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Abstract.   The transition towards a circular economy is a critical step in achieving sustainable development 

and mitigating environmental degradation. This study explores the challenges and opportunities associated 

with recycling and re-manufacturing of materials and components within the context of a circular economy. 

We conducted a comprehensive analysis of the current state of recycling and re-manufacturing technologies, 

identifying key barriers such as material degradation, contamination, and technological limitations. We also 

examined the potential for innovative solutions, including advanced material characterization techniques, 

additive manufacturing, and digital twin technologies, to address these challenges. Our findings reveal that 

the integration of these technologies can significantly enhance the efficiency and effectiveness of recycling 

and re-manufacturing processes, enabling the recovery of high-quality materials and components. 

Furthermore, we highlight the importance of establishing a robust regulatory framework and incentivizing 

industry participation to accelerate the transition towards a circular economy. This study provides valuable 

insights for policymakers, industry stakeholders, and researchers working towards the development and 

implementation of sustainable materials management strategies. By addressing the challenges and 

harnessing the opportunities identified in this study, we can pave the way for a more sustainable and 

resource-efficient future.

1 Introduction 

The concept of a circular economy has gained significant attention in recent years as a potential solution to the growing 

challenges of resource depletion, environmental degradation, and waste accumulation. In a circular economy, resources 

are continually reused, remanufactured, and recycled, minimizing waste and reducing the need for virgin materials [1]. 

Figure 1 illustrates the circular economy model. This approach contrasts with the traditional linear economy, where 

resources are extracted, used, and then discarded. The transition to a circular economy is essential for achieving 

sustainable development and mitigating the adverse impacts of human activities on the environment [2]. 

 
Figure 1: Circular Economy Model 

 

The recycling and re-manufacturing of materials and components are critical components of a circular economy. 

Recycling involves the collection, separation, and processing of waste materials to produce new materials, while re-
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manufacturing involves the disassembly, refurbishment, and reassembly of used products to create new products [3]. Both 

processes contribute to resource conservation, waste reduction, and energy savings. However, the implementation of 

recycling and re-manufacturing practices faces several technical, economic, and regulatory challenges [4]. One of the 

primary technical challenges in recycling is the degradation of material properties during the recycling process [5]. The 

repeated melting, extrusion, and molding of polymers, for example, can lead to a decrease in molecular weight, resulting 

in reduced mechanical properties. Similarly, the recycling of metals can result in the loss of alloying elements and the 

introduction of impurities, affecting the material's performance [6]. Advanced material characterization techniques, such 

as spectroscopy, microscopy, and mechanical testing, are essential for assessing the quality of recycled materials and 

identifying suitable applications [7]. 

 

Another technical challenge is the separation of mixed materials. Many products, such as electronic devices and composite 

materials, consist of multiple materials with different properties [8]. The separation of these materials is often complex 

and energy-intensive, requiring specialized equipment and processes. Innovative separation technologies, such as 

electrostatic separation, density-based separation, and magnetic separation, can enhance the efficiency and effectiveness 

of material separation [9]. 

 

Re-manufacturing also faces technical challenges, including the disassembly of complex products, the refurbishment of 

worn components, and the reassembly of re-manufactured products [10]. Additive manufacturing, also known as 3D 

printing, offers a potential solution to these challenges. Additive manufacturing allows for the precise deposition of 

materials, enabling the repair of worn components and the fabrication of complex geometries [11]. Digital twin 

technologies, which involve the creation of virtual models of physical products, can also facilitate the re-manufacturing 

process by providing real-time data on product performance and wear. Economic challenges in recycling and re-

manufacturing include the high costs of collection, transportation, and processing of waste materials, as well as the 

competition with cheaper virgin materials [12]. Incentives, such as tax breaks, subsidies, and extended producer 

responsibility schemes, can encourage industry participation in recycling and re-manufacturing. Regulatory challenges 

include the lack of standardized definitions, metrics, and reporting requirements for recycling and re-manufacturing [13]. 

The establishment of a robust regulatory framework, including clear definitions, metrics, and reporting requirements, is 

essential for promoting transparency and accountability in the circular economy. 

