al (2019) found 
optimal battery purchase and charging policies that provide the greatest trade off of investment costs and battery 
operating costs. Kong et al (2019) minimized the total construction cost of all filling stations by determining the 
location and size of filling stations. Fazeli et al (2020) maximizes the expected access of EV drivers to the charging 
station and maximizes EV traffic flow. 
 
E-motorcycle technology is an attractive option to develop in Indonesia because of the large number of motorcycle 
users. In addition, there are several e-motor cycles that have started circulating in the Indonesian market. E-
motorcycles can grow rapidly if they are supported by facilities in certain areas that can be used to exchange 
batteries or recharge batteries, because the batteries used certainly have maximum capacity so that electric vehicles 
also have limited mileage. This recharging cannot be done just anywhere because it requires a lot of power, so it is 
necessary to build a separate charging facility. To anticipate the development of e-motorcycle usage in the city of 
Surakarta, it is necessary to plan and design a network of this charging facility. This of course also takes into 
account the limited costs and the fulfillment of the needs of all electric vehicle users in Surakarta, which are spread 
across five districts. Therefore, we need the right supply chain network model to achieve these goals. This study 
proposes a supply chain network model for charging station facilities in the city of Surakarta with the aim of 
achieving the greatest possible coverage with the least number of charging stations and the minimum investment 
costs. Refueling stations that are scattered in the city are potential locations to be chosen as charging stations. Gas 
station is seen as a potential and more efficient solution due to its already considered and strategic location. 
 
2. Methods 
 
The problem situation is described as follows. There are five districts in Surakarta, namely A, B, C, D and E. These 
five districts are defined as demand points in this study. In each district there are several gas stations, which are 
shown in Figure 1. These gas stations are candidate locations for the construction of charging station facilities.  
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Figure 1. The location of charging station candidate sites 
 
Apart from the number and location, the charging station network designed in this study also considers the size 
aspect of its facilities. This means that there are several scenarios for the type / level of the charging station to be 
built. This of course affects the service capacity that can be offered and the investment costs for converting gas 
stations and building them into charging stations. Apart from investment costs, transportation costs are also 
considered in this model. The distance from the demand point to the charging station location determines the amount 
of transportation costs. 
 
The purpose of this study is to produce a charging station network design by considering the coverage of all demand 
points, the minimum possible investment costs within a specified time period. The key decisions in this study are 
that the government must decide how many charging stations to build, where they are and what the charging station 
levels are. The purpose of this model is to minimize investment costs and transportation costs. Parameters that can 
change are charging demand because it is an uncertain variable and transportation cost parameters because it 
depends on the distance between the charging station location and the demand point. In addition, the investment cost 
to build a charging station can also change according to the level of the chosen charging station. Meanwhile, the 
constant factors are the location of the charging station and the types of vehicles served. 
 
The model in this study is a development of the model in the research of Mehar and Senouci (2013) and Chen and 
Hua (2014). Both of these studies are developing a model for choosing a charging station location. Table 1 
illustrates the comparison between the two models. 
 

Table 1. Models comparison 
 

Aspect Mehar and Senouci (2013) Chen and Hua (2014) 

Performance 
criteria 

• investment costs for charging station 
construction i            
• User j's transportation costs to the charging 
station i          

Transformation cost of grade m filling 
station for candidate j 
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Aspect Mehar and Senouci (2013) Chen and Hua (2014) 

Constraint • One user may only charge at one charging 
station          
• The total energy used to charge (energy 
demand) does not exceed the capacity of the 
charging station          

• each point of demand must be covered by 
at least one charging station          
• service can be offered only if the charging 
station is located at this candidate's 
location          
• limitation of filling station service 
capacity          
• one candidate location can only be 
changed to one tier charging station          

Alternative 
solution 

Heuristic solutions; the authors adapted the 
genetic algorithm to solve the problem of 
charging station location, add new operators to 
the classical genetic algorithm to prevent 
premature convergence and increase the 
efficiency of the algorithm. The resulting 
solution: determine the number of charging 
stations needed and the best location 

The authors proposed a new location model 
based on a set cover model that takes the 
existing traditional gas station network as a 
candidate location to determine the 
distribution of charging and battery 
exchange stations. 

