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Abstract 

The UK’s automotive supply chain is transitioning from internal combustion engines (ICE) to 

electric vehicles (EV) through lean manufacturing (LM) adoption of key trends and sustainable 

technologies, leading towards augmented industry growth across the nation and globe. 

However, manufacturing professionals and scholars have identified the scarcity of limited 

researched factors of constraints and innovative mitigation techniques examined in literature 

and industry, whereby successful LM is highly inadequate. The purpose of the study is to 

analyse the research gap within a case study of a UK manufacturing organisation regarding 

the scarcity in potential scope barriers cumulating the arise of lean failures, and to identify 

mitigation techniques of lean practices through critical analysis to aid in the establishment of 

drawing conclusions. Thus, the study depicts recommendations of LM development across the 

UK, ensuring maximum efficiency of a cradle-to-cradle ecosystem through net-zero driver 

enforcement. The conclusion of this study establishes how the UK automotive sector operates 

under the implored mechanisms by enforcing sustainability to attain net-zero within the EV 

segment, detailing the differing applied trends, tools, strategies, and necessary frameworks.  
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 Introduction  
LM concepts have transpired worldwide, integrated into the modernised automotive 
processes whereby mass production and customisation have augmented over the 
years, transitioning to manufacturing EVs by integrating renewable energy forms to 
achieve a net-zero ecosystem whilst responding to societal demands 
(Bhamu and Singh Sangwan, 2014; Shi et al, 2019). Thus, Ciarniene and Vienazindiene 
(2012) delineate LM philosophy encourages sustainability principles of streamlining 
processes to minimise resource waste and non-value-added procedures, generating 
operational value through integrating collective strategies and tools, enhancing 
competitive advantages through multifaceted managerial mechanisms adopted from 
the Toyota Production System (TPS) entailing continuous improvement (Kumar et al, 
2022; Sundar, Balaji, and Satheesh Kumar, 2014). The TPS was the first practical use of 
LM to ensure inventory and transformation stages were surrounding a cradle-to-
cradle concept for an enhanced cost-effective system design, and functionality of 
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efficiently minimising Muda through a just-in-time (JIT) and Jidoka system, limiting 
lead times (Gupta and Jain, 2013; Geraldo dos Santos, Vieira, and Balbinotti, 2015). 
 
The scarcity of fossil fuels and environmental degradation imposed by globalisation is 
forcing organisations to conform to new regulatory requirements (Naeemah and 
Wong, 2022). Therefore, as the UK EV automotive corporations are shifting to 
sustainable means by propelling to be 100% carbon neutral by 2035, where it has been 
defined there are critiques of these newly adopted managerial strategies of LM key 
trends (GOV UK, 2023; Nordin, Deros, and Wahab, 2010). Over the past decade, there 
has been an increase in the automotive sector concerning EVs, regarding the need to 
mitigate environmental issues associated with emissions, by transitioning towards 
sustainable transportation, leading to the progression in obligatory research and 
enhancing technological advances of critical battery infrastructure for improved 
energy proficiency (Oye and Anthon, 2025).  
 
The case study identified within the UK has transformed its supply chain (SC) into an 
electric ecosystem through the adoption of LM strategies to minimise its industrial 
footprint, whereby its production system assists in facilitating the entire 
manufacturing design, and value chain enhancement (McKie, Evans, and Jones, 2024). 
As such, the EV industry organisations are designated to become all-electric 
concerning its SC, with a focus on lean strategies and tool alignment to aid in the 
mitigation of associated emissions and unsustainable practices through its strategic 
applications (Carey, 2021). This study inflicts considerable implications for policy 
surrounding the UK Government and the manufacturing industry, as it was stated 
around 80% of new cars will be net-zero in emissions by 2030, which will augment to 
100% by 2035 (The Department for Transport, Office for Zero Emission Vehicles, and 
Browne, 2024). 
 
Literature Review  
   2.1 Automotive Supply Chain Sustainable Lean Tools, Strategies, and Trends 
      Lean Tools and Strategies  
In the UK, globalisation has increased concerns within the triple bottom line paradigm, 
whereby the TPS conceptualised requirements for automotive corporations to 
minimise anthropogenic pollution and carbon footprint implications through 
sustainable practices and tools highlighted in Table 1, concerning LM for EV’s as 20% 
of carbon dioxide (CO₂) emissions in the EU are generated from ICE vehicles (Cherrafi 
et al 2017; Ullah et al, 2025; Zope, Swami, and Patil, 2023). Dependent on Table 1 
findings, the researcher’s Singh and Singh (2009) and Manos (2007) emphasises Kaizen 
operates under human exertions metrics within firms to attain continuous 
improvement and amplified cultural productivity through leadership, employee, and 
managerial strategies for radical innovation to improve takt and lead times, aiding in 
systematically reducing inventory and production expenditures, developing customer 
value and enriching corporate objectives (Suárez‐Barraza, Ramis‐Pujol, and Kerbache, 
2011; Palange and Dhatrak, 2021). Based on the review of prior research, Prayuda 
(2020) found the industry is dependent on environmental and behavioural interaction 
effectiveness, where Kumar et al (2022) reiterates Kaizen must be implemented 
through the entire value chain systems- from operations to ergonomics foundations- 
to successfully comply with imposed streamlined countermeasures to mitigate Muda 

https://www.gov.uk/government/organisations/department-for-transport
https://www.gov.uk/government/organisations/office-for-zero-emission-vehicles
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and failures through managerial philosophies and ideological concepts of advancing 
employee practices and processes (Carnerud, Jaca, and Backstrom, 2018). 
 
JIT operates under a pull system dependent upon information flow signals of meeting 
the customer upstream demand- moving away from forecasting- to minimise 
downstream lead times, unnecessary inventory, and enhancing ecological competitive 
advantages concerning quality and value optimisation, ensuring inbound and 
outbound logistics work in unison, profiting the triple bottom line (Othman et al, 2016; 
Araujo, Alves, and Romero, 2021). An investigation by Slack and Brandon-Jones (2019) 
shows LM prioritise pull systems in diminishing built-up inventory by repositioning 
resources through transmitted pull controls, whereby the SC operates on a flexible and 
transparent basis enhancing the synchronisation of flows and monetary conservancies 
(Htun, Maw, and Khaing, 2019; Slack, Brandon-Jones, and Burgess, 2022). According 
to Abdallah and Matsui (2007), JIT and pull production is flawed in conforming to 
sustainability means as top-management neglect supporting the integration across the 
value chain and conformig mechanisms to the internal corporate culture, away from 
the Japanese ethos, which influenced companies to adopt Kanban design to visualise 
the complex domains of demand, and authorise ordered workflow practices (Renna, 
Magrion, and Zaffina, 2013; Zarrar et al, 2021). As such, it eliminates the 
overconsumption of raw resources and operational waste regarding the transparency 
of the input-transformation-output phase by ensuring demanded work is pulled 
through the system when workstations are readily available, to reduce work in 
progress (WIP) and to maintain resource capacity (Damij and Damij, 2024). 
 
