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Abstract

Electric vehicles can reduce pollution and lower the use of fossil fuel. However, currently, in Indonesia, the supporting
infrastructure for electric motorcycles is still very limited. The lack of infrastructure charging station for electric
motorcycles causes some problems for the community to access power. This research develops an idea of mobile
charging station swap battery technology (MCSSB). Apart from preparing infrastructure battery swap for the
community, MCSSB can be used as commercialization equipment for entrepreneurs. This study aims to determine the
Technology Readiness Level (TRL) of MCSSB. The results of the development of technological innovations are at
the feasibility study stage. It means that attention should be paid to the aspects for technological feasibility, such as
operational aspects, market aspects, environmental aspects, and organizational aspects. The TRL calculation is at level
5, which means that the code validation and components are in a simulation environment.
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1. Introduction

Electric vehicles are one of the important things to overcome problems related to environmental pollution, the limited
and decreasing supply of conventional fuels, and global warming due to the increasing use of fossil-based fuels in
transportation equipment (Kumara & Sukerayasa, 2009). The use of electric-based vehicles (KBL) can be a solution
to reduce the use of fossil fuel vehicles (Iskandar, 2021). Electric vehicles are considered a substitute for fossil fuel
vehicles due to rising fossil fuel prices and accompanying environmental problems, and are predicted to increase
dramatically shortly (Nazari Heris et al., 2022). Based on a survey conducted by Populix with 1002 respondents in
Indonesia in February 2022, as many as 13% of respondents already have an electric motorbike, and 29% plan to buy
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an electric motorbike. For electric motorcycle brands that are already distributed in Indonesia, such as United, viar,
gesits, sellis, ecobike, BFgoodrich, and niu (Populix, 2022). Speaking of electric vehicles, nothing is complete without
a charging station. The development of electric vehicles must be supported by battery charging infrastructure so that
users do not experience problems in charging batteries which cause more and more people turn to electric vehicles
(Dharmawan et al., 2021). There are 10 future trends of electric vehicle charging infrastructure to show the will and
determination to build a green and efficient industrial ecosystem. First, charging electric vehicles such as refueling
from charging time, power, and voltage. Second, the availability of better-charging, improved development, quality,
and the ability to adapt to a complex operating environment. Third, energy saving environment, charging design add
new energy sources and save energy so that carbon emission will be reduced. Fourth, there is a standardization of core
components, charging stations that are compatible with each other or cannot be replaced. Fifth, charging will be
everywhere, such as in office construction, housing, government, and hospitals. Sixth, low-power DC charging, by
implementing plug-and-play charging without any code. Seventh, various charging modes, not only for electric
motorcycles and electric cars, but also for buses and trucks. Eighth, an all-digital charging facility, using smart
networks, [oT, 5G, cloud computing, remote control, big data, and artificial intelligence. Ninth, Tighter controls for
security and privacy protection. The tenth, integrated multi-network convergence node and the entrance of the Vehicle
Internet (Huawei, 2020). In the future, power plants with renewable energy sources will develop electric vehicles that
can be recharged with the electrical energy produced by these plants (Kumara & Sukerayasa, 2009).

In Indonesia, public electric vehicle charging infrastructure is divided into three, namely SPLU (General Electricity
Supply Station), SPKLU (General Electric Vehicle Charging Station), and SPBKLU (General Electric Vehicle Battery
Exchange Station) (Dharmawan et al., 2021). Furthermore, the mobile charging infrastructure is mobile charging
technology (MBC) classified into three main types namely, truck charging stations, portable charging, and vehicle-to-
vehicle power transfer (Afshar et al., 2021).

