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Abstract: The textile and garment manufacturing process in the textile industry produces a signifi-

cant amount of waste, including fabric scraps, dyes, chemicals, as well as leftover fibers and yarns, 

leading to environmental pollution. The issue of fabric and garment waste is a major concern within 

the industry. This review provides an overview of the prevailing waste challenges in the textile sec-

tor while exploring the basics of the circular economy. The review incorporates additional findings 

and relevant research related to these proposals, aiming to promote sustainable solutions for waste 

reduction in the textile industry. 
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1. Introduction 

Circular economy means growing more materials, reducing reuse and recycling re-

sources [1,2]. While the textile industry is a major driver of economic growth and innova-

tion, it also leaves a significant environmental footprint in the form of waste. The multi-

layered waste stream, which includes fabric residues, chemical discharges, dye impurities 

and residual fibers, poses significant environmental challenges [3–6]. The circular econ-

omy represents a promising framework to revolutionize the sector’s prevailing linear pro-

duction model [7–10]. Textile wastes, including fabric residues, chemical wastes, dye im-

purities and fiber residues, lead to soil degradation, water pollution and damage to 

aquatic ecosystems [11–13]. The textile industry’s heavy dependence on natural resources 

such as water, land, and raw materials exacerbates resource depletion when wastes are 

inadequately managed [14]. 

2. Environmental Challenges and Impacts of Textile Waste 

These problems are relevant and some work on waste prevention and reduction can 

be found in the literature. In study, Savini explores the contrast between the degrowth 

perspective, which advocates for a circular metabolism to decrease consumption and pro-

duction, and the mainstream circular economy viewpoint, which views waste as a poten-

tial avenue for achieving sustainable growth [15]. Mishra et al. explore the integration of 

microalgae in textile wastewater treatment methods, highlighting recent progress and po-

tential prospects [16]. Meanwhile, Di et al. investigate regional disparities and 
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collaborative efforts in reducing carbon emissions within China’s eco-friendly, low-car-

bon circular economy [17]. In addition, the production and disposal of textiles consume 

large amounts of energy and contribute to greenhouse gas emissions and climate change. 

These wastes include discarded garments and production wastes such as fabric cuttings, 

which take up a significant amount of non-biodegradable landfill space and further strain 

resources [18,19]. Möslinger et al. investigate the use of a circular economy framework in 

urban regions to reduce greenhouse gas emissions. They analyze data from 362 cities 

working towards climate neutrality and emphasize the importance of strategies such as 

digital integration, citizen collaboration, and innovation for success in this endeavor [20]. 

In the study conducted by Mostaghel et al., it is highlighted that marketing within the 

circular economy encounters various challenges requiring attention from both managers 

and researchers. In response to these challenges, the study puts forth a novel marketing 

definition that aligns with the demands of the circular economy and expands upon the 

existing body of marketing theory [21]. The fast turnover of the fast fashion industry pro-

motes a throwaway culture that undervalues clothing and contributes to social problems 

such as poor working conditions in some textile factories [22–24]. 

3. Strategies and Initiatives for Circular Economy 

Economically, textile waste represents a significant loss, as valuable materials are 

wasted and the potential for job and revenue creation through recycling and circular econ-

omy is not realized. Inadequate textile collection, sorting and recycling infrastructure in 

many regions further complicates waste reduction efforts. Finally, consumer behaviors 

such as overconsumption and premature disposal of clothing exacerbate the textile waste 

problem [25–27]. Addressing these challenges requires a comprehensive, coordinated ef-

fort involving industry stakeholders, governments, consumers and environmental organ-

izations. Remedial strategies include circular design, improved recycling infrastructure, 

sustainable production practices and the promotion of responsible consumption. The re-

search conducted by Majumdar et al. is one of the first initiatives to address the barriers 

and strategies for building a circular supply chain in the textile and apparel industry [28]. 

Zaragoza-Benzal et al. reported on their research to introduce a sustainable gypsum com-

posite material that partially replaces conventional raw materials with expanded polysty-

rene waste and waste textile fibers from tires. This material retains its strong mechanical 

properties even after rigorous moisture and drying cycles, thus complying with the prin-

ciples of circular economy for sustainable construction [29]. The study by Malinverno et 

al. emphasizes the importance of monitoring workwear flow data for better collaboration 

in the textile value chain and the promotion of circular economy practices. In Switzerland, 

the annual consumption of workwear is estimated to be 3200 tons, corresponding to 0.4 

kg per capita [30]. 

