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[bookmark: _Toc112069290]Chapter: 1 Introduction            
[bookmark: _Toc112069291]Background of the study     
[bookmark: _Toc111825649]With time, the integration of technological practices within the supply chain process is due to the ease of current principles. The implication of the industry 4.0 solution enables one to overcome current challenges within business functioning (Fallahpour et al.,2021). The current manufacturing practices within automobile companies are evolving based on which demanded production will be accomplished. The core focus of the management is on maintaining sustainable supply chain practices, which enable bringing environmental contribution. According to the research study by Zvarikova et al. (2021), advanced data analytics, forecasting patterns, and IOT devices bring flexible processing to production.
Moreover, resource optimization techniques reduce current resources as they initiate cost-effective strategies. By processing sustainable production, waste management practice will be induced. Automobile manufacturing companies' core responsibility is to maintain sustainable growth by reducing carbon emissions (Bag et al.,2020). In this regard, maintaining stakeholders' relative expectations provides a dimension for business growth.         
The traditional practices processed within the manufacturing principles provide certain delays which influence working efficiency (Khan et al.,2020). The current logistic practices provide a competitive edge for manufacturing enterprises within the automobile industry as initiating efficiency within operational principles brings material management based on which economic growth will be practised. Renewable wastage materials were introduced as reverse logistics practices to bring effective products to manufacturing. The digital improvement techniques processed within internal business functioning focus on waste management efficiency, which brings significant growth (Shayganmehr et al.,2021). Within a few years, blockchain application brings visibility and transparency practices with the help of which strategic relationship will be managed with business stakeholders. The automation practices and digitalization principles bring timely production based on which advanced mechanism is being introduced. Business supply chain models are influenced due to revolutionary industrial processes based on which real-time data and information are implemented.     
The influence of industry 4.0 indicates significant stability within the manufacturing principles based on which economic growth will be processed. The advanced technological practices ease the supply chain process as converting raw materials into final products brings a competitive edge to enterprises (Da Silva et al.,2019). It is being identified that manufacturing companies are transforming their practices by understanding the requirements to speed up their sustainable practices to attain organizational goals. The main emphasis of the study is on identifying the role of the technological processes, i.e. ERP, artificial intelligence etc., based on evaluating the potential opportunities associated with maintaining a circular supply chain effectively.       
It is being identified that the integral function of ERP is the supply chain management process which brings the strategic relationship between enterprise with producers, vendors, suppliers, retailers, end consumers etc. According to the study by Lahane et al.(2020), the implication of total quality management and cloud manufacturing tools creates smart production techniques based on processing accuracy and pace within the current supply chain structure. Introducing value chain practices from business activities, i.e. purchasing sustainable raw materials towards providing final manufactured products for potential customers, brings efficacy to the internal practices (Fragapane et al.,2020). Optimized inventory will be used within the production to reduce systematic errors, which will minimise the lead time during manufacturing. The uncertainty factors identified within the logistic principles bring certain challenges to new enterprises entering the sustainable automobile industry.     
The leading automobile companies, i.e. Toyota etc., are introducing IOT technological framework to monitor equipment transfer. In this regard, the usage of sensors enables the identification of waste material and temperature-sensitive products based on which business functioning will be processed (Toyota Industries Report 2021. 2022). It is relative business functioning to fulfil stakeholder's interest as providing relative information regarding internal manufacturing expenses brings significant know-how about business operations and supply chain activities. Integrating technological applications brings ease to cross-functional business operations as managing, i.e. warehouse, logistics, distribution principles etc., becomes effective (Kamble et al.,2020). To bring efficiency within the operational practices, continuous improvement principles reduce business complexities as machine learning techniques provide value-added processes as managing business resources, i.e. cost, time, raw materials etc., becomes simpler. The dominance practised by leading automobile manufacturing companies, i.e. Toyota, Mitsubishi etc., stabilized business processes (Kerin and Pham.,2019).     
According to the study of Tseng et al.(2021), the procurement practices processed by automobile enterprises involve timely forecasting a demanded production will be managed by introducing optimization principles in order to manage current inventory as business expenses need to be reduced to formulate long-term growth. In this regard, fulfilling government regulations regarding environmental policies is necessary to implement within internal business operations to sustain long-term growth (Kolyasnikov and Kelchevskaya.,2020). Utilizing cloud computing mechanisms and the internet of things (IOT) brings effectiveness to the supply chain management process to minimize cost principles and maximize profit margin, becoming easier for businesses. The initiative towards autonomous practices enables accomplishing customer relative orders as identifying bottlenecks provides an understanding of the strategic management to process transformation principles within supply chain practices (Tsai et al.,2021). The scheduling of inventory from strategic business suppliers towards manufacturing units requires the implication of industry 4.0 principles.    
Adopting current technological principles within internal business functioning transforms traditional challenges encountered by supply chain managers in the production of automobile vehicles as certain delays are overcome within efficient production practices. The unit production cost is minimized as the number of automobile vehicles to be produced processed by predicting consumer demand. The study of Ivanov et al.(2019) concludes that planning principles regarding manufacturing automobile vehicles will be managed by processing real-time practices. In order to execute business objectives, the usage of automated principles brings accuracy. Big data technique brings prominence within the supply chain practices by integrating big data tool within internal business functioning manageable control towards raw materials attained from business suppliers, total vehicles produced each month evaluating customers demand etc. is being processed effectively (Kamble et al.,2020). Sensor technology integration effectively controls the supply chain's data based on which internal challenges will be overcome. In order to provide real-time information to business stakeholders, the implication of big data sensors timely updates associated stakeholders.    
According to the research of Haseeb et al.(2019), the simulation practices and autonomous robotics framework brings transformation within operational functioning as utilization of barcode technique and sensor-based software brings logistic process effectively. Flexible simulation provides ease as analytical and designing vehicles framework becomes relatively relevant (De Giovanni and Cariola.,2021). The additive manufacturing practice involves layer production based on which a waste management process is initiated. The initiative towards augmented reality technique reduces production time frame as demanded vehicles will be produced. The implication of virtual reality techniques provides a digital overview as the 3D modelling technique provides ease for large-scale automobile manufacturing enterprises (Munirathinam.,2020). Cloud computing software used within the supply chain process initiates digital manufacturing as inventory management and warehouse control are processed effectively. In this regard, supply chain theories provide an overview of production and logistics processes. The collaborative techniques in order to utilize technological principles within logistic practices make strategic business relationships within manufacturing enterprises firm enough (Bienhaus and Haddud.,2018).   
According to the findings of the study by Zhang and Chen. (2020), it can be seen that within a few years, the ratio of competition within automobile enterprises increases as the integration of technological practices brings relative ease within the supply chain and logistic framework. The current manufacturing practices have evolved due to which demanded production will be maintained. By maintaining strategic business relationships with suppliers, sustainable raw materials will be purchased based on which effective products will be processed. The implication of smart technological tools assists in gathering real-time feedback from potential customers. Within the pandemics, time frame, the implication of digital marketing principles brings ease to the automobile sector (Buer et al.,2018). In order to maintain demanded production within the Covid-19 situation, the implication towards industry 4.0 solution is being practised by automobile companies.     
[bookmark: _Toc112069292]Aim of the study
To evaluate the influence of the industry 4.0 solution on circular supply chain management within the automobile industry.
[bookmark: _Toc112069293]Research objectives 
· To identify the impact of industry 4.0 solutions on the supply chain process within the automobile industry.
· To investigate the usage of technological tools towards enhancing the current supply chain process within the automobile industry.   
· To evaluate the influence of integrating automation principles within the automobile sector's procurement and supply chain methods. 
[bookmark: _Toc112069294]Research questions  
· What is the impact of industry 4.0 solutions on the supply chain process within the automobile industry?
· What is the usage of technological tools towards enhancing the current supply chain process within the automobile industry?
· What is the influence of integrating automation principles within the automobile sector's procurement and supply chain methods?  
[bookmark: _Toc112069295]Problem statement 
The current study will focus on identifying the influence of relative techniques of digital technology, which enable the adoption of sustainable principles with the help of which the current supply chain process of the automobile sector can be structured effectively. Moreover, the present study will identify the role of industry 4.0 solutions to overcome current lacking and major challenges encountered to maintain sustainable supply chain management within automobile businesses. 
[bookmark: _Toc112069296]Chapter:2  Literature review            
2.1 [bookmark: _Toc112069297]Introduction   
The literature section will provide an overview of how the industry 4.0 process brings innovation within supply chain practices based on which advancement principles are introduced within the automobile sector to perform sustainability. Further, the section will provide an overview of past studies regarding how past researchers interpret the current topic. Based on the literature section, an understanding of the role of the industry 4.0 solution will be evaluated, and it provides relative assistance within the supply chain process.           

According to the research study by Yadav et al.(2020), it is being identified that within the last decade, the adoption of sustainability principles has become a significant factor on which firms and industries are focusing. In this regard, new practices and techniques are introduced from time to time within the supply chain process in order to evolve and innovate the business process. It can be seen that performing sustainable practices within manufacturing enterprises becomes a necessity. The automobile industry is the major contributor to environmental pollution; therefore, to practice a sustainable supply chain a lean management approach and just-in-time principles were considered, i.e. Toyota etc., to bring green transformation (Anon, Annual report.2019.2022). In order to adopt advanced practices, the implementation of the industry 4.0 solution improves the supply chain and logistic framework for the automobile sector (Kumar et al., 2021). Adopting analytical principles and machine learning mechanisms enables automobile manufacturing enterprises to become cost-effective. The usage of advanced mechanisms initiates efficiency within an operational process.  

