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ARTICLE INFO ABSTRACT
Keywords: This study explores the environmental and economic implications of Internal Combustion Engine (ICE) vehicles,
Electric vehicles Indonesia Hybrid Electric Vehicles (HEVs), Plug-in Hybrid Electric Vehicles (PHEVs), and Electric Vehicles (EVs). A case

Hybrid electric vehicles

Net zero emissions 2050

Vehicle emission costs

Sustainable transportation solutions

study in Indonesia is selected, focusing to achieve net zero emissions by 2050 and improve air quality. The
research compares key factors such as emission costs, fueling time costs, maintenance costs, and vehicle selection
for a comprehensive understanding of each vehicle type’s viability in the automotive landscape. The analysis
reveals that EVs exhibit the lowest CO and CO, emissions of about 20 %, while HEVs and PHEVs demonstrate
significant reductions compared to ICE vehicles. However, EVs produce higher NOx and N,O emissions of more
than 70 %, indicating a dependence on fossil fuels for electricity generation. Air quality-related emissions,
including SOx and PM10, are 90 % and 85 % higher in EVs, emphasizing the need for enhanced emission control
technologies and the adoption of renewable energy sources. Despite their higher selling price and emission costs,
EVs possess the lowest maintenance costs among the evaluated vehicles at only 0.00419 USD/km. Ultimately,
HEVs present the most balanced combination of selling price, emission cost, and maintenance cost, making them
an appealing option for the market. This study provides valuable insights for policymakers, automotive manu-
facturers, and consumers in transitioning towards more sustainable transportation solutions.

Development Goal 13, a significant shift towards sustainable trans-

1. Introduction portation solutions, such as electric vehicles (EVs), is essential. Liu et al.
[6] reported on cost of ownership comparison between ICE and EV.

The transportation sector is a major contributor to greenhouse gas However, the study only focused on ownership cost and battery electric
(GHG) emissions worldwide especially internal combustion engine (ICE) vehicle. Sinigaglia et al. [7] reported on comparison study between ICE
vehicles [1,2]. Numerous studies [3-5] have been reported as mitigation and various types of EVs. However, the analysis mainly focused on the
measures to reduce air pollution. Abbas et al. [3] reported on hydroxyl number of patent, logistic growth and annual growth. Farzaneh etal. [8]
gas additive in improving the combustion efficiency of gasoline engine. reported on a case study in the U.S. between Ice and EV. However, the
The results showed that CO,, CO and NOx pollutants have been reduced study only focused on carbon footprint analysis. EVs have the potential
by a significant amount of percentage. Recently, Har et al. [4,5] reported to reduce GHG emissions and improve air quality, but their adoption is
on biodiesel blends to reduce the air pollutants. However, the afore- hindered by high upfront prices, limited charging infrastructure, range
mentioned studies only focused on gasoline engine. As the global com- constraints, and fossil fuel electricity generation. To reach net zero
munity focuses on achieving net zero emissions by 2050 and Sustainable emissions by 2050 and mitigate climate change, EVs must be accepted as
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Nomenclature

BEV battery electric vehicle

EV electric vehicle

FCEV fuel cell electric vehicle

GAIKINDO Gabungan Industri Kendaraan Bermotor Indonesia
GHG greenhouse gas

HEV hybrid electric vehicle

ICE internal combustion engine

LCA Life-cycle assessment

OTR On the Road

PHEV plug-in hybrid electric vehicle
WTW well-to-wheel

CO, carbon dioxide

Cco carbon monoxide

CH,4 methane

NOx nitrogen oxides

N,O nitrous oxide

SOx sulfur oxides

a credible alternative to ICE vehicles. Governments and stakeholders can
accelerate electric mobility and create a greener, more sustainable
future by implementing targeted policies, investing in charging infra-
structure, supporting technological advancements, and promoting
renewable energy integration.

1.1. Vehicles classification: ICE and EV

Vehicles can be generally classified into conventional and electric
types, known as internal combustion engine vehicles (ICEs) and electric
vehicles (EVs), respectively. ICEs, powered by gasoline or Diesel en-
gines, have been prevalent since the early 19th century. In contrast, EVs
have gained significant market penetration in recent years [9,10].

