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ABSTRACT 

The Government of Indonesia has set a roadmap towards net zero 
emissions by 2060, which includes accelerating the adoption of electric 
motorcycles. The government assigned the State Electricity Company 
(PLN) to accelerate the adoption by optimizing the potential of 
conventional motorcycle users and ride hailing. The battery swapping 
scheme is an attractive choice for companies to increase their profits. 
However, users still experience uncertainty about battery swapping. It 
is thus imperative to implement a battery reservation strategy to make 
it easy for battery swapping users to exchange them. The battery 
swapping industry is a complex system that involves many interrelated 
elements. Such a development of strategy would require a holistic view 
of the process and a definition of the relationships between the 
elements. This research aimed to develop a conceptual model for a 
battery swapping industry development strategy with a system dynamic 
modelling approach and a business model canvas framework. The 
conceptual model is presented in a system diagram, and a causal loop 
diagram provides the first information that has an impact on the 
company’s intervention in the battery swapping industry development 
strategy. Furthermore, the business model canvas should help to 
communicate the key aspects easily. 

 OPSOMMING  

Die regering van Indonesië het ’n padkaart opgestel vir netto nul-
emissies teen 2060, insluitend die versnelling van die aanvaarding van 
elektriese motorfietse. Die regering het die Staatselektrisiteits-
maatskappy (PLN) aangewys om die aanvaarding te versnel deur die 
potensiaal van konvensionele motorfietsgebruikers en ritte te optimeer. 
Die batteryruilskema is ’n aantreklike keuse vir maatskappye om wins te 
verhoog. Gebruikers ervaar egter steeds onsekerheid oor 
batterywisseling. Dit is dus noodsaaklik om ’n batterybespreking-
strategie te implementeer om dit maklik te maak vir 
batteryruilgebruikers om batterye te ruil. Die batteryruilbedryf is ’n 
komplekse stelsel wat baie onderling verwante elemente behels. So ’n 
strategie vereis ’n holistiese siening om die proses te begryp en die 
verhoudings tussen elemente te definieer. Hierdie navorsing het ten doel 
om ’n konseptuele model vir battery-uitruiling industrie-
ontwikkelingstrategie te ontwikkel met ’n stelseldinamika-
modelleringbenadering en besigheidsmodel-raamwerk. Die konseptuele 
model is teenwoordig in ’n stelseldiagram; die oorsaaklike lusdiagram 
verskaf die eerste inligting wat ’n impak het op die maatskappy se 
ingryping in die battery-uitruilingsbedryf-ontwikkelingstrategie. Verder 
sou die sakemodel raamwerk help om die sleutelaspekte maklik te 
kommunikeer. 
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1. INTRODUCTION 

The increasing temperature of the Earth led more than 100 world leaders to support the proposal and agree 
to keep the temperature increase below 2°C at the 21st Conference of the Parties (COP), which took place 
from November 30 to December 31, 2015 at the Paris Agreement on Climate Change [1, 2]. The targets of 
each country ratifying the agreement are set out in its nationally determined contribution (NDC). This has 
made the decarbonisation agenda, environmental factors, and socioeconomic growth factors some of the 
main focuses in each country’s long-term national strategy [3]. To reduce its carbon footprint and achieve 
net zero emission (NZE), the Indonesian government implemented primary principles, percentages, and a 
roadmap towards achieving the zero-emission target [4].  

Through the Indonesian Ministry of Energy and Mineral Resources, the roadmap aims gradually to issue 
regulations in the form of presidential regulations related to new and renewable energy (NRE) and 
retirement coal, to issue the NRE law, and to build smart grids, smart meters, two million electric cars, 
and 13 million motorcycles until 2060, when the NRE mix is targeted to reach 100%. It would be dominated 
by solar and hydro and the use of electric vehicles (EVs), and electricity consumption would reach 5,308 
kilowatt-hours per capita (kWh/capita) [4]. The transportation sector accounts for a quarter of Indonesia’s 
energy needs; by 2020, transportation sector emissions constituted 27% of Indonesia’s total greenhouse gas 
(GHG) emissions. As a contributor to reducing energy sector emissions, decarbonising the transport sector 
would critical for Indonesia to achieve its net zero goal. GHG emissions from transportation would need to 
be reduced by three million tons of carbon dioxide equivalent (CO2-eq) annually until 2030 and by seven 
million tons of CO2-eq from 2030 to 2050 [5]. Indonesia is committed to reducing its CO2 emissions; one way 
to do this would be by increasing the adoption of EVs despite significant difficulties with infrastructure, 
technology, cost, and user acceptance [6]. 