Geraldo dos Santos, Vieira, and Balbinotti (2015) identify value stream mapping 
(VSM) in Table 1, which visualises mass operational and logistic flows through 
transparent demand monitoring to identify upstream and downstream bottlenecks, 
and enforce enhanced processes to vacate the eight types of Muda. Thus, it is applied 
throughout the entire value stream- not just singular systems- to enhance value-
adding procedures by reducing WIP by 89% and lead times by 83%, reported by Singh 
et al (2010). Previous studies failed to evaluate how VSM successfully operates within 
the UK EV industry, yet Bhalwankar and Mastud (2014) detected it does so by 
managing information, problem solving, and physical transformation of material 
flows detailing the occurrence and magnitude of inefficiencies of communication and 
production, to directly implore new efficient quality designs of minimising waste 
pollution by 50% along with resource overconsumption (Choudhary et al, 2019; Chen 
and Meng, 2010; Sundar, Balaji, and Kumar, 2014). 
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Tools 
and 
Strategie
s 

Oye 
and 
Antho
ny 
(2025) 

Shar
ma, 
Naga
r, and 
Agra
wal 
(2013) 

Gerald
o dos 
Santos
, 
Vieira, 
and 
Balbin
otti 
(2015) 

Palan
ge 
and 
Dhatr
ak 
(2021
) 
 

Kum
ar et 
al 
(202
2) 
 

Zope
, 
Swa
mi, 
and 
Patil 
(2023
) 
 

Jam
il 
and 
Raz
ali 
(201
5 
 

Rewers, 
Trojanow
ska, and 
Chabows
ki (2016) 

Abdulm
alek and 
Rajgopal
, (2007) 

Sund
ar, 
Balaji
, and 
Kum
ar 
(2014
) 
 

Just-In-
Time 

✓  ✓   ✓      ✓   

Pull 
System 

  ✓       ✓  ✓  

Kaizen    ✓  ✓    ✓    
Continuou
s 
Improvem
ent 

✓     ✓    ✓  ✓   

Jidoka        ✓    
VSM ✓  ✓  ✓  ✓     ✓  ✓  ✓  
Six Sigma      ✓      
5S     ✓  ✓   ✓    
Continuou
s Flow 

 ✓          

Kanban  ✓   ✓  ✓    ✓  ✓  ✓  
Poka-Yoke    ✓     ✓    
DMAIC    ✓        
TQM        ✓  ✓   
Line 
Balancing 

      ✓    ✓  

Cellular 
Manufact
uring 

 ✓    ✓     ✓  ✓  

Table 1 – Lean Tools and Strategies 
 
      Lean Key Trends  
Table 2 identifies the core LM trends that the industry has adopted, whereby Industry 
4.0 enhances communication and information technologies to control autonomous 
workflows and operational practices efficiently, regarding production metrics by 
leveraging technological advancements for value-adding processes for sustainable 
optimisation, imitating market demand and changes to overcome implementation 
barriers (Kolberg, Knobloch, and Zuhlke, 2017; Rajak et al, 2025; Tortorella et al, 2021). 
Varela et al (2019) distinguish LM and sustainable mechanisms are optimised by 
Industry 4.0 due to the digitalisation and streaming solutions from integrating 
stakeholder values by analysing real-time metrics, supported by integrating 
technological infrastructures surrounding robotics, the Internet of Things (IoT), and 
automation with lean tools (Buer, Strandhagen, and Chan, 2018). 
 
An investigation on the integration of LM trends established barrier prevention by 
transparently optimising processes seen within IoT of interconnected networking 
mechanisms, centralising on accumulating intelligence and data exchanges between 
machinery and systems, shared amongst human and industrial interfaces, 
encouraging enhanced intelligence of LM apparatuses (Marinelli et al, 2021; Anosike 
et al, 2021). Zarrar et al (2021) found that integrating LM tools and IoT expands SC 
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communication and intelligence amongst systems and optimises decision-making 
capabilities through centralised interconnectivity networking, facilitating machinery 
monitoring to ensure Muda and breakdown mitigation, decreasing potential defects 
and carbon footprint metrics (Soori, Arezoo, and Dastres, 2023).  
 
In 2019, within the automotive industry there was a robotic supply of 33% accordingly 
to Bartos et al (2021), as it allows corporations to configure to the 2030 net-zero targets 
of EV’s through optimised automation processes to meet newly acquired technical 
advances of safety and environmental measures, to help with human labour and errors 
by increasing decision-making of quality outputs (Polonara et al, 2024). Marinelli et al 
(2021) disclose robotics present crucial functions of automation within modernised 
manufacturing, through efficient production outputs to minimise motion Muda of 
non-value-added movement of employees, as robots carry-out activities whilst 
refining manufacturing accuracy of streamlining repetitive operations, increasing 
efficiency and consistency by acknowledging bottlenecks, alleviating resource waste 
by preventing defects (Khan et al, 2024; Polonara et al, 2024). 
 
 
 
Key Trends 

Marinelli 
et al 
(2021) 

Khan 
et al 
(2024) 

Rajak 
et al 
(2025) 

Tortorella 
et al 
(2021) 

Buer, 
Strandhagen, 
and Chan 
(2018) 

Varela 
et al 
(2019) 
 

Kolberg, 
Knobloch, 
and 
Zuhlke 
(2017) 

Anosike 
et al 
(2021) 

Bogue 
(2022) 

Industry 4.0 ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  

Robotics ✓  ✓   ✓  ✓  ✓  ✓   ✓  

AI  ✓  ✓       ✓  

IoT ✓  ✓  ✓  ✓  ✓  ✓   ✓   

Automation  ✓  ✓  ✓  ✓   ✓  ✓  ✓  

Additive 
Manufacturing 

✓    ✓   ✓    ✓  

Cloud 
Computing 

  ✓  ✓   ✓     

Table 2 – Lean Key Trends 
 
As such, the researchers Alsmadi, Almani, and Jerisat (2012) dictate the adaptation of 
lean tools within EV SC of autonomous managerial impressions achieve sustainable 
measures by augmenting value-adding activities for optimal continuous improvement 
and change, whilst eliminating operational waste within the SC by reducing inventory 
and overconsumption of resources (Singh et al, 2013). Furthermore, the prior research 
and case study analysis supports a multi-dimensional approach of combining 
prudently selected LM tools and trends to fit corporate culture, dictating a positive 
impact on organisational performance by reducing non-value-adding processes, lead 
times, and costs whilst conforming to increased flexibility through sustainable 
paradigms (Bortolotti, Boscari, and Danese, 2015; Shah and Ward, 2003).  
 
