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Abstract

Exposure to emissions from sealed lead-acid (SLA) starter batteries in internal combustion engine (ICE) motorcycles
has been demonstrated to have serious impacts on human health and the environment. This has driven the transition
to more environmentally friendly technologies. The objective of this study is to evaluate the technical feasibility,
market share estimates, and economic viability of lithium starter batteries in Indonesia. The study employs System
Dynamics and Probit analysis for the estimation of market potential and the economic feasibility. The findings
indicate that LFP is technically more viable than NMC for replacing SLA in starter batteries applications. Investing
in the LFP starter batteries business is economically viable. Price changes result in significant changes in the annual
cash flow, IRR, NPV, and payback period. Furthermore, the model’s performance has been validated by experts and
through statistical testing. Statistical test results showing a McFadden Pseudo R-squared score of 0.3049, indicating
that the model’s performance is highly reliable. This study contributes to supporting businesses in the LFP starter
batteries technology sector in commercializing their products, thereby helping to reduce lead emissions that are
harmful to human health and the environment.

Keywords: Economic Feasibility; Probit; Starter Battery of Motorcycle, System Dynamics; Willingness to Buy.

INTRODUCTION

Lead emissions have become a serious threat in recent decades. Exposure to these emissions has been shown
to have adverse effects on human health and ecosystems at both the national and global levels. Recent data indicate
that exposure to lead emissions continues to contribute to significant mortality and disease burden worldwide (M.
Chen et al., 2025; WHO, 2024). The global economic cost of lead exposure in children exceeded $3.4 trillion in 2021
(M. Chen et al., 2025). The World Health Organization (WHO) estimates that lead exposure caused 1.5 million
deaths worldwide in 2021 and resulted in the loss of tens of millions of healthy life-years due to lead exposure.
Hundreds of millions of children still have blood lead levels above safe thresholds. These figures highlight the
significant impact of lead exposure, particularly in low- and middle-income countries (M. Chen et al., 2025). In
Indonesia, it is estimated that more than 8 million children have blood lead levels above 5 micrograms per deciliter
(ug/dL). These levels indicate that medical intervention is necessary (UNICEF, 2022).

Motorcycles are the dominant mode of transportation for daily commuting among Indonesians. Indonesia
ranks third in the world in terms of motorcycle ownership (Setiawan et al., 2023). Motorcycles dominate Indonesia’s
national land transport fleet. The number of motorcycles is estimated to be around 139.45 million units (BPS RI,
2025). Motorcycles, particularly those with internal combustion engines (ICE), require a starter batteries. A starter
batteries is a device that stores electrical energy and is used in a motorcycle’s electrical system, such as the lighting
system, starter, and fuel management system. The market leader holds a 78% share of the motorcycle market in
Indonesia (Astra International, 2024). Furthermore, Indonesia’s leading motorcycle manufacturer uses sealed lead-
acid (SLA) batteries as starter batteries for the electrical energy storage systems in the motorcycles it produces (Astra
Honda Motor, 2023). The lead content in SLA starter batteries is approximately 43—70% (EastPenn, 2024). SLA
battery cells have a relatively short service life of 5 years (Islam et al., 2026). The high lead content in each unit and
their relatively short service life have serious implications, particularly in Indonesia, where motorcycles dominate
daily transportation. One solution to this problem is the transition from SLA starter batteries to LFP (lithium iron
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phosphate) and NMC (nickel manganese cobalt) batteries. (Yudhistira et al., 2022). NMC is a kind of lithium battery
that uses a cathode made of a mixture of nickel, manganese, and cobalt, and has a higher energy density. This makes
NMC superior in providing long-range electrical power. LFP is a kind of lithium battery that uses a LiFePOa cathode
and offers better safety at higher ambient temperatures, a longer cycle life, greater stability, and relatively lower raw
material costs (Ayuso et al., 2021; Guven & Ozgur Kayalica, 2023). Lithium starter batteries have been available on
the Indonesian battery market since 2016. However, the adoption rate of LFP and NMC-based starter batteries is
significantly lower than that of SLA starter batteries.

