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Abstract: Many benefits follow from the use of Electric Vehicles (EVs) to replace fossil fuel-based
vehicles (FVs), i.e., improved transportation energy efficiency, reduced carbon and noise emissions,
and the mitigation of tailpipe emissions. However, replacing conventional FVs with EVs requires the
establishment of a suitable charging infrastructure representing a commonplace detail that blends
into the landscape and is available in various locations. This research focuses on the infrastructure of
Electric Motorcycles (EM), constituting a relatively dense network of charging stations (CS), which is
an essential factor in accelerating the commercialization of EM in Indonesia. In this case study, we
propose a Charging Infrastructure Optimization approach for placing charging stations to meet the
demand posed by motorcycles. This study uses motorcycle user data as the initiation data for electric
motorcycle users. The selection of charging station development points uses the calculation methods
of the centrality index and scalogram, which describe the density of community activities. After the
charging station’s construction point is obtained, the point is validated with the optimization model
that has been designed with respect to the Maximal Covering Location Problem. We also analyze the
benefits and costs of constructing this charging station to determine its feasibility.

Keywords: electric motorcycle; charging infrastructure optimization; maximal covering location
problem; centrality index; benefit–cost ratio

1. Introduction

One of Indonesia’s most widely used forms of transportation is the motorcycle, and
the number of motorcycles in Indonesia reached 120 million units in 2018 (Central Statistics
Agency, 2019). Innovations in electric vehicle and battery technology can provide trans-
portation solutions that are environmentally friendly, energy-efficient, and have lower
operating and maintenance costs [1]. Thus far, these innovations have sparked growth in
the production of electric vehicles, improvements in the construction and operating costs
for the corresponding charging infrastructure, and the profound impact of heterogeneous
electric vehicle fleets with different vehicle-specific charging powers [2]. The Indonesian
Government plans to shift from fossil fuel vehicles to electric vehicles through Presidential
Regulation no. 55 of 2019 concerning the Acceleration of the Battery Electric Vehicle Pro-
gram for Road Transportation. Public agencies and stakeholders need objective, equitable,
and systematic processes for identifying candidate sites for situating charging stations [3].
The system will become even more complex and less user-friendly as more actors join
unless factors such as consolidation, regulation, or independent network orchestrators
reduce this complexity [4]. Developments in the analysis of the electric vehicle market with
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renewable energy economics and the infrastructural impact of electric vehicles have been
studied with respect to their effects in reducing pollution [5].

The city of Surakarta is a medium-sized city in Central Java, Indonesia. It is one of
the centers of Javanese culture that has sustained aspects from its language, dance, and
music to other traditional Javanese arts with a Surakarta style. Apart from standing as an
independent city, Surakarta is also supported by agglomeration areas that help popularize
this city. Surakarta City is one of the urban areas currently experiencing rapid development
in trade, industry, services, settlement, education, and transportation sectors, as indicated
by the level of traffic density. The city’s development triggers a high rate of population
growth and the conversion of undeveloped land into built-up areas such as settlements,
offices, hotels, malls, schools, and others. This increasing population density increases
the number of transportation activities. Thus, carbon emissions also increase when such
vehicles use fossil fuels.

Several studies have discussed the electrification of motorcycles. Transforming con-
ventional motorcycles into electric motorcycles is very effective because it can directly
reduce fossil fuels and directly impact carbon reduction [6]. The associated study explains
that the purchase price, model, vehicle performance, and infrastructure readiness are the
most significant barriers to adopting electric vehicles. Therefore, a government-provided
infrastructure development plan is needed to serve the community’s need for electric
motorcycle-charging stations [7]. This is very important to the development of a business
plan for electric motorcycles that can be implemented to realize the government’s plan to
reduce carbon emissions. Planning for the allocation of charging stations must consider the
distance of consumers to the charging stations to be built [8].

The innovation of electric vehicle technology is essential in order to provide solutions
for transportation facilities that are environmentally friendly, energy-efficient, and have
lower operating and maintenance costs [1]. The authors of [9] identified the market share
of convertible electric motorcycles in Surakarta City. They concluded that the people of
Surakarta City responded positively to the development of convertible electric motorcycles.
From this research, it can be explained that the opportunity for developing electric motor-
cycles is quite significant. Electric vehicle innovation also encourages the entrance of new
entities into the supply chain, including technopreneurs and start-ups from developers,
suppliers, manufacturers, and distributors of electric vehicle products/services and their
derivatives in the market [10]. Therefore, a government-provided infrastructure devel-
opment plan is required to serve the community’s need for electric motorcycle-charging
stations. In determining the opening of a facility, one of the factors that must be consid-
ered is economies of scale [11]. An efficient distribution–allocation–location system will
minimize transportation costs [12]. Developments regarding electric vehicles and various
configurations regarding aspects of charging stations’ design are categorized based on
optimizing the power used and optimal strategies for the future [13].