The findings of Birkel and Müller. (2021) investigated that the automobile sector is one of the largest contributors to economic growth; therefore, investment and spending is a necessary elements based on which technological integration will become relevant. It can be seen that traditional methods within the supply chain process were not effective, due to which maintaining sustainability becomes a significant challenge. The role of industry 4.0 is significant as the current practices within the supply chain involve initiative toward a cyber-physical system in order to bring sustainable innovation by evolving infrastructure development (Caiado et al.,2021). The automotive industries operating within various countries produce parts exported to other countries; therefore, the automobile industry largely contributes to economic growth. As with the growing competition within the automobile sector, each manufacturing enterprise adopts a new pattern in order to bring sustainable practices within the supply chain process (Ozkan-Ozen et al., 2020). It is significant to maintain strategic relationships with suppliers in order to induce sustainability principles within the supply chain process.           

According to a study by Ghobakhloo and Fathi. (2019), it is being identified that minimal awareness within suppliers to maintain sustainability standards largely influences raw materials transferred to manufacturing firms. Therefore, it becomes relatively challenging for automobile manufacturing enterprises to adopt reverse logistic principles as forwarding logistics brings certain shortcomings. Moreover, ineffective selection of suppliers practised by automobile enterprises influences the operational process as by using ineffective raw material, the production process is impacted negatively. In the same manner, it can be seen that to practice sustainability principles within the supply chain process, high cost is being used, which influences the profitability margin of automobile enterprises (Mastos et al.,2020). Enterprises must provide relative training to their employees in order to bring sustainability standards within the operational process based on which waste management principles can be implemented.      

The research study of Nica. (2019) investigates that sustainability policies need to be practised within the supply chain process and logistic principles in order to manage recycling practices based on which manufactured products will be recycled for further production. It can be seen that automobile manufacturing businesses which focus on exporting their produced products to other countries utilize free trade policies (Kumar et al.,2021). Free trade provisions are available to enterprises adopting sustainability standards within their supply chain and logistic practices. Moreover, the companies which focus on lean management and agile framework are facilitated while distributing their manufactured goods within other countries. The initiative towards automation process within supply chain provides ease towards enterprises operating within automobile industry as in order to maintain profitability margin industry 4.0 solution is relevant (Shao et al.,2021). Implementing digital practices and machine learning principles enables maintaining a sustainable supply chain process in the long run.   
According to the findings of Llopis-Albert et al.(2021), it is being identified that maintaining a strategic relationship with suppliers initiates business commitment which enables bringing sustainability practices. It can be seen that the integration of technological principles within supply chain practices provides digitalization within manufacturing companies based on which effective production can be practised. The role of technology within businesses is significant as resources can be managed, and productivity can be increased (Bag et al.,2021). The implication towards industry 4.0 solution within pandemics time frame is relevant as automobile industry interacts with their consumers even during Covid-19 situation. By gathering relative feedback from potential customers, innovative techniques were introduced within supply chain practices and logistic principles. The automobile manufacturing enterprises waste a large amount of scrap metal which is useless within the production process, enabling sustainable growth (Luthra et al.,2020). Moreover, the adoption of digital methods, i.e. using IOT principles and installing sensors, reduce waste within the production process as the industry 4.0 solution provides a real-time update based on which digital innovation is practised within the logistic process.      
Government spending is necessary for practising sustainable development within manufacturing businesses (Piccarozzi et al.,2018). One of the study Strandhagen et al.(2022) identifies that sustainable development is dependent on, i.e. economic, environmental, social process etc. therefore, manufacturing firms and corporate business entities needs to maintain a strategic relationship with stakeholders, i.e. suppliers, employees, customers,, business associates, government etc., in order to practice efficiency. In order to develop manufacturing firms, it is significant to provide regional territory where waste management practices can be fulfilled. In this regard, the establishment of manufacturing sites within places where people are not living within nearby places. In order to fulfil corporate social responsibility, long-term contribution by manufacturing firms is necessary. Moreover, environmental pollution can be reduced by adopting sustainable practices within the supply chain process (Awan et al.,2021).    
According to the study by Moktadir et al.(2018), it is being identified that the utilization of big data tools within the supply chain process enables real-time updates regarding customers as gathering relative feedback from the consumer's significant preferences can be analyzed based on which automotive manufacturing can be processed. In order to reduce the time frame within the supply chain process, Toyota adopted the SMED program based on which production costs can be reduced (Shingo and Dillon.,2019). Moreover, it reduces inventory costs by enhancing quality within a manufacturing process. The assembling pattern within the manufacturing process identifies each problem based on which mistakes within the production process can be reduced relatively. Moreover, just in time mechanism enable the manufacturing following demanded products based on which available stock can be managed, and over-production can be reduced (Khan et al.,2021). The implication towards lean management principles is being processed in order to adopt waste management practices within internal business functioning based on which sustainable logistic practices will be implemented.      
One of the studies de Vass et al.(2021) investigates that the current supply chain principle processed within Toyota involves a flexible production mechanism in which production costs can be reduced and consumer demand can be fulfilled. Toyota's timely schedule within the production process enables towards reduction of various challenges within the supply chain process as information management is practised effectively. The strategic relationship Toyota maintains with its business suppliers enables significant production within its manufacturing process based on the profitability ratio (Hofmann et al.,2019). Toyota is one of the largest manufacturing enterprises. It maintains its supply chain and logistic process digitalized as automated principles enable a competitive edge within the automobile industry. Similarly, the global demand for ford and general motors is larger as the implication of automated supply chain practices increases the demand ratio toward the target audience (Awan et al.,2021). It can be seen that Toyota, i.e. general motors, ford etc., are comprised of large assembling plants managed by machine learning tools and with an artificial intelligence framework.     
Toyota, one of the world's leading manufacturers in the automotive industry, adopts sustainable supply chain practices based on which continuous improvement is being processed (Dev et al., 2020). According to a study by Dalenogare et al.(2018), it is being identified that Toyota is considered one of the quality automakers within the automobile industry as the adoption of continuous improvement practices brings effective supply chain processes. In the same manner, Honda initiates its solar-powered hydrogen production station in order to manufacture vehicles consisting of renewable energy fuel cells, which will be effective for usage (Kusi-Sarpong et al., 2021). Moreover, the recycling process is applicable as adopting the industry 4.0 solution is efficient. The involvement of manufacturers with first and second-tier suppliers initiates the sub-assembling process by focusing on quality testing. The strategic relationship between suppliers and manufacturers increases global demand for the automobile industry. The operational strategies implemented by leading automobile enterprises focus on the Kaizen approach, which enables towards identification of business challenges encountered within the supply chain and logistic process based on which standardized solutions will be provided.       
One of Hayhoe et al.(2019) studies investigates that to practice quality sustainability principles within businesses, quality improvement within the supply chain process needs to be implemented based on which significant growth can be practised. By providing training to employees working within the supply chain process, relative challenges can be overcome, and large-scale production can be practised. Moreover, by adopting a cost-effective approach, environmental responsibility can be fulfilled as in order to process effective growth, demanded production needs to be practised. In this regard, using automated technological tools within the supply chain process enables maintaining working efficiency by reducing production costs (Nascimento et al.,2018). Similarly, transparency principles adopted within the supply chain and manufacturing process bring effective production. In this regard, key performance indicators enable monitoring of the performance ratio of employees based on which effective improvement can be processed. 
According to the findings of Khan et al.(2021), it is being identified that maintaining sustainability within a logistic framework is significant as the distribution of produced automotive parts needs to be managed by reducing transportation costs etc. It can be seen that manufacturing flow management needs to be implemented in order to practice a flexible supply chain process (Pham et al.,2019). In this regard, strategic planning, effective implementation and timely execution are necessary in order to process designed goals and long-term objectives. As the manufacturing process is a significant part of business functioning, monitoring principles and an effective approach will assist in managing the overall supply chain process. Moreover, inventory management and capacity planning are necessary in order to improve supply chain practices and logistic principles (Spieske and Birkel.,2021). Machine learning tools and artificial intelligence processes allow supply chain managers to manage the overall supply chain principle.    
With time, the automobile industry is evolving to bring sustainable practices within the supply chain process, which enable the initiation of a waste management approach and assist in reducing operational costs. One of the studies was by Manavalan and Jayakrishna. (2019) identifies that current business practices involve adopting technological techniques and automated principles, which provide sustainable growth. It can be seen that current government policies are emphasizing largely inducing sustainable development goals within manufacturing practices in order to manage waste and overcome costs within a business (Delic and Eyers.,2020). In this regard, large-scale automobile enterprises are using industry 4.0 solutions, i.e. IOT applications, big data techniques, artificial intelligence framework, machine learning tools, etc., to initiate continuous improvement, enabling them to fulfil global demand. The internal practices within the manufacturing process must be adopted by providing safety measures for employees (Frederico et al.,2020). In this regard, an initiative toward employee safety management practices is significant, enabling strategic objectives in the long run.            
The study of Fernandez-Carames et al.(2019) investigates that the industrial revolution brought advancement within manufacturing principles, bringing accuracy and precision. It can be seen that manufacturing companies are largely struggling to bring innovation within their internal process to provide effective sustainability in the long run. The pandemics time frame brings certain challenges to automobile businesses as continuing their business performance become relatively difficult (Acioli et al.,2021). Moreover, manufacturing outlets were closed to a larger extent, creating a major downfall within the automobile sector. It can be seen that order to maintain sustainable growth as well as profitability margin is a vast challenge for manufacturing companies. The green production mechanism initiates waste management practices as environmental commitment becomes a necessary element to consider. Maintaining standardized principles within the manufacturing process is a significant factor in order to bring sustainable growth (Gupta et al.,2021). The adoption of technological principles brings efficiency to operational performance.    
One of the studies by Xu et al.(2018) investigates that smart manufacturing is facilitated largely by cloud computing mechanisms and data analytics processes. Big data usage enables manufacturing businesses to produce following consumers' demands. Moreover, the data generated within the industrial production system enable the maintenance of sustainable development goals (Kumar et al.,2020). The implementation of a smart process mechanism enables bringing industrial revolution as digitization and automation process is applicable. Similarly, using lean manufacturing principles enables bringing value within the production process as customer satisfaction can be maintained. In order to bring effective supply chain principles, it is necessary to induce physical and application integration to overcome operational challenges. Within the automobile industry, the implication towards front and base technologies is significant in order to maintain long-term sustainability. The front-end mechanism includes smart manufacturing and supply chain processes. In contrast, the base process includes big data principles, IOT service and analytic techniques based on which the internal manufacturing environment can be maintained following designed goals and strategic objectives (Sharma et al.,2021).       