 

This study aims to provide a comprehensive analysis of the challenges and opportunities associated with recycling and 

re-manufacturing of materials and components within the context of a circular economy. We conducted a thorough review 

of the current state of recycling and re-manufacturing technologies, identifying key barriers and potential solutions. We 

also examined the role of regulatory and economic incentives in promoting the transition to a circular economy. Our 

findings provide valuable insights for policymakers, industry stakeholders, and researchers working towards the 

development and implementation of sustainable materials management strategies. In the following sections, we will 

discuss the technical, economic, and regulatory challenges in recycling and re-manufacturing, as well as the potential 

solutions to these challenges. Finally, we will provide recommendations for policymakers, industry stakeholders, and 

researchers to accelerate the transition to a circular economy. 

2 Technical Challenges in Recycling and Re-manufacturing 

Recycling and re-manufacturing are essential components of a circular economy, contributing to resource conservation, 

waste reduction, and energy savings. However, the implementation of these practices faces several technical challenges, 

which are discussed in detail in this section. 

2.1 Material Degradation During Recycling 

One of the primary technical challenges in recycling is the degradation of material properties during the recycling process 

[14]. Figure 2 illustrates the process of material degradation. The repeated melting, extrusion, and moulding of polymers, 

for example, can lead to a decrease in molecular weight, resulting in reduced mechanical properties such as tensile 

strength, impact resistance, and elasticity. Similarly, the recycling of metals can result in the loss of alloying elements 

and the introduction of impurities, affecting the material's performance in terms of hardness, corrosion resistance, and 

electrical conductivity [15]. The degradation of material properties can limit the applications of recycled materials and 

reduce their value. 
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Figure 2: Material Degradation Process 

 

2.2 Separation of Mixed Materials 

 

Many products, such as electronic devices, packaging materials, and composite materials, consist of multiple materials 

with different properties. The separation of these materials is often complex and energy-intensive, requiring specialized 

equipment and processes. For example, the separation of metals from plastics in electronic waste involves shredding, 

magnetic separation, and electrostatic separation. The separation of different types of plastics, such as polyethylene (PE) 

and polypropylene (PP), requires density-based separation, near-infrared spectroscopy, or selective dissolution [16]. The 

separation of mixed materials is critical for the quality of recycled materials and the efficiency of the recycling process. 

 

2.3 Disassembly, Refurbishment, and Reassembly in Re-manufacturing 

 

Re-manufacturing involves the disassembly, refurbishment, and reassembly of used products to create new products. The 

disassembly of complex products, such as engines, gearboxes, and printers, can be time-consuming and labor-intensive, 

requiring skilled technicians and specialized tools. The refurbishment of worn components, such as bearings, seals, and 

gears, involves cleaning, inspection, repair, and replacement [17]. The reassembly of re-manufactured products requires 

precision and quality control to ensure the performance and reliability of the products. The challenges in disassembly, 

refurbishment, and reassembly can affect the cost, quality, and feasibility of re-manufacturing. 

 

2.4 Contamination and Quality Control 

 

The quality of recycled and re-manufactured materials and components is critical for their applications and value. 

Contamination, such as dirt, oil, and other materials, can affect the properties and performance of recycled and re-

manufactured materials and components [18]. Quality control, such as material characterization, non-destructive testing, 

and performance testing, is essential for ensuring the quality of recycled and re-manufactured materials and components. 

The challenges in contamination and quality control can affect the acceptance and adoption of recycled and re-

manufactured materials and components. 

 

2.5 Technological Limitations 

 

The recycling and re-manufacturing of materials and components often require advanced technologies, such as material 

characterization, separation, additive manufacturing, and digital twin technologies. However, the availability and 

affordability of these technologies can be limited, especially in developing countries and small and medium-sized 

enterprises (SMEs) [19]. The technological limitations can affect the efficiency, effectiveness, and scalability of recycling 

and re-manufacturing practices. 

 

2.6 Design for Recycling and Re-manufacturing 

 

The design of products can significantly affect the feasibility and efficiency of recycling and re-manufacturing. Design 

for recycling involves the consideration of material selection, material compatibility, and ease of disassembly and 

separation. Design for re-manufacturing involves the consideration of modularity, standardization, and ease of 
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disassembly, refurbishment, and reassembly [20]. The challenges in design for recycling and re-manufacturing can affect 

the success and sustainability of recycling and re-manufacturing practices. 

 

The technical challenges in recycling and re-manufacturing are multifaceted and interrelated, involving material 

degradation, separation of mixed materials, disassembly, refurbishment, reassembly, contamination, quality control, 

technological limitations, and design considerations [21]. These challenges require a holistic and integrated approach, 

involving material science, mechanical engineering, process engineering, and industrial design. 