Developing a location and allocation model is essential. Accordingly, feasibility
studies on investment in factory establishments must be analyzed. Investment feasibility
studies need to be carried out to provide an overview for stakeholders who will later
be involved in procuring an operating a given charging station. Through the feasibility
study, the stakeholders will be able to determine strategic decisions that related parties
will use. After the stakeholders make decisions and plans, the procurement of charging
station infrastructure will be more accessible and have more support for its construction.
These plans are intended to be implemented in the next few years. Thus, the stakeholders
involved can be optimistic about owning a charging station because they have a general
picture of the profit earned, the business plan to be undertaken, and the rate of return on
capital to build the charging station. In this case, the aspects that need to be considered
include the power demand from consumers, the selection of charging stations that must be
built to meet this power demand, the degree of investment required, and the operational
costs incurred. This study is related to research by several Indonesian Ministries regarding
emission-based vehicle tax regulations, feasibility tests for electric vehicles, and rates for
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electric vehicle charging stations. With this research, the commercialization of electric
motorcycles as a substitute for conventional motorcycles in Indonesia can be realized faster.

One of the critical factors in the diffusion of electric vehicle technology is the avail-
ability of the infrastructure to meet the needs of electric vehicles. Therefore, planning to
construct a charging station is essential to help accelerate the commercialization of elec-
tric motorcycle technology. This research has many benefits for stakeholders and other
researchers in terms of resolving the confusion with respect to deciding the right location
concerning the Maximal Covering Location Problem, the reason the location is chosen,
and providing an overview of the costs and benefits of the charging station construction
project that will be carried out. The limitation of this research lies in its coverage of the
condition of demand, in which only references are used as an illustration of the system
in Surakarta. This is because there is little demand for electric motorcycles in circulation.
With these limitations, this research is expected to provide an overview of conditions for
future infrastructure development.

This paper is structured as follows: Section 2 provides a literature review on the study
of the development of electric motorcycle charging stations. In addition, the literature
review contains optimization methods and cost analyses used in previous studies. Section 3
describes the methodology and stages of our research. The results of the optimization
and calculation of the B/C ratio are presented in Section 4. Section 5 describes the results
obtained in Section 4, and this section also describes the benefits of the construction of
a charging station. Finally, Section 5 discusses the main findings and conclusions of
this paper.

2. Literature Review

Various countries have made many plans to develop charging stations to meet the
needs of electric vehicles. Technological developments in transportation have significantly
impacted the environment and people’s daily lives. The authors of [14] conducted a
study to determine the optimal locations and the types of charging stations installed using
Mixed-Integer Non-Linear Programming (MINLP) optimization. The aspects considered in
planning regarding the location of EV charging stations stem from the problem of locating
public facilities [15]. The central planner allocates the supply or services to meet demand
based on nodes in a spatial network, for example, the location of electric taxi-recharging
stations [16] and electric charging (EV) stations [17,18]. Optimal location modeling is also
carried out using a stochastic optimization method by considering the cost and reliability of
the charging station [19]. Concerning plans to build charging stations or services for electric
motorcycles, it is necessary to study the feasibility of investment and the techno-economics
that support the program. In addition, site selection also supports decisions in determining
development costs and the services provided to customers. This study explains that the
use of electric road systems can significantly reduce peak BEV charging by distributing
charging intervals throughout the day. We also found a considerable difference between
the maximum possible and minimum charge required on electric road systems [20]. A
corresponding mathematical model was developed, which incorporates a site survey, EV
density, an electricity demand analysis, load modeling, a cost analysis, EV battery charging
time, and power quality [21].

Several studies use scalogram analysis to determine service centers in an urban
area [22]. In the cited authors’ research, a linear programming method is used to design
the optimal location selection model for the construction of charging stations. Scalogram
analysis and the centrality index are also used to determine service points that are easily
accessible by the community. The scalogram method is an analytical technique used to
identify the distribution of functions of social and economic service facilities as well as the
hierarchy of development centers and development infrastructure. In addition, this study
also uses a techno-economic analysis model for government investment in developing
public services in the form of supporting infrastructure for the development of electric
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motorcycles. Charging strategies may be more relevant for fleets than personally owned
EVs [23].

