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Abstract: In the roadmaps of the automotive industry, the electric vehicle (EV) is regarded as a crucial
technology for the future of automotive power systems. The EV has become a top priority of major
global car manufacturers and is expected to disrupt the road transportation sector. In Malaysia and
Indonesia, EVs just started as an important force. However, in Malaysia, the lack of EV infrastructure,
along with its strong dependency on fossil fuels, poses an enormous challenge. The situation is
very similar in Indonesia. Indonesia has huge potential as Southeast Asia’s largest vehicle market
and a major nickel producer, an important EV battery ingredient. Therefore, this article addresses
several critical issues in implementing EVs in Malaysia and Indonesia. In preparing this review,
we have thoroughly selected very important EV keywords that are frequently asked. We have also
interviewed some prominent figures in the field of EV to address the most critical aspects worth
including in the paper. In doing so, we plan to provide content that will be beneficial not only to
the academic world but also to the automotive industry in general. Firstly, a summary of the EV
adoption scenario in each country was presented. Afterwards, the types of EVs and battery capacities
available in both countries were explained. The next section focused on the adoption rate of EVs,
followed by the discussion of EVs charging infrastructure. In addition to that, issues pertaining to
vehicle tax credit were also addressed. The opportunities and challenges of EV were then addressed
in depth before concluding remarks were given.

Keywords: electric vehicles; battery electric vehicle; plug-in hybrid electric vehicle; hybrid electric
vehicles; Malaysia; Indonesia

1. Introduction

In efforts to reduce greenhouse gases (GHGs) generated by air pollution, gases which
can cause climate change, green technology was introduced [1,2]. The electric vehicle (EV) is
a product in development that is expected to contribute to pollution reduction [3]. Together
with sustainable power plants such as hydro, wind, nuclear, and solar power plants, EV
deployment can effectively keep clean air on the road, directly increasing air quality.

Energies 2022, 15, 2564. https://doi.org/10.3390/en15072564 https://www.mdpi.com/journal/energies

https://doi.org/10.3390/en15072564
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/energies
https://www.mdpi.com
https://orcid.org/0000-0002-1674-4798
https://orcid.org/0000-0003-2962-7977
https://orcid.org/0000-0001-7624-5512
https://orcid.org/0000-0002-5411-4738
https://orcid.org/0000-0002-5771-224X
https://orcid.org/0000-0002-3117-843X
https://orcid.org/0000-0003-2433-8500
https://doi.org/10.3390/en15072564
https://www.mdpi.com/journal/energies
https://www.mdpi.com/article/10.3390/en15072564?type=check_update&version=1


Energies 2022, 15, 2564 2 of 24

In the global market, the technologies of EVs have been established, as indicated by the
availability of commercial EVs. However, two major concerns must be handled. The first is
the formation of a supply chain for EV components, especially drive train components such
as batteries, inverters, and electric motors. The second is the safety issues that may arise
due to EV implementation. In the supply chain, even though the number of EVs in the
global market has increased drastically, the mass production of batteries and electric motors
remains the biggest problem. The manufacturers supplying batteries are considerably
small compared to the high demand for EV products. Thus, the battery is still the most
expensive component in an EV. On average, the battery makes up about 40% of the total
EV manufacturing cost [4]. It is problematic if the EV wants to compete with conventional
vehicles running with internal combustion engines (ICEs). Another concern of EVs is the
safety issues. The EV technology needs enormous data to collect, analyse, and improve
the technology to ensure that the EVs are safe to be implemented. The more data obtained
from simulation, testing, and actual incidents/accident, the better, assuring the safety of
the EVs.

As one of the fastest developing nations in Southeast Asia, Malaysia has a population
of 32.7 million in the first quarter of 2021 [5] and is expected to reach 41.5 million by 2040 [6].
Statistics from ASEAN Statistics Division for 2020 revealed that Malaysia had 29.96 million
registered motor vehicles in 2019. In the same year, Malaysia recorded 925 registered motor
vehicles per 1000 population which depicts that nine out of every ten Malaysians have a
road vehicle [7]. With no restrictions on vehicle ownership, roads in Malaysia are being
dominated by passenger vehicles (46.0%) and motorcycles (48.4%) [8,9], as can be seen in
Figure 1. The Road Transport Department Malaysia revealed that there were 16.8 million
licensed drivers in 2019, an increase of 10.5% from 2018 [10]. As for the total industry
volume (TIV) for the automotive industry in Malaysia, both registered passenger and
commercial vehicles in 2020 have dropped by 12.4% [11], believed to be caused by the
COVID-19 pandemic. The sales distribution in the year showed 66.7% was from passenger
vehicles and 17.6% was from 4 × 4/SUVs. However, Malaysia Automotive Association
(MAA) has forecasted the TIV growth to increase by 6.0% in 2022, followed by an average
growth of 3.1% from 2023 to 2025 [11].
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Furthermore, as one of the biggest automotive markets in Asia, Indonesia plays an
important role in determining the technological deployment of vehicles. Figure 2 shows
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that the market size of automotive in Indonesia is still increasing consistently. The huge
number of motorcycles and the motorcycle growth rate for the last decade indicate that the
current Indonesian public transport system cannot accommodate the mobilisation needs.
This is the reason why private vehicle ownership is prevalent in the country. In the context
of technological deployment, due to its sizable market share, the Indonesian preference
may determine how fast vehicle electrification will be, at least in Southeast Asia.
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Figure 2. The market size of automotive in Indonesia.

Research and development (R & D) for EV-correlated technologies has been initiated
by academia and industries in Indonesia [12,13]. The government has supported the R & D
toward research grants over the last ten years. As a result, several achievements have been
made, including technology transfer and mastery, prototyping, and critical component
developments. However, the availability of components and their supply chain is still
challenging and must be addressed. Furthermore, the development of EV industries must
be supported by an initial captive market and government incentives to assure the business
process can be done smoothly in Indonesia.

Despite the promising EV technology in Malaysia and Indonesia, it is difficult to find
a scholarly article addressing both the opportunities and challenges of EV altogether in
Malaysia and Indonesia. Most previous EV articles are published in the form of magazines,
news stories, or government reports. Therefore, this study aims to provide a comprehensive
academic review article related to EV development in Malaysia and Indonesia.