The government has also issued fiscal and non-fiscal policies to boost the adoption of EVs. A fiscal policy 
has been issued in Government Regulation Number 74 of 2021, by which the government exempts sales tax 
on luxury goods based on the emission level of the battery electric vehicle (BEV). The Ministry of Home 
Affairs Regulation No. 1 of 2021 establishes that the maximum annual tax and transfer fee for BEVs is only 
10% of the cost calculation. Non-fiscal policies are found in the Presidential Instruction No. 7 of 2022 on EV 
adoption for government service vehicles and in the Ministry of Transportation Regulation No. 15 of 2022 
on the conversion of vehicles other than those with two wheels. The Ministry of Industry (MOI) also issued 
Ministerial Regulation No. 6/2022 on technical requirements, the national EV roadmap, and the local 
content requirement (LCR) guidelines. The Ministry of Energy and Mineral Resources Regulation No. 13/2020 
deals with the standardisation of charging plugs and electricity tariff policies for public EV charging stations 
and battery replacement. The Ministry of Transportation Regulation No. 44 of 2020 covers EV testing and 
certification, while the Ministry of Commerce Regulation No. 45 of 2020 contains electric motorised special 
vehicle regulations, including safety requirements, driving behaviour, and vehicle lanes. The Ministry of 
Trade Regulation No. 65 of 2020 legitimises 2W to electric 2W (E2W) conversions, and regulates conversion 
vehicle components and the requirements for converting small and medium enterprise (SME) conversion 
workshops, along with safety requirements and administrative processes [5]. 

The availability of charging infrastructure is essential, and would remove an obstacle to EV adoption. The 
lack of charging infrastructure is a psychological barrier to consumers adopting EVs, known as ‘range 
anxiety’, which means that consumers do not feel safe with the range offered by EVs because they would 
still have difficulty finding charging infrastructure. Investment in such infrastructure needs to be intensified 
in order to meet the IEA recommendation of one charger for every 10 EVs [5]. In July 2023 the extent of EV 
infrastructure was 616 charging stations and 1,401 battery swap stations, while there were 12,395 EVs and 
40,312 electric motorcycles [7]. Based on this data, the ratio between charging stations and electric cars 
was 1:20, and between battery swap stations and the number of electric motorcycles it was 1:29. 

Battery swapping allows electric motorcycle users to travel far without experiencing long charging times 
at battery swapping stations [8]. This improves efficiency by reducing household costs, providing a constant 
supply of energy, meeting the energy needs of EVs, allowing battery charging in less than two minutes, and 
being convenient to use [9]. There have been many studies related to battery swapping on operations [10-
18]. Factors for the adoption of battery swapping technology for EVs at exchange stations have also been 
investigated [1, 9, 19]. Other research discusses models or frameworks to develop business processes and 
to improve operational cost efficiency [8, 20-22]. In contrast, the current research discusses the 
development strategy of the battery swapping industry [1, 23]. However, none of the other studies 
quantitatively addressed the business development of the battery swapping industry using the business 
model canvas framework. 
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The development of the battery swapping industry is essential to eliminate range anxiety, which is a primary 
obstacle to the market penetration of EVs, and to optimise the potential of electric motorcycle ride hailing 
service providers in order to increase the profitability of battery swapping station providers. Battery 
swapping and battery reservation technology would be a solution to these problems. It would ensure the 
availability of the desired battery at the battery swapping station and also allow EVs to travel far without 
experiencing long battery charging times [8]. The business model canvas serves as a framework for the 
value-creation process [23]. The battery swapping industry is a complex system that involves many 
interrelated elements; so the development of a strategy would require a holistic understanding of the 
process and a definition of the relationships between its elements. Therefore, it would be necessary to 
identify, map, and communicate a workable business model concept to describe the dynamics of the battery 
swapping industry’s development more comprehensively. 