Recent studies indicate that lithium-ion starter batteries offer performance and cost advantages over their
lifecycle. However, no studies have yet projected the size of the potential market share, particularly in Indonesia.
Therefore, this study will examine a comparison of the technical aspects of each battery type and evaluate the
economic viability of lithium starter batteries in Indonesia. The objective is to provide insights for starter batteries
manufacturers to enter the lithium-ion battery technology market.

LITERATURE REVIEW
Willingness to Buy

Willingness to Buy (WTB) indicates a stronger behavioral intention, reflecting a consumer’s readiness
to make a purchase. WTB captures the intention to make a purchase (Khoiriyah et al., 2018). WTB describes a
consumer’s intention to purchase a product and is a strong predictor of actual purchasing behavior. Consumers’
tendency to buy a product or service is influenced by their evaluations, interests, and trust (Raung et al., 2025).

System Dynamics

System Dynamics is a method for dynamically describing, modeling, simulating, and analyzing complex
problems and/or systems in relation to processes, information, organizational constraints, and strategies (Pruyt,
2013). System Dynamics (SD) was first introduced by Jay W. Forrester of the Massachusetts Institute of Technology
(MIT) in the mid-1950s. The initial focus was on industrial dynamics, which examined the internal structure of
industrial firms and their interactions. Forrester’s research expanded to urban dynamics in the 1960s, analyzing the
growth and decline of cities. In the early 1970s, Forrester’s models were used by the Club of Rome to study global
sustainability issues. System dynamics methodology has been widely used in various fields, such as economics,
finance, environmental studies, health, information technology, and biology. System dynamics is a methodological
approach used to examine problems comprehensively by considering a broad (holistic) perspective. The main
concept of system dynamics is an understanding of how all objects within a system interact with one another.

Python Simulation (BPTK-Py)

BPTK-Py is an open-source Python-based library used to model, simulate, and analyze dynamic business
systems (Transentis Labs GmbH, 2025). BPTK-Py simplifies the creation of system dynamics and agent-based
models, making it highly useful for scenario analysis, forecasting, and data-driven business decision-making. To use
this framework, modelers need to build simulation models, either directly in Python (ABM/SD models) or in XMILE
(using an XMILE-compatible SD modeling tool, such as Stella from isee systems). Models created in Python are
essentially subclasses of the ABM and SD Modeling components, while XMILE models are transpilated into these
subclasses by the SD Transpiler component.

Probit Analysis

The Probit model is a type of binary response model (K.-P. Lin, 2001). Linear models have a fundamental
limitation because a straight line fitted to the data can produce illogical probability predictions, i.e., values less than
0 or greater than 1. To address this limitation, the Probit model uses a nonlinear probability curve shaped like the
letter “S.” Mathematically, this elegant “S” curve is based on the standard cumulative normal distribution function.
The use of this function acts as a natural constraint, ensuring that the estimated probability will always fall within
the range of 0 to 1 (Gujarati. Damodar. N, 2004). Thus, the Probit model is capable of providing more consistent and
statistically sound predictions for modeling discrete choices. The general form of the Probit model can be written as
shown in Eq. (1) (Greene, 2012).

P(Y =1]X) = @By + f1 X1 + -+ BrXi) (D
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Future Research Directions

Previous studies have extensively analyzed the technical performance, economic impact, and environmental
impact of starter batteries made from NMC, LFP, and SLA materials (Cetegen et al., 2025; Evro et al., 2024).
However, these studies are still limited in their specific discussion of motorcycle starter batteries. Previous studies
have also extensively discussed life cycle assessment comparisons (Hasselwander et al., 2023; Sutopo et al., 2018).
However, existing studies have been limited in their comprehensive comparison of the total cost of ownership of
NMC, LFP, and SLA battery types. Total Cost of Ownership (TCO) is defined as the sum of all costs incurred over
the asset’s lifecycle, including the initial purchase price, energy operating costs, maintenance and repair costs,
financing costs, depreciation, and final disposal or recycling costs (Bauer et al., 2025). These studies are also
dominated by deterministic analyses and offer only limited discussion of more comprehensive simulation modeling
approaches for representing systems. System Dynamics (SD) is a modeling and simulation method for understanding
how complex systems change over time (Transentis Labs GmbH, 2025).