2. EV Adoption Scenario in Malaysia

The Malaysian automotive industry is being driven by several government agencies
under different ministries. Government agencies and ministries are working together
with the Ministry of Transport Malaysia to spearhead the Malaysian automotive industry.
Malaysia Automotive Robotics and IoT Institute (MARii) is an agency established under
the purview of the Ministry of International Trade and Industry Malaysia (MITI) that serves
as the coordinating centre and think tank towards enhancing the automotive industry and
overall mobility in Malaysia. In collaboration with MARii, MITI released the latest National
Automotive Policy 2020 (NAP 2020) [14]. Among others, NAP 2020 highlights the develop-
ment of the Next Generation Vehicle (NxGV) in the areas of charging, energy management,
and safety. Meanwhile, Malaysian Green Technology and Climate Change Centre (MGTC),
an agency of the Ministry of Environment and Water (KASA), drives the scope of green
growth, climate change mitigation, and green lifestyle, which is also highly involved in
the areas related to clean and efficient transport in Malaysia. In collaboration with MGTC,
KASA is proposing the Low Carbon Mobility Blueprint 2021–2030 that involves vehicle fuel
economy and emission improvement, EVs and low emission vehicle adoption, alternative
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fuel adoption, and GHG emission and energy reduction via mode shifts [15]. Both the
NAP 2020 and the Low Carbon Mobility Blueprint 2021–2030 are expected to be a catalyst
in further propelling the Malaysian automotive industry to be more competitive in the
upcoming years.

In Malaysia, there are two national vehicle manufacturers: Perodua and Proton.
In 2019, Perodua had the largest market share of 38%, while Honda had the second-
largest market share of 17%, followed by Toyota and Proton [16]. From the consumer’s
perspective in Malaysia, a survey conducted by the Malaysian Electric Vehicle Owners Club
(MyEVOC) [17] revealed that fuelling infrastructure is the biggest concern at the moment,
followed by the cost. Regardless of the infrastructure concern, most of the MyEVOC
members have been using their EVs for daily usage because the average driving range of
50 to 70 km is sufficient for home charging. Port specification is also not a concern for them
as they are using a common UK/EU/SG, which are Type-2 for AC and CCS Combo Type-2
for DC rapid charging. The main concern lies in travelling out of the urban area where DC
rapid chargers are only located in the North–South Expressway of West Malaysia.

2.1. Types of EV and Battery Capacities Available in the Malaysian Market

In September 2020, there were only four new battery EV (BEV) models available in
the Malaysian market: Nissan LEAF, Mini Cooper Electric, BMW i3s, and Porsche Taycan;
the rest of the EVs available in the market mostly consist of hybrid EV (HEV) and plug-in
hybrid EV (PHEV). Table 1 lists some of the popular EV models available on Malaysian
roads today [18]. The batteries from the available EV models in Malaysia are mostly
the lithium-ion type, while a few models are the nickel-metal hydride type. The battery
capacities of these models for HEV ranges from 0.86 kWh (Honda Jazz) to 1.6 kWh (Lexus
IS), PHEV ranges from 11.6 kWh (BMW i8 Roadster) to 24.0 kWh (BMW X5), and BEV
ranges from 28.9 kWh (Mini Electric) to 93.4 kWh (Porsche Taycan). The travelling distance
for electric mode in the PHEV model may reach 77 km (BMW X5) before shifting into
the gasoline-powered mode, while the BEV model may reach 385 km (Porsche Taycan).
Alternatively, there are also other used EV models brought into the market.

Table 1. Among the EV models available in the Malaysian market as of August 2021.

EV Type Vehicle Brand/Model Engine
Capacity (L) Battery Type Battery

Capacity (kWh)
Travelling Range

(km)

HEV

Honda Jazz Hybrid 1.5 Li-ion 0.86 -
Honda City GN eHEV RS 1.5 Li-ion 1.3 -

Hyundai Ioniq AE HEV Plus 1.6 Li-ion 1.56 -
Merc-Benz CLS C257 CLS 350 AMG 2.0 Li-ion 1.0 -
Merc-Benz GLE V167 GLE 450 AMG 3.0 Li-ion 0.9 -

Lexus IS XE30 Facelift IS 300 h 2.5 Ni-MH 1.6 -

PHEV

BMW 3 Series G20 330e M Sport 2.0 Li-ion 12.0 60
BMW 7 Series G12 LCI 740Le xDrive 3.0 Li-ion 12.0 45
BMW5 Series G30 LCI 530e M Sport 2.0 Li-ion 12.0 67

BMW X5 G05 xDrive45e M Sport 3.0 Li-ion 24.0 77
BMW i8 Roadster i12 LCI eDrive 1.5 Li-ion 11.6 53

Volvo S90 Mk2 Facelift Recharge T8 2.0 Li-ion 11.6 58
Volvo S60 T8 Twin Engine R-Design 2.0 Li-ion 11.6 49
Volvo XC60 Mk2 T8 Inscription Plus 2.0 Li-ion 11.6 45

BEV
Porsche Taycan N/A Li-ion 93.4 385

Nissan Leaf ZE1 EV N/A Li-ion 40.0 270
Mini Electric F56 LCI 2 Cooper SE N/A Li-ion 28.9 234

2.2. Adoption Rate of EVs in Malaysia

Toyota introduced HEV in the Malaysian market as early as 2009 [19], followed by
Honda in 2010 [20], then in 2013, both Mitsubishi and Nissan introduced BEVs [21,22].
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While the national vehicle manufacturers are still using ICEs in all their existing mod-
els, foreign manufacturers in Malaysia, such as Toyota, Honda, Nissan, Hyundai, BMW,
Mercedes-Benz, and Volvo, have started to include a range of EV types as part of their
product line-ups. As a result, the volume of EVs in Malaysia peaked in 2017 and 2018, with
close to 9000 units on the annual registration [23]. More than 95% of the registered EVs are
PHEV, but recently, in the year 2021, the share of the BEV segment has increased from 5%
to 8% [23]. As of today, there are more than 31,000 units of registered EVs on Malaysian
road, whereby 5% are BEV [23]. Even with such an increase, the existing adoption rate in
Malaysia is considerably low.

2.3. Readiness of Malaysian EVs Charging Infrastructure

Apart from the price, the availability of public DC chargers is among the concern of
Malaysian consumers. Sufficient DC charging infrastructure would relieve their anxiety
on travelling using EV, and at the same time, increase the adoption and accessibility of
electrification transport in Malaysia. While AC chargers are useful for overnight charging,
DC chargers are the most important necessity for consumers when travelling with EV. This
concern has been addressed to the government, related agencies, and related industries. In
2021, several efforts were put forward to address the concern. Among the recent efforts,
MARii and the Malay Vehicle Importers and Traders Association of Malaysia (PEKEMA)
have signed a collaboration to set up a network of 1000 DC rapid charging stations around
the country by 2025 [24]. The collaboration will also look at the infrastructure ecosystem
that, in turn, will create opportunities in other businesses and job opportunities in the
country. In parallel, Tenaga Nasional Berhad (TNB), as the largest electricity utility company
in Malaysia, has also focused on providing the necessary infrastructure by collaborating
with various stakeholders in Malaysia [24]. To support Malaysia’s transition into low carbon
mobility, TNB is also willing to work with the private sectors that intend the transition; an
example of this can be seen when TNB recently collaborated with DHL Express Malaysia
to install charging stations along DHL’s service routes as the initial step for the future
transition [25].