This study offers a conceptual model for devising a systematic strategy for the development of the battery 
swapping industry’s business. The development of the conceptual model uses a system dynamics approach 
to gain insights into developing a battery swapping industry strategy, and is a first step to identifying 
effective policies to improve sustainability in the battery swapping industry, thus supporting the NZE 
transition. In addition, a framework will be built using the business model canvas to understand and develop 
a dynamic and effective business model. 

2. LITERARURE REVIEW 

Charging EVs still takes longer than refuelling traditional vehicles, making many consumers hesitant to 
switch. As a solution, battery swapping allows EVs to be charged within minutes [24]. Battery swapping 
technology is the superior solution for future road mobility, and has significant implications for the 
transport industry and for electrical systems [25]. Battery swapping technology is innovative in providing 
range satisfaction in using EVs, advancing zero-carbon vehicle transportation, and improving environmental 
sustainability [19]. Battery swapping is an alternative that addresses the technical problems of price, range, 
and charging time, thus allowing users of two-wheeled EVs to replace a depleted battery with a fully 
charged one easily at the desired charging station [1]. 

Sales tax incentives and technological advances could increase public interest in switching to electric 
motorcycles [26]. The right incentive policies to improve the acceptance of electric motorcycles would 
relate to cost and time, such as tax discounts and free parking, rather than product quality, such as quality 
assurance and warranties [27]. The government and vehicle manufacturers could improve users’ 
perceptions of and attitudes to electric motorcycles by highlighting innovative designs and user-friendly 
operational functions. In addition, vehicle manufacturers could increase consumer confidence by providing 
good after-sales service and improving product quality. The government could also offer incentives and 
subsidies to encourage the use of electric motorcycles, and expand the availability of the charging 
infrastructure [28]. Four main factors influence EV adoption behaviour: psychological factors, social 
factors, environmental factors, and policy factors [29]. Ride hailing service drivers in Indonesia would be 
willing to adopt electric motorcycles by purchasing or renting them if the purchase or rental costs were 
affordable and if the mileage that could be achieved by electric motorcycles were adequate for their needs. 
In addition, the availability of proper charging infrastructure would be an essential factor in ride hailing 
drivers’ decision to adopt electric motorcycles [30]. 

Battery reservation would be helpful to ensure the availability of the required batteries, to optimise the 
travel time of EVs, and to reduce waiting times at battery replacement stations [8]. The battery reservation 
scheme would be used to manage battery replacement requests that would enable EVs to obtain status 
messages that are released by battery replacement stations through mobile edge nodes so that electric 
cars could select the right battery replacement station to replace an exhausted battery [13]. The battery 
swapping station (BSS) business model has emerged, influenced by the increasing attention to EV batteries 
and the deregulation of the electricity market. BSS could also support a sustainable EV ecosystem and 
generate profits in the power grid with battery reservation strategies, resulting in increased overall profits 
and longer battery life [11]. 
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3. METHODOLOGY 

The researcher developed a causal loop diagram (CLD) model of the battery swapping service industry [1], 
assuming a willingness to adopt electric motorcycles for  ride hailing services [30] and a battery swapping 
process model with a reservation method [8], using the business model canvas framework [31] to support 
its economic, social, and environmental sustainability. The literature review above aimed to determine the 
variables that correlate with industry and the relationship between the variables selected from expert 
judgements and related theories. The relationships between variables can be seen in Figure 1, with arrows 
with positive or negative polarity symbols indicating a causal impact or vice versa. The feedback 
relationships between the variables in the CLD are further analysed through a system-thinking pattern to 
understand the problem better [32]. Once the system process is established, a system diagram defines the 
entire process and the strategy for sustainable battery swapping. The system diagram shows the problem 
owner and the goals desired by the problem owner, all the stakeholder participants in the industry 
development, how the system works, and the policy interventions needed to influence the system output. 
The business model canvas framework helps to identify and understand the key elements of a business 
model, such as critical resources, processes, and stakeholders, and how the interaction between these 
elements could create value for the company [23]. 

4. RESULT AND DISCUSSIONS 

4.1. Actor Analysis 

Actors are classified into three categories: those affected by the problem and the solution, those formally 
involved in the policy intervention, and those interested in the implementation of the solution [1]. 