LM tools and trends depicted allow EV organisations to transform to a sustainable 
ecosystem through combining the key trends to facilitate value chain visibility through 
real-time data, permitting streamlined processes of optimal operations, Muda 
mitigation, and cultural superiority.  Thus, it aids in firms in sustaining sustainable 
parameters through digital transformation by focusing upon customer wants to 
efficiently manufacture through automation practices, augmenting competitive 
advantages in waste mitigation through adapting the corrective technologies with 
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applicable tools due to innovation and intelligence concerning controlling and 
monitoring (Kalsoom et al, 2021). 
 
2.2 EV and Battery Drivers of Successful Lean Tool Implementation 
Research documented globalisation and industrialisation expansion drove the 
implementation of LM tools to decrease economic impacts of structured functionality 
to enhance effective yet legitimate competitive advantage through enforcing the 
reduction of carbon footprints as in 2020, 21% of 191.2 million tonnes of UK waste was 
attributed by industrial waste (Hill, 2022; Food and Rural Affairs, 2024). Government 
regulation ensures an agenda of ESG goal compliance whilst influencing the drivers 
depicted in Table 3, whereby the UK EV manufacturers have begun to adopt 
renewable energy strategies focusing upon a CE of continuous improvement to attain 
net-zero across its value chain to effectively manage resources due to raw battery 
material scarcity, an reducing waste for environmentally-conscious consumer value 
(Gera et al, 2025). Kafuku (2019) discussed drivers construct the level and degree of 
sustainability that lean tools drive within operations management (OM), project 
management (PM) and supply chain management (SCM) due to the competitive and 
environmental challenges that must be attained to optimise JIT processes through 
continuously improving manufacturing apparatus, to productively eliminate non-
value-adding practices that impact  Muda reduction and cost effectiveness (Hallgren 
and Olhager, 2009; Patel et al, 2022). Lean production drivers have been extensively 
surveyed within prior research of the TPS, identifying it encourages EV manufacturers 
to ethically sustain demand with high-flexibility concerning agility to adapt to current 
markets and fluctuations, to reduce waste through quality foundations, potentially 
increasing market share, customer retention, and minimising fiscal charges (Qamar et 
al, 2020; Prakash and Kumar, 2011; Zhang, Narkhede, and Chaple, 2017). 
 
A circular economy (CE) discipline has become increasingly researched due to its new 
concept of driving lean sustainability, encompassing a strategy that focuses on a 
cradle-to-cradle methodology of reusing waste whilst optimising resources regarding 
raw material scarcity, initiating a CLSC by recycling end-of-life battery materials for 
maximum value (Shekarian, 2020; Slack, Brandon-Jones, and Burgess, 2022). Asif et al 
(2012) narrate that a CLSC mitigates waste through control mechanisms of OM 
systems to augment value from recovered materials and value-adding processes, 
through hierarchical disassembly constructs, abiding by regulatory pressures and 
climate change measures (Bakker et al, 2010; Cherrafi et al, 2016). However, the 
execution of CLSC and CE is limited within the EV sector due to misconceptions of 
end-of-life batteries within a reversed logistics scenario of environmental support 
(Govindan, Soleimani, and Kannan, 2015), permitting the cast study to execute 
transformation strategies to maintain net-zero parameters by 2039 through eco-
efficiency practices of flows (Battini, Bogataj, and Choudhary, 2017; Braungart, 
McDonough, and Bollinger, 2007).  
Kumar et al (2019) argue that consumers purchase clean alternatives to ICE vehicles to 
limit hazardous pollution, and LM encourages firms to conform to social 
requirements, improving corporate sustainability consciousness, and cost-saving 
approaches, attaining competitive advantages and market value (Geissdoerfer et al, 
2017). Therefore, the core drivers of LM integration include the extent of waste 
elimination through innovative streamlining of inventory flows, SC productivity in 
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conjunction with customer expectations, and industrial competitiveness through 
decarbonisation enhancements (Hicks, 2007; Li, Liang, Cheng, 2021). 
 

 
 
Drivers 

Shekarian 
(2020) 

Slack, 
Brandon-
Jones, and 
Burgess 
(2022) 

Gera 
et al 
(2025) 

Braungart, 
McDonough, 
and Bollinger 
(2007) 

Kafuku 
(2019) 

Hallgren 
and 
Olhager 
(2009) 

Damij 
and 
Damij 
(2024) 

Closed-Loop 
Supply Chain 

✓  ✓       

Circular Economy ✓  ✓       
Continuous 
Improvement  

    ✓  ✓  ✓  

Competitive 
Advantage  

  ✓   ✓  ✓   

Net-Zero Strategy    ✓  ✓     
Increased Market 
Share Value 

     ✓   

Reduction in 
Waste  

✓  ✓    ✓   ✓  

Reduce Non-
Value-Adding 
Activities 

 ✓    ✓    

Customer 
Retention and 
Satisfaction 

✓   ✓    ✓  ✓  

Resource 
Management  

✓  ✓   ✓  ✓   ✓  

Cradle-to-Cradle    ✓     
Fulfilling Demand 
Sustainably 

✓  ✓     ✓  ✓  

Saving Costs 
(Recycling) 

✓  ✓  ✓      

Triple Bottom 
Line 

  ✓   ✓  ✓   

Environmentally 
Friendly  

  ✓  ✓  ✓  ✓   

Improved 
Manufacturing 
(Streamline) 

    ✓  ✓  ✓  

Table 3 – Lean Manufacturing Drivers 
 
2.3 Recognising and Mitigating Lean Barriers of CLSC Failure 
With considerations to the UK, the research by Mohanty, Yadav, and Jain (2007) and 
AlManei, Salonitis, and Xu (2017) identified that since the introduction of TPS in Japan, 
LM has been imitated due to drivers, yet derived problems occurred where tools 
employed must not be over-simplified and over-innovative, and align with the 
organisations existing flexibility and digitalisation. Zarbo (2012) details these barriers 
and failures are missing in literature- outlined in Table 4- due to misunderstandings 
and improper adoption of lean tools leading to 90% of firms failing in the process 
(Nordin, Deros, and Wahab, 2010; Mohanty, Yadav, and Jain, 2007) hence, Esfandyari 
and Osman (2010) outline the constraints categorised into subjects concerning 
executive and corporate management, cultural change, monetary limitations, and 
implementation planning which all interconnect within a CLSC ecosystem. 
Furthermore, Khan et al (2024) and Sharma (2014) identified many of the barriers, yet 
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the cultural and innovative barriers were not seen across many other researchers, 
showcasing where there is a gap in the knowledge as some barriers are not seen as 
crucial to the development of lean, leading to the fact that less than 10% of UK 
corporations are successful due to limited continuous exertions and systematic 
expertise in understanding the barriers that led to the failures (Zhang, Narkhede, and 
Chaple, 2017). 
 