The location of charging stations for electric motorcycles has been researched using
many methods. An activity-based approach was developed for planning charging station
infrastructure and the impact of this charging station on the mileage of an electric vehicle
by evaluating the feasibility of the electric vehicle’s battery [24]. In this particular case,
the location of the charging station is accounted for by using demographic and decision
rules [25]. Pervasive mobility data become one of the decisions in optimizing the location
of charging stations through a discrete optimization problem-solving technique that mini-
mizes the distance needed to charge an electric motorcycle [26]. A strategy for determining
the location of charging stations in urban areas that uses an agent-based simulation has
been developed [27].

There are several studies on the economic benefits of charging infrastructure. One
study analyzes cost reduction and minimizing the impact on local grids (energy storage
and charging systems) from a technical and economic point of view [28]. However, this
research mainly focused on evaluating the economic benefits of energy storage charging
stations, and the authors’ models do not involve social and environmental benefits. Another
study developed a rule-based energy management (REMS) scheme to study the benefits
of grid-connected electric vehicle photovoltaic charging stations [29]. Although this study
considers the benefits of photovoltaic charging stations in reducing the network load, the
main concern remains the maximum benefits of a charging station. Based on the life cycle
theory, [30] proposed a model to analyze the economic and environmental benefits of
using photovoltaic panels to charge EVs in a Dutch workplace and evaluate the impact
of network-connected tariffs on photovoltaic income. The feasibility and profitability of
a grid-connected photovoltaic power plant was analyzed via sensitivity analysis, which
showed that photovoltaic power generation is economically feasible [31]. At the same
time, they analyzed and quantified the reduction in pollutant emissions from photovoltaic
charging stations. The results show that photovoltaic power plants have high potential for
reducing pollutant emissions. In another study, the economic and environmental benefits
of PV charging stations were analyzed from the perspective of electrical facilities using
the energy balance analysis method [30]. The model analyzed the impact of parking fees,
PV installation costs, incentives, motorcycle prices, and more factors, which provide a
reference for studies of the benefits of PV charging facilities. Renewable energy is used
as a preferential method to charge electric motorcycles and store the renewable energy
in battery packs when there is no charging load in a station. Their work discusses the
economics of photovoltaic energy system charging stations based on energy management
strategies [32].

One study used net present value (NPV) to evaluate the costs and benefits of pho-
tovoltaic charging stations with second-use battery energy storage [33]. They concluded
that using a battery-based energy storage system in a photovoltaic charging station will
increase the annual profit limit. However, the above research only involves economics and
the benefits of the charging station itself and does not consider social and environmental
benefits. Several studies described in Table 1 have discussed the cost–benefit relationship
of the existence of electric vehicle technology. Many of them accommodate technical,
economic, and environmental aspects. Many researchers still need to adapt the social
aspect and provide an overview of the types of levies used in their research. Our research
accommodates the social aspect because the selection of the location’s selection is based
on community activities. In addition, this study considers the power supply and types of
charging used in the community.
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Table 1. State of the art.

Paper
Objective Consideration

Optimal Location Charging Type Supply Cost–Benefit Social Environment Cost Technical

[14]
√ √

[16]
√ √

[17]
√

[18]
√

[19]
√ √

[22]
√ √ √

[24]
√ √

[25]
√ √

[26]
√ √

[27]
√ √ √

[29]
√ √

[30]
√ √ √

[31]
√ √ √ √

[33]
√ √

3. Methodology

This section describes our approach for determining appropriate points for construct-
ing charging stations. The material discussed at this stage concerns the locations generated
from the calculation of the centrality index. The point of the charging station is deter-
mined to reach more customers. We created an optimization model to help ensure that the
charging station can be situated with the minimum total service cost. The service cost is
calculated based on the driving distance between the location of a customer and a charging
station point. The corresponding research flow is visualized in Figure 1.
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Step 1: Collecting motorcycle data as an initiation of demand and available public
facilities data is the first step of the research. Motorcycle user data were obtained from the
calculation of 5% of the population of motorcycle users.

Step 2: Identification of demand and environment is a collection of requests from the
data in step 1 regarding the completion of an optimization model with optimal coverage.
This step will identify the demand and coverage of the location that will be used as the
research location, and this step also identifies the variables used in modeling.