2.4. Charging Stations Distribution in Malaysia

Where are the EV charging stations in Malaysia? As reported by [26], there are about
500 public AC chargers and 9 public DC chargers in Malaysia today. Currently, chargEV
has the largest AC charger network in Malaysia [27]. The chargEV network was established
by MGTC to provide public EV charging infrastructure in Malaysia for free. The chargEV
network has 303 units of AC chargers in-operation across the states of Johor, Kedah, Kuala
Lumpur, Melaka, Negeri Sembilan, Pahang, Perak, Penang, Putrajaya, Sarawak, and
Selangor, as shown in Figure 3. The power output of the AC chargers ranges from 3.7 to
22.0 kW. To further support and facilitate EV users, chargEV also provides its own mobile
apps to locate charging stations in Malaysia conveniently. Based on the chargeEV platform,
MGTC also collaborated with BMW in mobility services, dedicated for BMW EV users
in Malaysia to locate the charging stations. Besides chargEV, Shell, in collaboration with
ParkEasy, also provides a free EV charging service called Shell Recharge [28]. AC charging
stations were in smart parking bays at seven locations across Kuala Lumpur and Selangor.
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As for DC chargers, an EV charging specialist company, EV Connection Sdn Bhd, has
provided EV charging solutions in Malaysia since 2016 and aims to expand its installation
in the next three to five years [30]. The company currently has the largest DC charger
network in Malaysia, located along the North–South Expressway, as shown in Figure 4,
passing through states of Perak, Kuala Lumpur, Melaka, and Johor. Meanwhile, Shell, in
collaboration with Porsche, is planning to install 180 kW DC chargers in six Shell stations
across Malaysia, including Singapore, by 2022 [31].
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Connection Sdn Bhd [29]. Courtesy of Malaysian Green Technology and Climate Change Centre.

2.5. Are Malaysian EV Charging Stations Standardised?

Most of the available public EV charging stations in Malaysia use Level 2 type AC
chargers that meet International Electrotechnical Commission (IEC) standards. Availability
of Level 3 DC chargers is still at the minimum but increasing at a low pace. The power
output of the available AC chargers ranges from 3.7 to 22.0 kW, depending on the location
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of the charging station. In comparison, available DC chargers are as high as 50.0 kW [32],
with higher output chargers in development [31].

As for the ports, the public AC charging stations within the chargEV network in
Malaysia are fitted with a Type 2 charging outlet as per IEC standards, which is compatible
with all PHEV and BEV sold in Malaysia (Figure 5). In addition, the DC charging stations
are fitted with Combined Charging System (CCS) Combo Type 2 port for rapid charging.
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Home charging is convenient due to the availability of local suppliers/distributors
for purchase and installation. Furthermore, new housing developments in Malaysia have
already started to include EV charging infrastructure as standard amenities in respective
houses or residential areas [33].

2.6. EV Tax Credit in Malaysia and How It Works

On top of the sales tax, foreign vehicles in Malaysia are also charged with excise
and import duties. The excise duty for locally assembled and imported vehicles may vary
between 60% to 105%, depending on the vehicle model and engine capacity [34]. The import
duty may reach up to 30%, based on which country the vehicle was manufactured [34].
With the combination of these tax charges, the price of foreign vehicles in Malaysia can
be substantial for local consumers. In 2009, the Malaysian government introduced 100%
import duty exemption and 50% excise duty exemption for HEVs with 2.0 L engines and
below [35]. In the following year, the Malaysian government extended the exemption to the
end of 2011 with a 100% exemption for both import and excise duties [35]. This exemption
has brought down the local price of Toyota Prius from RM175,000 to RM139,900 [36]. The
exemption has helped the sales of HEVs in Malaysia to rise to 614 units by 2010 [37]. When
the exemption was supposed to end in December 2011, the Malaysian government then
further extended the exemption to December 2013 [37]. After 2013, there were no such
exemptions nor incentives introduced by the Malaysian government for HEVs and EVs
until May 2021. MARii, under the purview of MITI, announced they would soon release an
accelerated policy on EVs under the existing NAP 2020, which will comprise incentives
regarding sales, excise, and import duties for EVs [38]. Such incentives provide affordability
to Malaysian consumers and are expected to elevate the existing adoption rate.

2.7. Opportunities and Challenges of EV in Malaysia

Comparing the latest progress of EV adoption with the neighbouring countries,
Malaysia is left behind, even though Malaysia started its initiatives in 2016. While Malaysia
is currently revising its policy (at the time of writing) to boost EV adoption, the neighbour-
ing countries are constantly taking drastic simultaneous actions in many areas involving
manufacturing, policy, incentives, and public awareness. Despite being slow, this allows
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Malaysia to learn and benchmark the adoption by the other countries, thus allowing
adaptation and improvisation.

Among many initiatives, infrastructure accessibility and consumer’s incentive are the
biggest contributors to any EV adoption. The quantity of EV charging stations in Malaysia
is still considerably low, and the rate of establishment of the stations since 2016 is sluggish.
This can be associated with the sluggish conversion of consumers from combustion engines
to electrification, which correlates to a survey conducted by a BFM radio station Twitter
poll where 40% of respondents would not consider an EV, due to the insufficient charging
infrastructure in Malaysia. Malaysia’s biggest challenge, for now, is to increase the number
of EV charging stations at strategic locations. With sufficient charging infrastructure, higher
EV adoption is expected to cause an increase in electricity usage and load in Malaysia.
It provides an opportunity for TNB to increase their revenue and further upgrade their
infrastructure and resources while at the same time allowing them to introduce new
services for the consumers and expand outside their conventional scope of just being
a utility provider. Apart from TNB, local agencies and companies, such as MARii and
PEKEMA, in their recent collaboration to provide EV infrastructure [24], should also take
the opportunity to venture into the e-mobility ecosystem by providing EV-related solutions
and services such as battery maintenance and battery swapping services. Establishing
a management system capability over the infrastructure allows the providers to collect
valuable energy consumption data from parties such as the government, agencies, city
councils, housing developers, and vehicle manufacturers.

Another challenge for EV adoption in Malaysia is the consumers. The range anxiety,
or the consumer’s fear of the EV running out of electricity, is a common challenge that
a country must address. Among the main contributor to range anxieties are insufficient
charging infrastructure and lack of awareness. In reality, a BEV with a full charge battery
can travel more than 200 km, which is sufficient for daily urban driving in Malaysia.
Certainly, the number of EV charging stations in Malaysia is still low. With the existing
efforts to increase the number of EV charging stations and provide sufficient awareness,
Malaysia would be able to address the range anxiety to the consumers. Besides the range
anxiety, increasing the consumers’ willingness to convert from fully combustion engine
vehicles to EVs is a challenge that the government, agencies and related industries must
work together to tackle through incentives, awareness and education. This will provide
opportunities for the OEM in Malaysia to increase their sales and revenue, and at the same
time, bring new investors into Malaysia. Consistent awareness programmes will eventually
shift the existing consumer’s perspectives. In parallel, the education sector will be able to
take the opportunity to revise and update their teaching content in emphasising low carbon
mobility, which includes EV in their subjects or course to cultivate future consumers.