EVs can be categorized into battery electric vehicles (BEVs), hybrid
electric vehicles (HEVs), plug-in hybrid electric vehicles (PHEVs), and
fuel cell electric vehicles (FCEVs), depending on their energy sources
and powertrains [11]. HEVs combine an ICE and an electric motor to
improve fuel efficiency. These vehicles don’t require charging at stations
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and can be classified into mild-HEV, full-HEV, and PHEV [12]. Full-
HEVs, which are most popular among manufacturers, can operate
independently or in combination with ICE and electric motor power, and
can be further categorized into series, parallel, series—parallel, and
complex full-HEVs [13-15].

BEVs, also known as “pure EVs,” solely rely on electric power stored
in batteries, requiring charging at stations [16]. They produce no
greenhouse gas (GHG) emissions or noise pollution, but their perfor-
mance is dependent on battery capacity and thermal management [17].
PHEVs use both an ICE and an electric powertrain, featuring larger
battery capacities than HEVs and the ability to charge at stations. While
environmentally friendly for short distances, PHEVs still generate
emissions when using gasoline for longer trips [18].

FCEVs have gained attention for their zero-emission operation,
powered by an electric motor and a fuel cell instead of a battery. They
use hydrogen stored in specially designed tanks and have a short refu-
eling time [19]. However, FCEVs face limitations in hydrogen infra-
structure development [20-22]. Fig. 1. illustrates the differences among
vehicle classifications based on energy sources, powertrain devices, and
emissions.

1.2. EV benefits

Transportation emits 25 % of fossil fuel COy [23,24]. The Paris
Agreement has encouraged governments to cut GHG emissions, notably
in transport, due to environmental concerns [25-27]. EVs have the po-
tential to reduce fossil fuel use, GHG emissions, and climate change
[28]. In 2020, there were over 10 million EVs worldwide [29]. China
leads the EV business due to rising demand for eco-friendly, high-tech,
and safe vehicles. EV technology has evolved for public transit, but
electric automobiles have recently garnered interest [30].

Electric vehicles (EVs) have emerged as a promising solution to the
negative impacts associated with internal combustion engine vehicles
(ICEs) in the transportation sector. Their growing popularity can be
attributed to several key advantages they offer over their ICE counter-
parts [31-33]. One of the most significant benefits of EVs is their envi-
ronmental impact. They help reduce greenhouse gas (GHG) emissions
since they produce no tailpipe emissions, contributing to improved
public health [34,35]. Additionally, EVs reduce noise pollution in urban
areas, as they operate more quietly than ICEs [36,37]. Furthermore,
both EVs and their batteries are recyclable, addressing the increasing
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Fig. 1. Classification of Vehicle: ICE and EV.
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demand for battery materials and mitigating related environmental
concerns [38,39].

The construction and mechanical systems of EVs are another
advantage. They feature a simpler and more compact design than ICEs,
with fewer moving parts and less complex transmissions. This stream-
lined construction contributes to improved energy consumption, as EVs
can convert up to 86 % of the battery’s energy into electricity, while ICEs
only utilize 20 % of the fuel’s energy [40]. In terms of performance, EVs
demonstrate higher well-to-wheel (WTW) efficiency than ICEs, partic-
ularly when powered by renewable energy sources [41]. They are also
more reliable, responsive, and better suited for digital integration,
making them attractive options for consumers [42].

Lastly, the cost aspect of EVs is noteworthy. They have lower
maintenance costs due to their simple battery-electric motor systems
[43,44]. The total cost of ownership for EVs can be recovered within five
to eight years, depending on the vehicle’s range [45]. Furthermore, EV
owners can obtain additional revenues by participating in primary fre-
quency regulation markets. Countries are striving to increase EV adop-
tion to leverage these benefits and promote sustainable transportation.
This is being achieved through providing incentives, subsidies, and
expanding EV infrastructure.

1.3. Contribution of the study on the development of EV

Indonesia, Southeast Asia’s most populous nation, is developing
measures to reduce emissions in power generation and transportation to
attain net-zero emissions and climate resilience [46]. By 2025,
Indonesia plans to have 2.1 million two-wheeled and 2,200 four-
wheeled EVs on the road [47,48]. Indonesia, Southeast Asia’s largest
vehicle market, offers huge EV market prospects while tackling ICE car
air pollution.