Studies examining consumer attitudes toward starter batteries remain limited (Agnew & Dargusch, 2017;
Osawa, 2025). Previous studies have primarily focused on consumer attitudes toward EV batteries (Hidayah et al.,
2025; Sutopo & Kadir, 2018) and other applications (Sutopo et al., 2016). Given this gap, this study will assess
willingness to buy (WTB) for starter batteries based on total cost of ownership (TCO) levels that fall within
consumers’ cost tolerance range, ensuring that consumers remain willing to buy such starter batteries. WTB captures
the intention to make a purchase (Khoiriyah et al., 2018).

Based on the scientific gaps discussed in previous studies, this study aims to assess the technical feasibility
of LFP and NMC as replacements for SLA in starter batteries applications and to design an economic feasibility
model capable of predicting the market demand potential for LFP and NMC starter batteries based on the ratio of
annual TCO to average costs, using a combined approach of System Dynamics and Probit analysis. The designed
model is also capable of analyzing economic feasibility using a techno-economic approach. The model is fully
developed using Python and connected to a cloud database, enabling real-time analysis of changes in parameters or
future simulation data. The use of Python enables the integration of System Dynamics frameworks and Probit
analysis, which cannot be integrated using commercial software (Filippo et al., 2025).

METHOD

This study was conducted in collaboration with PT. Batex Energi Mandiri. Its primary objective is to
accurately measure the potential market demand, Internal Rate of Return (IRR), Net Present Value (NPV), and
Payback Period (PP) of starter batteries. The methodology employed includes the configuration of starter batteries
technical specifications, data collection procedures, and a computational framework for performance evaluation and
optimization. Unlike previous studies, which mostly relied on deterministic analysis, this study offers a simulation
model that is conceptually robust and performs well in practical applications. It provides a more representative
estimate of market demand potential and an economic feasibility analysis that meets established standards. The
model was designed using a hybrid approach combining System Dynamics and Probit analysis and was tailored to
the preferences of the Indonesian population. The workflow diagram for this study is shown in Figure 1, and the
model framework is shown in Figure 2.
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Figure 1. Methodological workflow adopted for comparing technical specifications, estimating WTB starter
batteries, and economic feasibility.
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Figure 2. Model Overview.

Simulation of Total Cost Ownership
The TCO of starter batteries in this study is the sum of social impact costs (SICsg) and life cycle costs
(LCCsp). TCO for starter batteries in this study is the sum of social impact costs and life cycle costs.

TCOSB = SICSB + LCCSB (2)

The social impact cost (SICsg) is designed to assess the financial losses incurred due to the use of starter
batteries. These costs include lost wages from time spent recharging (RLCsg), maintenance costs (MLCsg), and costs
associated with health issues caused by soil contamination from starter batteries.

SICSB = RLCSB + MLCSB + HCSB (3)

The health impacts of emissions (HCgp) are assessed based on the total emissions of hazardous chemicals
from starter batteries released into the environment, which have significant adverse effects on human health and the
ecosystem.
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Life Cycle Cost (LC Cgp) is designed to calculate the total costs incurred by a starter batteries user in operating
the battery over its lifetime (AEY Ksp). The costs in this case are the purchase price (Pgp) of the starter batteries and
operating costs (OCsg). These costs are incurred by the user during the year of purchase.

LCCsp = P + 0Csp — RVgp (4)
AEYKp
t
PSB(t):PSB(t0)+JPISB(f)d Q)
)
OCSB = ECSB + MCSB (6)

The TCO calculated in this study is the annual equivalent value of TCO, taking into account the time value
of money, such that the future resale value is converted into a uniform annual cash flow (Shoeibi et al., 2021; Yazici
& Kose, 2024). The resale value is also influenced by the depreciation rate and the discount rate.