4. Circular Economy Principles and Suggestions 

The circular economy principles are a set of strategies for sustainable resource man-

agement that emphasize resource efficiency, waste reduction, closed loop systems, and 

various practices such as design for longevity, reuse, recycling, and collaborative con-

sumption [31–35]. Circular economy practices in the textile industry have gained signifi-

cant attention in recent years due to their potential contribution to sustainability [36,37]. 

John and Mishra propose a sustainable three-layer circular economic model for the textile 

and fashion industry, which includes controllable waste, emissions, and wastewater [38]. 

Schmutz and Som identify the potential for circularity of industrial textile waste generated 

within Swiss companies [40]. Teixeira et al. propose a methodology for integrating circular 

thinking into product development processes in the textile industry [41]. Chopra et al. 

discuss sustainable process design for circular fashion, focusing on advances in sustaina-

ble chemistry for the valorization of textile waste [42]. In the case study authored by Go-

vindan et al., the focus is on the transformation of the conventional circular economy into 
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a smart circular economy. This transformation is driven by digitization, with the ultimate 

aim of attaining sustainable development objectives and achieving a state of net-zero con-

sumption [43]. 

5. Circularity Aspects and Approaches 

Several articles deal with different aspects of circularity in the textile industry. Rossi 

et al. investigate circular economy indicators for organizations considering sustainability 

and business models [44]. A techno-economic analysis of innovative biorefineries for a 

cleaner management of textile waste is conducted by Farahmandpour et al. [45]. Jia et al. 

present a systematic literature review on circular economy in the textile and apparel in-

dustry [46]. Jäämaa and Kaipia examine the problem of collecting reusable textiles from 

consumers in the circular economy [47]. A concept model for waste management in the 

textile and apparel industry to achieve Sustainable Development Goal (SDG) 12 in Bang-

ladesh is presented by Akter et al. Ribul et al. discuss different approaches for closed-loop 

bio-based recycling in the circular economy for sustainable textiles [49]. Galatti and Ba-

ruque-Ramos examine circular economy indicators for measuring social innovation in the 

Brazilian textile and fashion industry [50]. Chowdhury et al. present the implementation 

of an intelligent waste management system for a sustainable circular economy in the tex-

tile industry [51]. The orchestration of the circular economy in the textile and fashion in-

dustry to meet the challenges of the circular economy is examined by Saccani et al. Luoma 

et al. discuss future scenarios for the use of data in the textile circular economy [53]. The 

issues addressed in these studies contribute to the development of solutions for the prob-

lems of the textile industry in connection with the circular economy. The study of circular 

economy indicators for organizations and the implementation of an intelligent waste man-

agement system are examples of measures that can contribute to solving these problems. 

In addition, the techno-economic analysis of innovative biorefineries and the discussion 

of different approaches to recycling offer important insights and solutions for a more sus-

tainable textile industry. 

6. Conclusions 

The textile industry faces significant environmental challenges due to the generation 

of waste throughout the manufacturing process. The circular economy offers a promising 

framework to address these challenges and promote sustainable solutions for waste re-

duction. Strategies and initiatives such as circular design, improved recycling infrastruc-

ture, and responsible consumption are necessary to transition towards a circular economy 

in the textile industry. Various studies have explored different aspects of circularity in the 

industry, including the integration of circular thinking in product development processes, 

the transformation into a smart circular economy, and the development of closed-loop 

recycling approaches. 

In summary, this review highlights the need for the textile industry to move to a cir-

cular economy to address the escalating waste problem. By embracing circular economy 

principles and adopting innovative circular product paradigms, the sector can move be-

yond a linear production model and pave the way for sustainable and responsible re-

source management. Collaboration among industry stakeholders, policymakers and con-

sumers is critical to driving the necessary changes toward a more environmentally and 

socially responsible textile sector. 

