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Introduction

Tesla has become the world’s largest electric vehicle manufacturer. Founded in 2003 by the
visionary entrepreneur Elon Musk, Tesla has emerged as a global leader in electric vehicle
manufacturing, known for its cutting-edge technology, sleek designs, and commitment to

sustainability (Shao, et al., 2021).
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Figure 1a. Revenue and income of Tesla Figure 1b. Share of Tesla from 2018 to 2021

Figure 1. The exponential growth of Tesla in sales (Shao, Wang, & Yang, 2021,p.400)

The author highlighted the exponential sales from 2017 to 2020 in Figure 1a. Figure 1b shows
that in December 2018, the share cost was around $61.71 per share. However, this improved,
and by February 2020, the company’s shares were valued at $161.68; both trends are
evidence of the car manufacturer’s exponential growth. (Shao, et al., 2021). Tesla has
reshaped the automotive landscape and diversified into energy storage solutions, solar energy

products, and renewable energy generation.

The fundamental section of supply chain management plays a vital role in Tesla’s ensuring the
efficient flow of materials, components, and finished products throughout its global network
of suppliers, manufacturing facilities, and distribution channels. However, Tesla’s supply chain
encompasses a complex network of suppliers spanning various regions and countries who
procure raw materials, components, and subsystems essential for producing its electric

vehicles and energy products. (Sathish, 2013).



This report aims to assess Tesla’s international supply chain, identifying potential risks and
vulnerabilities using the Failure Modes and Effects Analysis (FMEA) methodology. Primarily,
the aim is to conduct a rigorous risk assessment, highlighting potential failure modes where
disruptions may occur. The FMEA aims to identify potential failure modes in these processes,
including supplier delays, material shortages, quality issues, and logistic problems.
Additionally, measures to enhance the resilience and efficiency of Tesla’s supply chain will be

explored.
The main outcomes of the FMEA analysis in this report are:

» Objective: The primary aim is to develop an FMEA analysis framework pointing at the
international supply chain to find potential risks and vulnerabilities.

» Product Chosen: The analysis will primarily target two critical aspects: raw material
sourcing and quality assurance for battery components within Tesla

» Focus: Through meticulous risk assessment and analysis of potential failure modes, six
significant steps have been identified and elaborated. Clear examples illustrate each
step, ensuring a comprehensive understanding of the potential risks.

» Outcome: The selected models will equip companies with the foresight and predictive

capabilities to anticipate and mitigate potential failures effectively.



Fmea Analysis

Scope

The FMEA is focused on the critical stages of Tesla’s supply chain, which includes raw material

sourcing, battery cell manufacturing, assembly integration and Transportation logistics.

Geographical Boundaries

As EVs have become increasingly important in the market, around 2.7 million new EVs,
including full-battery electric and plug-in hybrid models, have been registered worldwide.
Figure 2 illustrates the significant growth of the EV market, with Europe emerging as the
leading region in adoption, surpassing China. Meanwhile, the United States ranks third,
registering 259,000 new electric cars. Europe has now exceeded 10 million EVs, while China
maintains its position as the largest market, with 4.5 million electric vehicles. (Jones, et al.,
2023).
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Figure 2. Glove EV stock between 2010-2020(millions). (Jones, Nguyen-Tien, & Elliott, 2023)

The Geographical boundaries of Tesla extend to various regions worldwide, such as:



Procedure: Tesla integrates both automation and human invention into the manufacturing
process (Thompson, 2023). They manufacture lithium-ion, battery packs, gearboxes, electric
motors and other components. Tesla’s Gigafactory 1 is approximately 3.5 million square feet,

having the strategic capacity for over 500,000 cars annually. (Tesla, 2023).

Facilities: The main facilities for manufacturing a Tesla vehicle occur in various locations such
as in the US in Northern California, Buffalo, New York, Gigafactory New York, Austin, Texas,
Gigafactory Texas and near Reno, Nevada, Gigafactory Nevada. However, manufacturing
components of the battery cell and battery packs occur in China (Gigafactory Shanghai) and

Germany (Gigafactory Berlin-Brandenburg).