(1 - DRSB)AEYKSB X PSB X RDRSB

RVse = ({1 ¥ RDRyy)"®7Kss — 1

(7

WTB Estimation
This study estimates the probability of WTB (P(WtB)) based on the annual TCO ratio relative to the
average. The equation used to estimate WTB based on the TCO ratio can be written as shown in Eq. (8).

P(WtB = 1|RTCO) = ®(B, + By X RTCO) (8)

The survey design was developed to assess the probability that respondents would purchase a starter batteries
at a specific annual TCO ratio. Respondents will select the minimum annual TCO ratio at which they would still be
willing to purchase the starter batteries. The survey design used in this study is an adaptation of the survey design
developed by Frimpong et al. (2019) (Frimpong et al., 2019) which also employs Probit analysis. The survey design
used in this study is shown in Figure 3.

Based on the technical specifications of SLA, LFP, and NMC, what type of
starter battery do you recommend using?

O SLA

O NMC

O LFP

If you want to buy a battery starter for yout motorcycle, what would be the
minimum TCO ratio for that battery compared to the average TCO for all
battery types that would make you want to buy it? (Check one option)

O 2 times more costly

O 1.75 times more costly

O 1.5 times more costly

O 1.25 times more costly

O Equal

O 1.25 times more savings

O 1.5 times more savings

O 1.75 times more savings

O 2 times more savings

Figure 3. Survey Design.

Motorcycle users learn about starter batteries through two variables that influence social exposure, direct
exposure (Ep;rect) and indirect exposure (Ejpgirect)-
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Epirect = Pwre X Osg X Cyy X WTBsg )

Emairect = Pwrp X (1 — Osg) X Cyy X WTBgp (10)

Erotat = Epirect + Emadirect (1 1)

dWTBqp

— = Erotar X max(1.0 - WTBsp, 0.0) (12)
t  dWTBgg

WTBsp(®) = [ (S52) de + B (13)
0

Direct exposure (Ep;rect) refers to word-of-mouth influence regarding starter batteries through interactions
between starter batteries users and non-users. Direct exposure is determined by multiplying the frequency and impact
of contact activities between users and non-users (Cyy), WTB starter batteries (WT Bsg), ownership proportion
(Osp), and the probability of WTB (Pyr5). Meanwhile, indirect exposure (Ejpgirect) refers to word-of-mouth
influence regarding LFP starter batteries through interactions with others who have knowledge of this type of starter
batteries. In other words, indirect exposure is word-of-mouth influence regarding LFP starter batteries resulting from
contact between non-users of LFP starter batteries and other non-users of LFP starter batteries. Indirect exposure is
determined by the frequency and impact of contact activities among non-users (Cyy), WTB starter batteries
(WT Bsg), ownership proportion (Osg), and the probability of WTB (Py,rg).

(2 de + Ormisiar (14)

Osp(t) = Jt

0

WTB will be used to estimate market demand potential by multiplying WTB by the proportion of ICE
motorcycles owned (IMO). The market demand potential (MD Psg) equation can be written as shown in Eq.(15).

MDPs; = WTBgp X IMO (15)

Simulation of Techno-Economic

An economic feasibility analysis aims to develop a financial model for the business based on the payback
period expected from the business development. This analysis uses the Internal Rate of Return (IRR), Net Present
Value (NPV), and Payback Period (PP) as indicators to determine the feasibility of the decision. The Internal Rate
of Return (IRR) is the rate of return on an investment (Das, 2024; De Santis et al., 2025). An IRR is considered
acceptable when it is equal to or exceeds the Minimum Acceptable Rate of Return (MARR). The calculation of the
MARR for the IRR can be written as shown in Eq. (16).

MARR = (1+RDR+RR)x(1+1IR) -1 (16)
The formula for calculating IRR can be written as shown in Eq. (17) (Adriani et al., 2024; Sari et al., 2025)::

NPV1g,
NPV1g; — NPV2gp,

IRRgs = iy + ( ) % (iy — iy) (17)

In this study, the IRR (IRRsg) uses both positive (NPV 155) and negative NPV (NPV245) values to obtain
more accurate estimates by selecting scenarios with lower (i;) and higher (i) discount rates (Blank & Tarquin,
2018).

