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Abstract

:

Currently, reverse logistics and sustainability are recognized as strategies to enhance the performance of supply chain processes and customer service and to reduce environmental impact, which is reflected in the planning of and reduction in costs throughout the production process. This article developed a bibliometric review that considered the growth of reverse logistics and sustainability from the perspective of different organizations, authors, thematic subareas, countries, journals, keywords, and volume of citations and publications. For this, a methodology was developed that consisted of reviewing previous research, obtaining the Scopus data set, applying the analysis with Microsoft Excel 365 and VOSviewer version 1.6.18 to determine the applications and trends of future research, and identifying the global impact in the last six years on organizations. The search equation with the application of filters resulted in 22,625 articles. The Sustainability Switzerland journal provided the most significant number of contributions in terms of publications, and the Journal of Cleaner Production stood out for its number of citations. Tseng, M.L. and Govindan, K. were the most active authors. China, the United States, and the United Kingdom were the most notable countries. Chinese Academy of Sciences and the Ministry of Education of the People’s Republic of China were the most influential institutions. The main findings were the recognition of the potential research lines and industry 4.0 technologies applied in supply chains and the development of sustainable processes with the fusion of reverse logistics, sustainability, and circular economy.






Keywords:


reverse logistics; sustainability; supply chain management; green supply chain; circular economy












1. Introduction


Reverse logistics is a strategy that focuses on the appropriate use of resources to mitigate environmental effects, regulate processes, and generate commitment on the part of companies as to the use and final disposal of the products they manufacture or market. Also, it allows for establishing business models based on the use, reuse, or remanufacturing of the final products recovered in the supply chain, so reverse logistics influences an organization’s legal, social, and environmental aspects [1]. Kroon and Vrijens [2] incorporated logistics practices so that products developed by manufacturers could be disassembled and reused as a sustainable development strategy. Carter and Ellram [3] proposed reducing material use by recycling and reusing products or some components to manufacture new products. In turn, Fleischmann [4] considered reverse logistics a continuous improvement process incorporating the flow of items, information, effectiveness, and efficiency of recovering value in a supply chain.



Reverse logistics includes integrating products that have ended their life cycle in the supply chain as valuable resources for developing other products. Therefore, organizations develop recovery and recycling processes for products that have ended their use in the market or with the end customer [5]. In this way, reverse logistics refers to reducing activities that damage the environment. It also helps to reduce, reuse, and recycle waste, promoting an excellent public image at the organizational level. It seeks to determine how products can be used repeatedly for similar processes [6].



Reverse logistics contributes to increased demand for products and services since they can be developed with lower cost and impact on the environment. The benefits may differ in each organization because the return on products differs for each organization [7]. Creating reverse logistics strategies and mitigating environmental impact changes the design criteria of products and operations. However, reverse logistics is limited by barriers that complicate transitioning to a more effective circular economy. Nevertheless, company internal action, state policies, and new technologies make its adoption possible to optimize resources, improve the agility of supply chains, and achieve sustainable manufacturing [8].



Sustainability considers economic, social, and environmental components [9]. Sustainability incorporates supply chain plans [10] to promote the reasonable use of natural resources for present generations and maintain the integrity of ecological systems [11]. Organizations have incorporated sustainability into decision-making, considering environmental and social aspects to improve the supply chain [12]. However, adopting new sustainable practices sometimes results from interest from other external parties or institutional issues and new environmental regulations. This approach helps gain greater market acceptance and vision [13]. Sustainability refers to problems related to the deterioration of our global ecology and economic and productive development [14].



Environmental impact is the effect exerted on the environment by people’s activities, actions, or processes to obtain products or services. The sensitization and awareness of society are sought for this issue, which allows for adaptation to new forms of relationships. Protection of the environment is based on forming social responsibility in new generations [15]. Some research on the topic is focused on sustainable inventory management, considering the optimization of the supply chain, thus establishing that the environment is crucial for obtaining competitive differences. However, these considerations can sometimes go against profitability, although efficient management can overcome these issues in the long term [16].



