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Abstract: The study explores the break-even points (BEP) for total cost of ownership of low
passenger (4x2 type) Battery Electric Vehicles (BEVs) and Internal Combustion Engine (ICE)
vehicles in the Indonesian market. Utilizing various assumptions, including vehicle type, annual
mileage, charging modes, and fuel costs, the analysis incorporates factors such as battery prices, taxes,
and government incentives. We employed a TCO model to analyze break-even points (BEPs) over a
7-year ownership duration. The Monte-Carlo simulation confirming BEPs of 5-7 years for high-power
BEVs and 4-6 years years for low-power BEVs compared to their ICE counterparts. Over a 7-year
TCO, battery costs play a minimal role due to manufacturer warranties, and even with a 15-year
outlook, BEVs maintain a competitive TCO position, showcasing the impact of tax policies in favor
of BEVs. Results indicate that lower power vehicles have relaxed thresholds, but inflation, BEV
battery prices, and fuel subsidies can extend the BEP. Government incentives for BEVs under $40,000
are vital for market competition and achieving BEP, though they present long-term financial
challenges. Further research on feebate programs could boost BEV adoption in Indonesia.

Keywords: battery electric vehicle; internal combustion engine; total cost of ownership; breakeven
point; monte-carlo simulation; incentive; Indonesia

1. Introduction

The global effort to reduce environmental impact and
dependence on fossil fuels, especially in the automotive
sector, is crucial to global fuel consumption and
emissions.”) Indonesia has proactively promoted the
adoption of Battery Electric Vehicles (BEVs) as a
sustainable transport alternative. This commitment is
solidified through government regulations and policies,
establishing a legal framework to expedite the widespread
use of electric vehicles in the country.>¥

Government initiatives have greatly impacted BEV
adoption, with Norway leading at 95% EV sales, followed
by Sweden at 60% and the Netherlands at 30%%. Key
drivers include early regulatory support and significant
investments in EV charging infrastructure.

In August 2019, Presidential Regulation No. 55/2019
marked a pivotal shift in Indonesia's automotive industry
towards electric vehicles, prioritizing environmental
sustainability in road transport.” In order to replace
internal combustion engine (ICE) vehicles, with CO,-free
alternatives, BEVs are considered the most promising
option.®? In the pursuit of decarbonization, the realization

of the electric vehicle roadmap is set by the Indonesian
government through the Ministry of Industry.® However,
BEVs face challenges in the current market due to their
lower range and higher cost compared to ICE vehicles.”
The price of electric vehicles is one of the factors that
hinder the development of electric vehicles in
Indonesia.!%!V. In 2022, the number of charging stations
is 332 units, however, the number of registered electric
cars has only reached 2,106 units.'"”? The Ministry of
Industry has updated the regulation through Regulation
No. 6 0f 2022, emphasizing the Ministry's commitment to
adapting to the industry's changing needs. The key
changes in this update focus on the BEV target for 2025-
2030 and the significance given to the assembly process
and manufacturing in calculating local content. The
adjusted BEV target reflects a more realistic outlook,
considering the current pace of the BEV market (Table 1).

Table 1. Targets of Indonesian BEV Industry

Vehicle Type Number of Units in Year
2025 2030 2035
>4-wheel BEV 400,000 600,000 1,000,000
2 or 3-wheel BEV | 6,000,000 9,000,000 | 12,000,000
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Despite the higher upfront costs, a study found that the
operational advantages of BEVs, including faster
acceleration, higher energy efficiency, and lower
maintenance expenses, contribute to cost recovery in
approximately 5 years.'> Understanding the break-even
point requires considering factors like manufacturer's
suggested retail price, market prices for charging
infrastructure, and non-rental revenue per vehicle.'¥

Additional challenges arise from the production stage,
particularly in terms of components that require large
resources, such as high-voltage batteries.'!> Through
policy support and consumer-focused initiatives,
Indonesia is set to contribute to global sustainability by
promoting electric vehicle adoption and embracing
decarbonization.

In this study, insights are derived on how incentives and
regulations for BEVs have effectively lowered the overall
cost compared to ICE vehicles in Indonesia. Additionally,
the analysis delves into the pivotal factors contributing to
this cost reduction through sensitivity analysis. The focus
of this study is specifically on the low passenger vehicle
type (4x2 Type), as detailed in the subsequent sections,
being the most popular vehicle type in Indonesia.

The rest of this paper is organized as follows. Section 2
describes study area and current condition, consisting the
vehicle market, cost of BEV, incentives for BEV, and cost
to charge BEV. Section 3 provides the methods and
assumptions used in the calculation. Section 4 provides
results followed by a discussion. Section 5 concludes with
a summary of the findings.