The implication of the industry 4.0 solution brings intelligence tracking techniques that provide real-time information to automobile manufacturing companies regarding material gathered from strategic suppliers and produced products while delivering to end consumers. The findings of Sima et al.(2020) show that the availability of predictive maintenance techniques enables companies to ensure environmental sustainability. Moreover, smart manufacturing initiates optimization principles within the manufacturing process (Frank et al.,2019). The usage of big data provides efficiency within the production process. The raw materials used in the manufacturing process are labelled and included within big data, facilitating production managers to manufacture according to labels. The data is being collected from manufacturing variables, machines, i.e. software used within the production process etc., which is further stored within cloud-based data centres for future usage (Chauhan et al.,2021). It assists quality control managers as waste can be reduced while manufacturing. Therefore big data contribute largely toward sustainable growth within businesses.   
Hence industry 4.0 solution provides ease by enhancing flexibility within a production process, as timely readjustment is applicable. Furthermore, improvement within the performance mechanism reduces technical errors within manufacturing, leading to higher efficiency (Hahn.,2020). The automobile manufacturing system is being automated by upgrading infrastructure, which enables smart adoption. The smart execution includes managing raw materials and utilising advanced principles within the production process, which assists in time management. One significant integration is regarding product development as the availability of consumer data fulfils existing product requirements, and timely innovation is being induced accordingly. Moreover, machine data provides alternative solutions in case of faults predicted within equipment while producing as initiating proactive maintenance is applicable (Bag et al.,2018). The implication of data mining techniques is observed within larger and smaller manufacturing organizations to gain a competitive edge; network optimisation requires significant network optimization.            
One of the study Kliestik et al.(2020) identifies that the virtual reality mechanism provides a real-time depiction of the manufactured object based on which further production can be processed. The use of the big data technique assists additive manufacturing as a display within layer formation is applicable. Moreover, in order to fulfil consumers' demand on time, cloud computing application assists in predicting resources available for the production process (Dantas et al.,2021). With time, industry 4.0 brings new advancement practices within the manufacturing process by introducing, i.e. adaptive robotics, simulation principles, virtual technology etc., which brings effective production. Moreover, using computing languages and the virtual reality process brings consistency to the production techniques (Chauhan et al.,2021). In order to practice integration mechanism within supply chin and logistic process, there is a requirement towards investing largely in order to maintain standardized principles as managing human resources is a significant part within the manufacturing businesses.   
According to the findings of Olsen and Tomlin. (2020), it can be seen that technological infrastructure development requires government intervention. To practice sustainable growth, it is necessary to implement a customized framework based on which internal skills and capabilities within employees can be utilized. In order to bring advancement within the logistic framework, there is a significant requirement towards initiating professional maintenance as the quality control management process requires managing the working practices of employees and the manufacturing process (Ghadge et al.,2020). In this regard, the decentralization approach is necessary as understanding employees' preferences are significantly based on which sustainability can be maintained in the long run. In order to bring revolution within a production process, the virtualization mechanism provides real-time knowledge based on which demand production will be applicable (Khan et al.,2021). Using a cyber-physical system, one of the smart manufacturing techniques enables the shaping of the overall process from the availability of raw materials to produced products provided to end consumers.    
According to a past study by Sharma et al.(2020), it is being concluded that smart technological usage brings resilience mechanisms within the supply chain as managing the procurement process and initiating automated techniques require transparency principles. The digital supply chain brings effective information sharing, as strategic involvement between production managers and employees is significant (Bag et al.,2021). It is being identified that continuous improvement within industrial practices brings autonomous decision-making principles based on which the supply chain process can be managed. Moreover, maintaining agility mechanism impacts towards reducing overall cost as in order to maintain cost-effective principles, there is a requirement towards bringing technological techniques. In the same manner, in order to bring operational efficiency, there is a need to initiate cloud technology and RFID mechanism based on which supply chain processes can be managed. Using 4.0 technological techniques requires sustainable decisions within the operations management process, which enable overcoming future challenges within procurement principles and logistics framework (Yadav et al.,2020).    
In order to maintain sustainability within the business process, there is a significant requirement towards managing eco-friendly practices within manufacturing businesses to produce a sustainable product which is effective to be used by end consumers. One of the study Veile et al.(2019) investigates that traditional practices within the supply chain process require more resources in order to fulfil consumers' demands; however current practices within the automobile sector include a revolutionary process in which new technological techniques are introduced on a timely basis in order to maintain working efficiency. In order to maintain strategic relationships with suppliers managing raw materials, issues bring effective products within the manufacturing process (Gupta et al., 2020, July). It can be seen that smaller automobile manufacturing companies face relative challenges while dealing with suppliers, i.e. quality control issues due to which managing sustainability becomes difficult. Moreover, overstocked inventory is another significant challenge in order to fulfil customers' requirements demanded inventory required. It is being identified that the implication of blockchain technology enables the promotion of sustainable practices within businesses as its usage reduces operational costs (Ciliberto et al.,2021).  
According to a past study by Mehrpouya et al.(2019), it is being identified that in order to manage resources, the usage of big data analytics and IOT principles will be relevant based on which sustainable raw materials will be used within a business. Moreover, the implication of advanced technological techniques initiates restructuring principles based on managing sustainable practices (Cezarino et al.,2019). Similarly, operational managers must collect timely environmental knowledge based on which sustainable growth can be processed. It can be seen that leading enterprises, i.e. Toyota, General Motors, Honda, Ford etc., provide green training to their employees in order to bring continuous efficiency by practising waste management principles (Javaid et al.,2021). The industry 4.0 solution assists the assembly control mechanism, enabling supply chain process management. In this regard remanufacturing initiates a quality control mechanism as in order to overcome certain defects within the assembling process requires sustainable production techniques.          
One of the studies by Kamble et al.(2018) identifies that the traditional management system within the supply chain and logistic framework needs to be transformed by initiating an industry 4.0 mechanism based on which strategic relationships with business stakeholders can be maintained in the long run. In order to maintain digital communication, the usage of big data analytics is applicable based on which smart manufacturing can be practised (Abdirad and Krishnan, 2021). Renewable raw materials will be significant in the production process, enabling sustainable growth in the long run. It can be seen that initiating recycling and restructuring principles within supply chain practices promotes sustainability based on which long-term growth can be processed (Chauhan and Singh, 2019). It is being identified that in order to practice sustainability mechanism, there is a significant requirement towards maintaining a strategic relationship with new suppliers who largely emphasize maintaining sustainability goals by providing effective raw materials to be sued within the production process. 
2.2 [bookmark: _Toc112069298]Conclusion 
From the above literature section, it can be concluded that to practice sustainability principles within the operational process, there is a significant requirement for adopting The automobile industry is largely focusing on digitalization techniques, i.e. artificial intelligence, IOT process, big data analytics, machine learning process etc., based on which quality production can be induced. Moreover, using agile and lean manufacturing principles brings continuous improvement techniques based on which supply chain and logistic framework can be managed in the long run. Moreover, automobile manufacturing companies are currently maintaining strategic relationships with business stakeholders, i.e. suppliers, customers etc., to bring sustainable growth. The core emphasis is on demanded production by initiating a cost-effective approach, which is applied using a quality control mechanism. Undoubtedly, the industry 4.0 solution facilitates current operational practices as the traditional approach includes several challenges.         
[bookmark: _Toc112069299]Chapter:3 Research setting  
Chapter organization will provide an overview of each Chapter included in the current study. 
[bookmark: _Toc112069300]Chapter: 1 Introduction  
The first section of the introduction will provide a brief overview of the background of the study. 
1.1 [bookmark: _Toc112069301]Background of the study 
The implication towards technological techniques brings effective growth within current supply chain practices based on which predictive productivity ratio will be attained. With time, adopting advanced mechanisms and automated practices brings ease to the automobile industry. Nowadays, large-scale enterprises are focusing on sustainable production techniques based on which long-term growth will be managed.  
1.2 [bookmark: _Toc112069302]Aim of the study 
To evaluate the influence of the industry 4.0 solution on circular supply chain management of the automobile industry. 
1.3 [bookmark: _Toc112069303]Research objectives 
· To identify the impact of industry 4.0 solutions on the supply chain process within the automobile industry.
· To investigate the usage of technological tools towards enhancing the current supply chain process within the automobile industry.
· To evaluate the influence of integrating automation principles within the automobile sector's procurement and supply chain methods.  
1.4 [bookmark: _Toc112069304]Research questions 
· What is the impact of industry 4.0 solutions on the supply chain process within the automobile industry?
· What is the usage of technological tools towards enhancing the current supply chain process within the automobile industry?
· What is the influence of integrating automation principles within the automobile sector's procurement and supply chain methods?   
1.5 [bookmark: _Toc112069305]Problem statement
The current study will focus on relative technological practices as in order to bring sustainable growth, the implication of circular supply chain practices will be processed. The study will try to identify the role of current advanced mechanisms utilized within manufacturing principles based on which long-term development will be processed. 
[bookmark: _Toc112069306]Chapter:2 Literature review  
The literature section of the study will provide an overview of various research articles about circular supply chain practices and how significantly current technological pattern initiates business activities within manufacturing companies. Moreover, it provides an understanding of current principles utilized within the automobile sector.   
According to a research study, it is being identified that the implication towards lean management practices brings effective, sustainable growth as in order to bring environmental sustainability, the integration of advanced mechanisms is significant. The current logistic practices involve an agile framework based on which demanded production will be accomplished. The machine learning tools and IOT applications evolve internal practices as cost-effective strategies are implemented in this regard.   