Souza (2013) recognised the flow of resources within LM is dependent on the 
combination of lean tools to fulfil a CLSC, but scholar Swarnakar (2021) examined 
inadequate knowledgeable concepts and monitoring on the systemisation foundations 
is due to ineffective training, leading to internal resistance of adapting lean cultural 
aspects where top-management support is minimal, increasing expenses and resource 
overruns, limiting sustainable development. Hence, EV’s present complexity to all 
systems of manufacturing components to attain sustainable transport and net-zero 
strategies which is why LM tools are implored into processes (Zope, Swami,  and Patil, 
2023), yet the scarcity of lean culture adoption and resistance to change affects 
managerial and social strategies of productivity and waste mitigation, leading to 
financial constraints (Sim and Rogers 2009; Elkhairi, Fedouaki, and Alami, 2019). A 
notable lack of EV empirical studies hinders the analysis on restrictions as it is evident 
barriers enforce lean tool instability of waste reduction and continuous improvement, 
largely regarding inefficient operations from poor communication and value chain 
transparency- especially between senior management- leading to machinery and 
process scheduling misuse affecting production quality and inventory balancing, 
whilst augmenting non-productive time usage (Sharma, 2014). 
 

 
 
 
Core Barriers 

Shar
ma 
(2014) 

Kafuk
u 
(2019) 

Khan 
et al 
(2024) 

Mohanty, 
Yadav, 
and Jain 
(2007) 

Alhurais
h., 
Robledo, 
and Kobi 
(2017) 

Elkhairi, 
Fedouaki
, and 
Alami 
(2019) 

Sim and 
Rogers 
(2009) 

Marodin 
and 
Saurin 
(2015) 

Sahwan, 
Rahman, 
and 
Deros 
(2012) 

Poor Training ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  
Poor Knowledge ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  
Change Resistance  ✓  ✓    ✓   ✓   
Insufficient 
Communication 

✓       ✓  ✓   

Poor Innovation and 
Adaptation 

 ✓   ✓       

Top Management 
Support 

 ✓    ✓  ✓  ✓  ✓   

Operational 
Transparency 

✓          

Inadequate 
Planning 

✓   ✓    ✓  ✓    

Inconsistent 
Resource Use 

✓         ✓  

Production Errors ✓   ✓       ✓  
Scarce Digitalisation   ✓        
Capital Limitations   ✓    ✓   ✓   
Inadequate Skill Set ✓  ✓  ✓  ✓  ✓  ✓  ✓   ✓  
Poorly Developed 
Strategies 

 ✓        ✓  

Cultural Change ✓         ✓  

Table 4 – Lean Manufacturing Core Barriers 
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Mitigation of Barriers 
To mitigate and maintain the barriers, Marodin and Saurin (2015) designated a 
framework to establish barriers and analyse the overall consequential aspects and 
relationships, through interpretive structural modelling (ISM) to develop a mitigation 
action plan and provide contextual descriptions to realise failures. The challenges of 
lean are limited in literature according to Cherrafi et al (2017), so ISM methodology 
assists employees in visibly recognising unknown bottlenecks that stimulate lean 
failures through a hierarchical structural approach, pinpointing and collating the 
affinity interactions between constraints through relative magnitudes, imploring 
strategic metrics of mitigation tactics (Attri, Dev, and Sharma, 2013; Ullah et al, 
2025).  Also, constraints within the EV value chain are prevalent, where Khan et al 
(2024) critically evaluated that sufficient enforcement of training and expertise reduces 
the capability mismatch, imploring strategic implementation plans by adopting 
analytics for real-time data, increasing digitalisation and key trend technologies to 
minimise monetary difficulties and variability as delineated by Marodin and Saurin 
(2015), and Ahmad and Ismail (2017). 
 
The three specified lean barriers are corporate culture, expertise, and unpractical top-
management who  do not comprehend lean initiatives by implementing it into the core 
internal strategies and processes, which presents an inability to critically enforce 
change, whereby knowledge and performance management must be analysed to 
attain optimal performance (Sahwan, Rahman, and Deros, 2012; Forghani and 
Tavasoli, 2017). Thus, Mostafa, Dumrak, and Soltan (2013) endeavour it is imperative 
within the industry to only adapt LM tools that correspond to the inner practices and 
frameworks to ensure maximum efficiency of Muda reduction and resource use, by 
employing and training the workforce to utilise new techniques of knowledgeable 
insights to accept the lean transition, aiding in the fulfilment of successful 
implementation factors described in Table 5 (Kumar et al, 2022). 
 
Araujo, Alves, and Romero (2021) found through prior research top-management 
must ensure a clear definition of lean implementation strategies to enable support of 
embracing a mind-set of continuous improvement to develop solutions of unravelling 
Table 5 bottlenecks, by formal training apparatuses to optimise a culture of lean 
through strong leadership and value creation (Chan et al, 2019). Thus, it is dependent 
on people where managerial guidance must be enforced throughout the process to 
transparently communicate what operations are taking place, by adopting 
transformational leadership of a learning cultural paradigm of pro-active individuals 
with clear directions on attaining higher-performance and commitment, through open 
communication links of similar lean beliefs (Ahmad, and Ismail, 2017; Tortorella et al, 
2021). 
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Successful 
Implementation 
Factors 

Sahwan, 
Rahman, 
and 
Deros 
(2012) 

Zope, 
Swami, 
and 
Patil 
(2023)  

Marodin 
and 
Saurin 
(2015)  

Ahmad 
and 
Ismail 
(2017)  

Tortorella 
et al 
(2021) 

Esfandyari 
and 
Osman 
(2010)  

Forghani 
and 
Tavasoli 
(2017) 

Lean Organisational 
Culture Transition  

✓    ✓  ✓  ✓   

Supporting 
Continuous 
Improvement  

✓     ✓    

Leadership 
Commitment 

✓    ✓  ✓  ✓   

Organisational 
Involvement 

✓    ✓  ✓  ✓  ✓  

Identifying 
Bottlenecks  

 ✓  ✓    ✓   

Hybrid Operational 
System  

 ✓       

Interpretive 
Structural Modelling 

  ✓      

Financial Stability    ✓  ✓     
Expertise     ✓    ✓  

Table 5 – Successful Implementation Factors 
 
 
2.4 Tools to Enhance the 5 Lean Principles 
The five principles enable efficiency mechanisms of lean regarding (1) customer values 
and expectations, (2) value stream analysis through mapping out the processes to 
determine value-adding activities, (3) enforcing flow by streamlining processes and 
bottleneck removal, (4) integrating a pull system focusing of customer demands to 
enable production, (5) and realising perfection through waste removal and process 
refinement (Sharma, Nagar, and Agrawal, 2013; Haque and James-Moore, 2004). Thus, 
it facilitates the implementation of strong organisational culture across the SC of long-
term commitment by guiding how to continuously improve the EV processes by 
leveraging new and innovative recommendations, as it acts as a blueprint for 
manufacturing organisation on how to increase leaner and sustainable approaches 
across production and operations, to optimise a streamlined value chain and 
associated activities by attaining consumer and Muda value (Prakash and Kumar, 
2011). In addition, the 5 principles operate under compatibility means across the 
markets, as it enforces industry understanding on what recommendations would align 
to enforce sustainability of decarbonisation, and enrich the EV’s and battery 
chemistries for ideal quality and productivity standards, to maintain consumer and 
internal values of transitioning to net-zero (Chotaliya and Mehta, 2022).  Research by 
Thangarajoo and Smith (2015) underlines the introduction of lean principles addressed 
barriers that transpire, usually between cultural aspects, against the decision-making 
of management to adapt to consumer value by ensuring streamlined operations, 
conforming to smooth material flows through a pull system of consumer demand 
whilst eliminating waste for optimal value generation. 
 