The Government of Indonesia (GoI) is the first actor. By building adequate battery swapping facilities, the 
government wants to develop an adequate battery swapping industry to boost the growth of electric 
motorcycle users [33]. The government has drawn up a road map to achieve NZE by 2060 by targeting the 
number of EV users [4]. 

The second actor is a state electricity company known as PLN. The government assigns PLN as the vehicle 
for the development of battery-based EVs, and continues to support all programmes to accelerate the EV 
ecosystem. PLN invites investors to work together to accelerate the construction of profitable battery 
swapping stations [34]. Therefore, PLN is expected to intervene in the battery swapping process to reduce 
the anxiety of electric motorcycle users [33]. 

The third actor is conventional motorcycle users. They are concerned about the limited mileage and the 
lack of charging infrastructure for EV motorcycles, which hinder the growth of the EV market [5]. 

The fourth actor is existing electric motorcycle users. Those users have the right to decide whether to use 
battery swapping services [1]. They need the assurance that batteries will be obtainable at the battery 
swapping station using the battery reservation service [8]. 

The fifth actor is ride hailing services. Those service providers are oriented to low operating costs, reliable 
battery swapping networks, and profitability [30]. The increased adoption of ride hailing services is 
expected to boost profit growth for battery swapping station infrastructure providers.  

The actors are analysed below (Table 1) according to six characteristics: problem perception, cause of 
problem, objective, interest, resources, and position. 
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Table 1: Characteristics of development battery swapping industry actors in Indonesia 

Actor Problem 
perception 

Cause of 
problem 

Objective Interest Resource Position 

Government 
of Indonesia 

Limited battery 
swap facilities 
hamper EV 
market growth 
[5] 

Battery 
swapping 
industry is 
low or not 
profitable [1] 

Develop 
battery 
infrastructure 
swapping 
infrastructure 
to increase 
the number of 
electric 
motorcycle 
users [1] 

Adequate 
battery 
swapping 
facilities 
[5] 

Authority to 
enact 
regulations 
to develop 
the battery 
swapping 
sector [1] 

Establish a road 
map towards 
NZE 2060 for 
implementation 
[4] 

State 
electricity 
company 
(PLN) 

Government 
assignment to 
be the vehicle 
for the 
development of 
battery electric 
motor vehicle 
implementation 
[35] 

Efforts to 
reduce 
carbon 
emissions [36] 

Strengthen EV 
infrastructure 
[7] 

Profitable 
battery 
swapping 
business 
[37] 

Policies to 
influence 
electricity 
tariffs [1] 
and 
intervention 
in the 
battery 
swapping 
process 

Encourage and 
promote the 
use of EVs [38] 

Conventional 
motorcycle 
users 

Running out of 
battery at the 
station because 
another vehicle 
has taken it 
away [8] 

Not 
implementing 
online battery 
reservations 
[8] 

To eliminate 
range anxiety 
and difficulty 
finding 
charging 
infrastructure 
[33] 

Obtain 
certainty 
of battery 
availability 
at battery 
swapping 
stations [8] 

The decision 
not to 
switch to 
EVs [1] 

Waiting to 
adopt an 
electric 
motorcycle [1] 

Electric 
Motorcycle 
Users 

Uncertainty 
about obtaining 
batteries at 
battery 
swapping 
stations [8] 
 

Not 
considering 
battery 
reservation 
[8] 

Unlimited 
driving range 
[19] and 
minimise the 
battery 
swapping lead 
time [8] 

Easy to use 
technology 
and 
affordable 
access [19] 

The decision 
not to use 
battery 
swapping 
[1] 

Waiting to use 
battery 
swapping [1] 

Electric 
motorcycle 
ride hailing 
services 

Limited range 
leads to anxiety 
about running 
out of power on 
the go and lack 
of charging 
infrastructure 
[30] 

Access to a 
reliable and 
convenient 
network of 
battery 
swapping 
stations [30] 

Lower 
operating 
costs and 
environmental 
benefits [30] 

Benefits 
ride hailing 
service 
providers 
[30] 

The power 
of not 
adopting 
EVs [30] 