NPV (NPVsp) is a financial analysis method used to measure the rate of return on an investment (“Financial
Planning Competency Handbook,” 2015). NPV (NPVsg) represents the present value of future cash flows (ACFsp)
(De Santis et al., 2025). Specifically, NPV (NPVsp) is an analytical method that calculates the present value of net
cash inflows (Adriani et al., 2024). A project is profitable if the NPV is greater than O (Sari et al., 2025). This
indicates that the present value can cover all total investment costs (T/C) incurred based on the applicable discount
rate (RDR). Here is the formula for calculating the NPV. The formula for calculating the NPV can be written as
shown in Eq. (18).
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NPVgz = N __ACEs TIC (18)
55~ 1 (1+ RDR)"
n=

The techno-economic analysis also evaluates the payback period (PP). The assessment of the payback period
aims to analyze the time required for an economic project to reach the break-even point (W. M. Lin et al., 2015; Liu
et al., 2022). An investment becomes more viable if its payback period is shorter, and the project is considered viable
if its payback period is shorter than the desired payback period payback period (PP).

PPy = —1C 19
SB — ACFSB ( )
RESULTS AND DISCUSSION

Technical Comparison

Ensuring that the starter batteries remains within the minimum/maximum voltage range is essential for
preventing damage, extending the battery’s lifespan, and minimizing safety risks (Haghverdi et al., 2025). In
particular, lithium-ion (Li-Ion) starter batteries must be used within a specific voltage range (Goksu et al., 2020).
The starter batteries is equipped with a voltage regulator to maintain an output between 12 and 14.5 V (Zau et al.,
2022). Based on these ranges, the battery cell array in a starter batteries application must fall within a safe operating
voltage range. NMC has an operating range of 2.5 V to 4.2 V per cell, while LFP has an operating range of 2.8 V to
3.8 V per cell (Hammou et al., 2026), and the SLA has an operating range of 1.81 V to 2.35 V (Ribi¢ et al., 2019).

A lithium starter batteries consists of several lithium battery cells connected in series. To meet the voltage
standard of 12 V to 14.5 V, each NMC battery cell must have a voltage within the range of 4 V to 4.83 V in a series
configuration of three NMC battery cells. This voltage exceeds the maximum operating voltage limit of each NMC
battery cell. If using 4 series circuits, each NMC battery cell must have a voltage in the range of 3 V to 3.63 V. This
voltage does not exceed the minimum and maximum operating voltage limits of each NMC battery cell, but the
starter batteries will never be fully charged each time it is recharged.

Unlike a starter batteries designed with LFP battery cells, when using four cells in series, each LFP battery
cell must have a voltage within the range of 3 V to 3.63 V. This voltage is within the operational voltage range of
each LFP battery cell, which is 2.8 V to 3.8 V. Furthermore, SLA starter batteries that are commonly used in 6-cell
series configurations have a voltage range of 2 V to 2.42 V. This voltage falls within the operational voltage range
of each SLA battery cell, which is 1.81 V to 2.35 V. This indicates that LFP is a more suitable replacement for SLA
in starter batteries applications than NMC. In addition to voltage, Table 1 provide information on the technical
comparison parameters of LFP and SLA, and indicate whether LFP are suitable replacements for SLA as starter
batteries based on those parameters.

Table 1. Technical Comparison SLA and LFP (Islam et al., 2026).

Lead-Acid Li-ion o .
Parameter (SLA) (LFP) Status Notes (Why it is a Substitute)
LFP batteries can deliver a higher peak power output
Power density . than SLA batteries, making them better suited for
(W/kg) 180-400 200-1200  Substitute meeting the high energy demands required to start an
engine.
Discharge rate . A discharge rate of 1-5 C causes the starter batteries
© 0.2 1=5 Substitute to drain quickly without damaging the cells.
Operating LFP has better resistance to higher ambient
Temperature  -20-60 -20-65 Substitute  temperatures than SLA, making it more heat-
(°C) resistant.
Life cycle . LFP batteries have a longer service life than SLA
(80% DoD) 300-500 2000-5000 Substitute batteries.
Self-Discharge . The self-discharge rate of LFP batteries is lower than
(%/month) 3-20 -3 Substitute that of SLA batteries.
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The use of a battery management system (BMS) cannot reduce or increase the voltage of the charging source
for the starter batteries (H. C. Chen et al., 2021). The BMS only disconnects the voltage source if it is overvoltage
or undervoltage (Ferg et al., 2019; Schweiger & Lochel, 2016). Based on a comparison of the technical specifications
of NMC, LFP, and SLA, LFP is more suitable for use in a series configuration in motorcycle starter batteries.