3. EV Adoption Scenario in Indonesia

Despite recent progress in ICEs and biofuel utilisation [39–42], massive R & D in EV
technology is currently being conducted worldwide, including in Indonesia, thus poten-
tially revolutionising vehicle powertrains from ICE to electric motors. As stated in its
Nationally Determined Contribution (NDC) in 2016, Indonesia has pledged to reduce 29%
of its GHGs emissions using the business-as-usual scenario and up to 41% using interna-
tional assistance and financial support by 2030 [43]. The Indonesian government aims to
achieve this target by implementing several actions, one of which is vehicle electrification.
Despite recent progress in biofuel [44–47], the country plans to increase EV adoption to
reduce harmful emissions. In Indonesia, GHG emitted from the transport sector in 2016
was 134.5 Mt, which is 318% larger than GHG emitted from the transport sector in 1990.
The transport sector contributes to 24.71% of GHG emissions, making it the second biggest
GHG emitter after the emission from the energy sector [48].

Figure 6 shows the total vehicle sales and passenger vehicle sales in Indonesia from
2013 to 2020 [49–51]. The yearly sales are almost constant, except in 2020, when the
COVID-19 pandemic struck the automotive industry, leading to the decline in vehicle sales.
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However, the automotive market recovers steadily in 2021. Roughly every year, around
1 million vehicles are being sold in Indonesia. Thus, reprojecting the market into EVs will
contribute greatly to the fulfilment of Indonesia’s NDC by 2030.
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In line with the commitment to reduce GHG emissions by 2030 and by noting that the
transport sector has a significant contribution to GHG emissions, the Indonesian govern-
ment created a program called Program Kendaraan Bermotor Listrik Berbasis Baterai (KBLBB),
or BEV program, which will mark the implementation of EVs within its ministerial, local
government, state-owned enterprises, and private enterprises. Based on this program, the
Indonesian government will purchase 132,000 EVs and 2,450,000 electric motorcycles by
2030 [49]. However, judging from the EVs purchased from this program, this program is
insufficient to fulfil the NDC. This is due to the insignificant numbers of EVs purchased
from this program compared to the yearly total vehicle sales in Indonesia. Since most
vehicles are privately owned passenger vehicles, ideally, the government program should
help in the adoption of EVs for mass usage.

In 2019, the Presidential Regulation No. 55 of 2019 on Acceleration of Battery Electric
Vehicles Program for Road Transportation was made. This regulation aims to allow com-
mercial and non-commercial incentives for local manufacturers with minimum rates of local
components and charging infrastructure expansion. As a result, not only on the EV market,
but Indonesia also expands its focus on developing domestic EVs using localised manufac-
turing and supply chain. This was a big difference from 2013, when several attempts of
developing national EVs failed due to the lack of appropriate regulation. Currently, several
local companies are ready to produce electric buses with 35% local component [51].

As we will see in the discussion in the following subsections, the scenario adopted
by the Indonesian government for mass vehicle electrification is to relax the regulation in
the establishment of EV infrastructure and invite big players in EV to invest in Indonesia
to expand their market. However, we have yet to see the regulation that will allow low-
middle-class income people in Indonesia to own an EV.

3.1. Types of EV and Battery Capacities Available in the Indonesian Market

In 2020, more than 2000 EVs passed the feasibility test (see Figure 7) [50]. The feasibility
test was done by the Directorate General of Land Transportation. The two-wheeled vehicle
has the highest number among other vehicles. Figure 7 shows the potential of EVs that will
penetrate the Indonesian market. However, not all of them are available on the market yet.
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Table 2 shows the available EVs in the Indonesian market, where their size, function,
and wheel power are comparable to commercial ICE vehicles. Table 2 also shows the
battery type and battery capacity of the vehicle. Hyundai is probably the most advanced
EV maker in Indonesia in terms of marketing their EVs; Hyundai has the greatest number
of Level 3 charging stations in all locations, and they have 21 units in Jakarta alone.

Table 2. Available EVs in Indonesian Market.

EV Type Vehicle Brand/Model Engine
Capacity (L) Battery Type Battery Capacity

(kWh)
Travelling Range

(km)

HEV

Toyota Camry Hybrid 2.5 Ni-MH 1.6 -
Toyota C-HR Hybrid 1.8 Ni-MH 1.3 -

Toyota Corolla Hybrid 1.8 Ni-MH 1.3 -
Toyota Prius Gen-3 1.7 Ni-MH/Li-ion 0.75 -

Honda CR-Z 1.5 Li-ion 0.6 -
Nissan Kicks e-Power 1.2 Li-ion 1.57 -

PHEV
Mitsubishi Outlander 2.4 Li-ion 13.8 54
Toyota Prius PHEV 1.8 Li-ion 8.8 68.2

BMW i8 Coupé 1.5 Li-ion 11.6 55

DFSK Gelora Electric N/A Lithium Iron
Phosphate 42 ≥300

BEV

Hyundai Ioniq Electric N/A Li-ion polymer 40.4 365
Hyundai Kona Electric N/A Li-ion polymer 39.2 380

BMW i3S N/A Li-ion 42.2 355
Lexus UX 300e N/A Li-ion 54.35 260

Tesla Model X Plaid N/A Li-ion 95.0 650
Tesla Model X Long Range N/A Li-ion 95.0 685

Tesla Model S Plaid N/A Li-ion 95.0 755
Tesla Model S Long Range N/A Li-ion 95.0 790

Meanwhile, there are two prominent electric motorcycle makers in Indonesia:
Gesits [52,53] and Smoot Tempur [54]. Gesits is an electric motorcycle produced by PT.
WIKA Industri Manufaktur (WIMA), a joint venture between PT. Wijaya Karya Industri
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& Konstruksi and PT. GESITS Technologies Indo, and it was established in 2018. Gesits
can travel up to 50 km with a single battery, and it can be extended to 100 km with double
batteries. The battery used is lithium-ion 72 V/2Q Ah. Gesits motorcycles need around 3 to
4 h for full charging. However, its future development will adopt battery swap for time
efficiency, and they will collaborate with SWAP [55].

Smoot Tempur is an electric motorcycle with battery swapping technology from the
first product released to the market, thanks to its collaboration with SWAP. By August
2021, there were 100 battery swap points for Smoot Tempur in Jakarta. The fact that the
battery swap points are located at a renowned minimarket in Jakarta shows that electric
motorcycle has penetrated the Indonesian market more than ever before. Even the swap
points themselves are a form of marketing of electric motorcycles.

On the other hand, there are several attempts to develop national EVs for the Indone-
sian market [56]:

1. Tucuxi EV

This EV was ordered by the State Enterprises Minister, to initiate the development
of the national EV. Tucuxi is equipped with a 268 hp electric motor and fast-charging
feature, which needs 3 to 5 h for full charging, and it has a travel distance of 321 km. The
accident during the vehicle test and the dispute after the accident are some reasons for the
discontinuity of the Tucuxi project [57].