Transportation: Nowadays, transportation is a real challenge for many international supply
chain companies. However, Tesla has launched a door-to-door service known as “Tesla Direct”
(Lambert, 2018). The author argues that while this strategy offers direct engagement with

consumers, it can also pose the challenge of efficiency and logistics management.

Inventory: Tesla has been in partnership with Toyota, aiming to reduce inventory costs due to
the implementation of Just in Time (JIT), which reduces the risks and costs associated with

excessive inventory storage (Sathish, 2013).

In the business world, the supply chain has always been a critical aspect (Ellram, 1991).
Recently, there has been a growing recognition of the importance of Supply Chain
Management (SCM) in maximising efficiency, staying competitive, and achieving overall
success. An efficient SCM can optimise inventory levels, reduce costs, and improve customer
satisfaction by ensuring smooth goods and services flow. In today’s evolving business
landscape, where sustainability concerns are paramount, a well-coordinated SCM strategy is
essential for companies to remain agile, resilient, and competitive. For instance, in 2018, Tesla
aimed to produce 5,000 new Model 3 Electric cars per week but could only manage 2,000 due
to operational shortages. Elon Musk, as cited in the article, explained that (Susanto & Ellitan,

2024):

QT1:” When questioned about the shortfall, admitted that their initial reliance on heavy

automation was a mistake.” (Susanto & Ellitan, 2024,p.71)



Risk assessment before the FMEA analysis

For this report, the author has conducted a comprehensive Risk Assessment of Tesla’s

international supply chain using the Failure Modes and Effects Analysis (FMEA) methodology.

1) Raw materials sourcing: Along with the increase in the demand for battery-grade
nickel, cobalt and lithium will also increase significantly; however, the shortages of
materials in the supply chains could impact the automotive industry and affect the
quality of the cells (Bernhart, 2019).

2) Battery Cells Manufacturing: The risk of variability in the production process could
cause inconsistencies in performance and reliability (Baumhofer, et al., 2014).

3) Assembly and Integration: Relying on too many automation errors or inefficiency in
the assembly process can compromise the structural integrity and functionality of the
battery (Susanto & Ellitan, 2024).

4) Thermal issues: Thermal management challenges, such as overheating, pose safety
hazards and may lead to battery degradation or failure. Quality control (QC) is a
fundamental task that ensures the correct functions of LIB manufacturing. The beauty
of this method is that it prevents defects at early stages and avoids recall in the further
stages (Deng, et al., 2020). In reality, estimating the failure rate of quality control in
manufacturing innovations presents challenges. These new manufacturing concepts
typically operate on a small scale in their early stages. Therefore, modelling and
statistical methods may partially address this issue by aiding in estimating production
quality (Liu, et al., 2021).

5) Transportation and Logistics: Damages, delays or material loss can disrupt the

production schedule and increase costs.

Fmea analysis

The Failure mode and Effect Analysis (FMEA) is a valuable technique in reliability management,
crucial for identifying the root causes of system or product failure and mitigating associated
risks (Stamatis, 2003). Widely utilised in failure detection, the FMEA traditionally calculate
the Risk Priority Number (RPN) by multiplying the scores assigned: Occurrence (O), Severity
(S) and Detection (D) (Liang & Li, 2021).

Therefore, the RPN can be calculated as illustrated in Equation 1 (Liang, et al., 2023):



Equation 1 RPN value

RPN =0+S*D

Table 1. Brainstorm of the FMEA analysis

Study of the process/product: Tesla's international supply chain for electric vehicles and batteries. This include sourcing raw materials,
manufacturing battery cells, assembly and integration, along with transport logistic

Brainstorm of Potential Failure mode: Potential failurecan include shortage of raw materials, manufacturing defects in battery
cells, error in assembly process and trasportation delay.