Simulation Result of Total Cost Ownership
The results of TCO SLA, LFP, and NMC for the period 2016—2030 are shown in Figure 4.

Comparison of Annualized Total Cost of Ownership (TCO)

1.4M 4

1M+

800K 1

Cost Value (IDR)

600K 1

400K+

200K 4 M’”ﬁ

—e— TCOSLA TCOLFP  —e— TCO NMC

Figure 4. Comparison of Annualized Total Cost of Ownership (TCO) 2016-2030

WTB Estimation Result and Market Demand Potential

The estimated WTB probability for the LFP is determined by the ratio of the LFP annual TCO to the average
NMC, LFP, and SLA. The WTB of LFP starter batteries results from the Probit analysis are shown in Figure 5.

0.25
0.2

0.15

WTB

0.1

0.05

2
%

—— Willingness to Buy LFP
Figure 5. Willingness to buy LFP 2016-2030.

After obtaining the WTB value, the next step is to calculate the market demand potential. The results of the
market demand potential simulation are shown in Figure 6.
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Figure 6. Market Demand Potential 2016-2030.

Simulation Result of Techno-Economic
The discount rates used for interpolation were 188% for Discount Rate 1 and 490% for Discount Rate 2. In
this study, the MARR refers to an economic interest rate of 10.5% with an inflation rate of 2.79%, as set by Bank

Indonesia (Sutopo et al., 2018), and a risk rate assumption of 5%. The following is the MARR calculation for the
IRR:

MARR = (1+10.5%+5%) % (142.79%)-1 = 18.72%

Thus, based on the NPV1 and NPV?2 alternatives, the IRR simulation results are shown in Figure 7.

IRR vs MARR

400

300

200

Rate (%)

100

G N " N 3\ > ©
N > v V' v v {v Vv {V >
DS S A U U U S S S S U S S
Year
—a— IRRLFP  —.. MARR

Figure 7. IRR LFP 2016-2030.

The IRR shows an upward trend from 2027 to 2030. This indicates that investing in the starter batteries
business is becoming increasingly viable and yielding greater returns. The high IRR values—ranging from 2.55 to
3.90 times the return on investment—are driven by substantial annual cash flow and a very short payback period
during that timeframe, which significantly boosts the IRR. (Dao et al., 2025; Naeimi et al., 2026). This makes it
feasible for large-scale projects with a broad target market and a shorter payback period (Ziesemer, 2024). However,
from 2016 to 2026, the IRR is 0. The model returns a value of 0 if the NPV will never be positive. This indicates
that the investment during that period is not yet viable. The NPV calculation serves to show the present value of
cash flows in the current period, derived from the valuation of cash flows in future periods. The results of the NPV
simulation are shown in Figure 8.
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—— NPV LFP
Figure 8. Real NPV LFP 2016-2030.

The NPV values for 2016-2020 indicate that the investment had not yet earned a return based on the cash
flow projections for upcoming periods. The NPV began to show a positive trend starting in 2021. This indicates that
the investment has become viable, as it has begun to generate a return based on the cash flow projections for
upcoming periods. Furthermore, to further analyze the feasibility of commercializing LFP starter batteries, the
payback period (PP) method is used to determine how long it will take to recoup the investment. Each alternative
assumption regarding market share with different numbers of users will affect the time required for capital recovery.
The payback period (PP) calculation results are shown in Figure 9.

PP (Years)
~
o @

~
[

[

\‘b

o
<
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> Q¥
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S D ~» ! D A N sy D ! D

P
Year

—— Payback Period LFP

Figure 9. Payback Period LFP 2016-2030.