According to the General Plan of National Energy in 2025, Indonesia is targeting 2.13 million electric motors.
However, currently, in Indonesia, the supporting infrastructure for electric motorbikes is still very limited, the public
is not urgent to have electric vehicles, and there is a lack of socialization to intensify zero emissions. The increase in
the number of electric motorbikes must be balanced with adequate infrastructure. If the supporting infrastructure for
electric motorbikes is limited, people will feel anxious, worried, and have difficulty accessing charging electric
vehicles. Therefore, the researcher proposes a technology in the form of a mobile charging station swap battery.
Products or technologies that have been used commercially are developed through stages that proceed. The reliability
of these products and technology is continuously improved so that they are always ahead of the competition. On the
other hand, the success of an innovation is also determined by the success of the commercialization of the product or
technology (Kresnowati & Bindar, 2021). However, from some of the explanations above, not all technological
innovations can be present in the market. There are many stories of inventions that are never revealed, and many
breakthrough ideas that have the potential to fall into the so-called "valley of death" of technology because of the gap
between academic research and industrial commercialization. This is a missed opportunity for economic and social
progress and competitiveness of companies (Amalia et al., 2020). It needs to be supported in terms of technology,
innovation, and manufacturing to be successful in the market (Nugrahadi et al., 2020).

This research was conducted to improve infrastructure in Indonesia based on electric vehicles, and to develop
innovation and technological readiness from mobile charging station swap batteries, which in addition to making it
easier for people to exchange batteries, can also be commercialization opportunities for entrepreneurs. With the
existence of a mutually supportive ecosystem, it is hoped that it can help the government in reducing the use of oil-
fueled motorcycles. Battery swap-based charging stations have provided added value to consumers because they are
practical, fast, do not wait for long, and cheap energy. As for the charging swap batteries mobile can make it easier
for the community if they run out of power and are far from the battery exchange station, because the mobile can move
around. Mobile battery swap charging stations also don't need to queue or wait at fixed battery exchange stations,
saving time. MCSSB is a new technological innovation and can be commercialized into a technopreneur or a
technology-based business or business so that the benefits from a technopreneur can also be seen to attract investors
and entrepreneurs who take part in developing MCSSB technological innovations.

There are previous studies on mobile charging stations, such as Mobile charging stations for electric vehicles-A review

(Afshar et al., 2021) but none have discussed mobile swap batteries. This research uses the terms of technology
innovation development method, Technology Readiness Level, and technopreneur. The concept of the Technology
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Readiness Level (TRL) formulates the stages of technology and product development in nine stages, starting from the
idea development stage (Stage 1) to the technology and product development stage to be commercialized (Stage 9) (
Kresnowati & Bindar, 2021).

1.1 Objectives

This study aims to determine the development of technological innovation, readiness level technology, and
technopreneurs in mobile charging station swap batteries, which in turn can improve the battery exchange
infrastructure in Indonesia.

2. Literature Review

2.1 System Innovation

Being innovative is not enough just to have a new idea. Every new idea must be managed properly for the innovation
to succeed. Innovation management is an approach to generating, evaluating, validating, and putting new ideas into
practice. Choosing the right innovation management process is a challenge because innovation is unpredictable so the
way to know the process is going well is to try it in real life (Nugrahadi et al., 2020). Most of the time, innovation
seems to work in the short term but doesn't seem very successful in the long run. The main reasons for this are often
unrealistic expectations in the future evolution of technology and a lack of insight into unforeseen impacts. The second
observation is that only in some are cases the basic barriers are scientific or technological problems. Usually,
organizational, administrative, and institutional problems get in the way (Carayannis et al., 2015). The purpose of the
innovation system can be said to be the creation, diffusion, and exploitation of innovations (Carayannis et al., 2015).
An innovation system can be analyzed at the national, regional, sectoral and international levels. The analysis of actors
and institutions at each level complements the analysis of innovation actors at other levels (Carayannis et al., 2015).
(Figure 1)
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Figure 1. Innovation Technology Development (Siyanbola et al., 2011)
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2.2 Technology Readiness Level

One of the characteristics of successful innovation is the level of readiness. Measurement of the level of technology
readiness or often referred to as Technology Readiness Level (TRL) is an "indicator" that shows how ready/mature
technology is to be applied, marketed, and used by consumers. Shown by a scale of 1 — 9 where each scale is a measure
that indicates the level of maturity or technology readiness. Scale 1 indicates basic principles, scale 2 indicates concept
formulation, scale 3 indicates proof of concept, scale 4 indicates component code validation in the laboratory, scale 5
indicates code validation, components in a simulation environment, scale 6 indicates model demonstration or
prototype in the relevant environment. , a scale of 7 indicates a demonstration of a model or prototype in an actual
application environment, a scale of 8 indicates that it has been tested and demonstrated in an actual application, and a
level of 9 indicates that the technology has been tested tested/proven. (Figure 2)
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Figure 2. Technology Readiness Level

2.2 Technopreneur

Technology-based entrepreneurship has a better role in promoting sustainability. Technological entrepreneurship is
an entrepreneur who uses technology as a factor in converting resources into goods and services. The utilization of
technology is intended to produce new and innovative products through the commercialization process(Nugrahadi et
al., 2020). Technopreneurship is part of entrepreneurship (Suryati et al., 2020). Techno-preneurship aims to market
inventions created by academic scientists through patents, licensing, startups, and collaboration between universities
and industry (Grimaldi et al., 2011).