Step 3: This step focuses on selecting the optimal solution that generates a list of
suitable points for the charging station. The point selection is based on population activities
so that the social aspect is examined from the community side. The point selection process
uses a centrality index and a scalogram.
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Step 4: Step 4 will explain the optimization model that decided the construction of
a charging station at the selected location in step 3. This step validates the selection of a
charging station’s construction point based on cost.

Step 5: The costs and benefits of building a charging station at a given point are
identified. We analyze the cost–benefit relationship of procuring a charging station to serve
the community’s needs. Besides NPV analysis, there is another method with which to
evaluate and compare the economic performance of one or more investments, namely, the
benefit–cost ratio (B/C) [34,35]

3.1. Operational Data and Public Facility Data

In this study, the charging infrastructure is optimized for electric motorcycles. There-
fore, we use motorcycle user data as the initial demand to estimate the number of charging
stations and possible charging locations (Step 1). In addition, this study uses data on
existing facilities to determine locations with dense user activity. With these data, it can
be illustrated that the charging points are crowded with electric vehicle users. Social
and economic factors will influence the location of the charging station’s construction in
this study.

The locational data that will be selected comprise several public facilities with many
community activities. These locations encompass the following:

• Education clusters consisting of elementary schools, junior high schools, and university
campuses;

• Health clusters with pharmacies, clinics, health centers, and various types of hospitals;
• Office clusters made up of small and large offices;
• An entertainment cluster involving a playground and a shopping center;
• Clusters of public places such as football fields, city parks, and cemeteries.

In addition, places of worship of various religions are also considered in choosing the
locations for constructing charging stations.

3.2. Identification of Charging Demand and Environment

The estimation of charging demand is based on two questions: (i) How many charging
station points can cover the demand? (ii) Where is the most frequent vehicle location at
the appropriate time for charging? Charging during customer trips should be avoided.
This study uses scenarios focused on crowded places for customer activities and aims to
allow electric motorcycle users to charge their vehicles while carrying out daily activities.
Customer activities can be generated from facilities included in the model’s consideration so
that it is easier for users to determine the charging location from the destination. Therefore,
it will be easier for the customer to have a charging station in the vicinity of the activity
they perform. Furthermore, it would be better to have a charging station near the location
of the corresponding user activity after the vehicle has been charged. In this context, we
consider the start and end locations of a user trip as suitable points for charging from the
user’s perspective. Consequently, the travel time between the locations where the electric
motorcycle must be charged and the charging station will be minimized. Our research does
not incorporate any information about energy consumption during travel. Therefore, more
electric motorcycles will look for charging stations in areas with many starting/ending
locations, i.e., densely populated locations with many community activities. Hence, higher
charging demand is expected (Step 2).

One study provided the design and prototype of a buck–boost converter for dual-mode
lithium-ion battery charging (buck and boost mode) and the implementation of the Multi-
Step Constant Current Method (MSCC) algorithm with an optimal charging pattern (OPT)
to perform fast charging under voltage, current limit, and temperature monitoring [36].
In this study, we focus on Surakarta City, and the data show the population density in
Surakarta in 2020 as and is illustrated in Figure 2 [8]. It indicates that population activities
are very spread out and varied. When choosing the point for the procurement of charging
stations, it will be chosen with respect to maximizing the ease with which it can be accessed



World Electr. Veh. J. 2022, 13, 232 7 of 16

from locations where people are most active. Finally, locations around the city center offer
above-average possibilities for recreational activities and attract more people who live
further afield. We can also observe several “hot spots” far from the city center [8]. These
are primarily districts with public facilities such as hospitals or train stations. In areas
with a higher number of starting and ending locations, the probability of many vehicles—
especially motorcycles—starting or ending the journey is higher. As electric vehicles appear
more frequently in these locations, the demand for refills will also increase. As a result, we
selected the frequency of start and end locations as indicators of fill requests.
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We use non-swap battery-charging stations as the study objects. The charging tech-
nology is applied faster to accelerate the commercialization of electric vehicles. Table 2
describes the four types of charging stations that the Indonesian Government has set.
Level 3 was chosen to be the charging station that can adequately serve the needs of the
communities because of its sufficient capacity and low investment costs. Levels 1 and 2
are used for personal use; thus, they do not require a large amount of power from the
residence of the electric motorcycle owner. Charging level 4 has the largest capacity. How-
ever, currently, Indonesia does not yet have much demand. Therefore, our research does
not consider charging level 4. Charging level 4 might be developed if the market in the
research location is already high. Demand and cost data used in this study are based on
annual calculations.