[bookmark: _Toc112069307]Chapter:4 Methodology   
[bookmark: _Toc112069308]4.1 Introduction 
The third section of the study is a methodology that provides an overview of the systematic technique used within the study. It will provide an understanding of the format of the research which will be used. The methodological section provides an understanding of relative processes and patterns used within the research study.   
[bookmark: _Toc112069309]4.2 Research philosophy 
The philosophical perspectives provide an in-depth understanding of various forms of knowledge and processes. By including various philosophical concepts, relative opinions regarding the characteristics of knowledge will be evaluated. By selecting particular philosophy within a study, the researcher will evaluate the data collected in the study. There associate various philosophical types, i.e. interpretivism, pragmatism, realism, and positivism.
4.2.1 Pragmatism 
The pragmatism approach provides logical interpretation and a systematic overview. By involving realistic observations within a study, a practical illustration of highlighted challenges within the study will be organized. The core emphasis is on practical logic rather than theoretical perspectives. Researchers' particular assumptions will be avoided, and an authentic practical approach will be adopted within a study. It is necessary towards the researcher to focus on a practical overview within a study rather than theoretical ideas and concepts. 
4.2.2 Realism
Realism's philosophical concept involves the relative depiction of various processes and patterns. The idealized approach of the researcher is being avoided as actual practices will be adopted within a study. The mythical evaluation is omitted from the study, and practical principle is focused on. The constructive approach is focused rather than imaginary perspectives. 
4.2.3 Interpretivism   
Interpretivism philosophy indicates human perspectives toward research study. The research problem highlighted within a study will be evaluated by collecting relative feedback from various human subjects. Maintaining reliability and validation within a study involving human subjects is significant. The factual interpretation is being practised by involving participants within a study. The behaving pattern and significant beliefs towards highlighted concepts will be analyzed.  
4.2.4 Positivism  
The positivism approach provides factual information regarding a considered topic. By including experimental data, relative processes will be involved in a study. By involving patterns, the researcher gathers an overview of the nature of the data to include within a study. By using various scientific methods, relative facts and figures will be included in a study. The descriptive analysis is being avoided scientific approach will be processed. Empirical evidence will be used using a controlled experiment within a study.  
4.3 [bookmark: _Toc112069310]Research design
Research design provides relative direction regarding how to collect data and the processes to include within a study. The research design will provide an understanding of the methodological process used. The methodological process consists of various types, i.e. quantitative, qualitative etc. Selecting a research design within a study involves relative methods of data collection and the data collected for a study. The research design also uses a mixed approach, using qualitative and quantitative methodological concepts.
4.3.1 Quantitative research design 
Quantitative research includes using facts and figures as numeric interpretation focuses on rather than descriptive and exploratory analysis. In order to maintain authentication within a study, numeric data will be used within a study as based on the reliability of the data, validation will be processed. The philosophical concepts will be minimized, and numeric illustration will be focused on. The quantitative methodological pattern involves a statistical relationship between variables within a study. In order to analyze quantitative studies, the interpretivism approach is used based on which relative human perspectives will be utilized within a study. Collecting statistical data will be interpreted on various software, i.e. SPSS etc. In order to gain reliable outcomes, statistical patterns will be introduced within quantitative studies. By using a mathematical process, quantitative results will be generated.    
4.3.2 Qualitative research design  
The qualitative research design provides an in-depth understanding of various concepts and patterns as elaborative discussion provides relative processes within a study. Based on content analysis relative, secondary qualitative data will be analyzed. Qualitative studies provide a descriptive overview of subjective data used within a study. The core emphasis of qualitative studies is on words and ideas rather than numeric interpretation of the data. If the researcher cannot involve human subjects, then exploratory studies will be focused. By including participants in qualitative studies, relative behavioural experiences will be collected by gathering various opinions within a study; significant conclusions will be drawn.
4.4 [bookmark: _Toc112069311]Research approach
The research approach provides relative procedure regarding the method of data collection to be considered and further to analyze and interpret the study. It provides a relative pattern toward the research problem identified within a study.  
4.4.1 Inductive approach
Within inductive reasoning, relative observations will be collected by involving participants within a study. The inductive approach provides an understanding for the researcher to conduct research from the origin based on which relative logical findings will be included within a study. Based on relative observations, data collected will be interpreted further, enabling the creation of hypotheses within a study. Further, it will be accepted or rejected by testifying hypotheses, enabling the creation of relative theories that future researchers in their studies will use. The inductive approach provides a general overview of various concepts in order to gather relative human perspectives; generalized conclusions will be generated based on which specific theory will be developed.  
4.4.2 Deductive approach   
Within the deductive approach, past theoretical concepts will be considered based on which relative hypotheses within the study will be generated. Furthermore, to test the hypotheses, relative participants will be involved in the study to collect authentic results. In order to maintain reliability and validity within a study, various observations will be gathered, which enable towards testifying the hypotheses based on which hypotheses will be rejected or accepted further.   
4.5 [bookmark: _Toc112069312]Data collection process
In order to collect data, there involve various methods based on which relative findings within the studies will be included. The data collection process within qualitative and qualitative studies involves, i.e. primary, secondary etc. 
4.5.1    Primary data collection process 
The primary data collection process involves including human participants in the study. By involving human subjects, relative feedback and perspectives will be gathered based on which reliable results will be included in studies. In order to collect primary data, there associate various instruments. For collecting primary quantitative data, the instrument used by the researcher within the study involves i.e. questionnaire, which will be close-ended. In order to collect primary quantitative data, physical as well as online methods will be used by the researcher. In order to collect primary data by physical methods, direct involvement of the researcher with participants is necessary. Similarly, primary quantitative data will be collected by an online method within which close-ended questionnaires will be provided to respondents by online means.    
Similarly, primary data will be collected for qualitative studies based on the interview instrument technique. In order to gather relative feedback and perspectives of human subjects, direct physical involvement of the researcher with participants is necessary.
4.5.2 The secondary data collection process 
Various authentic and reliable secondary sources will be used to gather secondary data based on which relative results will be generated within the study. In this regard, various secondary sources will be used, i.e. newspapers, magazines, books, encyclopedias, journal articles, google scholar etc. Within qualitative and quantitative studies, secondary data will be used, which will be gathered from various secondary sources. 
[bookmark: _Toc112069313]4.6 Data analysis  
In order to analyze data within qualitative studies, there are two approaches. In order to analyze primary qualitative data, thematic analysis is used within which common themes will be identified and evaluated further. The usage of repeated patterns provides relative direction toward the results within the study. Content analysis will be used in the same manner for identifying secondary qualitative data. In order to analyze qualitative data collected from secondary sources, relative content will be gathered from various studies. Based on various concepts evaluated from various studies, relative results will be collected. As the current study is qualitative secondary, therefore, in order to gather secondary data content analysis method will be used.  
[bookmark: _Toc112069314]4.7 Ethical considerations   
In order to maintain ethical implications within the study is significant. In this regard, various ethical implications are considered while collecting primary and secondary data. While collecting primary data by involving participants within the study, it is the researcher's ethical responsibility to provide complete confidentiality and gather informed consent of involved participants within the study. It is necessary to provide confidentiality towards data and information gathered from the respondents. Moreover, respondents will be provided with complete freedom to withdraw their data and information from the study whenever they feel uncomfortable. In this regard, it is the responsibility of the researcher to provide security towards the data and information to avoid future threats to the respondents in the case of external users.  
Furthermore, in order to store responses, USB devices will be used, which will consist of encrypted folders. In order to secure data stored within USB devices, password-protected laptops will be used, consisting of encrypted folders. In order to collect secondary data from secondary sources, reliable and authentic sources will be used, i.e. Google Scholar etc. Moreover, journal articles from the last five years will be used. 
[bookmark: _Toc112069315]Chapter:5 Results and Discussion  
[bookmark: _Toc112069316]5.1 Impact Of Industry 4.0 Solutions on The Supply Chain Process Within The Automobile Industry 
It is being identified that relative investment towards enhancing business processes, i.e. enlarging capabilities of labour functioning within supply chain process, upgrading operational efficiencies by integrating technological practices. The implication of industry 4.0 within internal supply chain practices initiates optimization principles as human performances are organized within internal business functioning. The current human resources practices adopted by large-scale enterprises assist in recruiting qualified personnel based on which effective usage of technological techniques will be introduced. 
[bookmark: _Toc112069317]5.2 The usage of technological tools towards enhancing the current supply chain process within the automobile industry
In order to overcome business challenges, the core emphasis is on initiating lean manufacturing practices and agile functioning based on which quality improvement will be practised. The traditional practices adopted within the automobile industry bring certain time delays, influencing business expenses. The implication towards digitalization practices brings real-time adoption as the initiative towards Research and development principles brings integration towards innovative techniques to be processed within manufacturing. The role of data analytics and IOT applications bring advanced mechanisms to business functioning.  
[bookmark: _Toc112069318]5.3 Influence of integrating automation principles within procurement and supply chain methods of the automobile sector
The current automation practices influence procurement principles based on which sustainable raw materials will be attained. In order to maintain a strategic relationship with business suppliers, relative investment decisions towards current procurement practices need to be focused on. The influence of supplier evaluation practices enables monitoring and inventory management principles, further influencing sustainable production practices. 
[bookmark: _Toc112069319]Chapter:6 Conclusion   
The current research study will be concluded within this section and will provide limitations and future recommendations. 
[bookmark: _Toc112069320]Chapter: 4 Methodology  
[bookmark: _Toc112069321]4.1 Introduction 
The methodological section within a study provides an overview of the processes and methods used to collect and analyze data. Further, it provides relative direction and evaluates the approach in order to generate efficient results. The methodological techniques included within the section indicate philosophical perspectives, designs, approaches and various tools based on which in-depth analysis of methods and strategies will be considered. The research issue will be evaluated based on collected data which is further analyzed in order to estimate validation and reliability.   
