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ABSTRACT

This paper reviews the current state of smart remanufacturing and highlights key elements of Industry 4.0 to provide a conceptual framework and research agenda for accelerating digitalization in this sector. IR 4.0 involves challenges that all stakeholders must address so that the transition to recent industrial technologies is optimally implemented. This digital revolution also refers to the more intelligent and efficient technological developments in manufacturing sectors. This accelerated technological change requires sustainable and broad planning by all parties involved including national policy makers to support the commercial revolution and to fully employ IR 4.0. The purpose of this organized review is to identify and facilitate the understanding of IR 4.0 concepts as well as its designs, enablers, drivers and sustainability in the context of its integration in sustainable manufacturing. The mapping of existing practices highlights the research gaps and possibilities. The conceptual framework formed based on the technological pillars of IR 4.0 is used to measure sustainable manufacturing, previously identified opportunities, and aspects of sustainability, as well as to guide systematic analyses. However, the analysis of gaps and opportunities to advance the field of research has become more sophisticated, necessitating additional contributions to complete the development of IR 4.0 in sustainable manufacturing in economic, environmental and social dimensions. Additionally, co-occurrence analysis suggested that additive manufacturing and IR 4.0 are most preferred. Nevertheless, the research seems to be in its early stage as compared to other fields of ELV remanufacturing.
Keywords: IR 4.0, sustainable manufacturing, intelligent and efficient


1. INTRODUCTION
According to (Chakraborty et al., 2019), an increased demand for automotive products and excessive usage of natural resources push manufacturers to employ the Extended Useful Life (EUL) methodology via remanufacturing. Remanufacturing is the process of restoring an End-of-Use (EoU) or End-of-Life (EoL) product to its original functionality. This paper examines the same emerging technologies in the context of remanufacturing using frameworks designed to facilitate the exploration and implementation of IR 4.0 technologies for disassembly. Trends and gaps have been identified in terms of the value-creation perspective that includes the product to be remanufactured, the remanufacturing equipment and processes adopted, and organizational issues. The advancement of technology and innovation in the automobile business has resulted in the increase of ELV waste year after year. Pollution will worsen if not properly managed, demanding considerable recycling expenditures. Therefore, in this research, the focus is on the remanufacturing systems’ definition, relevance, main phases, case studies, and solution methods proposed by various researchers. Adoption of existing and emerging digital technologies to shorten and strengthen links between product manufacturers, users, and remanufacturers is crucial to the success of remanufacturing in an IR4.0 world. It is distinctive due to its focus on the remanufacturing industry and its application of IR4.0 enablers in a sustainable manner. The findings are used to develop a framework that links to the research agenda required to achieve intelligent remanufacturing. 
According to (Kerin & Pham, 2019), additive manufacturing systems integrated with the Internet of Things (IoT) have the potential to be used to repair end-of-life products, but the technology has not yet been demonstrated in practise, and there are concerns about the current trajectory of developments in this field in order to support sustainable practices. (Park, 2018) suggested that IR 4.0 is represented by the networking of machines, artificial intelligence (AI), big data, and robotics on the Internet of Things (IoT) and development of digital technologies such as Smart Manufacturing. This is supported by the findings of (Rejeski et al., 2018), who investigated additive manufacturing (AM) with respect to the environment, recommending research into remanufacturing issues and opportunities for hybrid materials and structures, customized products, and how intellectual property (IP) management is handled. 
On the other hand, according to (Müller et al., 2018), the flexibility of additive manufacturing (AM), combined with its reliance on designs being available digitally, means that it could also be used once a product has reached its Middle-of-Life (mol) stage to support rapid design modification in the event of an unexpected failure or behaviour, as well as for repairing and remanufacturing. (Chen et al., 2019) stated that remanufacturing solutions can help reduce raw material use, energy consumption, and water and air pollution by extending the life of critical components. In another study, (Yusoh et al., 2020) asserted that the remanufacturing and aftermarket industry is gradually emerging as global business opportunity due to its social, economic, and environmental benefits. According to (Lahrour & Brissaud, 2018), recent advances in additive manufacturing have demonstrated that AM is capable of repairing and restoring damaged parts and components. Due to lack of remanufacturing and aftermarket industries, automotive scrap management has evolved into a complex issue that requires quick action.