Idenification of potential failure causes: geopolitical instability affecting raw material sourcing, equipment malfunctions in
battery cell manufacturing, human errors in assembly processes, and logistical challenges in transportation.

Assign Severity (SEV) score: Rate the severity of each failure mode's impact on Tesla's operations, reputation, and
customers. Severity scores help prioritize issues for mitigation efforts.

Assign Occurrence (OCC) Scores:Assess the likelihood or frequency of each failure mode occurring in Tesla's supply chain.
Occurrence scores indicate how often a failure mode may occur.

Calculate the risk priority number (RPN) for each line in the FMEA: RPN= Severy*Occurrence * Detection

Determine action to be taken and Recalculae the RPN based on action plan: Adjiustment strategies as required to reduce the risks in
Tesla's supply chain
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In the context of Tesla’s supply chain analysis, Table 1 describes the brainstorming session conducted before the FMEA to identify potential risks and vulnerabilities. While

Table 2 presents the comprehensive FMEA analysis undertaken for Tesla, outlining fundamental failure modes and associated risks across various supply chain stages.

Throughout the FMEA process, numerous actions were recommended to mitigate identified risks and reduce the Risk Priority Number (RPN). However, it is essential to

acknowledge that certain factors, such as natural disasters, may lead to unpredictable RPN values. With the appropriate teams’ involvement, proactive measures have been

implemented to effectively address and minimise the remaining risks.




Steps to make the supply chain more resilient

Six main Steps for the Resilience of Tesla’s International Supply Chain

To ensure the resilience of Tesla’s international supply chain, it is essential to address critical
issues and implement strategic measures to enhance its power. Here are six main steps

evaluated in detail:
1) Supplier Collaboration and Relationship Management:

Tesla’s primary focus should be prioritising a solid relationship with the supplier and
establishing new communication channels. Recent research on collaborative innovation
indicates a tangible increase in practical application beyond academic interest.
Integrating Open Innovation (Ol) into innovation management is vital. Numerous
manufacturers and industries, including renowned firms, have recognised the benefits

of adopting open and transparent innovation practices. (Ettabaa, et al., 2019).

Additionally, digital technologies can significantly enhance supply chain partnerships
and foster sustainability collaboration. A lean management approach is also essential to
increase efficiency and benefit the supply chain. For Tesla, collaboration can mitigate
the risk of supplier failures by promoting transparency and enhancing the quality and

sustainability of operations. (Beltagui, 2022) (Montecchi, et al., 2021).

2) Supply base rationalisation

To streamline operations and reduce supplier numbers, Tesla should carefully select
suppliers with a proven track record of reliability. Many suppliers dominating the
production of power batteries hold a monopoly, leading to inflated purchasing costs
for electric vehicle manufacturers (EVMs). Consequently, some EVMs have adopted
diversified sourcing strategies to avoid dependence on a single supplier.

By sourcing components from multiple suppliers across different regions, Tesla can
mitigate the risks of supply chain disruptions caused by geopolitical tensions, natural
disasters or supplier bankruptcies (Chen, et al., 2023). However, Tesla’s primary focus

remains on ensuring flexibility within its supply chain. Additionally, the company
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consistently maintains relationships with several suppliers for its parts, enabling agile
responses to challenges (Sypko, 2022):

QT2: “This gives Tesla the control and agility to change things quickly and not be
dependent on a strict supply chain”(Sypko,p.34).

Moreover, one example of preventing inventory management shortages is following
the closed-loop supply chain (CLSC). According to Hasani et al.(2014), cited in
Gianesello et al. (2017), creating an agile and resilient CLSC can improve the
adaptability and flexibility of use when emerging opportunities in the market. CLSC
focuses on recovering, recycling, and reusing products and materials, thereby
minimising waste generation throughout the supply chain. By closing the loop and
reintegrating materials back into the production process, CLSC reduces the reliance on

virgin resources, as shown in Figure 3 (Gianesello, et al., 2017).