[bookmark: _Toc112069322]4.2 Research philosophy  
By including philosophical perspectives within a study, in-depth analysis will be processed as using origins and characteristics of various forms of knowledge provides ease within a study (Hürlimann.,2019). Researchers' understanding of philosophical concepts and opinions will be presented within a philosophical section of the study. The implication of various philosophies within the study assists in analysing and interpreting the data. In order to select particular philosophy within a study depends on the researcher's relative perspective and opinion (Abu-Alhaija.,2019). The philosophical choice initiates an understanding towards the researcher about how data should be analyzed and collected regarding a particular concept. The research philosophy consists of various types, i.e. positivism, interpretivism, realism, and pragmatism.  
[bookmark: _Toc112069323]4.2.1 Pragmatism  
The philosophical concept provides a systematic overview and logical analysis of the study's objective (Allemang et al.,2022). Realistic observation is emphasized by understanding systematic patterns; relative conclusions will be drawn within a study. A pragmatic philosophical process indicates a practical evaluation of highlighted challenge identified in a study. The theoretical perspectives are avoided, practical logic is identified, researchers' assumptions will be omitted, and authentic observation practises. According to the findings of Williams. (2018), the realistic approach provides effective conclusions within a study as the research problem will be analyzed based on pragmatic concepts. In order to process in-depth analysis, it is significant that researchers' perception will be focused on identifying logical reasoning for each approach which assists in collecting effective alternatives (Allemang et al.,2022). The core focus is gathering practical logic for a particular situation rather than relying on ideas and relative concepts. The usage of a practical approach provides efficient results within a study. The practical knowledge and experiential process are significant rather than theoretical implications within a study.   
[bookmark: _Toc112069324]4.2.2 Realism     
One of the studies of Ryan. (2019) investigates that the philosophical realism concept provides an understanding of accurate and precise depiction of various processes and patterns. The researcher's particular idealization is rejected within the approach as imaginative principles are avoided largely, and relevant actual concepts will be determined. By rejecting mythical concepts, a practical evaluation of the research problem is focused on a study. The philosophical study provides an overview of the constructive approach within which the adoption is processed with the changes practised with time. The highlighted perspective will be measured, and effective processing will be utilised to maintain accurate decisions within a study (Buch-Hansen and Nesterova.,2021).   
[bookmark: _Toc112069325]4.2.3 Interpretivism  
The interpretivism philosophical process indicates human behaviour and their relative perspectives as human perceptions need to be initiated within a study in order to maintain the validation process (Zahle.,2021). In order to gather significant results involving human subjects needs to be considered by the researcher. As for evaluating developed research questions, relative human understanding provides an in-depth pattern which enables the creation of relative conclusions within a study. By considering human participants, the reliability of the study will be managed as relative feedback and reviews provided by involved participants; authentic data will be collected, which further assist in maintaining authentication within a study (McBride et al., 2022.       
One of the findings of Irshaidat. (2022) is that the interpretivism approach provides practical experiences as evidence-based practices are being processed by initiating participants. Interpretivism indicates relative beliefs and behaviour patterns of human subjects based on which reliable results will be processed. Considering relative human thoughts and specific concepts provides an objective approach, and a study's factual process is practised. By including the complex interpretivism approach, human behaviour will be involved in a study as the relative experiences of human subjects will be involved.   
[bookmark: _Toc112069326]4.2.4 Positivism 
The positivism process involves including factual data within a study. In order to use experimental observations and processed data, the positivism philosophical concept will be used (Ekanoye.,2020). According to the research study of Alharahsheh and Pius. (2020), the data gathered based on various experiments and relative patterns generate authentic outcomes. The researcher must identify which data to use within a study. Positivism philosophy involves the implication of scientific methods in order to generate relative facts and figures. Using various technological patterns will avoid descriptive analysis from being included in the study, and authentic scientific data will be used. Instrumental data provide scientific knowledge to the researcher as factual information will be collected. The scientific data will be collected by introducing controlled experiments based on which empirical evidence will be gathered (Park et al.,2020). The implication of scientific methods provides factual results as the experimental observations provide scientific results. The reliability of data processed within a controlled experimental pattern is significant, which provides relative direction for the research study.    
[bookmark: _Toc112069327]4.2.5 Justification of interpretivism research philosophy 
The current study will be including interpretivism research philosophy within which data collected based on relative human perceptions will be considered. The validation within the study will be maintained by involving data which is being processed by human subjects. Within the study, factual data and scientific concepts will be avoided human perceptions and thoughts will be practised by a researcher. 
[bookmark: _Toc112069328]4.3 Research design    
According to the findings of Dannels. (2018), the research design involves two commonly used methods which are being used within various research studies, i.e. qualitative, quantitative etc. The research design provides an overview of the selected methodology within a study on the basis of which the researcher processes investigative inquiry. In order to select a research design within a study is dependent on methods of data collection and the data to be used within the study. Further, the pattern within which the researcher requires results indicates the research design to be included within a particular study (Sileyew.,2019). In the same manner, the researcher will use a mixed methodological concept to analyze both quantitative and qualitative methodological approaches.  
[bookmark: _Toc112069329]4.3.1 Quantitative research design  
The quantitative research design involves numeric interpretation of data as facts and figures are focused rather than descriptive analysis. An in-depth understanding of philosophical procedures will be avoided, and authentic data will be gathered by utilizing various concepts and patterns (Mohajan.,2020). Quantitative methodological concepts indicate a statistical relationship between considered variables within the study. Quantitative studies are analyzed by an interpretivism approach within which human participants will be involved in the study in order to collect statistical data, which will be further interpreted on the basis of various software, i.e. SPSS etc.   
Quantitative analysis provides reliable results as the usage of facts and figures brings effective reliability (de Aguiar et al.,2022). According to the research study by Smith and Zajda. (2018), quantitative research involves random patterns in order to involve participants within the study on the basis of which authentic results will be processed. Quantitative research patterns include statistical techniques which provide reliable outcomes. The statistical interpretation involves the usage of numeric data and information on the basis of which factual results will be generated within the study. By introducing a mathematical process, quantitative results will be generated. One of the disadvantages associated with the quantitative study is that it is one of the time-consuming and expensive approaches (Manolov et al.,2022).   
[bookmark: _Toc112069330][bookmark: _GoBack]4.3.2 Qualitative research design    
According to the study by Hodge. (2020), the qualitative research design involves an in-depth analysis of various concepts and processes used within the study. The descriptive information predicts subjective data collected within a study. The descriptive overview is being practised in a more elaborative manner by utilizing themes and patterns on the basis of which the data set will be explained in a more elaborative manner. In order to process a broader understanding of human perspectives, content analysis will be used in order to practice a secondary qualitative approach. 
Qualitative patterns involve emphasis on words and ideas rather than numeric interpretation and usage of facts and figures (Elsawah et al.,2021). The exploratory pattern within a study describes various research questions by processing in-depth evaluation. In case the researcher is not able to involve with the subject matter, then supplementary material will be collected in order to define various perspectives. One of the research studies, Sointu et al.(2022), investigates that qualitative studies provide relative feedback and reviews of the human subjects, which will be included in the study to bring a descriptive overview. By including human participants, behavioural experiences will be identified as viewpoints, and human subjects' opinions will be analysed to use within a study. The behavioural patterns and human experiences will be presented within descriptive studies.  
[bookmark: _Toc112069331]4.3.3 Justification of qualitative research design  
Within the current study, qualitative research design will be used as it provides assistance in expressing descriptive information and facts. The nature of the research problem is qualitative, and the research topic of the study consists of qualitative nature on the basis of which research objectives and questions are developed. Therefore current study will consist of a qualitative research design.  
[bookmark: _Toc112069332]4.4 Research approach  
The research approach consists of two methods, i.e. inductive, deductive etc. The implication of the research approach used within the study depends on the methodological concept used within a study, i.e. qualitative, quantitative etc. (Tu.,2018). Within qualitative studies inductive research approach will be used; however, the quantitative methodology involves a deductive approach used in the study.  
[bookmark: _Toc112069333]4.4.1 Inductive approach   
In order to process a new study inductive approach will be used within which the researcher initiates research from the beginning by conducting various observations. The past theories are avoided from being used within the study as on the basis of an inductive approach; a new theory will be established. The inductive pattern involves initiating various observations on the basis of the topic considered within the study, which further assists in creating relative hypotheses. According to the findings of Fleischmann and Ivens. (2019, January), the testing of hypotheses within a study enables towards accepting or rejecting the hypotheses on the basis of which a new theory will be developed. Within the inductive approach, the researcher adopts the research pattern from general to specific.    
[bookmark: _Toc112069334]4.4.2 Deductive approach   
Within the deductive approach, past theories will be used as existing theories are utilized by the researcher in order to develop hypotheses within the study. In order to accept or reject hypotheses, various observations will be considered (Woiceshyn and Daellenbach.,2018). Within scientific studies, past theories will be used, and in order to test hypotheses, relative experiments will be conducted in order to test hypotheses. Within deductive, past research studies will be used, which assist in developing hypotheses within a study. The implication of analyzing the theory within real-world data will be considered by considering social theory. Within the deductive approach, the researcher adopts the research pattern from specific to general levels (Hall et al.,2022).
[bookmark: _Toc112069335]4.4.3 Justification of inductive approach  
As the current study is qualitative, the inductive approach will be used. Furthermore, on the basis of various observations, relative hypotheses will be developed, further testified, and a theory will be derived.  
[bookmark: _Toc112069336]4.5 Data collection process 
The data collection process within qualitative and quantitative studies consists of two types, i.e. primary, secondary etc. (Kang et al., 2018, June). In order to collect effective quality data in a study, the original data sources to be considered are an essential element within the research process. It is necessary for the researcher to collect data and information from various sources to maintain a particular direction within a study and to consider validating the argument.  