Author Contributions: Conceptualization, all authors; methodology, N.T., A.M.; visualization and 

validation, all authors; formal analysis and resources, all authors; writing—original draft prepara-

tion A.M., L.S.; writing—review and editing, all authors; supervision, L.S. All authors have read and 

agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement:  



Eng. Proc. 2023, 52, x FOR PEER REVIEW 4 of 6 
 

 

Informed Consent Statement:  

Data Availability Statement:  

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Schumacher, K.A.; Forster, A.L. Textiles in a circular economy: An assessment of the current landscape, challenges, and oppor-

tunities in the United States. Front. Sustain. 2022, 3, 146. Available online: https://www.frontiersin.org/arti-

cles/10.3389/frsus.2022.1038323 (accessed on). 

2. Chen, X.; Memon, H.A.; Wang, Y.; Ifra, M.; Mike, T. Circular Economy and Sustainability of the Clothing and Textile Industry. 

Mater. Circ. Econ. 2021, 3, 12. https://doi.org/10.1007/s42824-021-00026-2. 

3. Balanay, B.; Halog, A. 3—Tools for circular economy: Review and some potential applications for the Philippine textile industry. 

In The Textile Institute Book Series, Circular Economy in Textiles and Apparel; Muthu, S.S., Ed.; Woodhead Publishing: Sawston, UK, 

2019; pp. 49–75. https://doi.org/10.1016/B978-0-08-102630-4.00003-0. 

4. Pandit, P.; Nadathur, G.T.; Jose, S. 5—Upcycled and low-cost sustainable business for value-added textiles and fashion. In The 

Textile Institute Book Series, Circular Economy in Textiles and Apparel; Muthu, S.S., Ed.; Woodhead Publishing: Sawston, UK, 2019; 

pp. 95–122. https://doi.org/10.1016/B978-0-08-102630-4.00005-4. 

5. Tavares, T.M.; Ganga, G.M.D.; Filho, M.G.; Rodrigues, V.P. The benefits and barriers of additive manufacturing for circular 

economy: A framework proposal. Sustain. Prod. Consum. 2023, 37, 369–388. https://doi.org/10.1016/j.spc.2023.03.006. 

6. Mondal, S.; Singh, S.; Gupta, H. Green entrepreneurship and digitalization enabling the circular economy through sustainable 

waste management—An exploratory study of emerging economy. J. Clean. Prod. 2023, 422, 138433. https://doi.org/10.1016/j.jcle-

pro.2023.138433. 

7. Salemdeeb, R.; Saint, R.; Pomponi, F.; Pratt, K.; Lenaghan, M. Beyond recycling: An LCA-based decision-support tool to accel-

erate Scotland’s transition to a circular economy. Resour. Conserv. Recycl. Adv. 2022, 13, 200069. 

https://doi.org/10.1016/j.rcradv.2022.200069. 

8. Uddin, A.; Ali, Y.; Sabir, M.; Petrillo, A.; De Felice, F. Circular economy and its implementation in cement industry: A case point 

in Pakistan. Sci. Total Environ. 2023, 898, 165605. https://doi.org/10.1016/j.scitotenv.2023.165605. 

9. Sahu, M.; Hajra, S.; Panda, S.; Rajaitha, M.; Panigrahi, B.K.; Rubahn, H.G.; Mishra, Y.K.; Kim, H.J. Waste textiles as the versatile 

triboelectric energy-harvesting platform for self-powered applications in sports and athletics. Nano Energy 2022, 97, 107208. 

https://doi.org/10.1016/j.nanoen.2022.107208. 

10. Debnath, B.; Bari, A.B.M. M.; Pacheco, D.A.J.; Karmaker, C.L. An integrated Best–Worst Method and Interpretive Structural 

Modeling approach for assessing the barriers to circular economy implementation. Decis. Anal. J. 2023, 7, 2100250. 

https://doi.org/10.1016/j.dajour.2023.100250. 

11. Undas, A.K.; Groenen, M.; Peters, R.J.B.; Leeuwen, S.P.J. Safety of recycled plastics and textiles: Review on the detection, iden-

tification and safety assessment of contaminants. Chemosphere 2023, 312, 137175, https://doi.org/10.1016/j.chemo-

sphere.2022.137175. 

12. Yang, C.K.; Ma, H.B.; Liu, K.H.; Yuan, M.H. Measuring circular economy transition potential for industrial wastes. Sustain. Prod. 

Consum. 2023, 40, 376–388. https://doi.org/10.1016/j.spc.2023.06.013. 