Closed-loop supply chain (CLSC)
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Figure 3. The framework of the CLSC for LIB (p.262)
3) Postponement strategies
Delaying customisation or final assembly until customer demand is accurately known
is a core aspect of postponement strategies. There are four primary types: labelling,
packaging, assembly, and manufacturing (Schwartz & VoR, 2014). Tesla ensures
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alignment with consumer demand by employing a production-to-order approach,
maintaining fewer vehicles in stock than traditional automakers. One example is that
Tesla must implement postponement strategies like Just-in-Time (JIT) to reduce
inventory holding costs, minimise the risk of excess inventory, and respond effectively
to changing market demand (Susanto & Ellitan, 2024).
4) Supply chain Agility

Managing supply chain risks, including supplier reliability, geopolitical tensions, and
transportation disruptions, is imperative for maintaining the flow of raw materials and
components essential for Tesla’s production. (lonela-Roxana, et al., 2021). Enhancing
supply chain visibility is vital for identifying potential risks, allowing monitoring of

supplier performance, and ensuring end-to-end transparency.

Implications on the Supply Chain Performance

Swrongly
negatwe

®Manufacturing ®Process M Logstics

Figure 4. Implement of the Supply Chain Performance (Sardesai et al., 2018,p.53)

While Supply Chain Performance encompasses various critical factors such as Cost,
Transparency, Responsiveness, Reliability, and Sustainability, the author highlights
Agility as the most important, as shown in Figure 4. Agility empowers Tesla to tackle
disruptions proactively, capitalise on opportunities, and sustain competitiveness in the

dynamic automotive sector (Sardesai, et al., 2018).

To enhance quality control measures in the manufacturing process, the primary example
is the adoption of Total Quality Management (TQM), which emphasises the importance

of improving process and system performance. Adopting TQM principles in Tesla can
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5)

6)

enhance the quality and efficiency of their manufacturing operations (Mohd, et al.,

2012).

Supply chain Visibility

The technological core holds significant value across four key dimensions: extending
visibility and traceability, digitalising and streamlining the supply chain, enhancing data
security, and enabling smart contracts. Tesla could leverage Internet-of-Things (loT)
and blockchain technologies to track and trace products effectively throughout the
supply chain. The primary example is the implementation of Blockchain technology, in
particular, which offers a foundational framework for shared data infrastructure that
updates in real-time and executes transactions rapidly using computer algorithms,
eliminating the need for third-party intermediaries (Wang, et al., 2019).

Therefore, the blockchain can be summarised as (Wang, et al., 2019):

QT3:” Within the financial sector, the blockchain is proposed as a means for the
management of financial transactions without the need for trusted intermediaries such
as banks”( Wang et al., 2019,p.62).

Tesla must enhance visibility within its supply chain to anticipate disruptions, optimise
inventory levels, and make informed decisions, ultimately improving supply chain
resilience (Martini, 2021).

Supply chain Velocity and Acceleration

Supply chain velocity refers to the speed at which the product can flow from the supply
chain, from the raw material sourcing to delivery to the final consumer at a high-
velocity market. For example, Tesla is working on a low price to activate the required
demand, where lithium-ion battery manufacturing has a fundamental part, producing

more lithium-ion batteries each year compared to 2013 (Bruijl, 2017).
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Figure 5. Stock measurements of Tesla 2023/2024 (Nasdagq, 2024,p.1)

Figure 5 illustrates the latest updated measurement of Tesla’s stock performance, spanning
over one year. The author highlights a peak at the end of July and the beginning of August.
However, since the trend of Tesla’s stock has been declining since the end of January, it is now
crucial for the company to focus on acceleration, as emphasised by the author post-February
2024 during the downward trends. Tesla should prioritise accelerating key supply chain
processes, such as order fulfilment, production lead time, and transportation (Chen & Perez,

2018) (Nasdaq, 2024).