2.4 Mobile Charging Station

A mobile charging station is a charging device for electric vehicles, with one or more charging outlets, which can
offer electric vehicle charging services at any time and any location so that users are comfortable and don't have to
worry about running out of electric vehicles power. Mobile charging stations are divided into three, namely truck car
charging stations, portable charging stations, and vehicle-to-vehicle power transfer (Afshar et al., 2021). Mobile
Charging Station can be placed at a designated Fixed Charging Station which has an extra parking area. The filling
station owner must be connected to a filling station server (Charging Station Server) operated by an independent
system operator or regional transmission organization. All information about the installed Charging Pole must be
reported to the Charging Station Server (Atmaja & Mirdanies, 2015).

2.5 Swap Battery

A battery swap is the exchange of a depleted electric motor vehicle battery with a fully charged battery. Battery
exchange is intended for 2-wheeled electric vehicles, namely motorcycles, and 3-wheeled vehicles such as tricycles.
Several companies have invested in developing battery charging and swapping infrastructure in recent years. In
Indonesia, there are already several domestic and foreign companies that have developed battery swaps, such as
Indonesia's energy swap, oyika, ezyFast, gogoro, kymco, gesits, and sgb volta.

2.6 State of The Art
Table 1. State of The Art
No. | Researcher Title Topics

1. (Moghaddam et al., 2021) | Dispatch management of portable | Portable Charging Station
charging stations in electric
vehicle networks

2. (Abualola et al., 2022) A V2V charging allocation | Vehicle to Vehicle power transfer
protocol for electric vehicles in
VANET

3. (Afshar et al., 2021) Mobile charging stations for | Mobile Charging Station
electric vehicles—A review

4, (Aqidawati et al., 2020) Lesson Learned in Developing | Swap Battery
and  Implementing  Global
Business Strategy to
Commercialize Battery Swap
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Technology: A  Comparative
Study

5. (Habibie et al., 2020) Comparative Analysis of | Innovation Development
Developing Innovation Products
on Electric Motorcycle
Conversion: Lesson Learned to
Commercialization

6. (Straub, 2015) In search of technology readiness | Technology Readiness Level
level (TRL) 10

From the state-of-the-art explanation above, it shows that the mobile charging station swap battery has never been
studied, so this research will discuss the development of technological innovation and the level of technological
readiness from MCSSB. (Table 1)

3. Methods

This study analyzes the development of mobile technology for Battery Exchange Stations in Indonesia. The research
was conducted with qualitative data. Data sourced from secondary data. Secondary source data retrieval is carried out
using search engines and manufacturing websites with several keywords from the beginning of the emergence of
technology until now in 2022. Next, analyze data related to the development of technological innovations. Next,
analyze data related to the level of technology readiness and the level of commercialization readiness. Furthermore,
lessons learned for mobile charging station swap battery technology were carried out. Furthermore, conclusions and
suggestions can be drawn that are useful for future research. Figure 3 shows the selection of the framework to be
discussed in this study.

Collect Data Data Analysis
- Source, secondary data: - Innovation Development:
Search engine (google photo [ sketsa, discovery,

scholar, scopus, social feasibility study, prototype,
media) approval, production,
marketting, adopsi

- Time to collect: ]
technology start until 2022 - Technology Readiness Level:
level 1-level 9

Keyword: _ - Lesson Leamned
Maobile charging station,

electriv vehicle, swap batten,
innovation process,
technology readiness level,
technopreneur