Life-cycle assessment (LCA) is normally used to examine the envi-
ronmental impact of EVs from raw material extraction to final disposal

Well-to-Tank

Well-to-Wheel
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[49]. The well-to-wheel (WTW) approach is used to compare vehicle
technology emissions [50-52]. From fossil fuel extraction or electricity
generation to vehicle operation, the WTW analysis provides a complete
picture of vehicle energy consumption and efficiency. In short, EVs can
reduce transportation’s environmental impact. LCA and WTW studies
become increasingly important when nations like Indonesia set high EV
adoption targets. Fig. 2 shows the WTW analysis comparison between
ICE and EV.

This paper offers a holistic analysis of the Indonesian automotive
landscape, focuses on the environmental and economic impacts of
different vehicle types. This study extends beyond emission comparisons
to consider fueling time, maintenance, and vehicle selection to better
assess each vehicle’s feasibility in Indonesia. The research helps stake-
holders make informed decisions and tailor sustainable mobility solu-
tions by highlighting the pros and cons of ICE cars, HEVs, PHEVs, and
EVs in respect to the country’s unique circumstances. The study also
contributes to the worldwide discussion on net zero emissions by 2050
and serves as a model for other growing markets with comparable goals.

2. Methodology

To compare each type of EV, several different parameters were used
such as maintenance cost, purchase cost, emission cost. For the vehicle
emissions calculations, The Greenhouse Gases, Regulated Emissions,
and Energy Use in Transportation (GREET) software developed by
Argonne National Laboratory was used in this study. The GREET model
can determine the effects of vehicle technologies lifecycle. Using the
software, vehicle manufacturers, policy makers, regulators, and re-
searchers are able to assess the impacts of energy and environmental of
vehicle technologies. The GREET model has the capability to calculate
the detailed energy consumption (including both non-renewable and
renewable sources), air pollutant emissions, greenhouse gas emissions,
and water consumption associated with a certain vehicle system.
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2.1. Data collection for the EV

Vehicle data being used is according to Gabungan Industri Kendaraan
Bermotor Indonesia (GAIKINDO) or The Association of Indonesia Auto-
motive Industries. The data of car sales for every manufacturer and type
of vehicle were selected between 2017 and 2021 as shown in Table 1.
Note that the data of Internal Combustion Engine (ICE) vehicle is clas-
sified into two types: gasoline and diesel engine. The Toyota Innova was
selected for its gasoline engine, while the Mitsubishi Pajero was chosen
for its diesel engine. In the realm of electric vehicles, the Mitsubishi
Outlander Sport PHEV was picked as a standout performer. Although the
Toyota Corolla Cross is a relatively new entrant in the hybrid market
compared to its predecessor, the Toyota Camry Hybrid, its impressive
sales figures have earned it a place in this comparison. Lastly, the
Hyundai Kona Electric has gained significant traction in the Indonesian
market, boasting the highest sales growth for electric vehicles among its
competitors.

Since hybrid vehicles use both electricity and gasoline as fuel source.
Therefore, there are two numbers on the fuel price according to Table 2.
While vehicle operate using electricity as a main source, it is considered
electricity price as a fuel cost. On the other hand, gasoline price is
preferred when the vehicle use ICE as a main power during used.

Each vehicle has a different parameter to compare, such as On the
Road (OTR) price, operational cost (fuel, maintenance, and tax) and
time for fueling or charging. The methodology to estimate final emission
cost is collected from two aspects (Fig. 3). One aspect is for vehicle life
cycle emission; the other is for fuel life cycle emission including tank
capacity, fuel economy, fuel transportation and electricity generation
mix. From the two aspects, the life cycle, air pollutant and social life
cycle emission will be calculated using the GREET software.

Two types of gasoline are commonly used in Indonesia, RON92 and
RONO98 classified based on their octane number. The majority of the
vehicle owners use RON92 as a preference for Toyota Innova as they
have compression ratio is lower which allow to use lower RON gasoline
number than that are available on PHEV. Therefore, the fuel price is also
different due to the type of engine used on those vehicles. Diesel fuel
type for Mitsubishi Pajero in this study has cetane number of 53, this
type of fuel has the lowest sulphure contents.