This research aims to (1) analyze the growth and development of reverse logistics and sustainability, (2) identify relationships between research topics and collaboration networks between authors, journals, and institutions, and (3) establish the countries or leading global institutions that promote research in reverse logistics and sustainability. It allows for identifying essential indicators such as authors, journals, citations, countries, and the most influential articles in publications. This research aims to respond to the following questions. (i) How has the topic of reverse logistics and sustainability evolved over the last six years (2018–2023)? (ii) What are the papers, authors, institutions, and most representative journals in reverse logistics and sustainability? (iii) Which countries generate the most influential contribution of publications and citations concerning research? (iv) What are the sub-themes of knowledge related to the study of reverse logistics and sustainability? Moreover, (v) what are the future lines of research regarding reverse logistics and sustainability?



This paper is structured as follows. Section 2 presents the method for searching for information for the research. Section 3 shows the bibliometric analysis results, including publications by year, most influential authors, countries with the most significant contribution, citations of authors and reviews, and the most influential journals and cooperations. Section 4 contains the discussion and implications of the topic, and Section 5 shows the research conclusions.




2. Materials and Methods


A bibliometric review analyzes statistical behavior over time regarding the knowledge of a topic, providing scientific results that include trends and lines of research for developing new projects [17]. This research reviewed the state of reverse logistics and sustainability considering the results obtained in the Scopus database, which provides access to articles and bibliographic references [18]. This analysis followed the methodology of bibliometric analysis applied by some authors [16,19,20,21,22,23]. Table 1 shows the keywords utilized for the literature examination.



Initially, a Scopus database was obtained; for the bibliometric analysis, the keywords used were Reverse Logistic and Sustainability. Related to the topic covered in this article, to provide greater clarity regarding the advances in this area, a search equation consisting of 6 filters was established. These allowed for the visibility of files directly related to the research and with the language specifications, type of area, type of publication, type of journal, keywords, and a time range between 2018 and 2023, considering the last six years. The equation search includes the keywords related to reverse logistics and sustainability (see Appendix A).



Figure 1 presents the methodological structure of the research. The first search filter was limited based on the criterion of discarding documents that needed to be published or developed from 2018 to 2023, excluding 29,435 documents. Afterward, the second filter established was limiting the search equation to scientific documents of an article or magazine type, discarding 9660. In the third filter, documents not in English were discarded, thus making 652 documents eliminated. The fourth filter used was by type of source. In this case, they were not published in magazines. In this phase, 190 documents were eliminated in their entirety. The fifth filter delimited the search equation based on thematic areas, discarding 1904 documents. Finally, the sixth search filter was applied with the premise of keywords not found in the established range, thus discarding 4825 documents and leaving 22,625 documents to proceed with the bibliometric analysis.



Additionally, the indicators obtained were analyzed based on yearly scientific publications, most cited journals, publications and authors, countries with the most publications, institutions most active in the subject, and the analysis of keywords and publications by thematic areas [24]. The VOSviewer software version 1.6.18 was used to construct and visualize bibliometric maps and analyze the different clusters, citation analyses, and co-citations between authors, countries, and keywords [25].



In this way, for the analysis of the preliminary phase of the study, Figure 2 presents a network map with the final 22,625 documents. The relationship between them was identified through VOSViewer version 1.6.18, with 6 clusters among the topics, notable for subfields within a specific area, such as Blockchain technology, circular economy, product elimination, and sustainable innovation. Of the six main clusters, several publications were identified in the International Journal of Production Research, which has existed since 1961. Still, specifically in the subject matter, noteworthy articles existed between 2018 and 2019.




3. Results


This section can be divided into subheadings to clearly and concisely describe the experimental results, their interpretation, and the resulting experimental conclusions.



3.1. Evolution of Reverse Logistics and Sustainability


In this bibliometric review, a 6-year analysis period (2018 to 2023) was considered, and it is considered pertinent to review the evolution of publications about reverse logistics and sustainability throughout that time. Figure 3 shows an increasing trend in publications over the years. It reflects the interest of researchers and business organizations that seek to enhance the treatment and use of resources and preserve the environment (environmental awareness) to achieve sustainability in all areas (social, economic, environmental, and political). Therefore, new production policies, using raw materials and technologies, and the final disposal and reuse of products that meet their life cycle are proposed to obtain environmentally friendly products [1].