2. Indonesia’s Current Situation

2.1. The Vehicle Market

Table 2 illustrates the vehicle market share in Indonesia
for the years 2022 and 2023. The predominant vehicle
type in Indonesia is the low passenger vehicle (4x2 Type),
followed by affordable energy-saving cars and pickup
trucks. The term “low passenger vehicle” generally refers
to cars with small engine sizes, typically 1,500 cc (cubic
centimeters). These cars are known for their affordability
and fuel efficiency, popular choices for daily commuting.

The second category, "affordable energy-saving cars,"

includes low-cost, fuel-efficient vehicles that use gasoline.

Pickup trucks, the third most popular type, are valued for
their versatility and suitability for commercial use and
rough terrains.

Table 2. Indonesian Vehicle Market Share in 2022 and 202319

Category 2022 | 2023V

1 | Sedan Type | Low 0.3% 0.3%
Medium 0.5% 0.6%

Luxury 0.0% 0.0%

2 | 4x2 Type Low 46.7% | 42.7%
Medium 8.4% 9.6%

High 0.0% 0.0%

Category 2022 | 20239
Luxury 1.9% 1.6%
3 | 4x4 Type Low 0.1% 0.1%
Medium 0.5% 0.7%
Luxury 0.2% 0.2%
4 | Bus 0.3% 0.4%
5 | Pickup 14.0% | 12.1%
6 | Truck 8.9% | 7.9%0
Double Cabin 4x2 / 4x4 1.9% 2.8%
8 | Affordable Energy Saving | 16.4% | 20.8%
Cars (KBH2) 4x2
Total Market 100% | 100%
® Jan-Oct 2023

2.2. Cost of BEV passenger car

In Figure 1, we present the share of BEV sales in 2022
and 2023, based on processed data from Gaikindo'®. The
conversion from Indonesian Rupiah (IDR) to USD is done
as of December 2023 (1 USD = 15,526 IDR). The y-axis
reflects prices in thousands of US Dollar (USD). In 2022,
78.2% of BEV sales were below the USD 40,000 price
point, with only all variants of Wuling Air EV available at
this range. The Wuling Air EV Long Range variant set the
record with 6,859 sales.

BEYV Sales Volume Share
Based on Vehicle Price
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Fig. 1. 2022 and 2023 Indonesia's BEV Sales

The 2023 BEV market share appears to have shifted,

- 2416 -



Break-Even Analysis of Battery Electric Vehicles and Internal Combustion Engine Vehicles in the Indonesian Market

with 50% of sales recorded between 40,000 — 60,000 USD
and only 34.7% below 40,000 USD. The Hyundai Ioniq 5
Signature Extended holds the highest record with 5,172
sales. However, this fig is largely influenced by a specific
market segment requiring vehicles with a high local
content rate (a minimum of 40%) and high-end features.
This market is driven by government offices and state-
owned enterprises following Presidential Instruction no. 7
of 2022'7, mandating the use of BEVs as operational
vehicles nationwide. This highlights the significant impact
of local content and the president’s directive on officials,
serving as key drivers for boosting the EV market.

Nevertheless, this does not accurately represent the
price market demand for BEVs. In addition, the domestic
car market demand in 2021'®, shows that 75% of new car
purchases in Indonesia fall under 30,000 USD. Therefore,
the BEV price range targeting the middle market should
be under 30,000 - 40,000 USD, emphasizing the need for
additional variations in this range to enhance market
competition.

2.3. BEYV Incentives for Consumer

The incentives for BEV consumer in Indonesia are:
1) Luxury Goods Sales Tax (PPnBM) of BEV
subjects to 0%
The government'® sets up a favorable framework to
boost Low-Cost Emission Vehicles (LCEVs),
particularly BEVs, in Indonesia. This regulation comes
with a reduced luxury goods sales tax rate, specifically
0% for BEVs. Moreover, it introduces extra tax
incentives for BEVs if there's an investment of over 5
trillion rupiahs in the BEV industry within two years of
the investment or once the BEV industry starts
commercial production. In contrast, traditional vehicles
face much higher tax rates, ranging from 15% to 70%.
The purpose of this tax incentive system is to support
the development of sustainable transportation options
and decrease the country's carbon footprint.
2) Exemption from BBNKB & PKB (for Renewable
Energy-based Vehicles).
The government?® has officially waived vehicle
ownership transfer fees (BBNKB) and vehicle taxes
(PKB) for BEVs. This regulation applies for all BEVs
except for retrofitted conversion BEVs (BEVs that were
previously ICE vehicles). The PKB is paid every year,
while BBNKB is only paid once by the vehicle owner.
3) Discount on additional power for home and home
charging
The state electricity company (PLN) has been rolling
out incentives for home electrical installation power.
Single-phase customers only need to pay USD 54.75 for
a maximum power capacity of 7,700 VA, while three-
phase customers only need to pay USD 225.43 for a
maximum power capacity of 13,200 VA. Moreover,
PLN customers will receive a 30 percent discount on
their electricity tariff to charge their BEVs at home,
from 10 PM to 5 AM.