2 Gendhis and Evina

Gendhis and Evina are EVs developed by local company. Gendhis was displayed at
KTT APEC in Nusa Dua Bali in 2013, and it is a hybrid MPV combining an electric motor
and diesel engine. Meanwhile, Evina is a BEV equipped with a 50 hp electric motor, and it
has 135 km of travel distance. However, the developed EVs were judged to be not fit for
the Indonesian road [57].

3 Selo

Selo is an EV developed by small enterprise in 2013. It is equipped with an electric
motor which has a power of 182 hp, and it needs only 4 h for full charging. It has 250 km of
travel distance. After much work of developing the EV, Selo was deemed to be unfit to be
produced in Indonesia [58].

4 Hevina

Hevina is a HEV developed by the Indonesian Institute of Sciences (Lembaga Ilmu
Pengetahuan Indonesia, LIPI). It was introduced by LIPI in 2013. Hevina is powered by a
62 hp electric motor and an ICE, and was built for research purposes.

The EVs listed above, never went into production, and the problem is not technical, but
rather administrative or bureaucratic in Indonesia [59]. In 2013, the regulation concerning
EVs was not available yet in Indonesia.

More systematic program for EV development in Indonesia was funded by govern-
ment via Indonesia Endowment Fund for Education (LPDP). University consortium led by
ITB launched Mobil Listrik Nasional (MOLINA) and Research Innovative and Productive
for Electric Vehicles (RISPRO Kenlis) programs in 2012 and is still running, with target
to commercialize EVs having high local contents. Two EV prototypes were developed,
including electric trike and electric bus, as starting point. The program has produced
many scientific results in the field of EV technologies, including energy management sys-
tem [60–62], platform design [63], charging [13], and other key drive train components [64].
The programs has showed significant progress and is expected to supply the future Indone-
sian automotive market.

3.2. Adoption Rate of EVs in Indonesia

Even though the sales trend shows an increasing demand for EVs, it has not met the
projection made by the Indonesian Ministry of Energy and Mineral Resource (Kementerian
Energi dan Sumber Daya Mineral, KESDM). For example, the projection shows that Indonesia



Energies 2022, 15, 2564 12 of 24

would have 2,700,000 of two and three-wheeled EVs with 170,000 charging stations by 2021
(see Figure 8) [65]. In fact, Indonesia might have only 1,465,000 EVs, including vehicles, by
2021 [66]. Meanwhile, the charging stations available are only 148 units (per August 2021).
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On the other hand, the KESDM of Indonesia also made a roadmap for the development
of battery replacement stations and Level 3 charging stations (see Figure 9) [66]. Note that
the figures for 2021 were unable to be realized. Then, based on this roadmap, the KESDM
forecast the potential of EVs that can be supported by the battery replacement stations
and Level 3 charging stations (see Figure 10) [66]. Assuming that the battery replacement
stations are to be used by electric motorbikes and Level 3 charging stations are to be used by
EVs, then for 2021, one Level 3 charging station must be able to support 218 EVs, while one
battery replacement station must be able to support 448 electric motorbikes. Meanwhile,
by 2030, one Level 3 charging station must be able to support 68 EVs, and one battery
replacement station must be able to support 194 electric motorbikes. If these figures can
be realized by 2030, then the infrastructure will be able to support the EVs environment
in Indonesia.
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The average Indonesian sales growth is about 6%, while production growth is around
7.5%. EVs contribute to about 0.02% of total vehicle sales [67]. These sales were dominated
by HEVs. Even so, there is still an increasing trend in EV sales. As also stated in the current
study by McKinsey, the demand for EVs in Indonesia might increase significantly. The
analysis stated that Indonesia could boost its demand for EVs by developing more local
talent, establishing R & D hubs, and transferring the capabilities from foreign experts and
global leaders to local staff [68]. Gupta and Hansmann proposed three scenarios: reference,
accelerated, and lagging scenarios [69].

The reference scenario found that the demand for EVs might grow into 250,000 units
per year by 2030, representing 16% of vehicles sales. This number is way below the number
that can be supported by the projected Level 3 charging stations in 2030 (see Figure 11),
showing that the roadmap for Level 3 charging station development is satisfactory. The
reference scenario was made under the Indonesian government target in the production
of EVs. This scenario proposes the possibility that the demand for two-wheeled EVs will
be around 1,900,000 units or 30% of the total two-wheelers sales. On the other hand, the
accelerated scenario predicts that 40% of vehicles sold in 2030 are EVs. The accelerated
scenario assumes that the EV take-up is supported by local production and other conditions
(e.g., sufficient charging infrastructure). Lastly, the lagging scenario predicts that 12% of
two-wheelers and 5% of vehicles sold in 2030 are electric. This scenario was made based on
Indonesia’s current trajectory—challenged to attract manufacturers to develop EVs locally,
and the current 50% import tax applies.
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3.3. Readiness of Indonesian EV’s Charging Infrastructure

The readiness of EV’s charging infrastructure in Indonesia can be seen from two
aspects: the electricity supply capacity and charging station availability. For the former, it
is confirmed that by 2020, the State Electricity Company (Perusahaan Listrik Negara, PLN)
had a 2.5 GW electricity surplus [70]. This 2.5 GW surplus can accommodate EVs. Thus,
Indonesia has sufficient capacity to supply electricity for EVs usage in terms of capacity. In
the meantime, Indonesia will also reduce its dependency on fossil-fuel-based power plants
by building more renewable-energy power plants. Therefore, EVs will have zero emissions
and become green vehicles.

Regarding the charging infrastructure, public charging stations mainly have three
types, as shown in Table 3 [71]. According to a study by the National Renewable En-
ergy Laboratory from the United States Department of Energy, about 3.4 DCFC (DC Fast
Charging) and 40 Level 2 charging stations are needed for 1000 EVs [72]. The Indonesian
government predicts that 7,460,000 EVs will be sold by 2030. Therefore, Indonesia should
provide at least 25,364 DCFC and 298,400 Level 2 charging ports. Meanwhile, the KESDM
has predicted that by the end of 2021, Indonesia will have 1,465,000 EVs (120,000 units of
vehicles and 1,340,000 units of motorcycles) and 572 public EV charging stations (Stasiun
Pengisian Kendaraan Listrik Umum, SPKLU), which is equivalent to Level 3 charging sta-
tions [66]. Based on [72], Indonesia should have 4981 Level 3 charging stations by the end
of 2021. These show that Indonesia needs to pay more attention to the development of EV’s
charging stations.

Table 3. Public charging stations type.