3 Innovative Solutions to Technical Challenges 

Addressing the technical challenges in recycling and re-manufacturing requires innovative solutions that leverage 

advancements in material science, mechanical engineering, and process engineering. In this section, we discuss several 

innovative solutions that have the potential to overcome the technical challenges discussed in the previous section. 

 

3.1 Advanced Material Characterization Techniques 

 

Advanced material characterization techniques, such as spectroscopy, microscopy, and mechanical testing, are essential 

for assessing the quality of recycled materials and identifying suitable applications. For example, Fourier-transform 

infrared spectroscopy (FTIR) can be used to identify the chemical composition of plastics, while scanning electron 

microscopy (SEM) can be used to observe the microstructure of metals [22]. Mechanical testing, such as tensile testing, 

impact testing, and hardness testing, can be used to evaluate the mechanical properties of recycled materials. These 

techniques can help to mitigate the degradation of material properties during recycling and ensure the quality of recycled 

materials [23]. 

 

3.2 Innovative Separation Technologies 

 

Innovative separation technologies, such as electrostatic separation, density-based separation, and magnetic separation, 

can enhance the efficiency and effectiveness of material separation. Electrostatic separation uses the difference in 

electrical conductivity between materials to separate metals from plastics [24]. Density-based separation uses the 

difference in density between materials to separate different types of plastics. Magnetic separation uses the difference in 

magnetic susceptibility between materials to separate ferrous metals from non-ferrous metals. These technologies can 

help to overcome the challenges in the separation of mixed materials and improve the quality of recycled materials. 

 

3.3 Additive Manufacturing and Digital Twin Technologies 

 

Additive manufacturing (See Figure 3), also known as 3D printing, offers a potential solution to the challenges in 

disassembly, refurbishment, and reassembly in re-manufacturing. Additive manufacturing allows for the precise 

deposition of materials, enabling the repair of worn components and the fabrication of complex geometries [25]. Digital 

twin technologies, which involve the creation of virtual models of physical products, can facilitate the re-manufacturing 

process by providing real-time data on product performance and wear. These technologies can help to overcome the 

challenges in disassembly, refurbishment, and reassembly and improve the cost, quality, and feasibility of re-

manufacturing. 

 
Fig. 3 Additive Manufacturing Process 
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3.4 Contamination Control and Quality Assurance 

 

Contamination control and quality assurance are critical for ensuring the quality of recycled and re-manufactured 

materials and components. Contamination control involves the cleaning, decontamination, and purification of materials 

and components. Quality assurance involves the inspection, testing, and certification of materials and components [26]. 

Non-destructive testing, such as ultrasonic testing, radiographic testing, and magnetic particle testing, can be used to 

detect defects and assess the quality of materials and components. These measures can help to mitigate the challenges in 

contamination and quality control and ensure the acceptance and adoption of recycled and re-manufactured materials and 

components. 

 

3.5 Design for Recycling and Re-manufacturing 

 

Design for recycling and re-manufacturing involves the consideration of material selection, material compatibility, and 

ease of disassembly and separation, as well as modularity, standardization, and ease of disassembly, refurbishment, and 

reassembly. Eco-design tools, such as life cycle assessment (LCA), material flow analysis (MFA), and design for the 

environment (DfE), can be used to evaluate the environmental impacts of products and identify opportunities for 

improvement [27]. These tools can help to overcome the challenges in design for recycling and re-manufacturing and 

promote the success and sustainability of recycling and re-manufacturing practices. 

 

3.6 Integration of Technologies and Processes 

 

The integration of technologies and processes is essential for the holistic and integrated approach to recycling and re-

manufacturing [28]. The integration of material characterization, separation, additive manufacturing, digital twin, 

contamination control, quality assurance, and eco-design can enhance the efficiency, effectiveness, and scalability of 

recycling and re-manufacturing practices. The integration of recycling and re-manufacturing with other processes, such 

as waste management, supply chain management, and product lifecycle management, can promote the transition to a 

circular economy and sustainable materials management [29]. 

 

The innovative solutions to the technical challenges in recycling and re-manufacturing are multifaceted and interrelated, 

involving advanced material characterization, innovative separation, additive manufacturing, digital twin, contamination 

control, quality assurance, eco-design, and integration of technologies and processes. These solutions require a 

multidisciplinary and collaborative approach, involving material science, mechanical engineering, process engineering, 

industrial design, and systems engineering. 