3.3. Selection of Optimal Location with Centrality Index

This research aims to determine charging station locations using centrality indices
and scalability. The locations will show the density of community activity. Therefore,
the locations in this research were analyzed from the available public facilities. With the
number of customers and public facilities available, the locations have a fairly dense activity
level. This study also considers the average speed of electric vehicles. Over a large area,
the likelihood of finding a suitable point for a charging station is higher. Therefore, we
develop a model that facilitates the discovery of the best charging station locations with
optimum costs.
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Table 2. Types of charging a battery-based electric motor vehicle.

Description Level 1
(Slow Charging)

Level 2
(Medium Charging)

Level 3
(Fast Charging)

Level 4
(Ultra-Fast Charging)

Location Custom installation
(home)

Custom installation
(office) Public charging station Public charging station

Maximum output
current (A) 16 AC 63 AC 100 AC/250 DC 300 AC/500 DC

Output power (kW) ≤3.7 kW ≤22 kW ≤50 kW ≤150 kW

Plug-in connector type Type 1 and 2 (IEC
62196-2) Type 2 (IEC 62196-2)

Combined fill types,
CSS, and Chademo

(IEC 62196-3)

Combined fill type,
CSS2, and Chademo

(IEC 62196-4)
Charging time 8 h 4 h 30 min 15 min

3.4. Optimization Model to Decide the Construction of the Charging Station

This optimization model aims to decide whether a filling station should be built at a
point in the village with a higher hierarchical level (see Table 3). This study’s mathematical
model formulation follows the steps described previously (see Figure 1). The development
of the linear programming model is illustrated in the workflow diagram shown in Figure 1.
The figure represents the steps for developing an optimization model to minimize the costs
of building the charging stations and service costs while meeting all charging needs. We
use the LINGO programming language to formulate and solve the optimization model. The
following elaborates on the optimization model, containing objective functions, decision
variables, and problem constraints.

Min C = ∑m
j=1 ∑4

l=1 xjl(clwl) + ∑n
i=1 ∑m

j=1 yijct(nev
i (

dij

v
+

7

α
)) (1)

which is subject to:
xjl ∈ {0, 1} (2)

yij ∈ {0, 1} (3)

yij = 0, i f xjl = 0 (4)

m

∑
j=1

4

∑
l=1

xjl wjl ≥
n

∑
i=1

7nev
i (5)

where
nev

i = ni
pµδ (6)

Decision variables:

# xjl—The decision variable. If a charging station should be built at the point j, xjl = 1;
if not, xjl = 0.

# yij—The decision variable. If the charging station in point j fulfills the demand for
power in location (village) i, yij = 1; if not, yij = 0.

Parameters:

n—Number of locations (villages) to be served by the charging station;
m—Number of locations (villages) where a charging station can be built;
L—Power levels to be accommodated {1, 2, 3, and 4} (see Table 3);
wl —Charging station’s power capacity level l (kW);
cl—Cost of building a charging station with the capacity level l per kW (IDR);
ct—Transportation costs for charging station services (IDR);
nev

i —Total number of EVs that have charging requirements in the location (village) i;
dij—Distance between the center point of the location (villages) i and the charging station
at point j (Km);
v—Average driving speed of EV in the city (Km/h);
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ni
p—Population of the location (villages) i;

α—Power plug in the charging space (kW)
7—Electric motorcycle power (kW)
µ—Percentage of the population owning electric motorcycles in all locations (villages);
δ—Percentage of owners who regularly use the electric motorcycles.

Table 3. Centrality index location.