13. Forastero, A.G. Resources, conservation & recycling advances circular economy in Andalusia: A review of public and non-

governmental initiatives. Resour. Conserv. Recycl. Adv. 2023, 17, 200133, https://doi.org/10.1016/j.rcradv.2023.200133. 

14. Neto, G.C.O.; Silva, P.C.; Tucci, H.N.P.; Amorim, M. Reuse of water and materials as a cleaner production practice in the textile 

industry contributing to blue economy. J. Clean. Prod. 2021, 305, 127075. https://doi.org/10.1016/j.jclepro.2021.127075. 

15. Savini, F. Futures of the social metabolism: Degrowth, circular economy and the value of waste. Futures 2023, 150, 103180. 

https://doi.org/10.1016/j.futures.2023.103180. 

16. Mishra, V.; Mudgal, N.; Rawat, D.; Poria, P.; Mukherjee, P.; Sharma, U.; Kumria, P.; Pani, B.; Singh, M.; Yadav, A.; et al. Inte-

grating microalgae into textile wastewater treatment processes: Advancements and opportunities. J. Water Process Eng. 2023, 55, 

104128, https://doi.org/10.1016/j.jwpe.2023.104128. 

17. Di, K.; Chen, W.; Zhang, X.; Shi, Q.; Cai, Q.; Li, D.; Liu, C.; Di, Z. Regional unevenness and synergy of carbon emission reduction 

in China’s green low-carbon circular economy. J. Clean. Prod. 2023, 420, 138436. https://doi.org/10.1016/j.jclepro.2023.138436. 

18. Rahman, S.S.; Siddiqua, S.; Cherian, C. Sustainable applications of textile waste fiber in the construction and geotechnical in-

dustries: A retrospect. Clean. Eng. Technol. 2022, 6, 100420. https://doi.org/10.1016/j.clet.2022.100420. 

19. Lisiecki, M.; Damgaard, A.; Ragaert, K.; Astrup, T.F. Circular economy initiatives are no guarantee for increased plastic circu-

larity: A framework for the systematic comparison of initiatives. Resour. Conserv. Recycl. 2023, 197, 107072. 

https://doi.org/10.1016/j.resconrec.2023.107072. 

20. Möslinger, M.; Ulpiani, G.; Vetters, N. Circular economy and waste management to empower a climate-neutral urban future. J. 

Clean. Prod. 2023, 421, 138454. https://doi.org/10.1016/j.jclepro.2023.138454. 

21. Mostaghel, R.; Oghazi, P.; Lisboa, A. The transformative impact of the circular economy on marketing theory. Technol. Forecast. 

Soc. Change 2023, 195, 122780. https://doi.org/10.1016/j.techfore.2023.122780. 



Eng. Proc. 2023, 52, x FOR PEER REVIEW 5 of 6 
 

 

22. Maaskant, E.; Post, W.; Brouwer, M.T.; Es, D.S.; Velzen, E.U.T. Strategic selection tool for thermoplastic materials in a renewable 

circular economy: Identifying future circular polymers. Sustain. Prod. Consum. 2023, 38, 174–185. 

https://doi.org/10.1016/j.spc.2023.04.005. 

23. Bressanelli, G.; Visintin, F.; Saccani, N. Circular Economy and the evolution of industrial districts: A supply chain perspective. 

Int. J. Prod. Econ. 2022, 243, 108348. https://doi.org/10.1016/j.ijpe.2021.108348. 

24. Vellesalu, A.; Chkanikova, O.; Hjelmgren, D.; Salomonson, N. Institutional re-configuration and value co-creation in circular 

product development: A service ecosystem perspective in the textile and apparel industry. J. Clean. Prod. 2023, 414, 137682. 

https://doi.org/10.1016/j.jclepro.2023.137682. 

25. Niu, X.; Yüksel, S.; Dinçer, H. Emission strategy selection for the circular economy-based production investments with the 

enhanced decision support system. Energy 2023, 274, 127446. https://doi.org/10.1016/j.energy.2023.127446. 

26. Provin, A.P.; Dutra, A.R.; Gouveia, I.C.A.S.S.; e Cubas, A.L.V. Circular economy for fashion industry: Use of waste from the 

food industry for the production of biotextiles. Technol. Forecast. Soc. Change 2021, 169, 120858. https://doi.org/10.1016/j.tech-

fore.2021.120858. 

