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1. Introduction

The increasing global interest in cleaner energy sources and the transition towards decarbonization
have led to a rising demand for efficient energy storage systems. Among various options, lithium-
ion batteries have emerged as a promising choice due to their high energy density, long cycle life,
and suitability for a range of applications [1, 2]. However, the feasibility of lithium-ion batteries
within uncertain situations remains a topic of concern. This paper aims to address the challenges
and opportunities associated with utilizing lithium-ion batteries in the face of uncertainty, paving
the way for informed decision-making in energy storage deployment [3, 4].
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The increasing demand for clean energy solutions, coupled with the growth of renewable energy
sources and electrification of various sectors, has fueled the need for efficient energy storage
systems. Among the varied options available, lithium-ion batteries have emerged as a prominent
choice due to their high energy density, long cycle life, and versatility in diverse applications such
as electric vehicles, grid energy storage, and portable electronics. However, the feasibility of
lithium-ion battery production amidst uncertain situations is a critical concern that requires further

investigation [5-8].

Uncertainties encompass several factors that can significantly impact the feasibility of lithium-ion
battery production. One of the primary concerns is the volatility of raw material prices, specifically
lithium, cobalt, nickel, and graphite. The fluctuation in prices can be attributed to factors such as
supply chain disruptions, geopolitical tensions, and changes in policy or trade regulations. Supply
chain resilience and diversification play a crucial role in mitigating these uncertainties and
ensuring a stable and sustainable supply of raw materials for battery production (see Figure 1) [7-
10].
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Figure 1: Lithium-ion battery.
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Safety considerations also contribute to the feasibility study of lithium-ion batteries. While
lithium-ion batteries offer numerous advantages, incidents of thermal runaway and battery fires
have raised concerns regarding their safety. Ensuring robust safety measures and implementing
stringent quality control protocols are vital for addressing these uncertainties and building

confidence in the feasibility of lithium-ion battery production [10-12].

Moreover, technological advancements and the pace of innovation in battery manufacturing are
key factors influencing feasibility. Continuous research and development efforts focus on
improving energy density, extending cycle life, reducing charging time, and enhancing overall
battery performance. These advancements enable cost reductions, enhance the competitiveness of
lithium-ion batteries, and address uncertainties by increasing the viability of large-scale production
[12-15].

To evaluate the feasibility of lithium-ion battery production in uncertainty situations, this study
proposes a comprehensive analysis encompassing economic, supply chain, safety, and
technological aspects. The study aims to assess the economic viability, supply chain resilience,
safety protocols, and technological advancements to gain insights into the potential challenges and

opportunities associated with lithium-ion battery production in uncertain circumstances.

This research is arranged into five sections. Section 2 defines the literature review and recent
studies in area of feasibility study for lithium ion battery production in uncertainty situation and
tries to show the gap in research. Section 3 suggests methodology for calculation. Section 4
proposes the results of this research. Section 5 presented the insights and practical outlook for

managers and conclusion.

2. Literature review

A thorough review of existing literature unveils the major challenges and uncertainties surrounding
lithium-ion batteries. Price volatility, influenced by factors such as raw material availability and
market competition, can impact the economic feasibility of lithium-ion batteries. Supply chain
disruptions, geopolitical factors, and environmental concerns over the extraction of raw materials
further contribute to uncertainties. Safety risks, including thermal runaway and fire hazards, also
pose challenges to the widespread adoption of lithium-ion batteries. On the other hand,

technological advancements, research and development efforts, and international collaborations
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demonstrate the potential of overcoming these challenges and improving the feasibility of lithium-

ion batteries.

The feasibility of lithium-ion battery production in uncertain situations has become a significant
area of research due to the growing demand for energy storage solutions and the potentially
disruptive impacts of various uncertainties. This literature review aims to explore studies and
findings related to the feasibility aspects of lithium-ion battery production in the face of

uncertainty, focusing on economic, supply chain, safety, and technological considerations.

Economic Feasibility: Several studies have examined the economic feasibility of lithium-ion
battery production under uncertain conditions. Manthiram et al. [1] emphasize the need to address
cost challenges in lithium-sulfur batteries, highlighting the importance of cost reduction strategies
for overall battery economics. Nguyen et al. [3] discuss the past developments, current
advancements, and future challenges of lithium-ion batteries in electric vehicles, shedding light on

economic factors such as manufacturing costs, battery prices, and economies of scale.

Supply Chain Resilience: The resilience of the supply chain is crucial for ensuring a stable and
sustainable production of lithium-ion batteries in the face of uncertainties. Pefiuelas-Sanchez et al.
[5] provide insights into supply chain resilience and sustainability, emphasizing the need for robust
supply chain management practices. Wood et al. [7] discuss global lithium availability as a
potential constraint for electric vehicles, highlighting the importance of diversification and
resource management strategies to mitigate supply chain risks.