2. METHOD
The current study utilized the Scopus database for data collection and screening of peer-reviewed journal articles. Scopus database is used extensively for bibliometric analysis as it offers various benefits for undertaking such studies. A systematic literature review was conducted using a bibliometric and classification/coding method to deliver a summary of all the available primary research topics of ELV, specifically on remanufacturing research in automotive industry. The retrieval of the publications was done on March 2, 2022. The research combines various keyword strings (Remanufacturing, Industry 4.0, Additive Manufacturing, and End of Life Vehicle). These keyword combinations were used to search the Scopus database for relevant studies.

2.1 Purpose

This research aims to determine how remanufacturing is incorporated into the early stages of design within the ELV management industry and the opportunities to ensure that the environment and resources are well-managed. The three primary purposes of this study are as follows:
· To assess the remanufacturing process is an alternative to other recovery strategies.
· To aid in identifying parts suitable for reuse and recovery during vehicle disassembly.
· Clearly identify and assess car components which is a significant obstacle in the remanufacturing procedure.

2.2 Research Gap

Sustainable manufacturing is a value-added recovery process, that returns end-of-life or discarded products to their original distinctive value; "as good as new" product. This study focuses on how resource efficiency improvements within a manufacturing system were achieved and proposes a method for examining and categorizing these improvements. Five primary variables namely efficiency, recycling, recovery, reduction, and eco-design or IR 4.0 contribute to environmental sustainability as a whole, as shown in Figure 1. In order to support sustainable practices, the emerging IR 4.0 technology is investigated based on the findings of prior research. Recycling and eco-friendly designs are the two most important variables which are interrelated. The connections include reduction, efficiency, and recovery objectives. 
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Figure 1 Gap of sustainability in Remanufacturing process


Figure 2 illustrates the proposed framework for utilizing IR 4.0 in remanufacturing. The AI-based assistance identifies used parts based on images which aid workers in identifying and evaluating defective wear parts. Other than that, AM technology is used to rebuild or reshape the core following a particular design. These technologies will facilitate individualized maintenance. 
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Figure 2 Proposed framework for ELV remanufacturing



Many nations and regions where ELV recycling laws have been enacted have improved their ELV management. Still, numerous issues must be resolved before the systems can function properly or the required objectives can be attained. (Sakai et al., 2014) summarises the current problems with ELV recycling systems in nations and regions where ELV recycling is required by law, shown in Table 1. Every step of the ELV recycling process revealed flaws. The table also shows where ELV management systems and techniques are headed in the future.


Table 1 Summary of the current issues of ELV recycling systems at each stage in the ELV
recycling process

		Stage	
	Challenges
	The direction of systems/technologies

	
Stage I
Designing/manufacturing automobile
	Sufficient dismantling information

	· Restriction of the use of hazardous 
        substances, and the development of 
        alternative materials

	Stage   II
Collection of ELV

	Reliable collection of scrap cars
Prevention of illegal activities
	· Integration and centralization of the 
        management of scrap cars
· Providing the public with information on
        the automobile recycling system

	Stage III
Dismantling/ Recovery / Depollution

	Proper treatment of hazardous substances
The safe working environment during dismantling
	· Stricter system for collection of 
        hazardous substances and appropriate 
        treatment
· Modernization and automation of
        dismantling
· Compliance with related rules and their 
        stricter enforcement

	Stage IV
Shredding
	Keeping treatment capacity
Avoidance of geographic skewness
	· Stabilization of the scrap market and its 
        cooperation with the system


	Stage V
Post-shredding 1
	Intensive separation of materials
	· Automation of the separation of labour
· Development of separation techniques

	Stage VI
Post-shredding 2
	Promotion of thermal recovery
Prevention of secondary pollution
	· Development of the thermal recovery 
        technology
· Conducting environment monitoring







3. CONCLUSION

The used car market is being used illegally; improper recycling processes that are causing serious environmental pollution at the facilities; an illegal extension of the lifetime of a vehicle without permission; and illegal remanufacturing. There is still room for businesses and government agencies to invest more in research and development related to design for remanufacturing. Applications of additive manufacturing in future factories and emerging industries; IR4.0 manufacturing systems use 3D printing processes to improve the manufacturing efficiencies of existing processes and procedures. Therefore, remanufacturing promotes the development and innovation of manufacturing methods and materials. In addition, the presence of smart factories ensures environmental sustainability to be achieved. 
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