4 Economic and Regulatory Challenges 

The transition to a circular economy through recycling and re-manufacturing is not only a technical endeavor but also 

requires addressing economic and regulatory challenges. In this section, we discuss the economic and regulatory 

challenges associated with recycling and re-manufacturing and their implications for the circular economy. 

 

4.1 Economic Challenges 

 

High Costs of Collection, Transportation, and Processing: 

 

The collection, transportation, and processing of waste materials for recycling and re-manufacturing can be costly, 

especially for dispersed and heterogeneous waste streams. The costs of collection and transportation depend on factors 

such as the distance, volume, and weight of waste materials [30]. The costs of processing depend on factors such as the 

complexity, energy intensity, and labor intensity of recycling and re-manufacturing processes. These costs can affect the 

economic viability and competitiveness of recycling and re-manufacturing. 

 

Competition with Cheaper Virgin Materials: 

 

Recycled and re-manufactured materials and components often compete with cheaper virgin materials and components 

in the market. The prices of virgin materials and components depend on factors such as the availability, extraction, and 

production of raw materials [31]. The prices of recycled and re-manufactured materials and components depend on factors 

such as the quality, quantity, and demand of recycled and re-manufactured materials and components. The competition 

with cheaper virgin materials and components can affect the market share and profitability of recycling and re-

manufacturing. 

 

4.1.3 Uncertainty and Volatility of Markets 
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The markets for recycled and re-manufactured materials and components can be uncertain and volatile, depending on 

factors such as the supply, demand, and prices of recycled and re-manufactured materials and components [32]. The 

uncertainty and volatility of markets can affect the investment, planning, and risk management of recycling and re-

manufacturing. The uncertainty and volatility of markets can also affect the stability and sustainability of recycling and 

re-manufacturing. 

 

4.2 Regulatory Challenges 

 

Lack of Standardized Definitions, Metrics, and Reporting Requirements: 

 

The lack of standardized definitions, metrics, and reporting requirements for recycling and re-manufacturing can hinder 

the transparency, comparability, and accountability of recycling and re-manufacturing practices. The definitions, metrics, 

and reporting requirements for recycling and re-manufacturing can vary across countries, regions, and industries. The 

lack of standardized definitions, metrics, and reporting requirements can affect the credibility, recognition, and 

certification of recycling and re-manufacturing. 

 

Inconsistent and Fragmented Regulations: 

 

The regulations for recycling and re-manufacturing can be inconsistent and fragmented across countries, regions, and 

industries. The regulations for recycling and re-manufacturing can include bans, restrictions, standards, targets, and 

incentives for waste management, resource conservation, and environmental protection. The inconsistent and fragmented 

regulations can affect the compliance, harmonization, and cooperation of recycling and re-manufacturing. 

 

Trade-offs and Conflicts of Interests: 

 

The regulations for recycling and re-manufacturing can involve trade-offs and conflicts of interests among stakeholders, 

such as governments, industries, consumers, and non-governmental organizations (NGOs). The trade-offs and conflicts 

of interests can include economic, social, and environmental considerations, such as costs, benefits, equity, and 

sustainability. The trade-offs and conflicts of interests can affect the negotiation, implementation, and evaluation of 

regulations for recycling and re-manufacturing. 

 

4.3 Implications for the Circular Economy 

 

The economic and regulatory challenges associated with recycling and re-manufacturing have implications for the circular 

economy. The economic challenges can affect the incentives, investments, and innovations of recycling and re-

manufacturing [33]. The regulatory challenges can affect the policies, standards, and agreements of recycling and re-

manufacturing. The economic and regulatory challenges can also affect the integration, coordination, and transition of 

recycling and re-manufacturing in the circular economy. 

 

The economic and regulatory challenges associated with recycling and re-manufacturing are complex and interrelated, 

involving costs, competition, uncertainty, standardization, consistency, trade-offs, and implications for the circular 

economy. These challenges require a systemic and adaptive approach, involving economic, regulatory, and stakeholder 

analysis, as well as scenario, strategy, and policy development. 

5 Incentives and Policy Recommendations 

Addressing the economic and regulatory challenges associated with recycling and re-manufacturing requires a 

comprehensive set of incentives and policy recommendations. In this section, we discuss several incentives and policy 

recommendations that have the potential to overcome the economic and regulatory challenges discussed in the previous 

section. 