Companies are accountable for the entire supply chain. Sustainable supply chain management aims to improve the long-term economic success of sustainability-focused organizations. To achieve this, it considers various raw material assessment methodologies such as criticality, life cycle impact assessment, and social life cycle assessment [26]. An example of this shift is the integration of reverse logistics in response to environmental standards or policies in commercial operations, which influences adopting environmentally sensitive practices. This provides a competitive advantage by addressing customer preferences and mitigating environmental impact [6].



Therefore, the forecast of the number of publications expected between 2024 and 2027 shows more significant contributions to research regarding reverse logistics and sustainability, reflecting the development of knowledge about the area and other derivatives. Likewise, the notable interest of society in the six years previously analyzed has encouraged progress in this field and the generation of a culture of environmental responsibility.



In 2018, there was increased recognition of the term “sustainable development” and the concept of sustainability. As a result, a clear relationship has been established between sustainable consumption and production practices and their impact on the environment, economy, and society throughout the life cycle of products. This understanding has led to proposals for improvements in the sustainability of product systems by identifying critical points in the value chain and considering life cycle costs [27].



In 2019, research was developed incorporating mixed integer linear programming models considering reverse logistics in collection centers, trained inspection and remanufacturing centers, customer areas, vehicle type selection, and carbon emissions [28]. Also, sustainable processes considering reverse logistics offer tools to generate value in organizations [29].



In 2020, it was considered that sustainable supply chain management must be accompanied by different technologies belonging to Industry 4.0, such as cyber-physical systems, big data, cloud computing, and the Internet of Things, among others, under cybersecurity guidelines [30]. Also, in 2021, sustainability trends included the digitalization of the supply chain. This approach considers information sharing, cooperation, and communication through digital media. It is more effective and reliable, influencing how companies or individuals interact with the environment [31].



In 2022, supply chain redesign was being considered from a sustainability perspective. This approach considers the facilities that need to be maintained, built, or consolidated based on the characteristics of the area or region, making environmental initiatives feasible. However, using such energy sources comes with costs and financial and non-financial demands for installation that some companies must be prepared to support [32].



In 2023, the focus was on implementing green strategies to prioritize energy efficiency and reduce environmental impact. In the logistics and operations field, storage systems with LED lighting, photovoltaic panels, thermal insulation, light sensors, and monitoring of packaging consumption were incorporated [33]. Additionally, rooftop distributed photovoltaic (RDPV) projects were implemented to design residential and industrial buildings to reduce carbon emissions [34].




3.2. Journals: Publications and Citations


Table 2 presents a list of journals with the highest increase in the number of articles on reverse logistics and sustainability. The publications from these ten journals make up 39.2% of citations. Notable journals include Sustainability Switzerland, with 2972 publications; the Journal of Cleaner Production, with 1848 publications; and Science of The Total Environment, with 551 publications.



Table 2 presents the top countries with journals that publish the most on reverse logistics and sustainability. Switzerland and the Netherlands have three journals, the United Kingdom has two journals, and the United States and Germany have one journal. Furthermore, it is identified that the thematic area Energy is present in four journals with a quartile between Q1 and Q2, according to Scimago Journal & Country Rank [35]. The participating journals are Sustainability Switzerland and the Journal of Cleaner Production, Energies, and Sustainable Production and Consumption.



The Environmental Science knowledge area includes 9 out of 10 of the most active journals, mainly within the Q1 quartile, with a few in Q2. Social Sciences has a lower rank, but with Q1, it is only present in Sustainability Switzerland, which is number one among the most active magazines. Additionally, the subject area of Engineering, with a variation of Q1 and Q2, is covered in the journals: the Journal of Cleaner Production, Energies, Computers and Industrial Engineering, and Sustainable Production and Consumption. Finally, Figure 4 presents the list of journals with the number of articles per year between 2018 and 2023 to evaluate the trend over the years and the interest in reverse logistics and sustainability topics.