[bookmark: _Toc112069337]4.5.1 Primary data collection process 
In order to collect primary data, human subjects were included in a study. By involving, participants in the study, validation within the study will be maintained. Moreover, various feedback from the participant's relative viewpoints will be gathered. In this regard, the direct involvement of the researcher with respondents is significant, which predicts human observations and their relative perspectives. In order to provide authentic direction within a study selecting random participants is necessary. One of the studies by Aguinis et al.(2021) identifies that the Primary data will be collected on the basis of physical or online methods. Within pandemics time frame, it is convenient for researchers to conduct primary data online rather than physical means to maintain certain standards of procedure.     
According to the research of Sree and Bhanu. (2020), to collect data, various instruments will be used to collect primary data, i.e. interviews, questionnaires, observation, focus groups etc. Within a qualitative study, primary data will be collected by the interview technique will be used in order to collect primary data. In order to collect primary data on the basis of an interview as an instrument, the physical involvement of the researcher with participants is significant. In order to collect primary data by conducting interviews, the physical setting in order to conduct interviews will be processed by the researcher. In this regard, providing a comfortable environment for the respondents is significant to be considered on the basis of which proper responses from the participants will be collected, and privacy will be maintained (Drutsa et al.,2019).   
In the same manner for collecting primary quantitative data, a questionnaire technique will be used, which is close-ended. In order to collect primary quantitative data, physical as well as online methods will be used (Mantha et al.,2018). For collecting primary data on the basis of a close-ended questionnaire technique, the Likert scale approach will be used, which consists of a five or seven-point measurement scale. 
[bookmark: _Toc112069338]4.5.2 Secondary data collection process  
In order to collect secondary data, past research articles will be considered by the researcher. By using secondary sources, i.e. books, journal articles, research reports, magazines etc., secondary data will be collected. In order to gather data, authentic and reliable secondary sources will be used. The literature section within a study provides an overview regarding secondary analysis within which past research articles and journals will be used (Kalu et al.,2019). One of the studies identified by Jing et al.(2022) that the advantage of considering secondary study is that it enables identifying the gap within past studies on the basis of which current study will be made better by filling out those gaps. Moreover, secondary data will be easily accessible to the researcher due to its availability at a variety of source engines, i.e. google scholar etc. However, the disadvantage associated with collecting secondary data involves time and effort. 
[bookmark: _Toc112069339]4.5.3 Justification of secondary data collection process
Within the current study, the secondary data collection process will be used on the basis of which past research articles and journals will be used. The rationale for considering the secondary data collection process is that by using a reliable source engine, i.e. google scholar etc., relative authentic descriptions will be processed towards gathered secondary data.   
[bookmark: _Toc112069340]4.6 Data analysis 
In order to analyze data within qualitative studies, there associate two methods. Within primary qualitative studies, thematic analysis is being used within which common themes will be identified regarding the primary data collected from the respondents. On the basis of common themes, a relative discussion will be evaluated further. Thematic analysis is a process on the basis of which the collected primary data set will be evaluated (Karkar et al.,2020). By using repeated patterns within a study, the relative direction will be provided towards the gathered data. By developing themes coded, data will be analyzed.  
For analyzing secondary qualitative data, content analysis will be used. In order to analyze qualitative data collected from various secondary sources, i.e. authentic sources (google scholar etc.), relative content will be gathered regarding a considered topic which will be further analyzed in order to elaborate on various discussions. On the basis of various concepts identified by considering different research articles, relative content within a qualitative secondary study will be included (Ray et al.,2021).  
As the current study is qualitative secondary, therefore, in order to analyze collected secondary data, content analysis techniques will be used within the study.  
[bookmark: _Toc112069341]4.7 Ethical consideration
It is being identified that considering ethical implications within a study is significant on the basis of which effective results will be generated (Suri.,2020). In this regard, it is necessary for the researcher to process ethical concerns while conducting a study. In order to collect primary data within which relative respondents will be involved, informed consent and confidentiality towards the respondents need to be considered. According to the study by Hancock et al.(2020), it is being identified that by providing consent forms to involved participants, ethical implications within the study will be accomplished. It is the responsibility of the researcher to provide complete confidentiality to respondents while collecting data and information. The personal information provided by respondents and their particular responses in the form of data will be used for the research purpose. In this regard providing complete freedom to participants is necessary to withdraw their personal information and data in the form of responses anytime from the study whenever they feel uncomfortable (Arifin.,2018). 
Moreover, it is significant for the researcher to provide respondents with the information regarding where their responses will be used to ensure respondents it is necessary that their information and data will be used for research purposes only. In order to secure and store primary data collected from respondents, primary USB devices will be used, which will consist of encrypted folders (Pietilä et al.,2020). Further, to secure the responses stored within USB devices, they will be secured within laptops consisting of various encrypted folders.  
In the same manner, considering ethical implications while collecting secondary data is necessary. In order to collect secondary data, authentic secondary sources, i.e. journal articles, books, encyclopedias, newspapers etc., will be used. In the same manner, reliable secondary sources will be used within the study, i.e. google scholar etc. (Char et al.,2020). As the current study will be secondary qualitative, therefore, in order to maintain ethical considerations within the study, the research articles for the last five years will be used. In order to maintain validity within the study, the research articles before five years will not be considered within the study. 
[bookmark: _Toc112069342]4.8 Conclusion   
From the above analysis of the methodological section, it is identified that the research philosophy within the study will be interpretivism, the research design will be qualitative, the research approach will be inductive, and the data collection process used within the study will be secondary on the basis of which secondary data will be collected by using authentic secondary sources.                
[bookmark: _Toc112069343]Chapter: 5 Results and Discussion  
5.1 [bookmark: _Toc112069344]Impact Of Industry 4.0 Solutions on The Supply Chain Process Within The Automobile Industry 
It is obvious that the increase in the human capacity to gather and analyze data, as well as to share and store it, is the driving force behind "Industry 4.0", even if the term has been employed in a variety of settings and its bounds are somewhat flexible (Koh et al.,2019). Despite the fact that artificial intelligence (A.I.) has been around for a while (Fatorachian and Kazemi.,2021), recent quick advances in A.I. have been made possible by dramatically increased computer power, vast amounts of data, and improvements in machine learning (Fettermann et al.,2018). These elements have also accelerated these advances and the falling costs of new technology. Even though the automotive industry has been a significant user of computers since the silicon chip's invention in 1973, the rapid advancements in Industry 4.0 technology offer considerable opportunities for quick innovation. This is a result of the rapid advancement of Industry 4.0 technologies (Dobrzański et al.,2020). 
The introduction of Industry 4.0 technology opens up new possibilities for enhanced synergies and higher activity optimization across the board, from customer relations to research and development. Through the use of augmented reality, people who work in the industrial sector or customers, for instance, can access expert advice without the need for a human advisor (AR). The extension of business alliances and the consolidation of firms' core competencies are two advantages that the virtualization of supply chains brings (Jabbour et al.,2020). There is a rising possibility that telemigration could allow companies to access the expertise of part-time or contract workers, resulting in a workforce that is both more affordable and adaptable as technology like machine translation and telepresence continues to progress (Baldwin 2019). A shift in the balance of investments away from investment in capital goods and towards investment in intangibles has occurred in advanced economies as a result of advancements in the digital economy, which have prompted a transition from capital-based value generation to knowledge-based value creation. This has led to a change in the percentage of investments that are going toward intangible investments (D’Orazio et al.,2020). 
The labour market is expected to be significantly impacted by changes in digitalization and commerce. The fast advancements in information and communication technology that began in the 1970s have led to the elimination of many jobs that needed physical labour. Today, these jobs are done by machines. The employment market, however, was not always negatively impacted by this, despite the fact that it was a tragedy for some groups of workers (Wu et al.,2018). People with the requisite skills in programming, robot management, and other relevant fields were able to find a variety of well-paying service jobs. In a similar vein, the adoption of the so-called Industry 4.0 technologies could have a significant negative impact on the labour market. 
The rise of automation would result in the loss of a significant number of jobs and possibly even entire industries, claims 2016 research by the World Economic Forum. But if things go as planned, employment in the service sector, especially those held by those with less education, is more likely to disappear (Levin.,2018). Those who continue to work might realize that in order to stay competitive, they need to develop their abilities (Parschau and Hauge.,2020). Workers in a "smart factory" might be responsible for machine coordination and issue solving, while managers would need to develop their data handling skills (Jerman et al.,2020). This does not necessarily imply that in all areas of the economy, machines will be able to completely replace human labour.  
Humans now have an advantage over machines when it comes to language comprehension. However, improvements in processing power and databases' growth might help narrow that difference (Jiménez-Luna et al.,2021). However, humans possess "unique advantages" over robots, such as the capacity to exercise judgement in the face of incomplete information. Robots can't do this, unfortunately. Similar to this, people are able to justify their actions and accept responsibility for their mistakes, both of which are necessary traits in the automotive sector. 
According to the study by Singh. (2021), Intelligent networks based on cyber-physical systems are an essential part of the industry 4.0 movement. The term "cyber-physical system" refers to any technological or physical system that may be monitored, managed, and optimized with the use of digital technology such as computers and the internet. [Cyber-physical systems] can include both autonomous and human-operated components. A network's functionality depends on local and global sensors, actuators, control elements, and communication tools. Figure 1 presents an overview of the general structure of a cyber-physical system (Karnouskos et al.,2020). It is possible that widespread adoption of the Internet of Things may usher in a new era in terms of the monitoring, management, and control of cyber-physical systems. It is possible that this will have a positive impact on both production and efficiency. The Internet of Things has characteristics such as optimization, pervasiveness, and context awareness (Kong et al.,2020). In addition, writings on Industry 4.0 will frequently make use of the terms "smart factory" and "smart manufacturing." 
The Internet of Things and cyber-physical systems are both essential components of smart production (Xu et al.,2018). If all aspects of production at a facility, including materials, equipment, transportation, and personnel, are dependent on one another, then that establishment is known as a "smart factory". Smart factories' possible benefits and advantages include highly adaptable mass production, real-time supply chain coordination and optimization, lowered delays and costs, and the birth of whole new business models and services. The fourth industrial revolution, often known as Industry 4.0, has the potential to alter every single facet of how automobile assembly plants function. This encompasses all aspects of management, logistics, design, and production (Kumar et al.,2019).   