For BEV users to get the discount, PLN requires the

home charging equipment to be connected with their

charging management system, “ChargeIN”. Then, PLN

is able to detect the time when the charging happens.

PLN also requires BEV users to install a different

energy meter that connects exclusively to the home

chargers. At the end of each month, the charging usage

will be calculated and PLN would give some kind of

bonus voucher that tops up energy to be used via the

energy meter.

4) Financial aid program for the purchase of EVs

with a domestic production base

The purchase of BEVs with Local Content Rate (LCR)

higher than 40% can utilize a financial aid program. The

subsidy quota for 4-wheeled BEV is 35,900 units and

for 2-wheeled BEV is 200,000 units for the year 2023.

The amount of subsidy is as follows:

- For 4-wheeled BEVs and electric buses, sales tax
(PPN) are reduced from 11% to 1%?2V

- For electric buses with local content less than 40%
but more than 20%, PPN are reduced from 11% to
6% 21)

- For 2-wheeled and retrofitted BEVs, there is a
purchasing cost subsidy of USD 450.86 eligible for
one ID number.??

2.4. Electricity cost for BEV charging

BEV owners encounter two types of electricity costs:
those associated with home charging and public charging.
For home charging, the basic electricity tariffs set by PLN
are shown on Table 3.

Table 3. Electricity tariff based on category and power capacity

Customer Power Capacity Tariff”
Category (VA) (USD/kWh)
. 450 0.03
Subsidized 900 0.04
Non- 900 0.08
Subsidized 1,300 - 2,200 0.09
3,500 < 0.11

" as of October 2023

There are two customer categories: subsidized and non-
subsidized customer. Subsidized customer of PLN refers
to a residential electricity consumer who benefits from
government subsidies on their electricity bills. The
government provides subsidies to certain households to
make electricity more affordable for them?®. The specific
eligibility criteria and subsidy rates may be subject to
government policies and can vary over time.

Due to the high price of BEV, we can assume that BEV
owners are included in the non-subsidized category.
Furthermore, as shown in the next section, the required
power for portable charger which included in the vehicle
purchase is around 2,000 Watt. Typically, middle to upper
customers also equip their homes with air conditioning,
which consumes more than 1,000 Watt. Therefore, we can
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assume that BEV owners subscribe to a power capacity
above 3,500 VA, and the electricity cost for home charging
will be USD 0.11/kWh.

For public charging, the tariff is governed by the
government®?, set at USD 0.16/kWh x N, where N<1.5.
Additionally, BEV owners may face a service fee (load
fee) — a fixed fee per charging session. The service fee for
fast charging mode is a maximum of USD 1.42 per session,
and for ultrafast charging mode, it's a maximum of USD
4.03 per session. These fees, determined by the Ministry
of Energy and Mineral Resources, undergo review every
2 years or as needed.

3. Methodology

3.1. Breakeven Point Calculation

In the context of vehicle TCO, the BEP is when owning
a vehicle becomes as cost-effective as alternative options.
It marks the point where the financial investment in a
specific vehicle type becomes comparable or more
advantageous, serving as a crucial indicator for long-term
cost-based decision-making.

To calculate the BEP of the comparation between BEV
and ICE Vehicle ownership, first we need to calculate the
TCO of the selected vehicles. The general formula of a
TCO is:

TCO = CC + OC (1)

CC : Capital Cost
OC : Operating Cost

Here, CC stands for all one-time expenses of vehicle
ownership and can be defined as:

CC = MSRP — I — RV + Cyy¢ + Cp, )

MSRP : Manufacturer’s suggested retail price

I : Government’s incentive

RV : Resale Value

Cuc : Cost of home charging equipment
Cpr : Cost of additional power installation

Because of data availability, the manufacturer’s
suggested retail price MSRP is directly subtracted with
government’s incentive I;, resulting the On-The-Road
(OTR) price, as shown in the next section. For Resale
Value RV of ICE Vehicles, we use price data from
Indonesian market. For BEV, we use data from Suttakul®>
and forecast it with any available BEV price data.