Waiting to 
adopt the use 
of an electric 
motorcycle 

4.2. Conceptual Model 

4.2.1. System Diagram 

Figure 1 shows the system diagram of the development of the battery swapping service industry. The 
diagram has several elements: system inputs, outputs, objectives, company interventions, problem owners, 
stakeholders, and the CLD as a system model. Inputs into the system include external factors that the 
problem owner cannot influence, or that are difficult to influence. Policy variables correspond to the 
intervention of the problem owner; the CLD defines the pattern structure, visualising the cause-and-effect 
relationships between variables or components in the battery swapping industry service. Outputs are 
measured as objective criteria that are used as indicators to assess the effectiveness of company 
interventions, the precise number of users of battery swapping services, the profit for companies providing 
battery swapping services, and the total reduction of CO2 emissions. Company interventions will be applied 
to evaluate the model’s behavior and each policy’s effectiveness in achieving the objectives. 
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Figure 1: System diagram for the development of the battery swapping industry in Indonesia       
(Note: An enlarged version of the CLD is provided in Figure 2) 

4.2.2. Causal Loop Diagram 

Figure 2 shows the CLD for the strategic development process of the battery swapping industry. The CLD 
has seven loops: six causality reinforcing loops, and one causality balancing loop. Loops R1 to R5 are the 
base model of the CLD of the battery swapping service industry in Indonesia [1]. 

The following is an explanation of each loop: 

• Loop R1 explains the impact of word-of-mouth on electric motorcycle adoption. A greater number of 
users of electric motorcycles would imply a stronger word-of-mouth (WOM) effect, thus influencing a 
growing number of users to switch to electric motorcycles. 

• Loop R2 describes the effect of word-of-mouth on battery swapping user adoption. Similarly, an 
increase in battery swapping users could increase battery swapping adoption among potential word-
of-mouth users. 

• Owing to infrastructure development, Loops R3 and R4 represent the adoption of electric motorcycles 
and battery swapping. A greater number of users could result in higher profits for battery swapping 
station providers. It would also increase the added value of the business, and encourage the provider 
to build additional infrastructure to attract potential users. 

• Loop R5 explains that investment in the battery swapping industry would increase as profits increase. 
Revenue would also be influenced by battery reservation strategies to improve the service and user 
convenience. 

• Loop R6 represents the increased adoption of ride hailing services obtained by purchasing or renting 
an electric motorcycle [30]. Strengthening the number of electric motorcycle users would increase 
the number of battery swapping users. 

• Loop B1 balances revenue and cost to generate profit; the cost component would be influenced by 
the battery swapping cost and laboratory or training costs [1], taking into account taxes, labour, and 
land rent [16]. 

4.2.3. Mapping Causal Loop Diagram to Business Model Canvas 

The business model canvas is a model that describes the rationale for how an organisation or company 
creates, delivers, and captures value [39]. A canvas-shaped business model framework consists of nine 
boxes of interlocking elements that show the logic of how a company intends to make money. These nine 
blocks cover the four main areas of the business: customers, offerings, infrastructure, and financial 
viability. The nine elements in the business model canvas are customer segments, value propositions, 
channels, customer relationships, revenue streams, key resources, key activities, key partners, and cost 
structure. 



7 

 

 

Figure 2: Causal loop diagram of the development of the battery swapping industry in Indonesia, 
adapted from [1] 

Table 2 explains the mapping of the business model canvas, with its nine key elements, in developing a 
battery swapping industry strategy to develop battery swapping stations in Indonesia. The following 
explains the nine elements in the business model canvas. 

• Key partners 
Key partners include key stakeholders who are involved in the value creation process and who enable 
the business to run. In the business model, partners are intermediaries who do not belong to the 
company but who play a role in turning products/value into money. In general, companies must have 
four types of cooperative relationship in business to meet certain needs: strategic alliances, joint new 
business development efforts, coopetition, and key supplier relationships. Strategic partnerships are 
generally used between companies that do not have a competitive relationship. Cooperation is 
intended to complement one another’s products/services so that they have more market power. Joint 
new business development efforts can be applied to companies that have just launched their business 
start-ups. This strategy would be more effective if the products/services offered already had a clear 
identity and trademark. The coopetition strategy occurs after the company has passed its business 
start-up period. It is intended to maintain market control, usually through agreements between 
competitors. Key supplier relationships could be interpreted as a form of cooperation that must exist 
for all companies: those still in the start-up stage, and those that are already sustainable [40]. In this 
business, the type of partner is a critical supplier relationship. Some of the partners that cooperate in 
the development of the battery swapping industry business are the Government of Indonesia, ride 
hailing providers, and battery swapping stations material suppliers. 