 

5.1 Economic Incentives 

 

Tax Breaks and Subsidies 

 

Tax breaks and subsidies can be used to reduce the costs of collection, transportation, and processing of waste materials 

for recycling and re-manufacturing. Tax breaks can include deductions, credits, and exemptions for recycling and re-

manufacturing activities. Subsidies can include grants, loans, and guarantees for recycling and re-manufacturing projects. 

These incentives can enhance the economic viability and competitiveness of recycling and re-manufacturing. 

 

Extended Producer Responsibility (EPR) Schemes 
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Extended producer responsibility (EPR) schemes can be used to shift the responsibility for waste management from 

governments and consumers to producers (See Figure 4). EPR schemes can include take-back, deposit-refund, and fee-

per-bag systems for waste collection, recycling, and disposal. EPR schemes can also include eco-labels, eco-taxes, and 

eco-bonds for waste reduction, resource conservation, and environmental protection. These incentives can promote the 

accountability and sustainability of recycling and re-manufacturing. 

 

Public-Private Partnerships (PPPs) 

 

Public-private partnerships (PPPs) can be used to leverage the resources, expertise, and networks of governments, 

industries, and NGOs for recycling and re-manufacturing. PPPs can include joint ventures, concessions, and contracts for 

recycling and re-manufacturing infrastructure, technology, and market development [34]. PPPs can also include research, 

education, and outreach programs for recycling and re-manufacturing innovation, awareness, and adoption. These 

incentives can enhance the collaboration and innovation of recycling and re-manufacturing. 

 

5.2 Regulatory Recommendations 

 

Standardized Definitions, Metrics, and Reporting Requirements 

 

Standardized definitions, metrics, and reporting requirements for recycling and re-manufacturing can be developed 

through international organizations, such as the International Organization for Standardization (ISO), the World Trade 

Organization (WTO), and the United Nations Environment Programme (UNEP). Standardized definitions, metrics, and 

reporting requirements can include terminology, classification, measurement, and disclosure for recycling and re-

manufacturing [35]. These recommendations can promote the transparency, comparability, and accountability of 

recycling and re-manufacturing. 

 

Harmonized and Coordinated Regulations 

 

Harmonized and coordinated regulations for recycling and re-manufacturing can be developed through regional 

organizations, such as the European Union (EU), the North American Free Trade Agreement (NAFTA), and the 

Association of Southeast Asian Nations (ASEAN). Harmonized and coordinated regulations can include directives, 

guidelines, and protocols for waste management, resource conservation, and environmental protection. These 

recommendations can promote the compliance, harmonization, and cooperation of recycling and re-manufacturing. 

 

Stakeholder Engagement and Conflict Resolution 

 

Stakeholder engagement and conflict resolution can be facilitated through multi-stakeholder platforms, such as 

roundtables, forums, and dialogues for recycling and re-manufacturing. Stakeholder engagement and conflict resolution 

can include consultation, participation, and negotiation among governments, industries, consumers, and NGOs. These 

recommendations can promote the negotiation, implementation, and evaluation of regulations for recycling and re-

manufacturing. 

 

5.3 Implications for the Circular Economy 

 

The incentives and policy recommendations associated with recycling and re-manufacturing have implications for the 

circular economy. The economic incentives can promote the incentives, investments, and innovations of recycling and 

re-manufacturing. The regulatory recommendations can promote the policies, standards, and agreements of recycling and 

re-manufacturing. The incentives and policy recommendations can also promote the integration, coordination, and 

transition of recycling and re-manufacturing in the circular economy. 
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Fig. 4 Extended Producer Responsibility (EPR) Schemes 

 

The incentives and policy recommendations associated with recycling and re-manufacturing are multifaceted and 

interrelated, involving tax breaks, subsidies, EPR schemes, PPPs, standardized definitions, metrics, reporting 

requirements, harmonized and coordinated regulations, stakeholder engagement, and conflict resolution. These incentives 

and policy recommendations require a systemic and adaptive approach, involving economic, regulatory, and stakeholder 

analysis, as well as scenario, strategy, and policy development. 
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6 Conclusion 

The transition to a circular economy through recycling and re-manufacturing is a critical step towards achieving 

sustainable development and mitigating environmental degradation. This study has explored the technical, economic, and 

regulatory challenges associated with recycling and re-manufacturing, as well as the innovative solutions and policy 

recommendations to address these challenges. The technical challenges in recycling and re-manufacturing include 

material degradation, separation of mixed materials, disassembly, refurbishment, reassembly, contamination, quality 

control, technological limitations, and design considerations. The innovative solutions to these challenges involve 

advanced material characterization, innovative separation, additive manufacturing, digital twin, contamination control, 

quality assurance, eco-design, and integration of technologies and processes. These solutions require a multidisciplinary 

and collaborative approach, involving material science, mechanical engineering, process engineering, industrial design, 

and systems engineering. 