It is mentioned from section 2.3 that the PLN offers
30% home charging discount. In order to enjoy this
discount, BEV owners must purchase an additional
equipment Cy. which must be connected to PLN’s
charging management system. BEV owners are also
assumed to increase their home power capacity, with the
cost of Cp;, as the 89% of PLN customers still subscribe
to <2,200 VA power capacity, as oppose to 2% subscribers

0f 3,500 VA <29
The depreciation cost D is then defined as:

D = MSRP — I, — RV 3)

D: Depreciation cost

The operating cost OC, which is incurred annually
through an ownership duration, is discounted at the
discount rate r and written as:

N “4)
ocC = Z(in Cy+inCe+t, Ty
n=1 1
dp=w
+ bn C Bn ) X m

Cy : Cost of regular maintenance
Cg : Cost of energy consumption
Ty : Vehicle tax
in : Inflation factor at year n
th : Tax factor at year n
b, : Battery price factor at year n
r : Discount rate
N : Ownership duration
n : Current year
C g"zw : Cost of battery, incurred once when travelled

distance d in year n equals to warranty distance w

Cost of regular maintenance is usually stated by
manufacturer’s press release, and we forecast the annual
cost based in the mileage per year. Cost of energy
consumption denotes the kWh or fuel used per year. We
multiply both of these with inflation factor to calculate the
inflated costs.

Vehicle tax for each vehicles can be found on tax
services website?”. We multiply this tax with tax factor
which assumed to be increased by 5% every year. The cost
of battery only incurred once when distance travelled d
on year n surpasses battery warranty distance w
according to the manufacturer. This cost is weighted with
the incline of battery price?®*” which we forecasted over
the years.

Regarding ownership duration, in Indonesia, people
usually keep their vehicles for about 4-7 years. This brief
ownership period is influenced by the frequent
advancements in new car technologies, and during this
short period, the resale value remains relatively high.

3.2. Sensitivity Analysis

For sensitivity analysis, we will investigate how the
government incentives affect the BEP of BEV versus ICE.
There are 3 types of government incentives being
considered: the reduction on luxury tax, sales tax, and
vehicle tax. In reality, the determination for these taxes
have to consider factors such as import value, export value,
replacement cost and so on. For this analysis, we use the
following equation to approximate the Sales Tax Sy, and
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Luxury Tax Lg, calculation:

Srx =S X (MSRP + Lyy) ®)]
Ly, =1 X MSRP (6)
OTR = MSRP + Ly, (7)
Sty : Sales Tax
s : Sales Tax percentage
Ly : Luxury tax
l : Luxury tax percentage
OTR  : On the road vehicle price

We also aim to examine the impact of fuel and
electricity prices (for home charging) on the BEP of BEVs
compared to ICE vehicles. By analyzing various price
scenarios, we will identify threshold levels at which these
prices can influence consumer decisions toward
purchasing BEVs. This study will provide insights into
how government policies on fuel and electricity pricing
can encourage the adoption of BEVs.

3.3. Assumptions

Table 5 denotes the general assumptions of the total cost
of ownership calculation. Each vehicle is assumed to
travel 15,000 km per year (41 km/day). The charging
tariffs for BEV are according to the previous sections.
Public and home charging are assumed to be used at a ratio
of 20% and 80%, respectively, which is similar to usage

patterns in the United States®?.

The 30% home charging discount by PLN is used in
calculation. The price for home charging equipment is
also listed, along with additional cost of power installation.
There are 2 fuel prices considered, gas and diesel. Gas
price is based on Pertamax 92’s price as of October 2023,
while diesel is based on Pertamina Dex’s. For discount
rate, we use 6%, and the inflation rate is set to be 3%?3".
For vehicle tax increase, we estimate a 5% increase per
year, from available data on tax services website.

Table 5. General Assumptions

No. Item Value Unit
1 | Distance travelled per year 15,000 | km
2 | Public charging tariff 0.16 | USD/kWh
3 | Public charging service fee 4.03 | USD/kWh
4 | Home charging tariff 0.11 | USD/kWh
5 | Home charging discount 30%
6 | Home charging equipment 966.12 | USD
7 | Additional home power 54.75 | USD

installation
8 | Fuel price Gas 0.86 | USD/L
Diesel 1.09 | USD/L

9 | Discount rate 6%
10 | Inflation rate 3%
11 | Vehicle tax increase 5% | Per year
12 | Ownership duration 7 | year

Table 4 shows the detailed assumptions used on each

Table 4. Detailed assumptions for each vehicle

BEV ICE Vehicle
Hyundai
loniq5 | Wauling AirEV Toyota New Honda | ierosport | TondaCR-
Vehicle omq g MG 4EV | Citroen Ec3 | Rush 1.5GR | New HR-V | _ 10 >P V Turbo
signature Long Range Dakar Diesel R
Sport SE Prestige
extended
TR Pri
OTR Price 51,655 19,290 41,859 25,441 18,775 26,800 40,313 43,128

(USD)

HP 214 41 168 94 104 119 179 190
Torque (Nm) 350 110 250 150 136 145 430 240
Efficienc 8.7 10.0 9.0 11 10.5 14.9 8.2 8