No Districts Village Centrality Index Hierarchy

1 Jebres Mojosongo 2138.61 I
2 Jebres Jebres 1674.21 II
3 Banjarsari Kadipiro 1193.27 IV
4 Pasar Kliwon Semanggi 1064.30 IV
5 Serengan Danukusuman 914.22 V
6 Serengan Kemlayan 892.84 V
7 Laweyan Pajang 813.42 V
8 Jebres Pucangsawit 805.35 V
9 Banjarsari Gilingan 766.77 V
10 Jebres Jagalan 745.07 V
11 Serengan Serengan 668.14 V
12 Serengan Tipes 636.99 V
13 Banjarsari Sumber 578.54 VI
14 Banjarsari Banyuanyar 570.75 VI
15 Serengan Joyotakan 560.96 VI
16 Banjarsari Manahan 546.58 VI
17 Serengan Jayengan 537.91 VI
18 Banjarsari Mangkubumen 531.52 VI
19 Jebres Sudiroprajan 492.31 VI
20 Banjarsari Nusukan 482.79 VI
21 Laweyan Panularan 461.80 VI
22 Pasar Kliwon Kauman 458.38 VI
23 Laweyan Purwosari 454.99 VI
24 Laweyan Sondakan 450.86 VI
25 Pasar Kliwon Gajahan 445.06 VI
26 Serengan Kratonan 422.97 VI
27 Banjarsari Timuran 382.48 VI
28 Laweyan Kerten 345.61 VI
29 Banjarsari Keprabon 343.67 VI
30 Jebres Purwodiningratan 337.15 VI
31 Jebres Gandekan 328.70 VII
32 Banjarsari Setabelan 325.30 VII
33 Pasar Kliwon Joyosuran 325.08 VII
34 Banjarsari Kestelan 322.72 VII
35 Banjarsari Punggawan 292.18 VII
36 Pasar Kliwon Kedung Lumbu 284.18 VII
37 Pasar Kliwon Kampung Baru 273.20 VII
38 Pasar Kliwon Sangkrah 257.44 VII
39 Pasar Kliwon Pasar Kliwon 250.27 VII
40 Laweyan Karangasem 249.66 VII
41 Laweyan Penumping 215.28 VII
42 Jebres Sewu 204.39 VII
43 Laweyan Sriwedari 201.83 VII
44 Pasar Kliwon Baluwarti 199.13 VII
45 Laweyan Jajar 180.58 VII
46 Banjarsari Ketelan 173.45 VII
47 Jebres Tegalharjo 156.47 VII
48 Jebres Kepatihan Kulon 127.73 VII
49 Laweyan Bumi 127.65 VII
50 Jebres Kepatihan Wetan 100.46 VII
51 Laweyan Laweyan 34.99 VII

The first Equation (1) states the objective function that minimizes charging station
infrastructure development costs and transportation costs incurred by charging station
users for charging electric motorcycles. Equation (2) shows the decision variable for
building a charging station at a certain level, and Equation (3) shows the decision variable
for deciding whether the charging station facility will meet the electric vehicle’s charging
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services demand. Equation (4) shows that location (villages) i will not be served if a charging
station is not built. Equation (5) shows the constraint wherein the service provided by the
charging station has a limit that cannot exceed the needs of the community. In addition,
Equation (6) shows that the demand for charging station power is obtained from a large
percentage of electric vehicle users in the population. This model will prove that charging
station services can satisfy all existing demands by optimizing the costs incurred to build
charging stations and service costs.

3.5. Determining the Costs and Benefits of Site Selection

The final step (Step 5) is to provide an overview of the costs that will be incurred for the
construction of the charging station and the benefits obtained at the selected point based on
stakeholder decisions regarding local planning and installation of charging infrastructure.
The primary considerations are based on the following:

• Local prospects and possibilities;
• Economics and partnerships;
• Consumer acceptance and appearance;
• Expandability.

The selected site points represent basic concepts in a grid size suitable for stakeholder
consultation. Experts can analyze real estate possibilities, actual power grids, transporta-
tion extensions, and connections to decide on local prospects and possibilities. From
an economic point of view, partnerships for the installation and operation of charging
infrastructure are very important for users of electric motorcycles and other vehicles as
representatives of a portion of the stakeholders. Surakarta City Government supports
design, display, and marketing. To avoid competition between users of the same charging
outlet, the number of charging points continuously increases, with the decision to expand
based on charging station occupancy.

4. Results

This section presents the results of the optimization model. Our initial analysis
concludes that charging level 3 is the most feasible type for the City of Surakarta. The
charging request is estimated based on motorcycle data from 2020, containing information
on around 27,000 vehicles with 1–3 charging times a week. Based on the charging demand,
we identified areas to place the charging stations. Next, we compared different scenarios
with a varying number of charging stations and investigated their impacts on road network
coverage, benefits, and costs.

4.1. Demand Satisfactory

Our study results indicate that five points were chosen to be the locations for con-
structing the charging stations. The selected points have high activity density. The selected
points are villages that can cover the district area. These points have a reasonably optimal
cost for serving the demand for the electric motorcycles in the vicinity.

4.2. Binary Allocation

Each district’s charging station point can be obtained using binary allocation from
the optimization model. The results are shown in Table 2, which shows the location of
the charging station in each district throughout the village. The charging station point is
the location where a charging station will be built, which can later serve requests from
surrounding locations (CS Serviced).