The fuel price for an electric vehicle is calculated according to the
equivalent number to the gasoline. One liter of gasoline contains energy
equivalent to 8.9kWh of electricity [53].

The electricity mix in Indonesia is mainly based on fossil fuels like
coal, natural gas, and oil. According to the study by [54], coal has the
biggest contribution to Indonesia energy generation as shown in Fig. 4.
It has more than 50 % of the electricity mix in the country from the coal
power plant. On the other hand, electricity generated from a renewable
source is not significant compared to the fossil fuel type energy
generation.

Table 1
Car sales for the selected vehicle used in this study.
Vehicle Brand Unit Sales
2021 (until 2020 2019 2018 2017
Sept)
Toyota Innova (ICE 33,375 27,592 52,705 59,630 61,775
gasoline)
Mitsubishi Pajero (ICE 11,843 8,693 16,662 19,338 18,577
diesel)
Toyota Corolla Cross 1,070 652 X X X
(HEV)
Mitsubishi Outlander 35 6 20 X X
Sport (PHEV)
Hyundai Kona Electric 315 60 X X X

(EV)
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2.2. EV emission cost

In this study, it is presented that the emission cost for each vehicle to
be compared. Since every vehicle has a different emission level, it is
interesting to explore in terms of economic aspects besides the envi-
ronmental impact. Each type of pollutant has a particular emission cost
as is shown in Table 3.

The total emission cost is calculated directly from the emission type
generated by each vehicle to the cost per unit as follows:

C= ZP,-el-

C is the total of external related pollutant cost in $ per 1000 km
(Table 4). While P is pollutant i in g per km and e is emission cost i in $

per g.

@

2.3. EV fueling time cost

Every vehicle in this study has a different time for fueling. Although
the EV has a longer time to charge, owners prefer to charge on their
home [56]. Therefore, re-charge at a commercial charging station would
be very rare. In overall for time spending in terms of productivity, EV is
not frequent for the maintenance compared to the ICE. While ICE not
required longer time for re-fueling.

The accessibility charging stations are crucial components of auto-
mobile ownership. In the context of ICE cars, refueling stations are
readily available and widely dispersed within urban and suburban re-
gions. The development of EV charging infrastructure is still in progress
in numerous places. While the convenience of home charging is unde-
niable, the widespread availability of fast-charging stations plays a
critical role in facilitating long-distance travel and catering to in-
dividuals who lack access to home charging facilities.

2.4. EV maintenance cost

A further aspect that taken into account is the expenses and regu-
larity associated with vehicle maintenance. Despite the relative rarity of
EV maintenance in comparison to ICE vehicles, it is necessary to further
explore the underlying factors contributing to this phenomenon. EVs
possess a lower number of mechanical components in comparison to ICE
vehicles, thus minimizing the likelihood of mechanical degradation.
Electric vehicles do not possess certain integral elements such as exhaust
systems, transmissions, and oil systems, which frequently necessitate
maintenance in ICE vehicles. Also, the regenerative braking in EVs has
the potential to reduce the extent of wear experienced by brake systems.
Throughout the duration of the vehicle’s lifespan, the above character-
istics have the potential to result in substantial cost reductions for
owners of electric vehicles. However, it is important to identify potential
obstacles that may arise, such battery degradation and the associated
expenses of replacement.

The EV maintenance data is not sufficient data in Indonesia, as they
are still premature in the national market, although many manufacturers
claim that the EV is “zero” maintenance. The biggest concern to consider
is the price of battery on EV which has a lifetime value, and the
replacement cost would be very expensive. On the contrary, the ICE
vehicle has frequent maintenance time whether according to the
mileage or lifetime used such as oil change, filter replacements, exhaust
systems, fluid change and engine tune up. The maintenance cost for each
vehicle is shown on Table 2.

3. Results and discussion: EV, HEV, PHEV vs ICE

Fig. 5 shows the variation of pollutant emissions for the all the
studied vehicles. From Fig. 5 (a), clearly seen that EV has the lowest CO
emission which accounted for less than 0.2 g/km. Even though EVs were
often seen as zero-emission vehicles, but, the battery manufacturing
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Table 2

Information data of Gasoline, Diesel, HEV, PHEV and EV vehicles.