According to the research of Moshood et al.(2021), logistics and the supply chain, rather than attempting to conduct an in-depth analysis of all of the operations, would be unfeasible due to the breadth and depth of the subject matter. In accordance with the principles outlined in Industry 4.0, new concepts such as Logistics 4.0, Smart Logistics, and Supply Chain 4.0 have come into existence. The integration of these technologies is referred to by a number of different names, including logistics, the Internet of Things, and cyber-physical systems. The technical breakthroughs made possible by logistics 4.0 will not result in the replacement of people but rather in the acceleration and improvement of processes, as well as the facilitation of the sharing of information in real-time (Pivoto et al.,2021). The process of logistics involves ensuring that the right goods are delivered to the right people at the right time and in the right place.  
The implementation of logistics 4.0 has the potential to alter the process in a number of ways, including increased speed (as a result of the use of autonomous vehicles and drones), reliability, decreased operating costs (as a result of the use of inventory monitoring and replenishment smart sensors [such as smart shelves equipped with weight sensors]), increased efficiency (as a result of the reduction in delays), shorter delivery times, and lower vehicle emissions, to name just a few of these (Markov and Vitliemov.,2020, June). 
The most important use cases for logistics 4.0 include resource planning, warehouse management systems, transportation management systems, intelligent transportation systems, and information security. One of the findings of Torbacki and Kijewska. (2019) investigates that the Applications of Logistics 4.0 may make use of a wide variety of sensors, including RFID, LIDAR, accelerometers, GPS, cameras, and humidity sensors, amongst others. The utilization of JIT/JIS and Kanban, two current logistics theories, could profit from the application of logistic 4.0. The Internet of Things (IoT) is heavily utilized in the 4.0 supply chain, which also provides all players with precise supply chain coherence verification through the use of blockchain technology and the capability of the dynamic supply network and supplier optimization (Azizi et al.,2021). The application of blockchain technology has the potential to bring about major improvements across the whole supply chain. One of the most significant aspects is that all of the businesses that are a part of the supply chain have the ability to share information and documents in real-time. Documentation that is either wrong or time-consuming could be eliminated altogether using this strategy, which is another possible problem.
According to the research of Deja et al.(2021), the implementation of Supply Chain 4.0 cuts down on the total amount of time required for the cycle. The lead times for projects in industries that use engineer-to-order manufacturing could also be impacted. It is impossible to develop a functional Supply Chain 4.0 until all areas of an organization's operations are digitally connected to one another. The study of Dolgui et al.(2019) recommends that medium and small businesses adopt a structure that places sustainability at the centre of their operations as they transition to supply chain 4.0. Industry 4.0, which consists of three indicators (supply chain, production planning, and reconfigurable manufacturing); Logistics 4.0, which consists of four indicators (warehouse, intelligent transportation systems, and data security); and Sustainability, which consists of three indicators (energy efficiency, waste reduction, and biodiversity). Ten KPIs can be divided into these three groups according to the following: (economy, environment and society). 
Wherever they are implemented, the technologies of Industry 4.0 boost plant performance while simultaneously lowering costs and maintenance downtime (Ammar et al.,2022). The fourth industrial revolution, often known as Industry 4.0, has the potential to alter every single facet of how automobile assembly plants function. This encompasses all aspects of management, logistics, design, and production. This study focused mostly on the logistics and supply chain analysis because conducting a detailed examination of each operation would have taken too much time. The purpose of this paper is to study the many options available for adopting Logistics 4.0 and Supply Chain 4.0 in automotive production facilities, with a special emphasis on those located in Bulgaria (Markov.,2019). The methodology of the study consisted of a painstakingly designed survey then filled out by 12 logistics specialists working in the automotive industry in Bulgaria in six different logistics roles. Following the completion of the survey, some of the specialists were asked for more information.    
The findings of the study by Fatima et al.(2022) indicate that blockchain technology and production visibility (internet-connected assembly lines) have the greatest potential benefits for logistics but also the greatest potential downsides, particularly in terms of cybersecurity and inaccurate data. According to the statistics, there is a significant relationship between the two of them. Although the technology received the fewest votes, logistics managers believe that autonomous vehicles are the technology most likely to speed up the logistics process at manufacturers by approximately 20 per cent. It is extremely important to keep in mind that this will not result in a higher rate of output. The ever-increasing implementation costs and increasingly stringent safety standards are two obstacles that must be overcome by autonomous vehicles (Tsaramirsis et al.,2022).  
Chain of supply that is flexible, both the suppliers and the original equipment manufacturers in the car industry are being subjected to increasingly stringent fuel regulations (OEMs). As a direct consequence of this, there has been a push toward construction methods that utilize less material to achieve greater productivity levels (Ivanov et al.,2019). Original equipment manufacturers (OEMs) and their supply chain partners can adapt more quickly to variations in industry standards by modifying their manufacturing needs as necessary, thanks to the flexibility given by Industry 4.0. The capability of carrying out one's monitoring: In this day and age of around-the-clock production, it is more essential than ever before that machines can be relied on to carry out their intended functions correctly. One of the findings of Johns. (2021) concludes that Plants that have been converted to Industry 4.0 will be equipped with sophisticated monitoring systems that can identify potential maintenance issues before they result in unscheduled downtime. It is possible to put the same technology in motor vehicles in order to limit the number of occasions on which mechanical faults occur. Potential for individualization: Many drivers of modern vehicles harbour the secret desire that they could customize the internal configuration of their vehicles.  
With the current industry standard for producing automobiles, it is not possible to achieve this level of customization (Thomas and Maine.,2019). Nevertheless, advancing toward Industry 4.0 would make it possible for automobile manufacturers to personalize each vehicle and shorten the time it takes to deliver the finished product. The Capability of Networks to Adapt Automobiles are produced in facilities that can be found in a variety of nations around the world. The ability to connect these sites strategically is another trait shared by manufacturers equipped for Industry 4.0 (Asghar et al.,2021). In the case that there are shifts in either output or demand, the operations may be split up between the various facilities that are available.       
5.2 [bookmark: _Toc112069345]The usage of technological tools towards enhancing the current supply chain process within the automobile industry  
According to Bechtsis et al.(2018), most automobile sector enterprises focus on large-scale investment towards initiating new manufacturing plants to enhance production practices as the awareness of technological techniques brings relative know-how towards implication of technological data applications. In order to bring innovative quality practices, the utilization of advanced principles enables one to overcome certain challenges encountered within the production process (Dutta et al.,2020). In order to induce simulation towards real-time principles, there is a significant requirement to understand the current manufacturing framework on the basis of which digitalization practices will be introduced within a few years. The role of smart technological patterns influences bringing efficiency within the performance ratio of labour involved within the supply chain network.   
The applications of industry 4.0 bring sustainable operational practices as distribution processes and logistic principles will be enhanced in the long run. The findings of the study by Sarc et al.(2019) indicate that emphasis on Research and Development (R&D) principles brings new patterns to be adopted within the company's supply chain principles. The implication of data analytics principles enables the management of internal data and information associated with production practices. It is being identified that the logistic and supply chain process is the core attention process towards which manufacturing enterprises need to focus. In order to overcome operational challenges, the usage of advanced mechanisms and innovative tools, i.e. virtual reality, machine learning, and computing technologies, brings innovative growth to auto-vehicle manufacturing firms. The emphasis of the study is on identifying the implication of predictive quality analysis on the basis of which advanced mechanism will be processed, which further influences fulfilling demanded production (Rejeb et al.,2019).
Advanced technological applications provide relative understanding for large-scale enterprises to innovate their operational practices from time to time to survive within competitive markets (Ghadimi et al.,2019). Undoubtedly, the ratio of competition within the automotive sector is increasing due to significant awareness of technological principles, i.e. artificial intelligence, the internet of things (IOT) etc. In order to produce predictive demand, maintaining consistency is significant internal functioning to be practised within the manufacturing process. One of the findings of Agyemang et al.(2019) is that the integration of a quality control system brings real-time efficiency to production practices. The traditional quality control mechanism practised by manufacturing companies before involves certain shortcomings due to which adopting a cost-effective approach becomes a relatively difficult process. The implication of big data mining techniques is to provide relative monitoring and tracking quality results on the basis of which designed productivity ratio will be attained (Majeed et al.,2021). In order to maintain strategic relationships with business suppliers, the adoption of the supplier evaluation process brings relative know-how to operational managers to attain sustainable raw materials, i.e. equipment, manufacturing parts, materials etc.
By functioning large-scale spending towards supply chain and logistic principles, relative stakeholders' interests and their associated expectations will be accomplished. The current application process introduced by Mitsubishi within its internal supply chain and business process brings on-time production as agile functioning is being practised largely (Brandon.,2020).  It is being identified that managing quality practices is significant business functioning on the basis of which improvement principles will be introduced. The study of Thummalapalli. (2019) investigates that Toyota's supply chain management emphasizes quality maintenance practices which enable towards adoption of lean manufacturing practices. The big data technological practices provide real-time information to supply chain managers, which impacts efficiency within the overall business functioning. The integration of technological principles, i.e. cloud computing technologies, machine learning tools etc., improves lead time production as acceleration within internal business processes is associated (Koumas et al.,2021).  
Kouhizadeh et al.(2021) indicate that creativity practices within manufacturing principles bring relative success to supply chain processes as effective utilization of resources is introduced. It can be seen that industry 4.0 practices initiate smart production principles, which largely influence maintaining productive output. Within the current timeframe, the advanced technological mechanism provides a wide range and variety of processes on the basis of which supply chain strategies will be implemented within business functioning (Rodríguez-Espíndola et al.,2020). The adoption towards advance tools brings business efficiencies as internal capabilities will provide add-on towards automated practices. By integrating continuous improvement techniques, the manufacturing time scale is minimized as implementing both human resources and technological practices brings relative ease to the supply chain and procurement process (Fernández-Caramés et al.,2019). The significant contribution of management towards labour functioning within the manufacturing process influences their associated capabilities and skills on the basis of which creative improvement will be introduced within the internal production process (Toorajipour et al.,2021). The implication of automated digital principles brings relative ease to associated systems and processes.  