27. Haq, U.N.; Alam, S.M. R. Implementing circular economy principles in the apparel production process: Reusing pre-consumer 

waste for sustainability of environment and economy. Clean. Waste Syst. 2023, 6, 100108. 

https://doi.org/10.1016/j.clwas.2023.100108. 

28. Majumdar, A.; Ali, M.S.; Agrawal, R.; Srivastava, S. A triple helix framework for strategy development in circular textile and 

clothing supply chain: An Indian perspective. J. Clean. Prod. 2022, 367, 132954. https://doi.org/10.1016/j.jclepro.2022.132954. 

29. Zaragoza-Benzal, A.; Ferrández, D.; Diaz-Velilla, J.P.; Zúñiga-Vicente, J.A. Manufacture and characterisation of a new light-

weight plaster for application in wet rooms under circular economy criteria. Case Stud. Constr. Mater. 2023, 19, e02380. 

https://doi.org/10.1016/j.cscm.2023.e02380. 

30. Malinverno, N.; Schmutz, M.; Nowack, B.; Som, C. Identifying the needs for a circular workwear textile management—A mate-

rial flow analysis of workwear textile waste within Swiss Companies. Resour.  Conserv. Recycl. 2023, 189, 106728. 

https://doi.org/10.1016/j.resconrec.2022.106728. 

31. Khan, M.I.; Wang, L.; Padhye, R. Textile waste management in Australia: A review. Resour. Conserv. Recycl. Adv. 2023, 18, 200154. 

https://doi.org/10.1016/j.rcradv.2023.200154. 

32. de Oliveira, C.T.; Oliveira, G.G.A. What Circular economy indicators really measure? An overview of circular economy princi-

ples and sustainable development goals, Resour.  Conserv. Recycl. 2023, 190, 106850. https://doi.org/10.1016/j.rescon-

rec.2022.106850. 

33. Fischer, A.; Pascucci, S. Institutional incentives in circular economy transition: The case of material use in the Dutch textile 

industry. J. Clean. Prod. 2017, 155, 17–32. https://doi.org/10.1016/j.jclepro.2016.12.038. 

34. Barla, F.; Nikolakopoulos, A.; Kokossis, A. Design of Circular Economy Plants—The Case of the Textile Waste Biorefinery. In 

Computer Aided Chemical Engineering. Espuña, A.; Graells, M.; Puigjaner, L., Eds.; Elsevier: Amsterdam, The Netherlands, 

2017; Volume 40, pp. 1933–1938. https://doi.org/10.1016/B978-0-444-63965-3.50324-X. 

35. Khan, M.I.; Wang, L.; Padhye, R. Textile waste management in Australia: A review. Resour. Conserv. Recycl. Adv. 2023, 18, 200154. 

https://doi.org/10.1016/j.rcradv.2023.200154. 

36. Keßler, L.; Matlin, S.A.; Kümmerer, K. The contribution of material circularity to sustainability—Recycling and reuse of textiles. 

Curr. Opin. Green Sustain. Chem. 2021, 32, 100535. https://doi.org/10.1016/j.cogsc.2021.100535. 

37. Govindan, K. How digitalization transforms the traditional circular economy to a smart circular economy for achieving SDGs 

and net zero. Transp. Res. Part E Logist. Transp. Rev. 2023, 177, 103147. https://doi.org/10.1016/j.tre.2023.103147. 

38. John, E.P.; Mishra, U. A sustainable three-layer circular economic model with controllable waste, emission, and wastewater 

from the textile and fashion industry. J. Clean. Prod. 2023, 388, 135642. https://doi.org/10.1016/j.jclepro.2022.135642. 

39. Papamichael, I.; Voukkali, I.; Loizia, P.; Rodrıguez-Espinosa, T.; Pedreño, J.N.; Zorpas, A.A. Textile waste in the concept of 

circularity. Sustain. Chem. Pharm. 2023, 32, 100993. https://doi.org/10.1016/j.scp.2023.100993. 

40. Schmutz, M.; Som, C. Identifying the potential for circularity of industrial textile waste generated within Swiss companies. 

Resour.  Conserv. Recycl. 2022, 182, 106132. https://doi.org/10.1016/j.resconrec.2021.106132. 