The negative payback period values for 20162019 indicate that the capital invested will never be returned
from investment returns. The payback period began to show the possibility of capital recovery starting in 2020, but
this timeframe is considered very long because the total costs incurred are still significantly greater than the cash
flow. The payback period (PP) trend begins to show a downward trend in 2021-2030. This aligns with the results of
the previous NPV simulation, which showed that NPV increased significantly starting in 2021, thereby shortening
the estimated payback period.

Model Verification and Validation

The survey obtained a total of 450 respondents. This sample size is representative of the population, with a
margin of error of 4.62%. Upon confirming that the sample size is sufficient to represent the population, the data
will be analyzed using the designed model (Lodhi et al., 2022). Verification of the System Dynamics simulation
code was conducted through code debugging and examination of logical causal relationships between variables, as
well as ensuring that the units of measurement used were standard and consistent. A bottom-up approach was used
to verify each designed module. The model was run using Python programming, and the results showed that the
model ran smoothly without warnings such as “an error was found in the model and it cannot be simulated.” This
indicates that the relationships between variables in the model, along with the units of measurement assigned to each
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variable, are consistent. Therefore, it can be concluded that the developed model is a consistent model. After
ensuring that the model is consistent, the next step is to validate it by involving several experts to assess whether it
accurately reflects the intended concept. The experts involved are a professor, two doctors, and an entrepreneur who
have conducted studies and published works in the same field or on similar models. Their evaluation aims to confirm
the model’s relevance, accuracy, and applicability. The validation process involves a direct evaluation, in which the
experts review the model’s assumptions, parameters, and results. Following their comprehensive review, it was
confirmed that the model designed in this study is valid.

The statistical tests used to validate the Probit model’s output in this study include the McFadden coefficient
and pseudo-R? to assess goodness-of-fit, the Likelihood Ratio (LLR) p-value to assess the overall significance of the
model, and the block bootstrapping method with 1.000 iterations to test the reliability of the supply curve and the
confidence intervals of the Willingness to buy (WTB) thresholds. Additionally, validation was conducted through a
robustness check by comparing the sample-based thresholds with those generated by the Probit model to ensure
model consistency. The Probit model developed in this study demonstrates a very strong model fit, with a McFadden
pseudo R-squared score of 0.3049. According to methodological standards, a pseudo-R? value in the range of 0.2 to
0.4 is classified as having a “very good” fit (Galick et al., 2025). The overall significance of the model is confirmed
by an LLR p-value of 0.000, indicating that the TCO variable is statistically significant in explaining the probability
of WTB.

Sensitivity Analysis

The sensitivity analysis in this study aims to examine the impact of changes in the price of LFP starter batteries
Market Demand Potential, IRR, NPV, and Payback Period.
a. Parameter: Starter batteries LFP Price

This study assesses the impact of price changes on Market Demand Potential, IRR, NPV, and Payback Period in
a sensitivity analysis by reducing the price by 10% and increasing the price by 10%. The results of the sensitivity
analysis are presented in Figure 10.
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Figure 10. Sensitivity of Annual Cashflow and Market Demand Potential Toward Starter batteries LFP Price: : (A)
10% Lower; (B) Base; (C) 10% higher.

Price reductions of 10% set by the company result in a 39.89% decrease in annual cash flow by 2030. Price
increases of 10% result in a 39.43% increase in annual cash flow by 2030. Neither price reductions nor increases of
10% significantly affect potential market demand. This indicates that demand is insensitive to price changes.
Lowering prices, coupled with demand that is insensitive to price changes, will result in smaller cash inflows. Cash
inflows that are smaller than cash outflows cause annual cash flow to decrease further in each investment period.
Conversely, raising prices, coupled with demand that is insensitive to price changes, will result in larger cash inflows.
Cash inflows that are larger than cash outflows cause annual cash flow to increase further in each investment period.
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Figure 11. Sensitivity of IRR, NPV, and Payback Period Toward Starter batteries LFP Price: : (A) 10% Lower;
(B) Base; (C) 10% higher.