Providing recommendations

To enhance the resilience of Tesla’s supply chain, strategic actions should be considered,
including investment in the necessary technology and building flexible sourcing. Here are

some practical recommendations that Tesla should consider:

1) Anticipate Distribution with a Business Continuity Plan: Tesla should develop a
comprehensive business continuity plan that incorporates anticipation, preparation,
robustness, and recovery strategies to mitigate potential disruptions in its supply
chain. Techniques like Multi-Criteria Decision Making (MCDM) can aid in systematically
evaluating criteria and prioritising actions. For instance, MCDM can help quantify the
impact of potential disruptions and prioritise mitigation efforts effectively (Namdar, et

al., 2021).
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2)

3)

Build Resilience Through Flexibility: While Tesla’s profitability rises, the company must
also prepare for scenarios where demand might decline, necessitating cost-cutting
measures, including transportation costs. In addition, the company must reduce
inventory management and logistics operations to be adaptable to market conditions
and disruptions.

Sourcing Decisions: it is crucial for Tesla, given its reliance on raw materials, to
improve demand forecasting accuracy, optimise inventory management, and enhance
responsiveness to customer demands. By implementing advanced forecasting
techniques, leveraging data analytics, and utilising IT tools, Tesla can better anticipate

market fluctuations and align sourcing decisions accordingly (The_Economist, 2010).
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Conclusion and suggestions for further work

Financial Issues

As a leading global automotive company, Tesla must conduct a thorough financial analysis to
assess the potential impact on its economic performance. Tesla must explore various risk
management strategies to mitigate the effects of future disruptions. This may involve
evaluating the feasibility of insurance coverage for supply chain disruptions or considering
alternative financial resilience measures. Prioritising cost-effective measures to enhance
financial resilience should be a top priority. This could include diversifying the supplier base
to reduce dependence on a single source, establishing contingency funds to mitigate

unexpected expenses, or optimising inventory management to minimise working capital.

Legal Issues

Reviewing and potentially renegotiating existing contracts with suppliers and partners is
essential for Tesla to ensure legal protections in future disruptions. Evaluating the legal
implications of supply chain disruptions on contractual obligations, liabilities, and compliance
requirements is vital. Close collaboration with the legal department is necessary to identify
potential risks and develop effective mitigation strategies. Proactively addressing legal risks
associated with disruptions can help Tesla avoid costly litigation and protect its reputation in

the long run.

Environmental Issues

Assessing the environmental impact of resource utilisation, emissions, and waste generation
resulting from disrupted operations is critical for Tesla. The company must prioritise improving
environmental sustainability within its supply chain. This could involve implementing Circular
Economy principles, such as adopting best practices, investing in eco-friendly technologies, or
integrating environmental criteria into supplier selection processes. Educating workers and
stakeholders to enhance the recycling process of lithium is also essential to minimise

environmental impact.

16



Ethical Issue

This ethical issue should consider the effects on employees, suppliers, customers, and affected
communities. Implementing ethical sourcing practices throughout the supply chain is
paramount to ensuring fair treatment of workers, responsible resource management, and the

protection of human rights.

In conclusion, the Failure Modes and Effects Analysis (FMEA) has offered valuable insights into
potential risks and vulnerabilities across Tesla’s operational stages. However, to effectively

address these challenges and bolster resilience, the following key actions are recommended:

1. Enhancing quality control measures in the manufacturing process through Total
Quality Management (TQM) initiatives.

2. Improving logistics infrastructure and implementing Just-in-Time (JIT) inventory
management practices alongside a Closed-Loop Supply Chain (CLSC) approach.

3. Leveraging data analysis and leveraging the benefits of blockchain technology to

enhance transparency and efficiency in supply chain operations

Continued vigilance and adaption to evolving challenges will ensure Tesla’s continued success

and resilience in navigating uncertain futures.
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