Lean Recommendations 
 Total Productive Maintenance (TPM) 
Guariente et al (2017) eludes EV market demands reached an all-time high due to the 
UKs 2050 strategy of net-zero emissions, which is forcing companies to adopt LM tools 
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such as TPM to safeguard the triple bottom line by optimising waste through pollution 
mitigative tactics within SC and OM approaches, limiting excess monetary 
expenditure of breakdowns and defects (Chen et al, 2019). Previous literature 
identified TPM is a strategic method ignored in LM (Ju et al, 2015), yet it exploits 
equipment effectiveness and reliability through proactive maintenance of optimal 
liaisons between machinery and persons, concerning a comprehensive system 
delivery of continuous improvement of minimising Muda and expanding quality 
through zero defects, breakdowns, and accidents (Bon and Ping, 2011; McKone, 
Schroeder, and Cua, 1999). TPM will enhance the value chain when paired with the 
five lean principles, as the eight pillars must be combined throughout machinery, 
personnel, and the transformation stage to mitigate corporate objective implications, 
providing proliferation quality developments and process capabilities such as 
maximising the battery lifespan (Pacaiova and Izarikova, 2019; Prabowo and Adesta, 
2019; Agustiady and Cudney, 2018).  
The TPM concept concentrates on the production line of the EVs lifecycle with high 
efficiency and productivity, predominantly surrounding the batteries due to the 
complexity of cathodes and associated processes of manufacturing the components 
(Nallusamy and Majumdar, 2017), enabling top mechanisms of synergising the life 
span of equipment through proactive, predictive, and preventative maintenance of 
anomalies by involving all employees  (Agustiady and Cudney, 2018; Chan et al, 2005). 
Therefore, it is acknowledged that EV manufacturers would benefit from TPM 
integration as it aligns with sustainable goals and corporate scope for for optimal 
quality, equipped with minimal SC production waste, ultimately increasing 
competitive advantages via performance metrics of enforcing Industry 4.0 
technologies of automation  (Brah and Chong, 2004; Hallioui et al, 2023; Xiang and 
Chin, 2021). 
 
 Jidoka and Poka-Yoke 
Following the narrative of tools that could be utilise to enhance value chains, the 
development of Jidoka enforces safety and waste mitigation measures of automation 
and human error (Charron et al, 2015), stopping machinery and production lines once 
anomalies of malfunctions, inventory issues, and defects occur to ensure maximum 
efficiency, which once paired with Poka-Yoke, process control reaches 100% (Rewers, 
Trojanowska, Chabowski, 2016). Jidoka operates on autonomous automation of 
independently modifying control flows that observe the input-transformation-output 
process through sensors and systems, to simultaneously detect deviation sources 
against all machinery counterparts, augmenting a faultless strategy of value creation 
(Deuse et al, 2020). Poka-Yoke is a mistake-proofing method where manufacturing 
consists of complex procedures- both automated and human-operated- whereby the 
tool utilises mechanisms and algorithms of predictive evaluation to immediately 
identify critical mistakes prior to the final product, augmenting value and potentially 
achieving zero SC defects (Palange and Dhatrak, 2021; Wolniak, 2024). Therefore, the 
adoption of both Poka-Yoke and Jidoka implore enhanced value chain optimisation of 
value creation as the tools principles are complementary in creating efficient means of 
quality generation where Poka-Yoke prevents defects occurring, and Jidoka would 
detect and ultimately stop faults that may have later occurred, encouraging the 
systemisation of defect exposure and deterrence (Dudek-Burlikowska and 
Szewieczek, 2009). 
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2.5 EV’s and Battery Benefits of Innovative Lean Practices 
Analysing prior literature and evaluating the approaches within the previous sectors, 
Sharma, Nagar, and Agrawal (2013) expound LM encompasses many benefits as 
expressed in Table 6, such as the sustainable practices are influencing competitive 
advantage by refining productivity of quality enhancement from identifying non-
value-added activities, leading to the elimination of waste and unnecessary resource 
consumption (Alhuraish, Robledo, and Kobi, 2017; Choudhary et al, 2019). Morrison 
(2023) obtained that market globalisation encouraged continuous improvement 
through LM to aid in beneficial outcomes through incorporating individual paradigms 
into an interconnected ecosystem of various lean applications, to achieve corporate 
and customer value regarding the collaboration of bottleneck identification, that 
minimise anomalies within SC and OM protocols, and conform to consumer needs 
(Ciarniene and Vienazindiene, 2012; Melton, 2005; Abdulmalek and Rajgopal, 2007). 
Due to the scarcity of raw materials, LM benefits the environment by providing  
sustainable practices and capabilities of visual controls where a JIT and pull systems 
ensures maximum efficiency of the resources utilised (Sharma, 2014; Sharma, Nagar, 
and Agrawal, 2013), which accomplished streamlined approaches through Kaizen 
abilities by viewing Muda as an undesirable consequence of poor OM protocols 
(Kumar et al, 2022). 
 
Moreover, Khan et al (2024) illustrated the UK EV industry has elevated the use of LM 
that cooperate with robotics and automation systems which continuously improve 
repetitive activities by necessitating accuracy by observing bottlenecks through TPM, 
augmenting internal and external value, attaining competitive advantage through 
pairing advanced technology with lean operations and real-time data optimisation 
within complex SC and battery cathode intricacies (Oye and Anthony, 2025). The 
philosophy develops a paradigm of lean thinking, which encourages a highly flexible 
EV manufacturing approach to manage customer needs for enhanced value generation 
of high quality production with minimal to zero defects from bottlenecks, encouraging 
cost reductions due to the mitigation of unnecessary resource consumption through 
continuous improvement of VSM connections and activities (Qamar et al, 2020; 
Mohanty, Yadav, and Jain, 2007). Therefore, over 70% of corporations implementing 
lean methodology into production have established high value-adding flows within 
the SC concerning intense competition with the UK EV industry, whereby it has 
allowed the transition to attaining CLSC advantages through sustainable adoption 
and recycling of materials through a cradle-to-cradle framework of waste reduction 
systems of JIT control (Kafuku, 2019; Prakash and Kumar, 2011). 
 