Parameter Level 1 Level 2 Level 3 (DCFC)

Capacity 1 kW 3–20 kW
(typically 6 kW)

50 kW
(occasionally 20 kW)

Charging time
20 h

(to add 200 km of
travel distance)

5 h
(to add 200 km of
travel distance)

30 min
(to add 80% of 200 km of

travel distance)

3.4. Charging Stations Distribution in Indonesia

The development of EV charging stations in Indonesia is assigned to PLN. PLN can ex-
ecute it by working together with Indonesian state-owned or other business enterprises [73].
Currently, there are more than 7000 units of Level 2 charging stations, distributed in 3800 lo-
cations in Indonesia, where 1922 of them are distributed in Jakarta. The Level 2 charging
station is called a public charging station (Stasiun Pengisian Listrik Umum, SPLU). The Level
2 charging station can be used to charge electric motorcycles. However, in practice, not
all these Level 2 charging stations are used to charge electric motorcycles. Instead, most
of these Level 2 charging stations are used by street vendors to provide electricity during
nighttime. This is due to the development of the Level 2 charging station in 2016, and
also because the electric motorcycle was not well known yet. Therefore, it is not easy to
retrieve the developed Level 2 charging stations from the street vendors to be used for an
electric motorcycle.

Since the Level 2 charging stations are not usable anymore, PLN is more focusing
on developing the Level 3 charging stations for the EV. There are 148 units of Level 3
charging stations distributed in 120 locations in Indonesia by August 2021. However, this
is inadequate to support the targeted 1,465,000 EVs by the end of 2021.

The Level 3 charging stations in Indonesia are equipped with both AC and DC charg-
ing. In 2020, PLN performed an experiment to examine the readiness of Level 3 charging
stations in Indonesia. The experiment was done by travelling from Jakarta to Bali using
an EV. In the end, it was proven that the electric vehicle was able to reach the destination
without any disruption [74]. So far, in Indonesia, all Level 3 charging stations can be and are
used by EV users. However, the general manager of PLN Main Distribution Unit PLN (Unit
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Induk Distribusi, UID) stated that the charging frequency at the Level 3 charging stations
tends to be stagnant [75].

The distribution of Level 3 charging stations in Indonesia can be seen in Figure 11,
where most of the Level 3 charging stations are concentrated in Java Island, especially in
Jakarta. There are 3 units in Sumatera (GOR Jakabaring 1 unit, Hyundai Palembang 1 unit,
and the rest area Bakauheni—Terbanggi Kayu Agung 1 unit), 15 units in Banten (PLN UID
Banten 6 units, BPPT 1 unit, Angkasa Pura II 1 unit, Mitsubishi 2 units, and Hyundai 5 units),
22 units in West Java (PLN UID West Java 1 unit, BPPT/LEN 1 unit, expressway between
Jakarta—Surabaya 2 units, and Hyundai 18 units), 70 units in Jakarta (PLN headquarter
1 unit, PLN UID Jaya 6 units, BPPT 1 unit, Pertamina 5 units, Blue Bird 15 units, Shell
Indonesia 2 units, Mitsubishi 13 units, Hyundai 21 units, Mercedes-Benz 1 unit, BMW
2 units, Medco 1 unit, and Starvo 2 units), 13 units in Central Java and Yogyakarta (PLN
UID Central Java—Yogyakarta 1 unit, expressway between Jakarta—Surabaya 4 units, and
Hyundai 8 units), 23 units in East Java, Bali and NTB (PLN UID East Java 1 unit, PJB 2 units,
PLN UID Bali 3 units, PLN—Jasa Marga Bali 3 units, PLN UIW NTB 1 unit, Mitsubishi
Bali 2 units, Hyundai East Java 10 units, and Hyundai Bali 1 unit), 1 unit in Sulawesi (PLN
Mattoangin), and 1 unit in Maluku (PLN Ambon).

Meanwhile, there are 9 units of Battery Replacement Stations (Stasiun Penukaran
Baterai Kendaraan Listrik Umum, SPBKLU) which are managed by PLN and Pertamina. This
SPBKLUs are distributed mainly in Jakarta (6 units), Tangerang (1 unit), and Tangerang
Selatan (2 units).

3.5. Are Indonesian EV Charging Stations Standardised?

The EV charging stations in Indonesia is standardised by the following regulations:

1. The charging station must comply with the provisions of Electricity Safety by the
KESDM [48]:

a. The obligation to install a power quality meter with the same meter class as that
of the System Operations Manager;

b. Operational capability to pass low and high voltage;
c. Provision of black-start capability;
d. Periodic testing for generator work by the System Operations Manager;
e. Provision of information for planning and executing operations;
f. Processing of meter data for electricity transactions is carried out by comparing

the main meter data with comparison meter data;
g. The arrangement of metering equipment includes the must-have facilities,

installation technicians, and test period.

2. It must obtain the Certificate of Operation Worthiness by the Technical Inspection
Institution of KESDM;

3. It must obtain the standard product conformance of the charging station by the
Product Certification Institution (BSN and KESDM);

4. The Level 3 charging station should be in a place that is easily accessible, has sufficient
land area and does not interfere with the traffic;

5. By the regulation from the KESDM, Permen ESDM No. 5 of 2021, the Level 3 charging
station can be built anywhere, as long as there is a document that proves the land own-
ership or the cooperation with the landowner [76]. Previously, the Level 3 charging
station could only be built in places approved by the government.

3.6. EV Tax Credit in Indonesia and How It Works

The basis for EV tax in Indonesia is the Government Regulation No. 74 of 2021
concerning Amendments to Government Regulation No. 73 of 2019 concerning Taxable
Goods Classified as Luxury in the Form of Motorized Vehicles [77], which states that the
BEVs and fuel cell EVs (FCEVs) have 0% retail tax.
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On the other hand, a PHEV with fuel consumption of at least 28 km/L or CO2 emission
of 100 g/km is taxed based on luxurious goods tax at 15% with a tax base of 33 1/3% from
the retail price. This provision is regulated on Article 36A.

Starting from October 2021, tax on luxurious goods will no longer be based on the
shape of the vehicle’s body but based on the exhaust emissions produced or fuel consump-
tion. The details are [78]:

1. All ICE vehicles with an engine’s displacement of less than 3.0 L will be subject to
luxurious goods tax at 15% when the fuel consumption reaches 15.5 km/L or produce
CO2 emissions less than 150 g/km, and at 20% if the fuel consumption is less than
11.5 km/L or produces more than 250 g/km CO2 emissions. Furthermore, if the fuel
consumption is less than 9.3 km/L, the luxurious goods tax will be 40% to 70%;

2. For vehicles with an engine displacement of 3.0 to 4.0 L, the luxurious goods tax is
from 40% to 70% (Article 8 to 11);

3. For low-cost green cars (LCGCs), the luxurious goods tax is 15%, with a tax base of
20% from the retail price. The fuel consumption for LCGC should at least be 20 km/L
or produce at most 120 g/km of CO2 emissions;

4. For a fully EV with a carrying capacity of fewer than 10 people or 10 to 15 people,
including the driver, the luxurious goods tax is 15%, with a tax base of 0% from the
selling price. In other words, the fully EV has no tax at all;

5. For an EV with hybrid and mild hybrid technology, the luxurious goods tax varies
(15%, 25%, and 30%) depending on the engine’s displacement;

6. It can be concluded that producing electric LCGC will not only produce an EV at
a competitive price, but it will free the vehicle from tax if it is a fully EV with zero
CO2 emissions.