41. Teixeira, T.G.B.; Medeiros, J.F.; Kolling, C.; Ribeiro, J.L.D.; Morea, D. Redesign in the textile industry: Proposal of a methodology 

for the insertion of circular thinking in product development processes. J. Clean. Prod. 2023, 397, 136588. 

https://doi.org/10.1016/j.jclepro.2023.136588. 

42. Chopra, S.S.; Dong, L.; Kaur, G.; Len, C.; Lin, C.S.K. Sustainable process design for circular fashion: Advances in sustainable 

chemistry for textile waste valorisation. Curr. Opin. Green Sustain. Chem. 2023, 39, 100747. 

https://doi.org/10.1016/j.cogsc.2022.100747. 

43. Braun, G.; Som, C.; Schmutz, M.; Hischier, R. Environmental Consequences of Closing the Textile Loop—Life Cycle Assessment 

of a Circular Polyester Jacket. Appl. Sci. 2021, 11, 2964. https://doi.org/10.3390/app11072964. 

44. Rossi, E.; Bertassini, A.C.; Ferreira, C.D.S.; do Amaral, W.A.N.; Ometto, A.R. Circular economy indicators for organizations 

considering sustainability and business models: Plastic, textile and electro-electronic cases. J. Clean. Prod. 2020, 247, 119137. 

https://doi.org/10.1016/j.jclepro.2019.119137. 

45. Farahmandpour, R.; Karimi, K.; Denayer, J.F.M.; Shafiei, M. Innovative biorefineries for cleaner waste textile management to-

wards circular economy: Techno-economic analysis. J. Clean. Prod. 2022, 378, 134500. https://doi.org/10.1016/j.jcle-

pro.2022.134500. 



Eng. Proc. 2023, 52, x FOR PEER REVIEW 6 of 6 
 

 

46. Jia, F.; Yin, S.; Chen, L.; Chen, X. The circular economy in the textile and apparel industry: A systematic literature review. J. 

Clean. Prod. 2020, 259, 120728. https://doi.org/10.1016/j.jclepro.2020.120728. 

47. Jäämaa, L.; Kaipia, R. The first mile problem in the circular economy supply chains—Collecting recyclable textiles from con-

sumers. Waste Manag. 2022, 141, 173–182. https://doi.org/10.1016/j.wasman.2022.01.012. 

48. Akter, M.M.K.; Haq, U.N.; Islam, M.M.; Uddin, M.A. Textile-apparel manufacturing and material waste management in the 

circular economy: A conceptual model to achieve sustainable development goal (SDG) 12 for Bangladesh. Clean. Environ. Syst. 

2022, 4, 100070. https://doi.org/10.1016/j.cesys.2022.100070. 

49. Ribul, M.; Lanot, A.; Pisapia, C.T.; Purnell, P.; McQueen-Mason, S.J.; Baurley, S. Mechanical, chemical, biological: Moving to-

wards closed-loop bio-based recycling in a circular economy of sustainable textiles. J. Clean. Prod. 2021, 326, 129325. 

https://doi.org/10.1016/j.jclepro.2021.129325. 

50. Galatti, L.G.; Baruque-Ramos, J. Circular economy indicators for measuring social innovation in the Brazilian textile and fashion 

industry. J. Clean. Prod. 2022, 363, 132485. https://doi.org/10.1016/j.jclepro.2022.132485. 

51. Chowdhury, N.R.; Paul, S.K.; Sarker, T.; Shi, Y. Implementing smart waste management system for a sustainable circular econ-

omy in the textile industry. Int. J. Prod. Econ. 2023, 262, 108876. https://doi.org/10.1016/j.ijpe.2023.108876. 

52. Saccani, N.; Bressanelli, G.; Visintin, F. Circular supply chain orchestration to overcome Circular Economy challenges: An em-

pirical investigation in the textile and fashion industries. Sustain. Prod. Consum. 2023, 35, 469–482. 

https://doi.org/10.1016/j.spc.2022.11.020. 

53. Luoma, P.; Penttinen, E.; Tapio, P.; Toppinen, A. Future images of data in circular economy for textiles. Technol. Forecast. Soc. 

Change 2022, 182, 121859. https://doi.org/10.1016/j.techfore.2022.121859. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 

people or property resulting from any ideas, methods, instructions or products referred to in the content. 