Y km/kWh km/kWh km/kWh km/kWh km/1 km/1 km/1 km/1
lglrtable 1.76 - 2.64 22 13211 33

arger kW kW kW kW

Power
Battery/tank | =) ¢ wh 26.7 kWh SIkWh | 29.2KkWh
Capacity
Battery price | 5 463 6,441 20,9291 12,7219

(USD) , ! s )

Battery
Warranty 160,000 120,000 160,000 140,000
(km)
Luxury Tax 0% 20% 20% 25% 25%
Sales Tax 1% 11%
Vehicle Tax?
0 262 354 592 552
(USD)
1) 50% of the vehicle price
2) Tax incurred in the first year of ownership, increased 5% yearly
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vehicle. The vehicles are selected from the low passenger
(4x2) type with highest sales percentage'®, with the
exception of the Citroen Ec3 (BEV). The Citroen Ec3 has
been recently launched, and though it hasn't registered any
sales yet, its potential success is anticipated based on its
price point, specifications, and positive presale reviews.
Moreover, Pajero Sport Dakar and Honda CR-V are
selected because they have similar horsepower (HP) with
the BEV counterparts (Ioniq and MG 4 EV).

All vehicle prices are OTR prices in Jakarta, inclusive
of Luxury Goods Tax (PPnBM) and Sales Tax (PPN). This
table displays the government-applied tax incentives.
Additionally, the Vehicle Tax (PKB), set at 0% for BEVs,
is also considered. Estimated battery prices for MG 4 EV
and Citroen ec3 are 50% of the vehicle price.

In order to ease vehicle owners’ concerns over the high
price of battery price, the BEV manufacturers give
warranty on the battery, which differs for each vehicle.
This warranty assures owners that they need not be
concerned about purchasing a new battery until a certain
distance is covered. The details of these battery warranties
are also outlined in Table 4.

3.4. Monte Carlo Simulation

As the calculation spans multiple years, it is essential to
consider various scenarios. There are four parameters that
previously considered as constant, that may change
annually: the inflation rate, the vehicle tax increase rate,
the battery price decrease rate, and the fuel price increase
rate. We employ 1,000 Monte Carlo simulations, using a
normal distribution for each parameter, to understand how
the BEP will be affected by different values of these
parameters.

We analyze the historical data for each parameter to
calculate the mean and standard deviations needed to run
the simulation (Table 6). By simulating a large enough
number of scenarios, we can assess the impact of these
parameters' variability on the BEP, providing a more
comprehensive view of potential outcomes.

Table 6. Parameters used in the Monte Carlo Simulations

Parameter Mean | Standard Deviation
Inflation rate’) 7.14% 0.04
Vehicle tax increase rate 5% 0.03

Battery price decrease

rate2&2y°>p 9% 0.12

Fuel price increase rate’? 9% 0.31

4. Results and Discussion

The components of the TCO for ICE vehicles and BEVs
differ in several aspects. For the cost of capital (CC), ICE
owners do not receive government incentives, unlike BEV
owners. Additionally, owning an ICE vehicle does not
involve costs for home charging equipment or additional
power installations at home. In terms of operating costs
(OC), BEV owners are exempt from vehicle tax, while

ICE owners do not need to consider the cost of purchasing
a battery. In addition, BEVs typically have lower
maintenance costs compared to ICE vehicles because of
their simpler battery-electric motor systems.3?

The mapping of these differences is summarized in
Table 7.

Table 7. TCO component mapping of BEV and ICE Vehicles

CC | MSRP | I; | RV | Cyc | Cp
BEV v v v v v
ICE v v

ocC Cy C: | Ty Cp
BEV v v/ v/
ICE v v | v

Figure 2 shows the TCO for each selected vehicle over
a 7-year ownership period. The TCO for Ioniq 5 BEV is
still higher than any TCO from the selected ICE Vehicles.
On the other hand, MG 4 EV shows lower TCO compared
to both Pajero Sport and Honda CR-V. In lower power
class, the Wuling Air EV shows the lowest TCO, followed
by Toyota New Rush, Citroen ec3, and Honda New-HRV.

Total Cost of Ownership (7-y)

40
8 BEV
§ 35 |13%
§ 1%
E 30 4% 30%
37%
25
1%
‘2 20 , 2% [ 2% 2%
%% 6% 3% 10%
15 96% & 40% 5y
10 50% 9%
94%
© o | 4% S
5 47%
A Ry 4
.&0‘? WS P ?58) 0%@ &Q@O qﬁay &
A9 <& & < N
S S P O T
& & & > %°& P
<& & &S
Depreciation cost Cost of Battery Maintenance

Tax Energy consumption

Fig. 2. 7-year TCO of selected vehicles

The TCO of BEV is dominated by its depreciation cost,
account for 89-96%, as also apparent from another
studies***¥, Penmetsa®® discovered that 78% of fiscal
incentives for electric vehicles in various countries are in
the form of purchase subsidies. Many studies indicate that
these subsidies play a crucial role in promoting the
adoption of electric vehicles, because the benefit is
provided upfront.