 
 
Benefits 

Melt
on 
(200
5) 

Prakash 
and 
Kumar 
(2011) 

Khan 
et al 
(2024) 

Qama
r et al 
(2020) 

Choudh
ary et al 
(2019) 

Shar
ma 
(201
4) 

Ciarniene and 
Vienazindiene 
(2012) 

Wesselka
mper et al 
(2024) 

Kafu
ku 
(201
9) 

Alhuraish, 
Robledo, 
and Kobi 
(2017) 

Sustainable Practices  ✓   ✓   ✓    ✓   ✓  
Competitive 
Advantage  

 ✓  ✓     ✓     

Increasing Recycling    ✓      ✓    
Bottleneck 
Identification 

✓   ✓       ✓   

Corporate and 
Customer Value 

✓      ✓  ✓   ✓  ✓  
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Identifies Non-Value-
Added Activities  

✓  ✓    ✓     ✓   

Mitigating 
SC/Operational Waste  

  ✓  ✓  ✓  ✓   ✓  ✓  ✓  

Minimising Defects     ✓   ✓    ✓   
Reduces Unnecessary 
Consumption  

    ✓  ✓  ✓  ✓  ✓   

Streamline EV’s and 
Batteries  

 ✓  ✓         

Enhance Productivity   ✓    ✓  ✓     

Table 6 – Benefits of Lean Manufacturing  
 
The Identification of Lean Innovation 
  Industry 4.0 and Line Balancing Valuation  
A line balancing strategy for end-of-life batteries surrounds optimisation of recycling 
workflows and task assignments for disassembling and recovering raw materials 
through a reverse SC according to rates of production- increasing returns of 
investment- whereby costs of used resources can re-enter the SC for operational 
processes, and increase lean performance on quality and value generation through 
mitigating Muda. Prior literature reveals Lithium-Ion batteries (LIB) governs EV 
technology, yet transiting to lithium-ion-phosphate (LFP) cathodes under Industry 4.0 
ensures augmented resource sustainability, leveraging automated systems such as 
digital twin technology within recycling operations, creating virtual models to test 
disassembly production of real-time monitoring to improve the recycling process 
(Ayerbe et al, 2022; Manuguerra et al, 2023). Thus, the combination of reverse SC, line 
balancing, and Industry 4.0 technologies augments analytics of real-time data to 
ensure optimal recovery through automation capabilities across the disassembly line 
(Didden et al, 2023), which will identify bottleneck occurrence and ensure a dispersion 
strategy, limiting WIP of cycle times (Jha and Khan, 2017; Hafizuddin et al, 2012).  
 
  Transitioning to Lithium-Ion-Phosphate (LFP) Batteries 
LIBs have been reported to present unsustainable and environmental degradation 
implications, minimising the successful implementation of EV LM, due to the mining 
demands and pollution generated from scare raw materials such as cobalt, lithium, 
and graphite with a projected 2040 increase (European Commission, 2024), whereby 
between 1990-2019 the transport sector generated 17% of emissions (Niri et al, 2024). 
The transition to LFP batteries is documented in recent research, illustrating the 
removal of cobalt and nickel within its cathodes and presents lower costs of 
manufacturing and environmental concerns, along with an increased lifespan due to 
improved structural capabilities, with an expected market demand of 96,000 tons in 
2025 as end-of-life LFP batteries retain 80% of capacity generating echelon utilisation 
for sustainable management and recovery (Zhao et al, 2024). Shi et al (2023) discovered 
the innovative change to LFP cathodes decreases carbon footprint aspects by 
maximising battery efficiency which in turn facilitates consumer value, reducing waste 
through a cradle-to-cradle framework within a CLSC as it enhances productivity 
within battery manufacturing and dissembling, especially as the batteries portray 
optimal longevity and fiscal incentives compared with LIBs (Lu and Zhu, 2024). Thus, 
scholars identified LFPs reduce failures of LM within the SC due the cathode stability, 
energy storage capacity, and safety protocols of thermal runaway of the battery 
chemistries, augmenting sustainable development of EV performance, defect 
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mitigation, and recycling approaches to achieved a net-zero ecosystem  (Shen et al, 
2023, Quan et al, 2022; Chen, Li, and Bae, 2024).  
 
 
Methodological Framework  
A methodological framework is a structural application to assist in identifying the LM 
research gap, encompassing the systemisation of two data metrics concerning through 
epistemology foundations concerning qualitative to analyse variable generalisation, 
and quantitative method designs to generate and use data to assess relationships 
(Bahari, 2010), surrounding the research onion methodology with applications to a 
mixed-method framework (Al-Ababneh, 2020; Saunders, Lewis, and Thornhill, 2023; 
Mukhopadhyay and Gupta, 2014). Therefore, this study integrates both qualitative 
and quantitative approaches to strengthen the reliability and validity of its finding 
through the mixed-method integration of the methodology, utilising integrative 
measures and analysis to increase the counterpart synthesis of complementary results 
regarding the sharing of data and literature to ensure maximum validity and reliabilty 
of the lean phenomena (McKim, 2017; Dawadi, Shrestha, and Giri, 2021). Saunders, 
Lewis, and Thornhill’s (2023) research onion is structurally articulate, allocating the 
formulation of optimal layers of philosophical and analytical illustration for research 
design concerning positivism and interpretivism philosophy, along with combinative 
utilisation of inductive (theory-building) and deductive (theory-testing) strategies and 
data collection techniques for comparative analysis a mixed-method approach by 
objectifying collated research through synergising all apparatuses (Sahay, 2016; 
Melnikovas, 2018; Omotayo and Kulatunga, 2015; Dainty, 2008). 
 
Thus, qualitative metrics discovers knowledgeable insights and themes from empirical 
data- including interviews, secondary reports, and case studies- thereby enabling new 
theory development grounded in participants’ perspectives, nature, and lived 
experience qualitative data permits the exploration of a person’s nature and lived 
experience through evaluating dynamically complex humanist narratives into a 
common social variable (Alshenqeeti, 2014; Azungah, 2018; Creswell and Creswell, 
2022). Conversely, quantitative research from the survey development of a structured 
measurable instrument to produce numerical data consisting of statistical trend 
patterns that enable theoretical proposition testing through measurables and 
quantifiable evidence (Taherdoost, 2022), which has been observed to be easily 
quantified. Bahari (2010) differentiates philosophy paradigms in line with the data 
types regarding interpretivism which is essentially a socially constructed phenomenon 
of contextualising beyond anthropological actions through reviewing cultural 
perceptions and behavioural aspects concerning qualitative contexts of reality 
foundations regarding preconceptions, prioritising social constructs concerning the 
interviews, case studies, and secondary literature (Mwita, 2025; Chowdhury, 2014). As 
such, positivism is an independent paradigm illustrating the prominence of unbiassed 
measurement of numerical and scientifically verified quantitative data in reality, to 
ensure empirical validity of knowledge through objective epistemology to ensure the 
dissolution of researchers applying personal value systems utilising and generalising 
survey and analytical data (Ali, Shah, and Shah, 2021; Alharahsheh and Pius, 2020). 
The qualitative examination of secondary scholarly reports and 6 interview responses, 
will utilise content analysis to generate initial codes to identify recurring phrases to 
assess whether respondents’ views align with industry knowledge (Oloke and 
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Abdallah, 2025) through an inductive approach of systematically theorising from data 
and theory adoption by interpretivism, expressing coding applications to supply 
phenomena generalisations and patterns driven by app4raisal objectives (Thomas, 
2006; Kumar, 2024). Additionally, with concerns to the 40 quantitative survey findings 
that will be analysed, Yuwono and Rachmawati (2023) illustrate the adoption of a 
deductive approach will test existing theories through the analysis of raw data 
regarding the hypothesis’s development, highting whether prior theories in literature 
were correct in raw statistics collated. Thus, Kaushik and Mathur (2014) detailed 
analysing 40 quantitative survey findings exploring LM areas identified in the 
literature permits descriptive analysis of positivism philosophical domains, exploring 
statistical observations collated from descriptive statistics of data inferences through 
measuring central tendencies to quantify a single measurement through the mode, 
mean, median, and standard deviation (SD) to depict statistical variations (Croucher 
and Cronn-Mills, 2015), as detailed in the formula below. 
 