Analytical 
approach 

TAPAS Cologne simulation scenario depicts 
traffic in the city of Cologne (Germany), 
calculated using OLoCs to find the best position 
of the charging station 

Using the pure integer linear problem 
(PILP) approach because there are several 
level charging stations to be built (multi-
level location problems) 

Method of 
collecting 
data 

scenarios based on information about the user's 
traveling habits 

Primary and secondary data 
The total planning for the number of filling 
stations is obtained from the government 
plan and the specific number 
of filling stations in each region is obtained 
through the spatial forecasting model. 

Data 
validation 

compared the author's approach with the exact 
solution produced by CPLEX 

- 

Application 
/ software 

Matlab LINGO 

Output genetic algorithms for optimal placement of 
charging stations (oLoCs) 

Recommendations for the government 

 
Based on the problem statement and references to the two models above, we can determine the data needed to solve 
the problem. Charging demand is assumed to be the same as the demand for electric motorcycles which refers to the 
market share prediction from the research of Jodinesa et al (2020). In addition, the investment costs for charging 
station construction and charging station capacity are dummy data in the form of numerical examples. Furthermore, 
data on the coordinates of gas stations and sub-district locations in Surakarta were collected through Google Maps 
and Google Earth. Then the distance data between the gas station and the district is obtained through calculations 
using the formula: 

 ............................................. (1) 

 
The first step in model development is defining the problem situation to identify the entities and variables involved. 
After that, we conducted a literature review to find a reference model that suited the problem conditions. Then, we 
compare the two reference models and see their characteristics, as described in Table 2. The next step is to adjust 
and balance the notation and variables in the two models. Furthermore, the influence diagram is made based on the 
problem statement already described. Influence diagrams are made to determine the relationship between variables, 
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as shown in Figure 2. Finally, the model is combined by considering the influence diagrams that have been made so 
that the following mathematical model formulation can be obtained. 
 

Total cost

Investment 
cost

Transportation 
cost

Demand

Service 
capacity

Decision variable to choose 
a candidate site and build 

charging station there

Maximum number of 
charging stations

Decision variable to choose 
a charging station to cover a 

demand point

Transportation 
cost per 

kilometer
Distance between 

charging stations and 
demand points

Amount of 
services given 

by charging 
station

 
 

Figure 2. Influence diagram 
 

The objective function is formulated as follows: 
 

 ....................................... (2) 
 
Meanwhile the constraints are formulated as follows: 

 .............................. (3) 
 ............................... (4) 

 .................. (5) 
 ........................................... (6) 

 ................................... (7) 
 ..................................... (8) 

 ....................................... (9) 
 
The descriptions for each notation are as follows: 
 : The set of charging station candidate sites 
 : The set of demand points 
 : Set of charging station levels 

: Investment cost to build charging station at candidate site i level k 
 : The distance between candidate site i to demand point j 

 : Transportation cost per kilometer 
 : Maximum number of charging stations that want to be built 
 : Demand at node j 

 : The service capacity of charging station level k 
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The objective function (2) is to minimize the total cost including investment and transportation cost. Constraint (3) 
indicates that at least one charging station should cover each demand point. Constraint (4) means that only if the 
charge station is in this candidate's location will the service be provided. Constraint (5) indicates that the services 
provided by the selected charging station must not exceed its capacity. Constraint (6) means that we can only build 
one kind (level) of charging station at the chosen candidate site. Constraint (7) means we want to locate exactly P 
facilities. Finally, constraints (8) and (9) state that the decision variables in this model are a binary number.  
 