• Key activities 
‘Key activities’ are the core activities that must be mastered and the processes to run the company’s 
business. The key activities in the battery swapping industry business development strategy are the 
electrical energy transaction process, the construction of battery swapping stations, the installation 
and maintenance of battery swapping stations, product development, and cooperation with ride hailing 
transportation providers. All these key activities work synergistically to run the business. 

• Key resource 
‘Key resources’ are the tangible and intangible assets that determine the company’s business success. 
Generally, the required resources are human, technological, financial, and physical (raw materials) 
[41]. Resources enable companies to create and offer value propositions, reach markets, maintain 
relationships with customer segments, and generate revenue. The key resources of the battery 
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swapping industry development strategy are the number of battery swapping stations, their locations, 
the availability of electric power, and multi-payment methods in conducting transactions. 

• Value proposition 
Value propositions are bundles of a product or service that benefit specific customer groups [39]. The 
value proposition must have relevance to both the customer’s needs and the value created by the 
business to satisfy them. Battery swapping stations that attract battery swapping users previously had 
the value proposition of eliminating range anxiety and cutting waiting time when charging batteries. 
However, the development of the battery swapping industry’s business is needed, given the uncertainty 
of getting batteries at battery swapping stations. The problem that occurs suggests that the availability 
of batteries at the battery swapping station is not known to battery swapping users, resulting in 
uncertainty. A battery swapping station in its business development should be based on improving the 
battery swapping process, which could be a new way of attracting consumers while addressing their 
problem. The value propositions in the business model canvas of the development of a battery swapping 
industry strategy are as follows. The development of the battery swapping station is designed to 
provide certainty about obtaining the required battery so that the problems that occur are solved. The 
battery swapping station does not have a reservation feature on the battery swapping application, 
meaning that users must transact directly at the location.  

Easy and convenient battery swapping. Determining the value proposition on ease and convenience is 
based on the uncertainty of having battery swapping users appreciate of the availability of batteries. 
Users cannot easily make reservations, but it can be done online from anywhere. The largest battery 
swapping station network is a product advantage that answers the needs of the Indonesian government 
in improving the national electric motorcycle ecosystem. 

• Customer relations 
Customer relationships are about how a company establishes a good relationship with its customers. 
There are three important principles: get, keep, and grow. Get means winning customers – the effort 
to direct consumers to the company’s product sales channel. The next stage is to keep the customers 
– the effort to persuade customers who have been won to continue to trust in and subscribe to the 
products/services that are offered. The third principle is to ‘grow’ the customers – the effort to 
increase the number of customers in order to increase sales [40]. In maintaining the relationship with 
customers with the company, the development of the battery swapping industry strategy needs to 
carry out the following activities: 
Getting customers. To get customers, the main thing is to promote the product. Promotions could be 
carried out by advertising on social networking media and websites, through the company’s employees, 
and by direct promotion to consumers. 
Keep customers. The primary way to retain customers is by creating loyalty through giving attention 
to them. Loyalty in consumers could be built by maintaining and improving the quality, reliability, and 
innovation of the battery swapping station’s operations. At the same time, attention could be offered 
by providing advice about and impressions of the battery swapping station’s products through contact 
centre services. 
Increase the number of customers. Increasing the number of customers could be achieved by innovating 
and developing products that meet the needs of customers in the field. The relationship between 
spreading promotions, creating customer loyalty, and innovating products that fit customers’ needs 
could increase the number of battery swapping users. 

• Channels 
Channels are a means for companies to deliver value propositions to their customer segments and to 
connect with their customers. Communication, distribution, and sales networks are some of the 
company’s ways of relating to their customers. Channels play an essential role in the customer 
experience. The battery swapping transaction system in the business model canvas is carried out using 
PLN’s mobile application in its network of offices. Information and its use is conveyed through PLN’s 
social media and websites. The sales system has been chosen to give consumers and companies a sales 
channel that is easy to use. 
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• Customer segment 
The target market for a company’s products is divided into four types: the existing market, a re-
segmented market, a new market, and a clone market. Each market needs certain competitive 
specifications [40]. Battery swapping stations are used by electric motorcycle users who run out of 
battery power. However, not all electric motorcycles charge their batteries at battery swapping 
stations because only electric motorcycles that use battery swapping technology can use them. 
According to Blank and Dorf (2012), the development of the battery swapping industry belongs to a 
segmented market. This is because only certain electric motorcycles can use it; but greater advantages 
are needed to increase the attractiveness of battery swapping stations. Based on the provided value 
propositions, developing the battery swapping industry strategy could deliver convenience and comfort 
for users. 