From Figure 2, it is apparent that the cost of battery did
not contribute to the 7-year TCO. This is due to the BEV
manufacturer’s battery warranty. However if we prolong
the ownership duration to 15 years, using Suttakul’s?>
Resale Value assumption of 8% (BEV) and 15% (ICE) and
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forecast cost of maintenance, we see the impact of battery
cost in Fig. 3.

Total Cost of Ownership (15-y)

80
] BEV
270 [au
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60
284 Ly 3% g0
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\)&‘Q Q\& \0% %Q 0\‘) Sb
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Depreciation cost Cost of Battery Maintenance

Tax Energy consumption

Fig. 3. 15-year TCO of selected vehicles

From Figure 3, we see 19-28% contribution from
battery cost in the TCO of BEVs. However, the TCO
relative positions remain the same as the 7-year TCO. The
battery cost is compensated by the ever-increasing cost of
maintenance, tax, and cost of energy consumption from
the ICE vehicles.

For the BEP Calculation, we show the 7-year TCO as a
graph of cumulative cost over the years, as shown in Fig.
4. The dashed lines are BEVs, while the solid lines are ICE
vehicles. In Figure 4, we see BEPs of the higher power
vehicles, with 10,000-20,000 USD differences in the
depreciation cost, are around 5 - 6 years. On lower power
vehicles, with 3,000-4,000 USD differences, the BEPS are
around 3-5 years. These BEPs are summarized on Table 8.

Cumulative Cost of Vehicle Ownership (7-y)
40

HyundailoniqS ’4_4__‘_____,_4___,____,,

Thousands

35

(5]
(=}

Cost (USD)
N
wn

w HRY
20 Honda N Citroen Ec3
h

/ '(oymaﬂe‘” RS Wauling Air EV
15
10

1 2 3 4 5 6 7

Year

Fig. 4. Cumulative Cost of 7-year Vehicle Ownership

As seen on the TCO calculation before, the TCO of
Hyundai Ioniq 5 is higher than any BEV selected. This is
due to the fact that this Ioniq is the highest variants (i.e.,
most expensive) of Toniq 5. On lowest variant of Ioniq 5,
the BEP is 5.86 years.

Table 8. BEV and ICE 7-year BEPs on different vehicle power

BEV ICE BEP
MG4EV Honda CR-V 5.17
MG4EV Pajero Sport Dakar 5.72

Citroen ec3 Honda New HR-V 3.75
Wauling AirEV Toyota New Rush 4.62

The 15-year TCO as a graph of cumulative cost over the
years is shown on Fig. 5. Higher depreciation costs are
expected due to long period of ownership of all vehicles.
As seen from the previous TCO calculation, the TCO
position between the vehicles are unchanged, even with
the additional battery cost incurred.

The TCO of Hyundai Ioniq 5 has actually met with the
TCOs of Pajero Sport Dakar and Honda CR-V at around
6.5 years. However, by year 11 it increases again due to
battery costs. For TCO of Citroen Ec3 vs Honda New HR-
V, the BEP is 11.15 years, which is after the purchase of
new battery. The summary of BEPs is shown in Table 9.

Table 9. BEV and ICE 15-year BEPs on different vehicle power

BEV ICE BEP
MG 4 EV Honda CR-V 11.23
MG 4 EV Pajero Sport Dakar 2.61

Citroen ec3 Honda New HR-V 12.30
Wuling AirEV Toyota New Rush 3.05

%0 Cumulative Cost of Vehicle Ownership (15-y)
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Fig. 5. Cumulative cost of 15-year Vehicle Ownership

To consider various possible scenarios, we run 1,000
Monte Carlo simulations on the 7-year BEP calculations.
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Table 10 shows the resulting mean, standard deviation,
and the maximum BEP with 80% probability. These
results confirm the previous finding, that higher power
vehicles have a BEP of 5-7 years, while lower power
vehicles have a BEP of 4-6 years.

Table 10. Monte Carlo Simulations on 7-year BEP Calculations

BEV ICE Mean | Std | BEP*
Dev b
MG 4 EV Honda CR-V 53 ] 0.65 | 5.83
MG 4 EV | Pajero Sport Dakar| 5.9 | 0.61 | 6.33
Citroen ec3 | HondaNewHR-V | 3.7 | 048 | 4.13
Wuling AirEV | Toyota New Rush | 4.9 | 0.74 | 543

DBEP* refers to the maximum BEP with 80% probability

We ran 15-year BEP simulations, shown in Table 11.
Higher power vehicles have BEPs of 6-8 years, and lower
power vehicles have BEPs of 5-10 years. This is due to
battery purchases in years 9-11. Lower power ICE
vehicles are more fuel-efficient and use cheaper gas
instead of diesel.