4.3. Sensitivity Analysis

We performed sensitivity analysis through two sets of scenarios by altering the demand
and the cost per kWh. In the first set of scenarios, we increased the demand for 79,200
vehicles by 5% and 10% and then decreased it by 5% and 10%. This resulted in 83,160,
87,120, 75,240, and 71,280 cars. The result of this analysis is shown in Figure 3.
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Figure 3. Sensitivity analysis results by altering the demand.

In the second set of scenarios, we altered the price per kWh. The initial cost per kWh
is IDR 12,035.00. We changed the cost by +5%, +10%, −5%, and −10%, or IDR 12,636.75,
IDR 13,238.50, IDR 11,433.25, and IDR 10,831.5, respectively. Figure 4 shows the result of
the sensitivity analysis performed on the second set.
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The sensitivity analysis results in this study provide evidence that our model is sensi-
tive to changes in several parameters. We use the demand and power price as modifiable
variables. Demand is one of the variables that will continue to change within technological
development and commercialization. The power price for electric charging will also change
if there is a new policy or increasing demand. This shows that the model is valid.

4.4. Economic, Social, and Environmental Benefits

In this part of the research, we consider charging station construction’s economic, so-
cial, and environmental aspects. We compile aggregated benefits for each element based on
prior research. Economic factors consist of fuel-saving and economic development. Social
aspects include national security and health impacts, whereas environmental elements are
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related to CO2 emissions reduction [37]. Table 4 shows the benefits of the charging station
according to [37].

Table 4. Aggregated benefits of charging station.

Aspects Participants Value
(IDR per 10 Years and 120,000 Miles)

Economic Fuel Saving 4130
Economic Development 965

Social National Security 3268
Health Impact 1686

Environment CO2 Emission Reduction 866
Source: Malmgren, 2016 [37].

Based on Table 4, we calculated the value of each participant’s prospects of receiving
benefits based on the demand in Surakarta City. We calculated the benefits for each mile,
and the results became the basis for calculating the benefits in our research. The results are
shown in Table 5.

Table 5. The benefits of each participant’s prospects.

Participants Benefits per km per Year

Fuel Saving IDR 313,701,418.80
Economic Development IDR 73,298,273.40

National Security IDR 248,226,691.68
Health Impact IDR 128,063,097.36
CO2 Emission Reduction IDR 65,778,554.16

Total benefits IDR 829,068,035.40

A benefit–cost ratio (BCR) has been calculated using the converted costs from [37].
Benefits include economic, environmental, and social impacts.

Cost (IDR/year) = IDR 324,336,000.00 [8].

BCR = Total Bene f its
Cost

= 829,068,035.40
324,336,000.00

= 2.55

(7)

With a BCR value above 1, procuring a charging station to serve the power demand
from the community is considered feasible. This value indicates that the business’s devel-
opment is beneficial.

5. Discussion

The model developed in this study is structured so as to provide an overview and
optimal solution for accelerating the commercialization of electric motorcycle technology in
Surakarta. This study has calculated the feasibility of investing in planning the construction
of a charging station. In addition, the developed model accounts for minimizing investment
and service costs at charging stations and considers the demand for coverage. The selection
of the charging station’s construction site uses the centrality index as the optimal locational
parameter to choose from. Service allocation uses a model to optimize the demand for
electric motorcycle services. This model validates several charging stations that can serve
requests from motorcycle users in Surakarta City, selected via their centrality index value.
The optimization model also determines the allocation of charging station services for
servicing electric motorcycles. It is very important for stakeholders to help them carry out
construction planning.
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Sensitivity analysis was carried out using two sets of scenarios: changes in the number
of requests and electricity prices. The sensitivity analysis shows that the profit earned still
changes according to the conditions of demand and the price of existing electric power.
Thus, the compiled model has been validated. In addition, the benefits and costs obtained
in this study have been considered and included in government policies and adapted
to the conditions of existing installations in Indonesia. The policies include subsidies in
development, determining the selling price of electricity to the public, and other sources
of cost calculations. These investment feasibility analysis results are used to determine
the business investment that will be planned later. The investment feasibility analysis in
this study provides a new general picture for investors and the government in terms of
determining strategic and tactical plans for the construction of charging stations.

This study has limitations, notably, it has not produced a simultaneous model. The
investment feasibility analysis model is calculated separately from the charging station
allocation model. In addition, it needs support from the simulation results to determine
the optimal service time, operational time, and the increase in demand per unit time to
provide better customer satisfaction. This would also make the model closer to the actual
conditions of adopting electric motorcycles. Furthermore, this study considers only one
type of motorcycle and assumes that all-electric motorcycles have exact specifications and
power demand. The type of charging station developed has also been considered to meet
the needs of electric motorcycles, which will be developed later.