Unit Gasoline Diesel HEV PHEV EV

Weight kg 1,690 1,935 1,385 1,880 2,170
passanger (5 @ 80 kg) kg 400 400 400 400 400
Average lifetime years 10 10 10 10 10
Average annual usage km 10,000 10,000 10,000 10,000 10,000
Fuel economy km/liter 10.00 11.20 23.25 56.00 51.02
Fuel price USD/liter 0.63 0.80 0.86/0.9 0.86/0.9 0.90
Fuel taxes USD/liter 0.03 0.04 0.04 0.04 0.05
Tank Capacity liter 55 68 36 45 0
Time for fueling/charging min 6 6 6 6 30
Maintenance Frequency times 22 22 20 20 10
OTR UsD 27,934.91 41,902.37 34,918.64 62,155.18 48,886.10
Maintenance cost USD/km 0.00851 0.01355 0.00961 0.00978 0.00419

Vehicle weight
Milleage
Speed
Maintenance cost
Lifetime
Fuel price

Indonesia Electricity Mix

Coal

54.8%

Fig. 4. Indonesian Electricity Mix.

Natural Gas

Fuel transport
Vehicle life cyde Fuellife cycle |, Tank capacity
emission emission X Electricity generation mix
Battery size
Life cycle emission
Emission, Air pollutant and
GHG
A 4
Social life cycle emission
Fig. 3. Emission life cycle methodology.
Table 3
The emission cost of each pollutant [55].
Pollutant Unit Damage Cost
co $/kg 0.0091
NOx $/kg 2.5716
PM10 $/kg 4.6222
D. ] | PM2.5 $/kg 6.7251
lesel ol SOx $/kg 4.3267
CH,4 $/kg 0.3024
CO, $/kg 0.0084
Wind Power N,O $/kg 4.3267
Table 4
Hyd ro Total vehicle emission cost.
Vehicle Toyota Mitsubishi Toyota Mitsubishi Hyundai
Innova Pajero Corolla Outlander Kona
Cross Sport Electric
Total 2.6758 2.8445 1.2262 3.6652 5.0485
Damage
Cost
($/1000
km)
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Fig. 5. Variation of pollutant emissions for: (a) CO and (b) CO5,

process do emit CO gas. The manufacturing of EVs’ battery required
mining of rare earth materials like lithium and cobalt which produces
carbon emissions. In addition, the process of electricity generation from
the power plants to charge the batteries also contributes to CO5 emis-
sions as shown in Fig. 5 (b). EV has lower CO, emissions as compared to
gasoline and diesel ICEs which was about 20 % to 27 %. On the other
hand, comparison between PHEV and EV shows a slight difference of
less than 10 %. This can be explained as PHEV has smaller battery pack
as compared to EV. However, comparison between HEV and PHEV
shows huge differences of more than 30 %. This can be explained based
on the working principle of both the vehicles. HEV has a small battery
pack that functions to drive the vehicle only for short distances. In
contrast, PHEV has a larger battery pack that works as either HEV or
fully EV. PHEV will first run on fully electric and when the battery
depleted, HEV operation will take over. However, due to the technology,
PHEV is more expensive as compared to EV and HEV as shown in
Table 2. The price of PHEV at 62,155.18 USD was 20 % and 44 % higher
than EV and HEV. Out of all EVs, HEV has the cheapest OTR price, due to
this it has the highest selling unit in Indonesia as shown in Table 1. From
Fig. 5 (a) and Fig. 5 (b), it was observed that the carbon emissions from
all the electric vehicles were much lower as compared to ICEs. Hence,
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EVs are the vehicle of choice in moving towards net zero emissions by
2050. A similar finding was also reported by Farzaneh et al. [8] for a
case study in the U.S.