Table 11. Monte Carlo Simulations on 15-year BEP Calculations

BEV ICE Mean | Std | BEP*
Dev b

MG 4 EV Honda CR-V 72 | 427 | 744

MG 4 EV | Pajero Sport Dakar| 7.1 | 3.03 | 6.99

Citroen ec3 | HondaNewHR-V | 6.0 | 472 | 9.94

Wuling AirEV | Toyota New Rush 5.6 | 2.30 | 5.98

DBEP* refers to the maximum BEP with 80% probability

Further, to investigate how the government incentives
affect the BEP of BEV versus ICE, we perform sensitivity
analysis. The analysis is split between higher- and lower-
power vehicles, with assumptions for higher-power
vehicles derived from MG 4 EV and Honda CR-V
parameters, and those for lower-power vehicles based on
Citroen EC3 and Honda New HR-V.

There are 3 types of government incentives being
considered: luxury tax, sales tax, and vehicle tax. As both
luxury and sales tax incentives target the depreciation cost,
we first analyze the sensitivity of the BEP to those taxes.
We consider the sales tax as the horizontal axis, and luxury
tax as the vertical axis. The BEP is marked with the color
scale ranging from red for over 7 years (i.e, BEP is not
met), to yellow and green for minimum BEP calculated.
Fig. 6 displays the sensitivity results.

We can clearly see the impact of these tax incentives on
the BEP. Without incentives, sales tax would be 11% and
luxury tax would be around 22-25%. On both higher- and
lower-power BEYV, this would cause BEP is not met. For
higher-power BEV, the maximum possible tax imposition
would be 15% sales tax or 14% luxury tax. For lower-
power BEV it is 25% sales tax or 26% luxury tax.

For sensitivity analysis on vehicle tax, we compare this
tax imposition to both BEV and the ICE counterparts. In
average, the selected ICE vehicle tax on the first year of

ownership is 1.37% of the OTR price. The results are
shown in Fig. 7.

Sales Tax

7% 9% 11% 13% 15% 17% 19%

55 58 62 64 6.7

58 6.1 6.4 6.

6.1 6.4

6.4

6.6

: BEP > 7 years (BEP is not met)
(a)

Sales Tax
1% 4% 7% 10% 13% 16% 19% 22% 25% 28%

46 52 57 6.1 6.6

6.2 6.6

Luxury Tax

[ :BEP>7 years (BEP is not met)

(b)
Fig. 6. Sensitivity of BEP due to sales tax and luxury tax on (a)

higher-power, and (b) lower-power BEV

For higher-power vehicles, despite similar taxes on
both BEV and ICE, BEV owners can achieve a BEP of
less than 7 years. This becomes even more apparent for
lower-power vehicles, where the BEV may be imposed
with higher vehicle taxes than the ICE. These results
highlight that the BEP is not overly sensitive to variations
in vehicle tax.

In addition, we also investigate how vehicle price and
travel distance affect the BEP. We consider the annual
distance of vehicle usage as the horizontal axis, and
vehicle price difference compared to the BEV price as the
vertical axis. The BEV price is assumed to be higher than
the ICE vehicle price.

- 2422 -



Break-Even Analysis of Battery Electric Vehicles and Internal Combustion Engine Vehicles in the Indonesian Market

BEV Vehicle Tax (15 year of ownership)
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Fig. 7. Sensitivity of BEP due to vehicle tax imposed on BEV

and ICE on (a) higher-power, and (b) lower-power vehicles

According to Fig. 8 (a), even if the BEV is 16,000 USD
more expensive than its ICE vehicle counterpart, the
owner is still likely to reach a BEP in less than 7 years,
particularly with a high annual usage distance of 22,000
km. However, if the annual usage is only 9,000 km
(approximately 25 km/day), the BEV cannot be more
expensive than the ICE vehicle counterpart.

Figure 8 (b) displays the results of low-power BEV vs
ICE Vehicle. Here we see a shorter range of price
difference (0-8,000 USD), allowing less BEV options for
owners to compare. The maximum annual usage distance
is also lowered to 19,000 km, which is approximately 52
km/day. In general, having a higher usage distance tends
to result in a lower BEP. However, this also leads to more
frequent battery usage, potentially surpassing the
manufacturer's warranty sooner.