 

The economic challenges in recycling and re-manufacturing include high costs of collection, transportation, and 

processing, competition with cheaper virgin materials, and uncertainty and volatility of markets. The economic incentives 

to address these challenges include tax breaks, subsidies, extended producer responsibility schemes, and public-private 

partnerships. These incentives can enhance the economic viability, competitiveness, accountability, and sustainability of 

recycling and re-manufacturing. The regulatory challenges in recycling and re-manufacturing include a lack of 

standardized definitions, metrics, and reporting requirements, inconsistent and fragmented regulations, and trade-offs and 

conflicts of interests. The regulatory recommendations to address these challenges include standardized definitions, 

metrics, and reporting requirements, harmonized and coordinated regulations, and stakeholder engagement and conflict 

resolution. These recommendations can promote the transparency, comparability, accountability, compliance, 

harmonization, cooperation, negotiation, implementation, and evaluation of recycling and re-manufacturing. 

 

The implications of the technical, economic, and regulatory challenges, as well as the innovative solutions and policy 

recommendations, for the circular economy are profound. The circular economy requires the integration, coordination, 

and transition of recycling and re-manufacturing with other processes, such as waste management, supply chain 

management, and product lifecycle management. The circular economy also requires the systemic and adaptive analysis, 

development, and implementation of scenarios, strategies, and policies for recycling and re-manufacturing. The transition 

to a circular economy through recycling and re-manufacturing is a complex and interrelated endeavour, involving 

technical, economic, and regulatory challenges, as well as innovative solutions and policy recommendations. This study 

has provided valuable insights and contributions to the understanding, assessment, and advancement of recycling and re-

manufacturing in the circular economy. The findings and recommendations of this study can inform and guide 

policymakers, industry stakeholders, and researchers in the development and implementation of sustainable materials 

management strategies. 

 

References 

1. Avraamidou, Styliani, Stefanos G. Baratsas, Yuhe Tian, and Efstratios N. Pistikopoulos. "Circular Economy-A 

challenge and an opportunity for Process Systems Engineering." Computers & Chemical Engineering 133 

(2020): 106629. 

2. Basavapoornima, C., C. R. Kesavulu, T. Maheswari, W. Pecharapa, S. R. Depuru, and C. K. Jayasankar. 2020. 

"Spectral Characteristics of Pr3+-doped Lead Based Phosphate Glasses for Optical Display Device 

Applications." Journal of Luminescence 228: 117585. 

3. Bhukya, M. N., and V. R. Kota. 2019. "A Quick and Effective MPPT Scheme for Solar Power Generation During 

Dynamic Weather and Partial Shaded Conditions." Engineering Science and Technology, an International 

Journal 22, no. 3: 869-884. 

4. Cappelletti, Federica, Marta Rossi, and Michele Germani. "How de-manufacturing supports circular economy 

linking design and EoL-a literature review." Journal of Manufacturing Systems 63 (2022): 118-133. 

5. Chakraborty, D., A. Rathi, R. Singh, V. K. Pathak, A. K. Srivastava, A. Sharma, et al. 2023. "External Six-bar 

Mechanism Rehabilitation Device for Index Finger: Development and Shape Synthesis." Robotics and 

Autonomous Systems 161: 104336. 

6. Chauhan, R. B., T. V. Shah, D. H. Shah, T. J. Gohil, A. D. Oza, B. Jajal, and K. K. Saxena. 2023. "An Overview 

of Image Processing for Dental Diagnosis." Innovation and Emerging Technologies 10: 2330001. 

7. Awasthi, A., K. K. Saxena, and V. Arun. 2020. "Sustainability and Survivability in Manufacturing Sector." In 

Modern Manufacturing Processes, 205-219. Woodhead Publishing. 

, 011 (2023)E3S Web of Conferences

ICMPC 2023
https://doi.org/10.1051/e3sconf/20234300112929 430

9

RETRACTED



8. Dikshit, M. K., S. Singh, V. K. Pathak, K. K. Saxena, M. K. Agrawal, V. Malik, et al. 2023. "Surface 

Characteristics Optimization of Biocompatible Ti6Al4V with RCCD and NSGA II Using Die Sinking EDM." 