Other air pollutants from electricity generation power plants are the
NOx and N3O as shown in Fig. 6 (a) and Fig. 6 (b). Fig. 6 (a) shows that
EV has the highest NOx emissions of more than 0.2 g/km. The emissions
were more than half as compared to ICEs. In terms of N2O, comparison
between EV and ICEs also shows a similar trend with difference of more
than 70 %. N»O is one of the gases compounds for NOx which produced
during the combustion of fuel. The reaction of N»O with O3 can
contribute to the thinning of the ozone layer. Even worse, N2O has a long
half-life of up to 150 years. This can severely deplete the ozone layer in a
long term. The high emissions of NOx and N2O shows that the electricity
power plants in Indonesia are still relying on burning of fossil fuels. The
composition of CO5 and N»O gases also contribute to the greenhouse gas
(GHG) emissions. Nevertheless, EVs are still the most environmentally
friendly vehicles as compared to ICEs. HEV possessed the lowest emis-
sions at 100.9525 g/km followed by PHEV and EV. Therefore, sup-
porting the government’s decisions in shifting to EVs as a climate change
solution in Indonesia. As a suggestion, the government should create
awareness regarding the benefits of EVs and continue the EV purchase
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Fig. 6. Variation of pollutant emissions for: (a) NOx and (b) N5O.
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subsidiary to spur sales.

Besides GHG emissions, air quality related emissions such as SOx and
PM10 were also considered as shown in Fig. 7 (a) and Fig. 7 (b). The
action of moving from conventional vehicles to EVs certainly will reduce
air pollution. However, the emissions from the conventional power
plants are something that we need to strictly consider. This is because
the emissions of SOx and PM10 were 90 % and 85 % higher in EVs. From
the results, it was also observed that both the pollutants increased as the
size of the battery pack increases. Hyundai Kona electric, which has the
biggest battery pack retrieved the highest emissions for both the pol-
lutants. SOx and particulate matter are produced due to the combustion
of fuels containing sulfur. Long term exposure to both the pollutants can
lead to cardiovascular disease and respiratory related problems. Based
on the results, it is suggested that emission controlling technologies
should be implemented on conventional power plants. Besides, renew-
able energy power plants which are based on solar energy, wind energy,
geothermal energy, hydropower and bioenergy can be implemented.

From the variation of pollutant emissions, it is crucial to evaluate the
cost of emissions for all the vehicles, as illustrated in Fig. 8. A note-
worthy observation from the data is that the high selling price of EVs is
accompanied by a high emission cost. For instance, the Hyundai Kona
Electric, priced at 48,886.10 USD, has the highest emission cost of
5.0485 $/1000 km.

Critical investigation of this data shows that various variables
contribute to EVs’ high emission cost. First, mining and processing rare
earth elements like lithium and cobalt for electric vehicle batteries emits
carbon. This raises EV emission costs. Second, fossil fuel-based energy
generation, notably in Indonesia, produces greenhouse gases and air
pollutants like NOx and SOx. This further increases the emission cost
associated with EVs. Emissions also have secondary consequences like
public health and environmental damage. EVs’ higher emission costs,
mostly owing to fossil fuel electricity generation, can harm air quality
and aggravate respiratory and cardiovascular ailments. To lower electric
vehicle emissions and costs, greener electricity generation methods
including renewable energy sources are needed.

It is wort noting that while EVs can lower CO and CO; emissions
compared to ICE vehicles, their high emission cost emphasises the need
to evaluate the full vehicle life cycle, from manufacturing to disposal.
EVs’ environmental benefits and emission costs can be maximised by
addressing battery production issues and switching to cleaner electrical
sources.

The emission is increasing perpendicularly with respect to annual
vehicle distance travel as shown in Fig. 9. Despite high selling price and
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Fig. 9. Total emission cost against annual vehicle distance travel.

emission cost, EV has the lowest maintenance cost at only 0.00419 USD/
km. This is due to the low maintenance frequency of the vehicle as
compared to others. Similar concluded findings were also reported by
Liu et al. [6]. Overall, HEV shows good selling and emission costs as
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Fig. 7. Variation of pollutant emissions for: (a) Sox and (b) PM10.
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compared to all the vehicles. Both the costs at 34,918.64 USD and
1.2262 $/1000 km were the lowest of all the vehicles. These statistics
truly shows that HEV is the vehicle of choice for Indonesian market. As
compared to ICEs, HEV has about the same maintenance cost with the
highest difference of just 0.00394 USD/km. The total emission cost of
the vehicle at 13000 km mileage was 80 % lower as compared to EV.
HEVs’ fuel economy, regenerative braking, and electric motor-internal
combustion engine synergy cut pollutants, explaining this remarkable
difference.