Figure 3. Framework selection

4. Results and Discussion

4.1 Technological Innovation Development

Charging station swap battery is a new thing, so it is necessary to know how far and at what stage in the development
of this technological innovation until the technology can be adopted and used by the community. Because the valley
of death usually causes various technological products to be unsuccessful in launching on the market (Sutopo, 2019).
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Figure 4. Concept of Mobile Charging Station Swap Battery

In a mobile charging station, a swap battery requires 3 main components, namely a tricycle truck, billboard, and a
swap battery cabinet. The vehicle also uses an electric vehicle, the researcher uses the example of a three-wheeled
vehicle belonging to volta. Using a three-wheeled electric vehicle truck to officially have an STNK from the regional
police. The specifications of this three-wheeled electric vehicle belonging to Volta are having dimensions of 1920 x
1100 x 680 (Mm), having a mileage of 45 km and a maximum speed of 25km/hour, and can lift a maximum load of
250Kg. Next are the dimensions of the box, which can later be adjusted to the dimensions of the battery swap. The
dimensions of the box have dimensions of 150 x 100 x 100 cm, while the dimensions of the swap for 1 battery are 177
x 177 x 130 mm and weigh 10 kg. So in a box truck, if you use a 4-door battery swap cabinet, it will leave a space of
78 x 28 x 48 cm. Swapping the 4-door battery requires 3000 watts of power. Furthermore, the dimensions of the
billboard so that advertisements from electric vehicles can be conveyed to the public are 100 x 100 cm. (Figure 4)

2. Discovery Cycle

There are already several on the market regarding mobile charging stations for electric car vehicles, but the invention
or idea of MCSSB for electric motor vehicles has not yet been found in the market. So this discovery will be an
opportunity in the market, in addition to making it easier for the mobile charging station infrastructure itself to be able
to move from one location to another easily and not bound by time. In addition, advertisements on vehicles can be
used as marketing campaigns for using electric vehicles. In addition, from a technopreneur perspective, this technology
can be commercialized by SMEs.

3. Feasibility study Cycle

In terms of operational feasibility, it can be determined from the expertise and skills of human resources, such as a
driver who drives a truck has a driving license, knows how to replace a motorcycle battery, knows if there is damage
or a short circuit in the truck or battery cabinet, knows regular maintenance, and know the entire system in MCSSB.
In terms of market analysis can include products or services, supply, demand, strategy, and penetration. Opportunities
for Small and Medium Enterprises can be incorporated, such as electric vehicle agents, and battery agents. The demand
for electric vehicles will continue to increase, in addition to being environmentally friendly which can save on gasoline
costs and maintenance costs compared to conventional motorbikes by 75%, as well as the availability of swap battery
facilities with swap prices of Rp. 7500,- for 60km. Already available and available spare parts and after-sales team.
Demand and supply are carried out such as socialization, agreement, administration, education, activities, and
monitoring. From an environmental perspective, it is clear to minimize the use of gasoline and reduce carbon
emissions. From an organizational perspective, many stakeholders can help the growth of electric vehicles,
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government support for educational institutions to research electric vehicles and support for improving charging
infrastructure, government support for SMEs or industries engaged in electric vehicles, and a workforce that can make
them operate. and perform maintenance on electric vehicles. Furthermore, in the cycle of technological innovation
development stages, the development of a prototype, patenting and approval, production, marketing, and adoption
cannot yet be implemented, because MCSSB technology is still about the concept.

4.2 Technology Readiness Level

The next step is to analyze the Technology Readiness level quickly. There are 9 levels in the technology readiness
level, researchers categorize the MCSSB technology in level 5, which shows code validation, and components in a
simulation environment. The three important components in the MCSSB that have been identified, the technology
regarding swap batteries, electric three-wheeled vehicles, and billboards in the form of video Tron has been proven.
So that the MCSSB concept remains to make one product like Figure 4.

A value of 0 means that it is not fulfilled, a value of 1 means that it is 20% fulfilled, a value of 2 means that it is 40%
fulfilled, a value of 3 means that it is 60% fulfilled, and a value of 4 means that it is 80% fulfilled, and a value of 5
means that it is fully fulfilled. The quick TRL assessment is based on the subjective opinion of the researcher, as well
as the opinions of stakeholders who will develop technological innovations. The following is the TRL calculation
from MCSSB:

1. Technology Readiness Level 1

In level 1, some indicators have been met for MCSSB technology. 100% readiness to fulfill basic assumptions and
laws such as physics and chemistry that will be used in mobile charging station swap battery technology has been
determined, empirical studies and previous research on the basic principles of the technology to be developed have
been determined, and the formulation of research hypotheses has been determined.