Figure 5 presents the network map of journals with the most citations on the topic and highlights 15 journals with the most significant link of citations. Sustainability Switzerland is the most influential magazine in terms of publications. This journal encourages scientists to publish research, promoting scientific predictions, estimates of global change impact, and sustainability and sustainable development studies. Despite this, based on citations, the most significant is the Journal of Cleaner Production, which aims at industrial innovation, new and improved products, and implementing new and cleaner processes, products, and services [35].




3.3. Authors: Publications, Citations, and Cooperations


3.3.1. Publications


This section analyzes the most active authors in reverse logistics and sustainability publications. Table 3 contains details such as the number of publications per author, their country of origin, total citations, average citations per year, and the number of citations by the first author. Some of the most notable authors with the highest number of publications are as follows: Tseng, M.L. (63 publications with 32% of citations as the first author), Govindan, K. (56 publications with 18% of citations as the first author), and Sarkis, J. (55 publications with 5% of citations as the first author). Other authors on the list and their respective percentage of citations as the first author are as follows: Ren, J. (12%), Mangla, S.K. (9%), Luthra, S. (8%), Raut, R.D. (7%), Kumar, A. (7%), Lim, M.K. (1%), and Garza-Reyes, J.A. (1%). Additionally, India is the country of origin for three of the authors mentioned.




3.3.2. Citations


Figure 6 presents the ten authors with the most citations in their publications. Sarkis, J. is in first place with 7425 citations, followed by Govindan, K. with 4161, Mangla, S.K. with 4150, and Luthra, S. with 3659. The remaining six authors have less than 2600 citations in their publications. Furthermore, Figure 7 explores the relationship between authors and citations (minimum two articles), identifying 19 groups of authors with the most significant connection between authors and the number of citations. Authors Luthra, Sunil, Mangla, and Sachin Kumar have 702 citations. The first author belongs to the Department of Mechanical Engineering. They are located as directors in the All-India Council for Technical Education (AICTE), and the second belongs to the University of Plymouth, United Kingdom. They have collaborated with authors such as Sarkis, Joseph, Rajesh, Govindan, and Das D., who have generated several publications on reverse logistics and sustainability.



Table 4 presents the ten publications with the most citations on reverse logistics and sustainability. The most notable articles are as follows:




	
Blockchain technology and its relationships to sustainable supply chain management, with 1888 citations.



	
Soil quality: A critical review with 1462 citations.



	
Literature review of Industry 4.0 and related technologies, with 1192 citations.








In 2018, these topics began to evolve and gain relevance in this area. Five articles that had a significant impact were published. On the other hand, the journal that participated in the publication of two articles with the most significant impact was the International Journal of Production Research in quartile Q1.




3.3.3. Cooperations


The cooperation of the authors in developing publications on reverse logistics and sustainability was analyzed with the VOSViewer version 1.6.18, which allows for the identification of the number of relationships between authors. Figure 8 displays three groups of authors identified by different colors, illustrating strong links and cooperation in their publications. The first group consists of Wang, Y., Li, J., Zhang, X., Liu, J., and Chen, W., highlighted by the red cluster. Their predominant research focuses on improving the properties of materials through resource reuse, reverse logistics, decision-making methods, sustainable development, environmental efficiency, and the analysis and evaluation of green innovation practices.



In the second grouping identified by the green cluster, notable authors include Sarkis, J., Govindan, K., Gupta, S., Kumar, A., and Zavadskas, E.K. Their work focuses on topics such as performance measurements for resilient and sustainable supply chains, improving transparency, circular economy, Blockchain technology, corporate sustainability, elimination of products in the supply chain, and barriers to the adoption of a circular economy. Finally, the third grouping identified by the blue cluster features prominent authors such as Geng, Y., Ulgiati, S., Heijungs, R., Bocken, N.M.P., and Hoekstra, A.Y., who widely publish on sustainable resource use, environmental sustainability challenges, materials and energy recovery, sustainable planning, energy efficiency, and product life cycle analysis.





3.4. Geographical Distribution


The distribution of reverse logistics and sustainability publications at a global level is presented in Figure 9. The publications come from 159 different countries. Europe ranks first with 14,325 publications, representing 40% of the total. Asia ranks second with 12,778 publications, corresponding to 35%. America ranks third with 6177 publications, around 17% of the total. Oceania follows with 1539 publications, representing 4%, and Africa with 1393 publications, also 4% of the total. China stands out as the country with the highest contribution of scientific publications, with 4291 articles.