3.7. Opportunities and Challenges of EV in Indonesia

As the 4th most populated country in the world, Indonesia offers high demand for
EVs. Based on the report by YCP Solidiance, three opportunities can be utilised by the
Indonesian government and future EV players [79]. First, there is the favourability of
personal transportation ownership. In Indonesia, owning personal transportation is more
convenient, flexible, and symbolises economic status. Second, there is the population
growth and the rise of the affluent middle class. The growing trend to live environmen-
tally conscious in Indonesia’s affluent middle-class could result in EV uptake. The third
opportunity that can boost the EV market in Indonesia is the low price of electricity. The
price of electricity in Indonesia is one of the second cheapest in the world, which is only
0.1 USD/kWh. As a comparison, the price of petroleum in Indonesia is 0.9 USD/L. With
travel distance of 4.8 km/kWh for EV [80] compared to 20 km/L for fuel-based vehicle,
EV will cost 0.02 USD/km, while fuel-based vehicles will cost 0.045 USD/km. Thus, in
Indonesia, EVs are cheaper to run than fuel-based vehicles.

The opportunities in the EV market in Indonesia can be shown by the recent an-
nouncement of the Indonesia Battery Corporation (IBC) issued on 26 March 2021. IBC is a
combination of Indonesia Asahan Aluminium (Inalum), Pertamina, and PLN. This corpora-
tion will focus on battery development and EVs. Not limited to IBC, several companies
have started their investment in the battery and EV industry in Indonesia. Some of those
players are [81]:

1. Tesla

Indonesia’s Deputy Minister of the Coordinating Ministry of Maritime and Investment
Affairs, Luhut Binsar Pandjaitan, stated that Indonesia had signed the non-disclosure
agreement (NDA) with Tesla [82].

2. Hyundai Motor Group and LG Energy Solution

Hyundai Motor Group and LG Energy Solution, as a partner, have signed a Memo-
randum of Understanding (MoU) with the Indonesian government regarding their plan to
establish an electric battery cell plant in Indonesia [83]. The factory will be in Karawang,
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and the production will begin in 2024. It is estimated that the factory can produce an annual
power capacity of 10 GWh. It means the factory can provide more than 150,000 BEVs. This
supply can help Hyundai and Kia secure upcoming BEVs at a competitive price. Hyundai
plans to produce its EVs starting from March 2022.

3. Contemporary Amperex Technology (CATL)

Indonesia is targeting CATL to invest 5 billion USD in developing a lithium battery
plant in Indonesia [84]. So far, CATL has signed an agreement with Aneka Tambang, which
ensures that 60% of the nickel from Indonesia will be processed into batteries in Indonesia.

4. Toyota

In 2021, Toyota increased its investment in Indonesia by USD 2 billion until 2024. It is
also preparing 10 EV types that will be produced for the Indonesian market within 5 years.

5. Honda

Similarly to Toyota, Honda has committed to invest IDR 5.2 trillion until 2024. Addi-
tionally, there will be factory relocation from India to Indonesia.

Even though many opportunities support the growth of EVs in Indonesia, several
challenges still need to be evaluated. First, there is no clear policy from the government on
EVs. Even though there is Presidential Regulation No. 55 of 2019 on Acceleration of Battery
Electric Vehicles Program for Road Transportation, the fluctuating change in Taxable Goods
Classified as Luxury in the Form of Motorized Vehicles regulation has created negative
impressions among the stakeholders. The second challenge is the price of EVs. An EV is
known to be expensive. For example, the cheapest electric vehicle in the current Indonesian
market is DFSK Gelora-E, which is about 469 to 499 million IDR [85]. As a comparison,
Indonesia’s income per capita by 2020 was 56.07 million IDR per year or 4.74 million
IDR per month [86]. Furthermore, the Association of Indonesia Automotive Industry
(GAIKINDO) stated that the Indonesian government should consider the development
of electric LCGC to meet Indonesians purchasing power, which lies around 200 million
IDR [87]. Lastly, the wait-and-see strategy from the Original Equipment Manufacturers
(OEMs) and infrastructure players also become a blockade of EV development in Indonesia.

4. Concluding Remarks
4.1. EV Adoption Worldwide

Numerous countries worldwide have been developing the EV technology for envi-
ronmental benefits (decreased emissions) as well as economic values (new jobs). Note that
the use of EVs varies by country due to a number of factors such as government policies,
end-user demand, market prices, and charging infrastructure availability.

As the largest EV market in the world, the Chinese government offers incentives
not only for the demand but also for the supply side. Therefore, consumers who want
to purchase EVs and manufacturers who produce them are both given incentives. This
policy has successfully increased the sales of EVs in China. The European Union (EU), the
second-largest EV market, has different policies depending on the country. However, in
general, most EU countries offer an exemption for purchase tax, value-added tax (VAT),
and a reduction in registration tax. EV charging infrastructure is also provided to increase
the EVs market penetration. In North America, subsidies for EV purchase are provided,
but policies vary in the province or state. In Canada, for example, only three provinces
in 2017 allowed EVs to have unrestricted access in the High Occupancy Vehicle (HOV)
lane, including Ontario, British Columbia, and Québec. This policy is now spreading to
several other provinces. In the USA, the situation is very similar, where financial incentives,
exemptions of emissions tests, and parking incentives are given in several states.

In Asian countries, such as Japan, incentives for research and development are mas-
sively provided by the government. This includes funding and sponsorship for EVs battery,
fuel cells, and other research areas in EVs. In South Korea, tax rebates and subsidies for the
installation of charging infrastructure are given. In Singapore, the government imposed a
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carbon tax increment to increase the EVs market share in the country. In the Middle East,
a number of incentives are also provided to increase the adoption of EVs in this region.
Figure 12 shows the summary of policies and incentives to increase the adoption of EVs in
several countries.
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4.2. EV in Malaysia

Malaysia started the EV adoption in 2016, but the rate did not progress as was expected.
Like the EU [88], Malaysia should set a target to have EV charging stations with a ratio of one
charging station for every 10 EVs (BEVs and PHEVs) on the road. The number of public DC
chargers in Malaysia should also be prioritised as this attracts more interest and provides
convenience to the consumers. This target will be best be achieved by collaboration between
the government, agencies, vehicle manufacturers, utility companies, and related industries.
While doing so, TNB should temporarily offer a special electricity tariff for charging
operators and residential/domestic customers to reduce their EV charging expenses as an
incentive. Special incentives for land developers should also be given in new commercial
and residential buildings, including a ratio of charging stations per resident/tenant. It
is equally important to increase the number of EV charging stations in Malaysia, and
thus the stations must also be strategically located. This is to ensure the locations of
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EV charging stations are most convenient for the consumers’ usage. As most of the EV
charging stations are located within the West Coast states, Malaysia should also distribute
EV charging stations within the East Coast (states of Kelantan and Terengganu) and East
Malaysia (states of Sabah and Sarawak). A study should be made to strategically identify
the optimum location of EV charging stations across Malaysia.