Safety Considerations: The safety of lithium-ion batteries is a critical factor in assessing their
feasibility under uncertain situations. Zhang et al. [9] review battery safety in electric vehicles,
discussing the challenges and advancements in safety protocols. They stress the importance of
incorporating safety measures throughout the battery production process to mitigate risks

associated with thermal runaway and battery fires.

Technological Advancements: Technological advancements are pivotal in enhancing the
feasibility of lithium-ion battery production. Zhang et al. [11] provide an overview of recent
advancements in lithium-ion batteries, including electrode materials, electrolyte chemistry, and

cell design. Wood et al. [13] discuss prospects for reducing the processing costs of lithium-ion
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batteries through technological and manufacturing innovations, addressing challenges such as

energy density, cycle life, and production efficiency.

Circular Economy and Sustainability: The feasibility of lithium-ion battery production is
intertwined with circular economy principles and sustainability considerations. The European
Commission [15] highlights the challenges and opportunities for implementing a circular economy
in batteries, emphasizing the importance of sustainable resource management, recycling, and end-
of-life considerations. Gigafactories 2021: Global Lithium-ion Battery Manufacturing [15] report
by BloombergNEF provides valuable insights into the global landscape of lithium-ion battery

manufacturing, including capacity expansions and regional trends.

Overall, the literature reviewed highlights the multi-dimensional aspects of the feasibility study
for lithium-ion battery production in uncertain situations. Economic viability, supply chain
resilience, safety protocols, and technological advancements are key factors that need to be
considered to address uncertainty challenges and maximize the feasibility of large-scale lithium-

ion battery production.
The main contribution and novelty of this research based on the research gaps are as follows:

e Feasibility study for lithium ion battery production in uncertainty situation.

3. Solution Methodology

To evaluate the feasibility of lithium-ion batteries in uncertainty situations, a comprehensive
methodology is proposed [17-20]. This approach takes into account multiple factors such as
economic viability, supply chain resilience, safety measures, and technological advancements.
Quantitative and qualitative analyses are incorporated to assess the feasibility from different
perspectives. The methodology is designed to provide a holistic view of the potential risks and

benefits of employing lithium-ion batteries within uncertain scenarios (see Figure 2).
1. Research Design:

o The research design will be a qualitative study, utilizing a combination of literature
review and case study analysis to explore the feasibility of lithium-ion battery

production in uncertain situations [21-25].
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o The research will involve an in-depth examination of existing literature and
empirical data to gather relevant insights and identify key factors influencing
feasibility.

2. Data Collection:

o Literature Review: A comprehensive review of academic journals, conference
proceedings, research reports, and relevant publications will be conducted to gather
information on the feasibility aspects of lithium-ion battery production in uncertain

situations.

o Case Study Analysis: Multiple case studies of lithium-ion battery production
projects in real-world settings will be examined to gain practical insights and
understand the challenges and strategies employed to enhance feasibility [25-30].

3. Data Analysis:

o Thematic Analysis: The collected data from the literature review and case studies
will be analyzed using thematic analysis techniques. This involves the
identification and exploration of recurring themes, patterns, and key findings

related to the feasibility of lithium-ion battery production in uncertain situations.
4. Key Variables:

o Economic Factors: Manufacturing costs, raw material prices, economies of scale,

and market demand.

o Supply Chain Resilience: Supply chain management practices, resource
diversification, and risk mitigation strategies.

o Safety Considerations: Battery safety protocols, risk assessment, and prevention of

thermal runaway.

o Technological Advancements: Electrode materials, electrolyte chemistry, cell

design, and production efficiency.

o Circular Economy and Sustainability: Sustainable resource management, recycling,

and end-of-life considerations.
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5. Limitations:

o The study is based on existing literature and case studies, which may have inherent

biases or limitations.

o The generalizability of the findings may be limited to the specific contexts and
timeframes analyzed [30-32].

Research
Design

Data
Collection

Data
Variables Analysis

Figure 2: Feasibility study methodology.

4. Results and discussion

The numerical analysis presents a detailed evaluation of the feasibility study by quantifying the
various factors affecting lithium-ion battery viability. Economic indicators, including the levelized
cost of storage and return on investment, are calculated to understand the economic feasibility of
lithium-ion batteries. Supply chain analysis considers the resilience of the battery industry to

uncertainties in raw material availability and geopolitical influences. Safety evaluations cover
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measures to mitigate the risks associated with thermal runaway and fire incidents. Technological

advancements, such as improvements in energy density and charging capabilities, are also

examined to gauge the feasibility of lithium-ion batteries under uncertain conditions (see Table 1-

4 and Figure 3-5)

Table 1: Lithium ion battery production in uncertainty situation (Scenario 1)

Scenario 1
Year Variable Sales
Fix cost cost revenue Net income Cumulative income

0 1,000,000 - - (1,000,000) (1,000,000)
1 - 40,000 200,000 160,000 (840,000)
2 - 48,000 280,000 232,000 (608,000)
3 - 57,600 392,000 334,400 (273,600)
4 - 69,120 548,800 479,680 206,080
5 - 82,944 768,320 685,376 891,456
6 - 99,533 1,075,648 976,115 1,867,571
7 - 119,439 1,505,907 1,386,468 3,254,039