 
Mood’s Median Test is a non‐parametric method 
compare the medians of two or more independent samples to highlight sognifcant 
statistical differences, to test the degree of either the null or alternative hypothesis 
through utilising a chi-square statistic formula below (AlAita, Aslam, and 
Smarandache, 2024; Franke, Ho, and Christie, 2012).  
 
The chi-square test evaluates discrepancies between 
observed and expected frequencies that derive a p-value, whereby when lower than 
0.05 a variable relationship is determined proving the alternative hypothesis, and a 
value above this threshold indicates independence attesting the null hypothesis, 
whereby degrees of freedom (DF) reflect statistical distributions of how many values 
can vary without affecting the contingency table totals (Hayes, 2024; Vidgen and 
Yasseri, 2016). 
 
 
Results and Discussions 
   4.1 Lean Tools and Trends Analysis 
The literature identified several lean tools- kaizen, JIT, pull system, VSM, and kanban- 
that EV manufacturers adopt within its SC through several identified reports which 
were evaluated to increase continuous improvement and competitive advantages 
within the industry (Duque and Capdavid, 2007; Othman et al, 2016), as seen with the 
quantitative analysis of the most efficient tools of strongly agree parameters 
concerning JIT (52.5%), pull systems (47.5%), and kaizen (47.5%). The average mean 
operated between 1.70 to 1.97 relating to strongly agree and agree (1.70-1.97), with a 
most common response of 1.00 of strongly agree, concerning Kaizen, JIT and a pull 
system. As such, with relation to the duration of individuals utilising these tools 
within industry showcased the most common period is frequently with a 45% statistic, 
along with 25% concerning always, closely followed by 20% for sometimes, and 10% 
regarding rarely underpinning LM is always utilised with the EV market. Thus, this 
was also heavily consistent within the case study interview participants evaluating the 
applications, expressing the sustainable LM tools augment value and quality 
expectations as the tools mitigate Muda through defect identification of streamlined 
processes (Sharma, Nagar, and Agrawal, 2013; Dennis, 2015). 
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Moreover, with relation to key trends it was identified that technological 
advancements and digital transformations help to mitigate barriers and 
environmental concerns through centralised interconnectivity networking, to facilitate 
machinery monitoring to mitigate Muda within LM (Marinelli et al, 2021; Polonara et 
al, 2024; Kalsoom, et al, 2021). Additionally, this was perceived through the survey 
data as it identified automation received the highest variable of strongly agree at 60% 
followed by robotics (52.5%), Industry 4.0 (45%), and IoT (42.5%) presenting that the 
trends have been adopted, transitioning to LM processes through enhanced 
monitoring and control (Kalsoom, et al, 2021). Through the analysis of the interview 
responses, it interlinks with the prior research underlining the be consistent need to 
enforce such tools to increase efficiency, continuous improvement, and waste 
reduction throughout the ecosystem along with manufacturing processes to abide by 
the minimisation of environmental degradation activities, showcasing what the tools 
mitigate and attain within industry (Forghani and Tavasoli, 2017; Rewers, 
Trojanowska, and Chabowski, 2016).  
 
   4.2 Lean Driver Groups 
Prior literature highlights drivers for implementing tools that improve resource and 
cost efficiency, productivity, and conforming to consumer alignment, while 
minimising carbon footprints through a closed-loop supply chain (CLSC) of waste 
mitigation practices, in line with net-zero governmental regulations (Hallgren and 
Olhager, 2009; Patel et al, 2022; Hill, 2022), whereby the interviews and survey 
reflected similar priorities. The qualitative data emphasised several drivers’ 
concerning cost effectiveness, customer loyalty, quality, and waste elimination, 
aligning with literature findings showing an effective relationship link between 
industry and literature identified in Table 2 (Qamar et al, 2020). Also, survey results 
aligned with qualitative secondary reports showing frequent utilised drivers of 
customer retention (87.5%), waste reduction (82.5%), resource management (77.5%), 
and net-zero strategies (70%). However, Shekarian (2020) identified a newly emerged 
core driver of CLSC and circular economy (CE), which diverged from industry domain 
experiences of increasing recycling means. As such, the highest identified drivers 
within the quantitative paradigm were net-zero (52.5%), waste reduction (50%), and 
resource management (40%). The mean fluctuated across the driver groups whereby 
competitive advantage (2.05), CLSC (2.35), and increased market share value (2.20) 
attained a mean between 2 and 3 consisting of often and occasionally, showcasing 
these drivers were the least adopted, yet waste reduction had the lowest mean of 1.75, 
a median of 1.50, and a 1.00 mode delineating it was the most used driver concerning 
always and often metrics.  
 
   4.3 LM Barriers Causing Failures 
LM has many barriers that lead to failures of implementation, as identified in the 
literature, concerning only 10% of firms in the UK are successful, due to constraints 
regarding managerial support, poor training, cultural change with relation to change 
resistance, and poor planning (Zhang, Narkhede, and Chaple, 2017), but it presented 
similar failure rates within the industry as 80% of survey participants firms have 
experienced failures. This was statistically significant within the interview, as overall, 
88% of interviewee responses on barriers surrounded internal applications of 
employees, such as lack of engagement (17%), change resistance (17%), and poor top-
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management support (12%), aligning with prior literature expressed (Sim and Rogers 
2009; Elkhairi, Fedouaki, and Alami, 2019). Moreover, it was identified that the 
alignment within the quantitative data presented similarities with qualitative data 
regarding top-management, and literature concerning strongly agree barriers of poor 
training (62.5%) and inadequate planning (52.5%). The literature demonstrated barrier 
mitigation measures such as increasing expertise, bottleneck identification, and fiscal 
management according to Khan et al (2024), which provided similarities within the 
survey statistics showcasing the highest ‘very effective’ mitigation response regarded 
expertise (70%) and identifying bottlenecks (67.5%).  
 