 
3. Results and discussion 
 
In this study, all residents are assumed to own a motorcycle. The number of charging requests is assumed to be the 
same as the number of electric motorcycle users. In this case, the number of users of electric motorcycles refers to 
the market share prediction that has been made by Jodinesa et al (2020). The number of users of electric motorcycles 
is determined by multiplying the market share of 36% by the total population. Population data were obtained 
through the website of the Surakarta Central Statistics Agency. Table 2 shows the charging demand for each district. 
 

Table 2. Charging demand 
 

Demand point Number of citizens Demand 

A 102,524 36909 

B 54,671 19682 

C 86,890 31280 

D 147,694 53170 

E 183,541 66075 
 
Based on the results of identification and data collection of gas stations in Surakarta through Google Maps, as many 
as 20 gas stations were identified. Google Earth is used to find the latitude and longitude points of each gas station 
and district. A set of location coordinates of the demand points and charging station candidates were obtained. Table 
3 shows the results of the calculation of the distance between the location of the charging station candidate and the 
location of the demand point based on the latitude and longitude coordinates. 
 

Table 3. Distance between charging station i to demand point j (in kilometer) 
 

Charging station candidate 
Distance to demand point 

A B C D E 

1 1.98 3.22 4.57 5.87 1.69 

2 4.76 4.27 3.25 1.64 5.52 

3 3.43 4.57 5.65 5.57 0.43 

4 1.23 0.03 1.59 5.23 4.28 

5 4.58 4.40 3.79 0.85 4.63 

6 3.36 4.33 5.17 4.58 0.61 

7 4.60 5.53 6.25 4.78 1.57 

8 2.59 1.78 0.92 3.75 4.67 

9 2.86 4.00 5.12 5.38 0.50 

10 1.85 2.91 3.99 4.81 1.40 
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Charging station candidate 
Distance to demand point 

A B C D E 

11 0.30 0.96 2.46 5.37 3.48 

12 2.22 2.75 3.29 3.51 2.22 

13 3.22 3.69 3.99 2.84 2.34 

14 0.84 1.86 3.43 6.20 3.35 

15 2.48 3.43 5.02 7.70 3.89 

16 4.56 4.91 4.91 2.07 3.28 

17 4.93 4.80 4.21 0.48 4.75 

18 3.21 2.17 0.65 4.15 5.52 

19 5.44 5.04 4.08 1.12 5.81 

20 1.47 2.18 3.05 4.19 2.26 
 
Transportation costs are defined as the product of the distance traveled by the user and the cost for energy expended 
per kilometer. The transportation cost per km is assumed to be IDR 300,000. In addition, data on the investment 
costs for charging station construction and service capacity are also assumed and defined for each charging station 
level, which is shown in Table 4. 
 

Table 4. Service capacity and investment cost for charging station level k 
 

Level Service capacity Investment cost 

1 325,000 1,761,290,323 

2 225,000 1,219,354,839 

3 80,000 433,548,387 
 
The formulated model is running with the collected data using CPLEX. CPLEX uses decision optimization 
technology to optimize business decisions, develop and deploy optimization models quickly, and create real-world 
applications that can significantly improve business outcomes. CPLEX enables rapid development and deployment 
of decision optimization models using mathematical and constraint programming. The model is run with four 
different scenarios, namely when the maximum number of charging stations (P) is 3, 4, 5, and 6. Figure 3 illustrates 
the problem solving approach. 
 

• Input initial parameters: 
Aik, distij, C, Dj, 

• Input constraints: P, Capk

Start Generate solution:
 Xij, Yij

Find local optimum by 
CPLEX serverEnd

 
 

Figure 3. Problem solving approach 
 
Table 5 shows the results of the objective function and the total time needed to find the optimal solution. Based on 
this table, the Z values in the scenario P = 5 and P = 6 are not found and the settlement time is also very long. This 
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may happen because the model is already in a steady state condition or it could be due to the effect of data collection 
in the form of dummy data so that it is less able to represent the problem. 
 