Distance per year (thousands km)
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0169 65 5.7

2 6.3 5.7

4 63 5.6

6 6.7 62 5.6

8 6.6 6.1 5.6

10 65 6.1 5.6
12 6.4 6.0

Vehicle price difference (thousands USD)

14 6.8 6.4
16 6.7
18

- : BEP > 7 years (BEP is not met)

(2)
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Vehicle price difference (thousands USD)
W
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Fig. 8 Sensitivity of BEP due to price and travel distance on (a)
higher-power, and (b) lower-power vehicles

These results show that purchase subsidies are clearly
crucial to the BEP, and i.e., one of the deciding factors of
BEV adoption. Yet, offering purchase subsidies is
financially demanding for the government, necessitating a
revenue-neutral mechanism to align with long-term goals.
Feebates programs are often recommended for sustained
implementation®”. In a feebate system, buyers of low-
fuel-efficient cars face fees, while those opting for fuel-
efficient cars receive subsidies. Achieving an effective
feebates program involves balancing the revenue
generated from fees with the money spent on subsidies,
even if the proportions are unequal.

Lastly, we examine the impact of fuel prices for ICE
vehicles and electricity tariffs for home charging BEVs.
We analyze fuel price sensitivity, ranging from the current
cheapest fuel*®, subsidized biosolar at 0.44 USD/liter, to
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Pertamina Dex at 1 USD/liter. For electricity, the non-
subsidized tariff is ranging from 0.08 — 0.15 USD/kWh
but we consider the range up to 0.66 USD/kWh to
determine the BEP threshold. Fig. 9 shows the results.

Fuel Price (1% year of ownership)
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Fig. 9. Sensitivity of BEP due to fuel and electricity prices on (a)
higher-power, and (b) lower-power vehicles

0.66

From Figure 9, it is apparent that with the current
cheapest fuel and lowest tariff, the higher power vehicle
resulted BEP not met. However, this fuel is the least used.
The most commonly used fuel is Pertalite®®, priced at 0.69
USD/liter. Users of Pertalite can still achieve a BEP of
under 7 years, though only marginally (6.1-6.8 years). On
lower power vehicles though, they could still enjoy under
5 years of BEP if owning a BEV.

For higher power vehicles, with the current fuel price at
0.86 USD/liter, the maximum electricity tariff for BEVs
to remain competitive is 0.64 per USD/kWh. If the
electricity price is 0.11 USD/kWh, the minimum fuel price

for ICE vehicles to maintain a cost advantage is 0.61
USD/liter. Furthermore, if the home charging tariff equals
the public charging tariff at 0.16 per USD/kWh, the
minimum fuel price for ICE vehicles is 0.62 USD/liter.
Results for higher and lower power vehicles in
comparison are presented in Table 12.

Table 12. Thresholds for fuel price vs tariff sensitivity analysis

High Low

Condition Threshold Power Power
Vehicles Vehicles
Current fuel price elell/{fi)éi ¢ 0.64 0.81
(0.86 USD/1) Y| USD/KWh | USD/kWh
tariff

Current electricity tariff Minimum 0.61 0.33
(0.11 USD/kWh) fuel price usD/1 usD/1

Ele“gﬁ:ggﬁg{;fff’“bllc Minimum | 0.62 037
(0.16 USD/kWh) fuel price USD/1 USD/1

The results reveal more relaxed thresholds for lower
power vehicles. However, our previous Monte-Carlo
analysis indicates that factors such as inflation, BEV
battery prices, and fuel prices can significantly prolong the
BEP if ICE vehicles in this category are fuel-efficient and
the government continues to subsidize their fuel.

5. Conclusion

In our study, we developed a TCO model for low
passenger BEVs and ICE vehicles in Indonesia. Analyzing
factors like power, prices, mileage, charging, and fuel
costs, our results show that BEP for BEV ownership is
around 5 years for high-power vehicles and 4 years for
low-power vehicles, both with a 7-year ownership
duration. We conducted 1,000 Monte Carlo simulations,
confirming BEPs of 5-7 years for higher power vehicles
and 4-6 years for lower power vehicles. Extending to 15
years, BEPs are 6-8 years for higher power and 5-10 years
for lower power vehicles, influenced by battery purchases
and fuel efficiency. While higher power vehicles struggle
with the cheapest fuel and lowest tariff, they can achieve
a BEP of 6.1-6.8 years with low-cost, most-used fuel
Pertalite at USD 0.69/liter. For BEVs to remain
competitive, electricity tariffs must stay within specific
thresholds relative to fuel prices. Our study underscores
the need for government incentives, especially for BEVs
under $40,000, to enhance market competition. Although
battery costs don't significantly impact a 7-year TCO due
to warranties, they do in a 15-year TCO, yet BEVs can
still be cheaper than ICE vehicles. Purchase subsidies are
crucial for achieving the BEP and promoting BEV
adoption, but they pose long-term financial challenges for
the government. Further studies on feebate programs
could support BEV adoption targets in Indonesia. The
results show relaxed thresholds for lower power vehicles,
but inflation, BEV battery prices, and fuel subsidies for
efficient ICE vehicles can significantly prolong the BEP.
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