Besides the charging stations, Malaysia should immediately provide incentives for the
consumers and OEMs. Due to the high import and excise duties for vehicles in Malaysia,
reinstating the exemption on the duties for all types of EVs allows OEM to reoffer a distinct
lower price of EVs for the consumers to afford. Furthermore, the discounted road tax for
EVs should be immediately implemented, based on the CO2 emission released, i.e., lower
vehicle tax for lower emission vehicles. Such incentives will attract more consumers to
convert to EV and assist the EV adoption rate in Malaysia.

Motorcycles are the second most popular mode of transport in Malaysia. Therefore,
OEMs should also start to introduce the latest electric motorcycles into the local market.
With the availability of electric motorcycles and the existing growth of the motorcycle mar-
ket in Malaysia, Malaysia can encourage more consumers to opt for electric-powered mo-
torcycles.

The education sector in Malaysia should also start cultivating future consumers by
providing education and awareness for the younger generations. In addition, the edu-
cation sector should play an equal role to emphasise further low carbon-related content,
which includes energy-efficient vehicles in schools and higher learning institutions through
their courses and activities. Higher education should also allocate enough research grants
directly related to EV to generate further local capabilities, facilities, and intellectual prop-
erties that can attract more investors.

Finally, Malaysia should look ahead to the upcoming technologies such as higher
voltage charging, wireless charging, and hydrogen fuelling station (FCEV). Understanding
and being prepared for the upcoming technologies will allow Malaysia to be more prepared
for the adoption and at the same time copes with other countries’ progress. Instead of con-
centrating only on the main EV components such as batteries, Malaysia should expand into
other areas within the ecosystem such as infrastructure manufacturing, vehicle/component
testing and consumer services.

4.3. EV in Indonesia

In terms of EV adoption in Indonesia, there are several recommendations for both
(1) the Indonesian Government and (2) investors, OEMs, and EV producers.

For the Indonesian government to fulfil the Indonesian’s NDC by 2030, where vehicle
electrification is one of the options, the government must push for the adoption rate of EVs
(especially BEV) for mass usage and push, so that the fuel-based vehicles’ owners change
their vehicles into EVs. However, the main problem for achieving mass usage in EVs is the
high price of EVs and the lack of supporting infrastructure (proper charging stations).

Although the tax for BEV is zero, the base price is still very high, and most Indonesian
people cannot afford it. From Table 2, we see that the BEV has sufficient EV range for
home–office–home trips. Most EV makers supply their customers with appropriate home-
charging apparatus, so that BEV users can charge their vehicle at night, and they can use it
for a round trip without having to charge it at the public charging station. However, the
lowest-priced BEV, DFSK Gelora Electric, still retails at 469 to 499 million IDR, more than
twice the price most Indonesian people can afford.

The lack of BEVs with lower prices (with lower EV mileage) is due to the lack of a
proper charging station. With lower EV mileage, people need to use the public charging
station for their round trip from home to the office. However, as we can see, the number
of public charging stations is not sufficient, which makes it difficult for the EV players
to invest in this BEV specification. Therefore, we believe that the electric LCGC priced
under 200 million IDR, as suggested by GAIKINDO, will not work without sufficient public
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charging stations. To this end, we suggest that the Indonesian government gives more
relaxation to the regulation in the public charging station installation.

For investors, OEMs, and EV producers, with many initiatives in fabricating the
supporting components of EV in Indonesia, low and no taxes for EVs, we believe that
this is the right time for the investors to invest their capital in the EV market in Indonesia.
Slowly but surely, EVs, especially BEV, are gaining attention in Indonesia. The Indonesian
market needs more investment in the public charging stations, which will create a larger
market in low-priced BEV. The EV Makers and OEMs must also start their initiatives in
developing the low-priced BEV. With sufficient support and affordable price, BEV will be
more attractive to the market.

With the plan for low and zero taxes for EVs, starting from October 2021, we believe
that the Indonesian government has shown that they are serious about supporting the
adoption of EVs in Indonesia. More initiatives from the EV makers, OEMs, and investors
should respond to this movement to produce more affordable EVs.

5. Future Research

There are several critical challenges in large-scale development of EVs, including hard
and soft domains [89]. Power management system plays an important role, particularly in
HEVs. With intelligent power management techniques, optimal power handling, efficient
energy flow to the propulsion unit, reduced system inaccuracies, maximised components
life-time and reliable real-time applications can be obtained at various operating condi-
tions. As a result, multiple objectives such as smoother gear shifting, minimised driveline
vibration, lower fuel consumption and emission levels, as well as higher mileage extension
and improved operation robustness can be achieved simultaneously. Note that EV power
management techniques are typically categorised into two groups: (1) rule-based and
(2) optimisation-based techniques. In the first technique, which is rule based, the control is
governed either by deterministic on-off or by fuzzy-logic rules. In the optimisation-based
techniques, on the other hand, the control approaches can be either finding a globally
optimal solution or a real-time optimisation.

It is important to note that power system can be significantly affected by implementing
the EV scenario. The electricity demand will inevitably increase with the surge in EV
demand. This is because the introduction of EVs will considerably affect the demand
peaks, decrease reserve margins, and increase electricity prices. However, it is worth noting
that this will depend on the state (Malaysia) or province (Indonesia) and the recharge
timing. Thus, the impacts of EVs in Malaysian and Indonesian power generation are worth
investigating further. It is not part of the present article, but there is abundant room for
further progress in this area. Therefore, a future study with more focus on EVs’ impact on
power generation in Malaysia and Indonesia is suggested.

As the stress to the electrical grid becomes a major issue due to high EVs penetration
due to increased charging demand, it is important to look for a strategy to overcome such a
problem. In countries where grid capability to balance supply and demand is exceptionally
limited, massive EV penetration will severely impact the overall power distributions. For
that reason, supplementary services of EVs such as vehicle-to-grid (V2G) in the electrical
grid has been considered a promising approach [90]. V2G is a smart charging technology
that enables vehicle batteries to absorb and return the electricity from and to the power grid,
respectively [91]. Essentially, V2G treats EV batteries as not only devices to run the vehicles
but also as backup storage units for the electrical grid. Therefore, if properly controlled,
EV charging and discharging through V2G can sustain the electrical grid effectively. It is
worth noting that although the concept of V2G seems straightforward, applying V2G needs
a sophisticated set of smart technology [92]. Charging stations should be fitted out with
computer software that can connect with the main grid to evaluate the overall demand at
any time.
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