Table 5. Objective function result 
 

Max number of charging station 
(P) Z Time 

3 1,303,177,161 3 minutes 32 seconds 
4 1,735,039,548 33 seconds 
5 - 6 minutes 
6 - 14 minutes 

 
The results of decision variable Xik were generated. In scenario P = 3, CS 3, CS 5, and CS 11 were selected. CS 3, 
CS 4, CS 17, and CS 18 were selected for scenario P = 4. Meanwhile CS 3, CS 4, CS 11, CS 17, and CS 18 were 
selected for scenario P = 5. Furthermore, in scenario P = 6, CS 3, CS 4, CS 8, CS 11, CS 17, and CS 18 were 
selected. Based on the results, the model tends to choose the level 3 charging station. This is because level 3 has the 
cheapest investment cost and its value is much smaller than the other levels. The use of dummy data for parameters 
of investment costs and service capacity can also be the cause of the absence of level variations at the chosen 
charging station. This means that a systematic calculation should first be carried out to determine these two 
parameters so that the results are more varied. 
 
The results for decision variable Yij were also generated. This result shows which candidate locations are assigned as 
the supplier for each demand point. In scenario P = 3, three candidate sites were selected. CS 3 would be opened to 
satisfy demand point E, CS 5 would be opened to satisfy demand point B and D, whereas CS 11 would be opened to 
satisfy demand point A and C. In scenario P = 4, four candidate sited were selected. CS 3 would be built to satisfy 
demand point E, CS 4 would be built to satisfy demand point A and B, whereas CS 17 and 18 would be built to 
satisfy demand point D and C respectively. The thing that needs to be underlined is that the scenario P = 5 and P = 6 
show the same result. This is because there are five demand points, so at P = 6, the model also only shows five gas 
stations that would act as suppliers. In the scenario P = 5 and P = 6, demand point A would be supplied by CS 11, 
demand point B would be supplied by CS 4, demand point C by CS 18, demand point D by CS 17, and demand 
point E would be satisfied by CS 3. 
 
Based on the value of the decision variables obtained, the model proposed in this study is considered as integer 
linear programming (ILP) problem. ILP is a linear integer programming model that can produce solutions with both 
integer and non-integer values. It can be seen that the value of both Xij and Yij is either 0 or 1. Based on the results 
and analysis, this model succeeded in providing a solution for the location of the charging station construction. In 
the scenario P = 3, P = 4, P = 5, P = 6, the selected locations are {3,5,11}, {3,4,17,18}, {3,4,11,17,18}, 
{3,4,8,11,17,18}. The level chosen for all scenarios is level 3. This model is not very reliable to solve the problem 
because when P > 4, the running time is quite long and the objective function value Z cannot be generated. In 
addition, because there is still dummy data, the results obtained are not able to represent the current problem 
situation. This is reflected in the absence of level variations at the chosen charging station. 
 
If this model is applied, it will pose several risks, including the uncertainty of total costs when the government 
decides to open more charging stations so that the government cannot estimate the budget funds needed for the 
charging station construction project. Therefore, it is necessary to calculate and collect more systematic data, 
especially on the parameters of investment costs and service capacity so that the model can represent real conditions 
well and produce accurate objective function solutions. Another risk is that the government cannot anticipate queues 
and estimate the number of queues at the charging station. This is because the model does not consider scheduling 
and traffic congestion. Therefore, for further research, traffic density and maximum battery capacity and recharging 
duration need to be considered in order to predict the queues at the charging station. 
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4. Conclusion 
 
The development of a supply chain network model for the charging station case in Surakarta has been carried out. 
The model has been run considering four scenarios and the selected candidate charging station locations and their 
levels have been identified. The model is able to provide suggestions to the government regarding solutions for the 
optimal location of the charging station construction. However, this model is not very reliable for solving problems 
and there are some risks if the model is applied. Therefore, the shortcomings and limitations of this model should be 
accommodated in further research by improving data collection and processing methods and adding scheduling 
parameters, traffic density and maximum battery capacity and recharging duration to the model. Thus, it is hoped 
that the model can provide more accurate and precise results and better represent real conditions. 
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