The analysis results using the benefit–cost ratio method show that the filling stations
selected at each location are feasible to build. This is indicated because the BCR value is >1.
The benefit–cost ratio analysis was calculated based on the benefits obtained from social,
economic, and environmental aspects. This research shows many positive impacts if the
charging station can serve the demand for electric vehicles. This impact is influential on
life in general and for society in particular. This impact will be described in more detail
according to the aspects affected by the decision to build a charging station. By using the
centrality index to determine the location of filling stations, it is easier for people to find
charging services in their vicinity. From the results described in Table 6, it can be seen that
the selected location (CS Point) can serve several areas (CS Serviced) optimally because
all demands are served. This research does not have a direct impact on reducing CO2
emissions. However, this research illustrates that community activities are an essential
factor in determining the location of a charging station’s construction. This study’s social,
economic, and environmental benefits are described below.

Table 6. Charging station location.

CS Point CS Serviced

Mojosongo Jebres, Mojosongo, Tegalharjo
Kadipiro Banyuanyar, Gilingan, Kadipiro, Mangkubumen, Nusukan, Sumber

Semanggi
Gandekan, Jagalan, Kepatihan Kulon, Kepatihan Wetan, Pucangsawit,
Purwodiningratan, Sewu, Sudiroprajan, Kedung Lumbu, Pasar Kliwon,
Sangkrah

Danukusuman
Keprabon, Kestelan, Ketelan, Punggawan, Setabelan, Timuran,
Panularan, Sriwedari, Baluwarti, Gajahan, Joyosuran, Kampung Baru,
Kauman, Danukusuman, Jayengan

Panjang Manahan, Mangkubumen, Bumi, Jajar, Karangasem, Kerten, Laweyan,
Pajang, Penumping, Purwosari, Sondakan

This study developed a model for determining the location of a charging station for
the general public’s electric motorcycle power demand. With this research, the commer-
cialization of motorcycle technology can be realized more quickly. This is because the
city government, stakeholders providing electric motorcycles, charging station service
providers, and electric motorcycle users do not need to determine the optimal charging
stations through trial and error. The discussions and experiments carried out can be mini-
mized. With the acceleration of this technology’s commercialization, it will be faster for
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vehicle users to convert their conventional vehicles into electric vehicles. On the other hand,
a well-distributed charging station can positively impact the customer because it is more
efficient and easily accessible, and more customers can use this infrastructure. Moreover,
this infrastructure supports environmentally friendly electric vehicles, thereby minimizing
greenhouse gas emissions and bringing significant environmental benefits.

Charging stations are equipped with specific capacities and specifications so that a
well-distributed charging station can satisfy the demands of electric motorcycle users. From
an indirect social perspective, the charging station business can reduce the purchase of fossil
fuels for use in conventional vehicles. Another social benefit is that the optimization model
has been tested with respect to determining the point of the charging station’s construction.
There is no need for a detailed study of the development of electric motorcycle technology.
It is easier for people to replace conventional vehicles with electric vehicles because one of
the essential factors (infrastructure) in this commercialization has been fulfilled.

6. Conclusions

This study presents a method for finding the optimal location to place a predetermined
number of charging stations. The goal is to meet the maximum power needs of electric
motorcycles. The selected point is further analyzed regarding cost optimization so that
the number of requests based on the number of user activities in the area is considered
in the model. This model for validating charging station construction points has been
developed to support active communities in minimizing the distance from an activity’s
location to the location of the charging station. Demand in a region can be met by one
charging station at the exact location and partially by a nearby charging station. In addition,
optimization issues allow for the integration of existing charging stations, enabling the
iterative development of the charging infrastructure. Finally, the simple structure of the
optimization problem allows for a precise solution. The result is one location that is repre-
sentative of the sub-district. Decision makers should determine the exact location of the
charging station based on environmental constraints. This study’s results support decision
making regarding the introduction of electric motorcycles in Surakarta City, Indonesia.

By utilizing the results of this study, the distribution of charging stations in Surakarta
will be in line with the pattern of its residents’ activities. This will be further investigated in
a planned follow-up project where charging stations and electric vehicles will be operational.
With different behavioral variables of electric vehicle users, this can be solved by a dynamic
system simulation model. However, this is a topic for future research activities, which will
optimize the expansion of different charging stations with additional charging points.
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