Sensitivity analysis shows that price changes affect the IRR, NPV, and payback period. Price reduction of
10% results in a 49.62% lower IRR in 2030. Price increases of 10% result in a 21.15% higher IRR in 2030. Lower
prices coupled with demand that is insensitive to price changes result in cash inflows for each investment period
showing a downward trend, causing the rate of return on capital or investment to decrease. Higher prices coupled
with demand that is insensitive to price changes result in cash inflows for each investment period showing an upward
trend, causing the rate of return on capital or investment to increase. Price reduction of 10% results in a 42.45%
decrease in NPV by 2030. Price increase of 10% results in a 41.97% increase in NPV by 2030. Decreases and
increases in price of 10% have a significant impact on NPV because they affect annual cash flow. Lower prices
combined with demand that is insensitive to price changes result in incoming cash flows for each investment period
showing a downward trend, causing the present net profit—measured by the valuation of future cash flows—to
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decrease further. Higher prices coupled with demand that is insensitive to price changes result in incoming cash
flows for each investment period showing an upward trend, thereby increasing the present net profit as measured by
the valuation of future cash flows.

Price reduction of 10% results in an estimated payback period that is 67.29% longer if the investment begins
in 2030. Price increase of 10% results in an estimated payback period that is 28.69% shorter if the investment begins
in 2030. Price reduction of 10% has a significant impact on the payback period because it affects annual cash flow.
Lower prices coupled with demand that is insensitive to price changes result in cash inflows during each investment
period showing a downward trend, making it impossible or taking longer to recover the capital or investment used.
Higher prices coupled with demand that is insensitive to price changes result in cash inflows during each investment
period showing an upward trend, making it possible to recover the capital or investment used more quickly (Karl E.
Case et al., 2012).

CONCLUSION

Based on a review of the technical specifications of SLA, LFP, and NMC, it is evident that NMC is not suitable
for starter batteries applications when considering the voltage of both 3-cell and 4-cell series configurations. LFP is
a more suitable replacement for SLA in starter batteries applications. LFP demonstrates superior power density,
discharge rate, operating temperature, cycle life, and self-discharge compared to SLA. The results of the economic
feasibility model simulation for LFP starter batteries show that the NPV has been increasing steadily since 2021.
This has led to a significant decrease in the payback period since 2021. However, although the project has been
viable since 2021, the IRR value only shows a positive trend starting in 2027. This indicates that the 2021-2026
period is still in the market share expansion phase, where cash inflows begin to cover investments but have not yet
reached an optimal point. The significant surge in the IRR in 2027 signifies the achievement of economies of scale,
where production efficiency and sales volume reach their peak, resulting in a very high annual rate of return. Thus,
investment in the LFP starter batteries industry is not only economically viable but also offers more promising
profitability in the long term starting in 2027.

The performance of the System Dynamics model and the Probit analysis demonstrates high validity and
reliability. This has been verified by experts, and statistical tests indicate that the model has a McFadden Pseudo R-
squared score of 0.3049, indicating that the model provides excellent estimation results. A sensitivity analysis of
LFP starter batteries prices was conducted to assess changes in annual cash flow, market demand potential, IRR,
NPV, and payback period. The higher cash inflows will increase annual cash flow, increase the return on capital or
investment, increase current net profit, and shorten the payback period. However, price changes do not significantly
affect market demand potential. This indicates that consumers are not price-sensitive because LFP batteries offer a
cost advantage over their lifetime compared to SLA starter batteries, so the total cost over the lifetime of an LFP
starter batteries remains lower than that of an SLA starter batteries. This is the reason that consumers are not sensitive
to product prices at the initial purchase.

The recommended business strategy for the company is to focus on increasing its market share, thereby
generating a more profitable cash flow. In addition, the company must improve cost efficiency to set more
competitive prices. This study acknowledges that some assumptions regarding the data used remain due to data
limitations in the relevant systems. Future studies are expected to utilize more real-world data to provide better
analytical results. This study also has not yet considered the impact of marketing on WTB. Incorporating the impact
of marketing in future studies could provide a more comprehensive and representative understanding of market
dynamics.
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