Journal of Materials Research and Technology 24: 223-235. 

9. Elmualim, Abbas, Sherif Mostafa, Nicholas Chileshe, and Raufdeen Rameezdeen. "Construction and the circular 

economy: smart and industrialised prefabrication." In Unmaking waste in production and consumption: towards 

the circular economy, pp. 323-336. Emerald Publishing Limited, 2018. 

10. Awasthi, A., K. K. Saxena, and V. Arun. 2021. "Sustainable and Smart Metal Forming Manufacturing Process." 

Materials Today: Proceedings 44: 2069-2079. 

11. Gupta, P., N. Gupta, and K. K. Saxena. 2023. "Predicting Compressive Strength of Geopolymer Concrete Using 

Machine Learning." Innovation and Emerging Technologies 10: 2350003. 

12. Hedlund, Christer, Petter Stenmark, Erik Noaksson, and Johan Lilja. "More value from fewer resources: how to 

expand value stream mapping with ideas from circular economy." International Journal of Quality and Service 

Sciences 12, no. 4 (2020): 447-459. 

13. Ibn-Mohammed, Taofeeq, K. B. Mustapha, J. Godsell, Z. Adamu, K. A. Babatunde, D. D. Akintade, Adolf 

Acquaye et al. "A critical analysis of the impacts of COVID-19 on the global economy and ecosystems and 

opportunities for circular economy strategies." Resources, Conservation and Recycling 164 (2021): 105169. 

14. Kalpana, G., P. V. Kumar, S. Aljawarneh, and R. V. Krishnaiah. 2018. "Shifted Adaption Homomorphism 

Encryption for Mobile and Cloud Learning." Computers & Electrical Engineering 65: 178-195. 

15. Kandhare, A. D., P. A. Thakurdesai, P. Wangikar, and S. L. Bodhankar. 2019. "A Systematic Literature Review 

of Fenugreek Seed Toxicity by Using ToxRTool: Evidence from Preclinical and Clinical Studies." Heliyon 5, 

no. 4. 

16. Korpi, A. G., Ş. Ţălu, M. Bramowicz, A. Arman, S. Kulesza, B. Pszczolkowski, et al. 2019. "Minkowski 

Functional Characterization and Fractal Analysis of Surfaces of Titanium Nitride Films." Materials Research 

Express 6, no. 8: 086463. 

17. Kumar, P. S. S., and K. V. Allamraju. 2019. "A Review of Natural Fiber Composites [Jute, Sisal, Kenaf]." 

Materials Today: Proceedings 18: 2556-2562. 

18. Kumar, P., A. Kumar Jain, J. P. Srivastava, R. Kumar, K. K. Saxena, C. Prakash, and D. Buddhi. 2023. 

"Multiphysics Simulation of the Shape Prediction and Material Removal Rate in Electrochemical Machining 

Process." Advances in Materials and Processing Technologies: 1-13. 

19. Kumar, Vikas, Ihsan Sezersan, Jose Arturo Garza-Reyes, Ernesto DRS Gonzalez, and Moh’D. Anwer Al-

Shboul. "Circular economy in the manufacturing sector: benefits, opportunities and barriers." Management 

Decision 57, no. 4 (2019): 1067-1086. 

20. Kumari, C. U., A. S. D. Murthy, B. L. Prasanna, M. P. P. Reddy, and A. K. Panigrahy. 2021. "An Automated 

Detection of Heart Arrhythmias Using Machine Learning Technique: SVM." Materials Today: Proceedings 45: 

1393-1398. 

21. Nair, A., S. Kumanan, C. Prakash, D. G. Mohan, K. K. Sxena, S. Kumar, and G. Kumar. 2023. "Research 

Developments and Technological Advancements in Conventional and Non-conventional Machining of 

Superalloys–a Review." Journal of Adhesion Science and Technology: 1-72. 

22. Naqvi, S. R., H. Mysore Prabhakara, E. A. Bramer, W. Dierkes, R. Akkerman, and G. Brem. "A critical review 

on recycling of end-of-life carbon fibre/glass fibre reinforced composites waste using pyrolysis towards a 

circular economy." Resources, conservation and recycling 136 (2018): 118-129. 