In order to gain a competitive edge, the initiative towards robotics mechanism assists complexities within internal functioning on the basis of which quality products will be focused. Technological techniques are applicable to quality practitioners on the basis of which learning practices will be introduced within internal business functioning. One of the researchers, Lin et al.(2018), concludes that the revolutionary practices bring advanced techniques to be processed within the manufacturing and distribution process, which reduces business expenses and increases production efficiencies. The initiative toward operational technologies impacts data processing and compliance-based activities, which further influence towards digital networking process. The usage of quality management software within manufacturing practices reduces relative disruptions on the basis of which improvement within the production process will be introduced. The usage of smart sensor techniques and virtual reality tools brings quality development as manufacturing practices will be enhanced on the basis of innovative principles (Szajna et al.,2020).   
The implication of statistical analysis learning techniques enables managing internal data, which enables initiating relative improvement within the logistic and supply chain practices (Belhadi et al.,2021). The continuous digital improvement techniques manage internal business processes as long-term efficiency will be practised. One of the studies by Mayyas et al.(2019) identifies that quality control practices bring relative growth as digitalization techniques assist in accomplishing operational objectives. It is being identified that implication of technological principles brings the relative attention of various researchers towards understanding significant traditional challenges encountered by operational management within a past time frame (Fraga-Lamas and Fernández-Caramés.,2019). The current implication towards industry 4.0 practices by automobile manufacturing enterprises provides a broader understanding for practitioners to evaluate the significance of advanced technological methods. 
5.3 [bookmark: _Toc112069346]Influence of integrating automation principles within procurement and supply chain methods of the automobile sector.
According to the findings of Hanaysha and Alzoubi. (2022) supply chain integration process brings relative competitive advantages within the global markets. In order to overcome environmental uncertainties, the emphasis is on adopting automation techniques on the basis of which efficient practices will be processed within the logistic and procurement practices. The collaborative business strategies enhance supply chain practices as in order to maximize business performance ratio, the initiative towards automated principles brings relative growth (Tiwari.,2020). The implication towards inventory management techniques reduces business complexities as quality dependability will be focused on. The initiative towards vertical integration strategies to be implemented within business principles creates high-scale production as managing procurement activities is a necessary factor in this regard (Benitez et al.,2021).   
The collaborative strategies practised by the collective decision-making process allow automobile enterprises to manage business suppliers to integrate sustainability principles (Masoumi et al.,2019). It is being identified that change within consumers' demand brings certain complex principles within traditional approaches used within the manufacturing process due to which time management strategies lack behind, which creates certain delays within the manufacturing process. The relevance of automated principles brings relative ease to the procurement practices on the basis of which sustainable raw materials will be purchased from business suppliers. According to the research study of Umar et al.(2021), the procurement process involves analyzing effective raw materials to be used within the manufacturing practices on the basis of which effective products will be processed. It is a significant element to identify strategic suppliers in order to maintain long-term business relationships.  
The implication of computational-based programmes and internet-based processes influence gaining sustainable materials to be used within the production practices. It is critical processing by the procurement manager to initiate business activities with vendors who provide quality raw materials at affordable prices as demanded orders will be produced by gaining sustainable materials (Khan et al.,2021). The business process involves negotiating with strategic suppliers as purchasing orders and delivering raw materials is significant business functioning. In this regard, supplier evaluation and assessment techniques are being used by large-scale manufacturing enterprises on the basis of which effective identifying suppliers will become relevant to management.
According to the study by Kamble et al.(2021), direct procurement practices bring relative growth as gaining effective raw materials, i.e. machinery, body parts of the vehicles to be assembled, tools, equipment for manufacturing etc., enabling towards production demanded producing within the assigned time frame. By estimating current demand to be manufactured, in a relative timely, orders will be processed towards business suppliers on the basis of which raw materials will be attained (Ganbold et al.,2020). The procurement process includes, i.e. providing relative production demand towards business suppliers, calculating production cost on the basis of which demanded orders towards raw materials will be provided towards business suppliers, gaining suppliers' demanded quotation, negotiating towards quality and cost-effective raw materials, timely orders to be placed, receiving demanded materials, providing relative material cost and receiving business in-voices etc. (Sundram et al.,2018). The procurement practices involve strategic scheduling in order to avoid delays within business functioning.   
One of the relevant business functioning involves maintaining stakeholders' expectations and their relative needs in order to bring stabilized practices (Szalavetz.,2020). The manufacturing businesses are focusing largely on innovating procurement practices by maintaining strategic relationships with business suppliers. By using automated processes, a tactical advantage is attained by procurement managers on the basis of which cost-effective practices will be introduced. The implication of digital tools minimizes operational costs as maintaining business efficiencies becomes simpler. The study of Yu et al.(2021) indicates that identifying effective business suppliers is necessary as mitigating operation risks are associated with practising ethical practices within business functioning. In order to ensure the effective flow of raw materials, it is the responsibility of procurement specialists to process timely monitoring in order to attain sustainable materials by associated suppliers. In this regard, it is significant to maintain a track record of delivered items in order to ensure invoices and reduce certain transportation delays. Further, in order to identify quality within raw materials maintaining business efficiencies is a significant business function (Legenvre et al.,2020).   
According to the findings of Naseem and Yang. (2021) the automation practices and certain technological advancements assist selection towards effective suppliers, implication towards pricing policies, optimizing procurement activities, waste management approach, budget control mechanism, reducing business expenses, initiating demanded production, managing expenditure processes, minimizing operational challenges etc. in order to initiate business growth it is necessary to focus towards supply chain practices and procurement principles on the basis of which sustainable product will be manufactured (Karmaker et al.,2021). In order to stabilize business activities within competitive markets and continue to change market dynamics, a large emphasis needs to be placed on innovative practices within the supply chain process. There is no doubt that the procurement process is an integral function within business operations which provides relative understanding towards management to control demanded production by attaining raw materials by estimating manufacturing requirements. 
The implication towards advanced IOT analytical techniques, artificial intelligence principles, machine learning tools etc., minimizes business complexities as initiating optimization principles becomes relevant. One of the studies of Bag and Pretorius. (2020) investigates that lead time functioning is being processed by using advanced mechanism techniques as procurement functioning becomes simpler. Although Tesla Plc encountered a shortage of semiconductor chips to be used in auto-vehicle manufacturing, effective procurement management practices assisted in managing demanded production during the Covid-19 situation as well (Anon, Tesla annual report 2021.2022). In the same manner, certain business challenges faced by Toyota within its manufacturing practices regarding electrification of autonomous vehicles bring certain vulnerabilities within supply chain practices adopted by the enterprise as the integration of digital technologies by competitors creates further complexities. By maintaining strategic business relationships with potential suppliers, business functioning will be processed in accordance with designed objectives as it fulfils stakeholders' relative needs and assists in gaining a competitive edge in the long run.    
[bookmark: _Toc112069347]Chapter: 6 Conclusion and recommendations   
6.1 [bookmark: _Toc112069348]Conclusion 
The current study aims to identify the role of industry 4.0 solutions toward circular supply chain practices within the automobile industry. The objectives of the study are focused on identifying the impact of technological techniques on current supply chain and logistic practices within automobile enterprises and the integration of automation practices towards enhancing procurement principles. 
Within the current study, secondary data will be used in order to achieve the research objectives mentioned in the study. The study is secondary qualitative; therefore, on the basis of relative research articles, the objectives of the study will be accomplished. The literature section of the study will provide a relative overview of current technological practices adopted by automotive enterprises within their supply chain principles. Moreover, certain challenges faced within manufacturing principles will be identified on the basis of which relative technological solutions will be provided. The content analysis, technique, and relative reviews regarding past research articles relevant to the current study will be used.
Integrating industry 4.0 practices within the internal operational process brings relative ease to the managers as business complexities will be overcome with time. The implication of advanced mechanisms within logistic principles by large-scale enterprises within the automobile industry brings continuous improvement practices. The usage of IOT applications, machine learning tools, artificial intelligence processes, big data mining techniques, cloud computing techniques etc., brings efficiency and enables towards adoption of the cost-effective approach. Moreover, the implication of agile manufacturing practices and lean management principles minimizes operational costs and provides an understanding towards managers to function lead time production in the long run. Moreover, the usage of innovative techniques within the manufacturing principles enables attaining demanded production within the associated time frame. 
The core emphasis of the managers is on maintaining effective business relationships with strategic suppliers on the basis of which long-term sustainability will be maintained. In this regard, the initiative toward supplier evaluation practices provides relative monitoring and control towards associated business suppliers. Using advanced technological principles, customers’ relative demands will also be attained within the Covid-19 situation. The manufacturing companies within the automobile industry are focusing largely on innovative techniques on the basis of which completive advantage will be attained in the long run.   
[bookmark: _Toc112069349]6.2 Limitations of the study   
The limitations within the study include that the secondary data for a majority of companies within the automobile industry is restricted as legal authorization to access useful data is not allowed, which can be used within the current study. However, the secondary data available on authorized websites will be used in order to understand current practices adopted by auto-mobile manufacturing enterprises. 
[bookmark: _Toc112069350]6.3 Future recommendations   
It is recommended towards future researchers utilize a quantitative approach on the basis of which current results within the study will be improved within future studies. By using primary quantitative research, respondents will be included on the basis of relative feedback, and reviews regarding the studies will be collected, which will provide more reliable results. Moreover, using the primary qualitative approach, the managers working within automobile industries will be used as participants and by conducting interviews, current processes implemented within the supply chain practices will be collected.     
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