• Cost structure 
The cost structure is the part of the business model canvas element that describes all the costs that 
arise when operating a particular business model. Creating and delivering value, maintaining customer 
relationships, and generating revenue incur costs. This cost calculation is relatively more 
straightforward once the essential resources, key activities, and critical partnerships have been 
determined [39]. In the business model canvas, the costs associated with business functions that are 
particularly focused on developing the battery swapping industry strategy are those associated with 
battery swapping production: direct materials, construction costs, and battery rental costs; those 
associated with overheads: electricity costs, maintenance, depreciation and land rental costs; and 
direct labour, taxes, and laboratory or training costs. 

• Revenue stream 
‘Revenue streams’ is a term that describes the cash that a company generates from each customer 
segment. If customer satisfaction is the heart of a business model, then revenue streams are its arteries 
[39]. Revenue streams are usually measured in respect of money obtained by the company from 
customers. The primary revenue streams of the battery swapping product development strategy are 
electricity sales, battery reservation fees, and land rent. 

Table 2: Business model canvas scheme 
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5. CONCLUSION 

The researcher has developed a conceptual model for a strategy to develop a battery swapping industry in 
order to support the net zero emissions transition, using a system dynamics approach and a business model 
canvas framework. The CLD shows the correlation between profitable business development and the 
company’s implemented interventions. Battery reservation fees are important in increasing company 
profits while providing battery swapping users with certainty and convenience in obtaining batteries. 

A multi-actor analysis, system diagrams, and the CLD assisted the development of the model, while the 
business model canvas served as the product development framework. The multi-actor analysis provided 
insight into the actors involved with the battery swapping business development, while the system diagram 
and the CLD offered further insight into how all the variables are connected and influence one another. 
The system diagram also provides a better understanding of a battery swapping process that 
comprehensively supports sustainability, and shows the objectives of the process, the output indicators 
that correspond to the targets, the external factors that may affect the uncertainty in the process, the 
stakeholder involvement, and the company’s intervention in the system. The CLD also explains the 
interactions between the variables in the battery swapping industry, which constitute six causal reinforcing 
loops and one causal balancing loop. The interaction of variables affects how the problem owner and the 
stakeholders respond in order to develop the battery industry. 

The business model canvas defines a strategy to help companies to map and communicate key aspects of 
the business model in an easy-to-understand way and to visualise the desired design or building blocks – 
including consumers, target markets, value propositions, and financials – when starting a business. Battery 
swapping stations are also necessary for users’ adoption of battery swapping, as they affect the 
attractiveness of the battery swapping infrastructure and electric motorcycles. The problem owner must 
ensure the sustainability of the business by creating a profitable intervention for the company with the 
concept of battery reservation and by guaranteeing the availability of battery swapping stations to users 
at an appropriate electricity tariff. 

The state electricity company PLN supports the government of Indonesia in accelerating the adoption of 
electric motorcycles as a way to realise its roadmap towards net zero emissions by 2060. The government 
has issued fiscal and non-fiscal policies to support the programme [42]. To attain this goal, companies need 
a robust strategy to remain sustainable and survive. They could implement policy interventions from 
electricity tariffs, battery reservation fees, or battery swapping construction. Each intervention would have 
a different impact and level of effectiveness. Thus a company’s strategy to increase the number of battery 
swap motorcycles could ultimately help the government’s programme. 

 
This study has had no quantitative way to test the conceptual model and to verify the business model. 
Therefore, the impact of a company’s intervention on the system would need to be analysed further. For 
future research, the conceptual model is expected to be developed into a stock-flow diagram in order to 
explore the influence of policy making in developing a battery swapping strategy to support social, 
economic, and environmental sustainability. Then the initial canvas business model would undergo solution 
testing to determine the level of customers’ acceptance of the business model and to verify whether the 
model is correct and produces value for the company. 
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