2. Technology Readiness Level 2

A few MCSSB technological indicators have been reached at level 2. It has been determined that all of the equipment
and systems are ready for usage. It has been decided to research the technology literature that will be created to enable
its application. It is established how the theoretical and empirical design will work. The fundamental components of
the future technology are understood. It has been mastered and understood how to characterize the technology
components that need to be developed. Every component of the technology that will be produced has had its
performance predicted. The primary functions needed can function well, according to preliminary investigation.
models and simulations to verify the applicability of the fundamental concepts. Analytical investigation to verify the
validity of its fundamental assumptions; the technology's component parts can be developed independently. The tools
are reliable and valid. understanding the steps involved in doing the experiment.

3. Technology Readiness Level 3

Some MCSSB technological indicators have been reached at level 3. The ability of analytical investigations to be fully
completed supports the forecast of the performance of the technological parts. The basic systems' traits, attributes, and
performance capabilities have been discovered and forecast. The ability of technological aspects to forecast the future
is supported by models and simulations. It is quite likely and possible to mimic the development of this technology
starting with the first step of employing a mathematical model. It is understood from theory, empirical research, and
experimental data that the technological system's component parts can function effectively. The required level of 60
percent readiness has been reached, and studies in the lab have been run to see whether the technology can actually
be used as well as to forecast how well each component will function.

4. Technology Readiness Level 4

In level 2, some indicators have been met for MCSSB technology. 100% readiness to fulfill the laboratory tests of the
components separately has been carried out. The system requirements for the application according to the user are
known (adopter wishes). The results of laboratory experiments on the components show that these components can
operate. Component integration research has started. 80% readiness to fulfill key manufacturing processes has been
identified and reviewed in the lab. 60% readiness to test the main function of the technology in the relevant
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environment. A laboratory-scale technology prototype has been created. The integration of technology systems and
lab-scale design has been completed.

5. Technology Readiness Level 5

In MCSSB technology it is possible to only reach level 5, which means code validation, and components in a new
simulation environment will be implemented. Due to the absence of prototype preparation and component integration.
80% readiness to fulfill indicators of hardware production preparation and market research & laboratory research to
select the fabrication process. 20% readiness to fulfill prototype manufacture, testing of supporting machines and
equipment, integration of the system to be tested or simulated, prototype accuracy, laboratory conditions similar to
the real environment, and reviewing of the production process.

4.3 Lesson Learned

Broadly speaking about MCSSB, namely, new mobile charging station swap battery technology innovations can
improve charging infrastructure, making it easier for people who use 2-wheeled electric vehicles (motorcycles) to
charge because they are flexible, can move from place to place, and do not take time. long. In addition, video Tron on
mobile trucks can be used for commercialization by SMEs. Inside the mobile truck, the transporter carries 4 exchange
batteries. The technology is still in the feasibility test stage, and the technology readiness level is at level 5. This
research is still conceptual, it can still be further developed to the feasibility testing stage in the actual environment so
that it can be adopted by the community.

5. Conclusion

The increasing use of 2-wheeled electric vehicles is not matched by the existing infrastructure. The limited
infrastructure for charging station swap batteries makes people anxious and worried. Therefore, the Mobile charging
station swap battery for 2-wheeled electric vehicles is a new technology idea. MCSSB can be moved, flexible, and
not bound by time. An analysis of the development of technological innovation and a rapid analysis of the level of
technological readiness is carried out. The results obtained from the development of technological innovations at the
feasibility study stage, in the cycle of development of a prototype, patenting and approval, production, marketing, and
adoption stages cannot be implemented, because MCSSB technology is still about the concept. The level of technology
readiness is at level 5, which indicates code validation, and components in a simulation environment. The three
important components in the MCSSB have been identified, the technology regarding swap batteries, electric three-
wheeled vehicles, and billboards in the form of video Tron has been proven. So that the concept of MCSSB Lives to
make a single unit of a product. In the future, it is hoped that the feasibility study will discuss the analysis of techno-
economic costs.
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