23. Pon, V. D., K. J. Wilson, K. Hariprasad, V. Ganesh, H. E. Ali, H. Algarni, and I. S. Yahia. 2021. "Enhancement 

of Optoelectronic Properties of ZnO Thin Films by Al Doping for Photodetector Applications." Superlattices 

and Microstructures 151: 106790. 

24. Prateek, Soumy, Rajnish Garg, Kuldeep Kumar Saxena, V. K. Srivastav, Hitesh Vasudev, and Nikhil Kumar. 

2023. "Data-driven Materials Science: Application of ML for Predicting Band Gap." Advances in Materials and 

Processing Technologies: 1-10. 

, 011 (2023)E3S Web of Conferences

ICMPC 2023
https://doi.org/10.1051/e3sconf/20234300112929 430

10

RETRACTED



25. Raj, I. L. P., S. Valanarasu, K. Hariprasad, J. S. Ponraj, N. Chidhambaram, V. Ganesh, et al. 2020. "Enhancement 

of Optoelectronic Parameters of Nd-doped ZnO Nanowires for Photodetector Applications." Optical Materials 

109: 110396. 

26. Reslan, Maya, Noah Last, Nehika Mathur, K. C. Morris, and Vincenzo Ferrero. "Circular economy: a product 

life cycle perspective on engineering and manufacturing practices." Procedia CIRP 105 (2022): 851-858. 

27. Sambasivam, S., A. S. Abed, S. Chopde, P. P. Patil, P. Math, A. Parmar, et al. 2023. "Role of Processing 

Techniques Related to Mg-MMCs for Biomedical Implantation: An Overview." Materials Today: Proceedings. 

28. Sarkhel, P., M. K. Dikshit, V. K. Pathak, K. K. Saxena, C. Prakash, and D. Buddhi. 2023. "Robust Deflection 

Control and Analysis of a Fishing Rod-type Flexible Robotic Manipulator for Collaborative Robotics." Robotics 

and Autonomous Systems 159: 104293. 

29. Singh, B., I. Kumar, K. K. Saxena, K. A. Mohammed, M. I. Khan, S. B. Moussa, and S. S. Abdullaev. 2023. "A 

Future Prospects and Current Scenario of Aluminium Metal Matrix Composites Characteristics." Alexandria 

Engineering Journal 76: 1-17. 

30. Singh, S., V. Agrawal, K. K. SAXENA, and K. A. Mohammed. 2023. "Optimization on Manufacturing 

Processes at Indian Industries Using TOPSIS." Indian Journal of Engineering and Materials Sciences (IJEMS) 

30, no. 1: 32-44. 

31. Stelzer, Philipp S., Umut Cakmak, Lisa Eisner, Leonhard K. Doppelbauer, Imre Kállai, Gernot Schweizer, Heinz 

K. Prammer, and Zoltan Major. "Experimental feasibility and environmental impacts of compression molded 

discontinuous carbon fiber composites with opportunities for circular economy." Composites Part B: 

Engineering 234 (2022): 109638. 

32. Suzanne, Elodie, Nabil Absi, and Valeria Borodin. "Towards circular economy in production planning: 

Challenges and opportunities." European Journal of Operational Research 287, no. 1 (2020): 168-190. 

33. Tsanakas, John A., Arvid van der Heide, Tadas Radavičius, Julius Denafas, Elisabeth Lemaire, Ke Wang, Jef 

Poortmans, and Eszter Voroshazi. "Towards a circular supply chain for PV modules: Review of today's 

challenges in PV recycling, refurbishment and re‐certification." Progress in Photovoltaics: Research and 

Applications 28, no. 6 (2020): 454-464. 

34. Vinoth, S., G. Kanimozhi, K. Hari Prasad, K. Harish, E. S. Srinadhu, and N. Satyanarayana. 2019. "Enhanced 

Ionic Conductivity of Electrospun Nanocomposite (PVDF‐HFP+ TiO2 Nanofibers Fillers) Polymer Fibrous 

Membrane Electrolyte for DSSC Application." Polymer Composites 40, no. 4: 1585-1594. 

35. Awasthi, A., A. Gupta, K. K. Saxena, R. K. Dwivedi, D. Kundalkar, D. S. Abdul-Zahra, et al. 2022. "Design and 

Analysis of Equal-Channel Angular Pressing of Al6061: A Comparative Study." Advances in Materials and 

Processing Technologies: 1-10. 

 

, 011 (2023)E3S Web of Conferences

ICMPC 2023
https://doi.org/10.1051/e3sconf/20234300112929 430

11

RETRACTED