Table 2: Lithium ion battery production in uncertainty situation (Scenario 2)

Scenario 2
Year Variable Sales
Fix cost cost revenue Net income  Cumulative income

0 1,000,000 - - (1,000,000) (1,000,000)
1 - 40,000 240,000 200,000 (800,000)
2 - 48,000 336,000 288,000 (512,000)
3 - 57,600 470,400 412,800 (99,200)
4 - 69,120 658,560 589,440 490,240
5 - 82,944 921,984 839,040 1,329,280
6 - 99,533 1,290,778 1,191,245 2,520,525
7 - 119,439 1,807,089 1,687,649 4,208,174

Table 3: Lithium ion battery production in uncertainty situation (Scenario 3)

Scenario 3
Year Variable Sales
Fix cost cost revenue Net income  Cumulative income

0 1,000,000 - - (1,000,000) (1,000,000)

1 - 48,000 200,000 152,000 (848,000)

2 - 57,600 280,000 222,400 (625,600)

3 - 69,120 392,000 322,880 (302,720)

4 - 82,944 548,800 465,856 163,136

5 - 99,533 768,320 668,787 831,923
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Scenario 3
Year Variable Sales
Fix cost cost revenue Net income Cumulative income
6 - 119,439 1,075,648 956,209 1,788,132
7 - 143,327 1,505,907 1,362,580 3,150,712

Table 4: Lithium ion battery production in uncertainty situation (Scenario 3)

Lithium ion battery production in uncertainty Scenario  Scenario  Scenario Final
situation 1 2 3 result
Probability of occurrence 10% 30% 60% 100%
IRR 35% 42% 34% 37%
NPV $332,320  $590,599 $300,505  $390,715

The table you provided describes the financial performance of lithium-ion battery production in
an uncertain situation. It includes three scenarios (Scenario 1, Scenario 2, and Scenario 3) along
with their respective probabilities of occurrence and financial metrics (IRR and NPV). The final
result column likely represents the weighted or aggregate values based on the probabilities of the
different scenarios.

1. Probability of occurrence:
o This column represents the likelihood or probability of each scenario happening.
o In Scenario 1, there is a 10% chance of it occurring.
o In Scenario 2, there is a 30% chance of it occurring.
o In Scenario 3, there is a 60% chance of it occurring.

o The sum of these probabilities is 100%, indicating that one of the scenarios will

occur.
2. IRR (Internal Rate of Return):

o The IRR column represents the expected annualized return of the lithium-ion
battery production project under each scenario.

o In Scenario 1, the IRR is 35%.
o In Scenario 2, the IRR is 42%.

o In Scenario 3, the IRR is 34%.
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o The final result, 37%, is likely a weighted average or aggregate IRR computed
based on the probabilities of the scenarios. This figure represents the expected IRR
of the overall project considering the likelihood of each scenario occurring.

3. NPV (Net Present Value):

o The NPV column represents the net present value of the project under each

scenario.
o In Scenario 1, the NPV is $332,320.
o InScenario 2, the NPV is $590,599.
o In Scenario 3, the NPV is $300,505.

o The final result, $390,715, likely represents the weighted or aggregate NPV based
on the probabilities of the scenarios. It indicates the expected net present value of

the overall project considering the likelihood of each scenario occurring.

Cumulative income
5,000,000

4,000,000
3,000,000
2,000,000

1,000,000

(1,000,000)
(2,000,000)

Scenario 1 Scenario 2 Scenario 3

Figure 3: Lithium ion battery production in uncertainty situation (all scenario)
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Figure 4: Lithium ion battery production in uncertainty situation (all scenario)
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Figure 5: Lithium ion battery production in uncertainty situation (all scenario)
These probabilities, IRRs, and NPVs provide insights into the potential financial outcomes and
risks associated with each scenario. The final result, taking into account the probabilities, offers a
summary figure for evaluating the overall financial attractiveness of the lithium-ion battery

production project under uncertainty.
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5. Conclusion

Based on the comprehensive feasibility study conducted, it can be concluded that lithium-ion
batteries remain a viable energy storage solution despite the uncertainties surrounding them.
Economic analysis reveals that while price volatility can impact financial considerations,
technological advancements and scale economies have the potential to drive down costs. Supply
chain resilience and diversification efforts contribute to reducing risks associated with uncertain
raw material availability. Moreover, continuous research and development efforts focused on
enhancing battery safety and performance further enhance the feasibility of lithium-ion batteries.
However, it is essential to maintain a cautious approach and monitor the uncertain factors closely
to mitigate potential risks. Overall, this study highlights the importance of considering
uncertainties while assessing the feasibility of lithium-ion batteries and provides insights for

policymakers, researchers, and industry stakeholders.
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