   4.4 The 5 Lean Principles and Innovative Tool Adoption 
There are several recommendations that align with the literature review and prior 
research on lean recommendations, with a focal point of core activities that are closely 
related to LM, which showcase a high correspondence through the 5 lean principles of 
aligning internal processes to attain an enhance sustainable ecosystem (Chotaliya and 
Mehta, 2022). The five principles were identified to increase efficiency amongst the 
value chain as depicted by Sharma, Nagar, and Agrawal (2013) through lean 
applications of continuous improvement, yet within the survey it was identified that 
the principles were not utilised as much as prior literature stated due to an average 
mean between 2.00 (often) and 2.42 (occasionally), with the highest adopted principles 
being flow whereby 47.% of survey participants utilised it always, and lowest principle 
was pull at 25% due to non-operational roles. As such, with the identification of further 
adoption of TMP, Jidoka, and Poke-Yoke, which is enforced to facilitate the reduction 
of errors and defects across the production line through proactive and automated 
maintenance (Ju et al, 2015; Dudek-Burlikowska and Szewieczek, 2009), the interviews 
identified lean tools would increasingly allow firms to adopt a CLSC (14%) to 
minimise Muda, consistent with the literature. Furthermore, industry professionals 
also indicated the adoption of the three tools would be an innovative solution, 
concerning a combined strongly agree and agree variables concerning Poka-Yoke 
(87.5%), TPM (87.5%), and Jidoka (77.5%). 
 
   4.5 EV Benefits and Battery Evaluation 
The analysis of prior literature underlines benefits of LM for the manufacturers 
focusing on sustainable practices, Muda mitigation, and customer focus with the 
notion of increasing competitive advantage (Choudhary et al, 2019), especially with 
concerns to reducing unnecessary consumption and reduction in waste as depicted by 
Khan et al (2024), whereby these benefits were attained across the EV industry 
concerning majority of the participants responses. The quantitative statistics 
acknowledged reducing unnecessary consumption and mitigating waste had an 
augmentation of strongly agree variables amounting to 62.5% for consumption and 
waste mitigation, meaning LM benefits encompassed  a mean between 1 and 2 
showcasing responses were varied between strongly agree and agree, which is seen 
within the mode of 1.00. Also, the median was 1.00 for sustainable practices, 
streamlining operations, mitigating waste, and reducing unnecessary consumption 
due to an increased strongly agree metric, whereas minimising defects compiled a 
median of 1.50, yet increasing a CE and minimising non-value-added activities was 
2.00 due to more varied responses. Furthermore, the literature review identified an 
innovative solution of integrating line balancing and Industry 4.0 to permit the 
analysis of real-time data to optimise the identification of bottlenecks through 
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automated means, whereby the quantitative metrics expresses that 90% of individuals 
inputted the need to innovate and adopt this recommendation to attain LM benefits 
(Didden et al, 2023). 
 
As such, Shi et al (2020) delineated that LIBs are unsustainable- seen within the survey 
selection as 62.5% of industry professional agreed- increasing the urge to transition to 
LFPs more stable and sustainable chemistries. Also, it is apparent that 67% of the 
interviewees attained limited information on the new cathodes, which presented 
similar results within the survey, but was more widely acknowledged within the 
industry with a combined strongly agree and agree metric of 32.5%, acknowledging 
the need to adopt new battery cathodes to minimise defects (Shen et al, 2023, Quan et 
al, 2022; Chen, Li, and Bae, 2024). There were several themes determined amongst the 
drivers of LFP adoption, where 18.18% acknowledged it created enhanced safety, 
resource security due to abundance of materials, cost efficiency, and longevity with 
respect to the lifespan of LFP batteries, all of which would increase competitiveness 
across the automotive market (Zhao et al, 2024; Shi et al, 2023).  
 
Conclusion 
Lean tool implementation enables corporations to streamline processes, eliminating 
non-value-adding activities to maximise value, quality, and sustainable performance 
objectives effectively driving innovative mechanisms through Muda mitigation, 
optimising operational efficiency by adopting Kaizen, JIT, and pull systems. 
Furthermore, LM aligns with key industry trends, as the integration of SC 
digitalisation and technological advancements has significantly enhanced the 
competitive advantages of EV and battery practices through viable applications. LM 
attains many drivers that encourage EV firms to adopt the tools advantages to help 
meet government regulations concerning net-zero parameters by 2050 through ethical 
and environmental standards, whereby the most sought-after drivers of EV 
production are waste reduction within the CLSC to maintain competitive advantages 
and ensure maximised customer retention. Howbeit, such adoption must be 
consistently implemented and transpired within a lean culture of high expertise and 
competent organisational support which were identified as the top constraints leading 
to failures, permitting sustainable transitioning to attain net-zero targets efficiently by 
managing barriers through introducing mitigation frameworks to adopt a cradle-to-
cradle SC, in compliance with the lean philosophy. 
 
The five principles are applied within lean approaches, yet inconsistencies remain 
hindering the successful integration of LM within a circular economy therefore, to 
strengthen outcomes, the additional adoption of TPM, Jidoka, and Poka-Yoke will 
increase quality extremity to mitigate Muda across the value chain, through the 
minimisation and eradication of defects and errors.  Thus, LM provides significant 
benefits to the UK manufacturing industry, with Industry 4.0 integration with line 
balancing offering the potential to redefine organisational productivity. However, 
LIBs undermine LM’s waste-mitigation goals due to their reliance on scarce raw 
materials that drive mining and environmental degradation, yet transitioning to LFP 
batteries could reduce these unsustainable practices, yet limited knowledge of cathode 
chemistries continues to hinder progress. Overall, LM provides significant industry 
benefits by amalgamating innovative approaches by integrating Industry 4.0 within 
line balancing, along with transitioning to LFP batteries to minimise unsustainable 
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practices as LIBs counteract LM's aims of mitigating waste because the chemistries and 
cathodes require scarce raw materials- influencing environmental degradation- yet 
there is a lack of knowledge surrounding the LIB cathode chemistries, hindering the 
adoption.  
 
Recommendations  
Many recommendations could be subjected to this research, yet the main influential 
aspects are that it underpins to scholars the areas that are sparse, underlining the key 
successful considerations that lean tools need to be consistently implemented and 
transpired within a lean culture of LM high expertise consisting of competent 
organisational support, with constant monitoring of potential bottlenecks to limit 
failures, especially regarding batteries to determine a sustainable transition to attain 
the net-zero targets more efficiently. Also, this study inflicts considerable implications 
for policy surrounding the UK Government, thus the identification into this research 
gaps will allow Parliament to identify where lean failures are occurring that could 
potentially impact this new agenda, ensuring maximum evidence-based policies to 
mitigate inconsistencies, and encourage national priorities on these areas identified.  
Additionally, it aids in permitting the UK EV industry with increased knowledge 
around the fast-moving value chain by providing value insights, as this research 
identifies the research gap of lean failures, but also the barriers and constraints that 
influence the unsuccessful completions, with additional studies into the core tools, 
benefits, drivers, and battery innovations that influence failure mitigation 
apparatuses.  
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