A critical review of these findings emphasises the necessity for a
thorough methodology to assessing the Indonesian market potential of
different vehicle types. HEVs balance selling price, emission cost, and
maintenance cost, but significant technological and infrastructure ad-
vancements could transform the scenario. Long-term improvements in
battery technology, renewable energy use, and emission control could
make EVs more competitive. The research reveals that HEVs are the best
option for Indonesia’s market, balancing economic and environmental
issues. However, as technology advances, EVs and PHEVs may become
more viable options.

4. Concluding remarks: What is next for EV?

In this study, we compared the environmental and economic aspects
of ICE vehicles, HEVs, PHEVs, and EVs in the Indonesian market, taking
into account factors such as emission costs, fueling time costs, mainte-
nance costs, and vehicle selection, to assess their viability in achieving
net zero emissions and improving air quality. From the findings of this
study, several key findings and future recommendations can be drawn to
provide insights into the environmental and economic implications of
ICE vehicles, HEVs, PHEVs, and EVs within the Indonesian market, as
well as their potential role in achieving net zero emissions and
enhancing air quality.

4.1. Key findings on EV technology and ICE

e Vehicle comparison: Toyota Innova (gasoline) and Mitsubishi Pajero
(diesel) were selected for ICE vehicles, Toyota Corolla Cross for
HEVs, Mitsubishi Outlander Sport PHEV for PHEVs, and Hyundai
Kona Electric for EVs.

Emission cost: The Toyota Corolla Cross HEV has the lowest total
damage cost per 1000 km, while the Hyundai Kona Electric has the
highest.

Fueling time cost: EVs have longer charging times, but owners often
charge at home, reducing the need for commercial charging stations.
In terms of overall productivity, EVs require less frequent mainte-
nance compared to ICE vehicles.

Maintenance cost: EV maintenance data in Indonesia is limited due
to their novelty in the market. The main concern is the cost of battery
replacement, while ICE vehicles have more frequent maintenance
requirements (e.g., oil changes, filter replacements, exhaust systems,
fluid changes, and engine tune-ups).

EVs have the lowest CO and CO, emissions, while PHEVs and HEVs
show significant reductions compared to ICE vehicles, making them
suitable for achieving net zero emissions by 2050.

EVs produce higher NOx and N2O emissions, indicating a reliance on
fossil fuels for electricity generation in Indonesia.

Air quality-related emissions, such as SOx and PM10, are higher in
EVs, highlighting the need for improved emission control technolo-
gies and increased adoption of renewable energy sources.

Despite their higher selling price and emission cost, EVs have the
lowest maintenance cost among the studied vehicles.

HEVs offer the best balance between selling price, emission cost, and
maintenance cost, making them an attractive choice for the Indo-
nesian market.
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4.2. Recommendation and future directions for EV technology

Based on the findings of this study, the following recommendations
can be made for the future development and adoption of environmen-
tally friendly vehicles in the Indonesian market.

e This report suggests developing and adopting ecologically friendly
automobiles in Indonesia:

Encourage HEV adoption: Given their balance between selling price,
emission cost, and maintenance cost, HEVs should be promoted by
incentives, tax breaks, or subsidies to consumers and producers.
Improve EV charging infrastructure: Invest in fast-charging stations
and home-charging solutions to encourage EV adoption.

Increase sources from renewable energy sector: Solar, wind,
geothermal, and hydropower are essential for EVs’ environmental
impact.

e Implement emission control systems in traditional power plants to
reduce SOx and PM10 emissions and promote cleaner energy
sources.

Strengthen rules and policies: The government should set and
enforce stronger emissions requirements for ICE vehicles and assist
HEV, PHEV, and EV development and commercialization.

Raise public awareness: Education efforts should promote greener
transportation by highlighting the environmental and economic
benefits of cleaner vehicle technologies.

Develop local battery manufacturing and recycling: To reduce bat-
tery replacement costs and the environmental impact of battery
manufacturing, promote local battery production and establish
recycling facilities.

Encourage research and development in cleaner vehicle technolo-
gies, energy storage systems, and renewable energy sources to in-
crease Indonesia’s sustainable transportation solutions’ efficiency,
performance, and affordability.
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