Figure 10 illustrates the countries that make the most significant scientific contributions and investments in reverse logistics and sustainability. Globalization also encourages the production of sustainable products with technological applications that offer a competitive advantage in the market. However, the rise in polluting agent emissions affects reverse logistics systems and requires an examination of their effects on the economy, the environment, and society [46].



It is essential to examine the contributions of the most prominent countries in reverse logistics and sustainability research. In China, significant efforts have been made in Logistic 4.0, which utilizes technologies to enhance company performance [47]. Specifically, research has focused on the benefits of recycling spent lithium batteries, many of which will be discarded in the coming years due to their limited lifespan. To encourage active participation from companies and the successful integration of reverse logistics, incentive models and policies such as OEM (original equipment manufacturer), minors, and subsidies based on the recycling threshold are proposed. These measures aim to maximize the residual value of products [48].



Another case involves recovering gold from e-waste, as gold possesses unparalleled properties such as corrosion resistance, conductivity, and reliability. Proper management of this process will help reduce environmentally harmful extractions. The life cycle assessment (LCA) is considered, which identifies critical points of the process and various approaches, including mechanical, hydrometallurgical, pyrometallurgical, electrochemical, and biotechnological methods, all of which contribute to the shift from linear models to a circular economy [49].



Blockchain technology is being analyzed in the United States for its potential to bring transparency, traceability, and security to the global supply chain. Adopting this disruptive technology, which is still in its early stages of evolution and development, could overcome many barriers [36].



Similarly, artificial intelligence (AI) has emerged as a promising tool for promoting sustainability in the fashion industry. The fashion industry consumes large amounts of resources and is responsible for high rates of metal pollution, health problems, labor exploitation, and greenhouse gas emissions due to transport. The resources can be optimized using machine learning systems with dimensional reduction techniques, k-means algorithms applied to 3D scans, and manufacturing to obtain significant environmental and economic benefits [50].



The supplier selection criteria in reverse logistics are analyzed in the United Kingdom, considering new legislation that protects the environment [51]. Due to the significant increase in returns on electronic products, a model has been designed to address problems of economic, ecological, and social sustainability. This solution can achieve significant economic and social impacts [52]. Furthermore, the model explores how emerging Industry 4.0 technologies can be combined with circular economy approaches to establish an industrial model to recycle and reuse products that have ended their life cycle [53].



Furthermore, the design of supply chains should focus on the distribution of essential daily products, such as food. Improved sustainability and resilience will enable responses to unpredictable shocks, such as the COVID-19 pandemic, and reduce catastrophic risks by integrating technologies such as artificial intelligence (AI) to predict growth volumes and optimize harvests to reduce food waste [54].



Similarly, optimization models have been developed in India to establish reverse logistics networks in organizations. For instance, a multi-objective model has been created for sustainable reverse logistics in e-commerce [55]. Organizational decisions regarding the placement of facilities for a reverse logistics network [56] have also been considered. Also, models have been developed to represent the reverse logistics system, considering different periods, collection centers, inspection centers, and product remanufacturing [28]. Also, simulation-based methodologies have been employed in Italy to plan efficient local collection assistance, and the impact of adopting electric vehicles has been evaluated. These options have been compared using economic and environmental indicators to assess sustainability [57].



Based on the routine use of plastic products in Spain, research has begun regarding their life cycle according to their categories. Adequate processing and management have been considered due to the adverse impacts on the environment after the product’s subsequent use, which is why these investigations focus on reducing climate change and facing current challenges [58]. In Australia, after the impact of the COVID-19 pandemic, analyses were developed regarding the supply chain, determining that resilience and sustainability are critical points along with the implementation of technology-assisted tools for the application of recovery strategies. Disruptive management is based on production, supply chain (SC) redesign, and government intervention [59].



In Germany, based on the execution of practices in search of compliance with sustainable development goals (SDGs), research and literature reviews are being developed to understand the relationship between circular economy practices and SDGs. These studies seek to create safe work environments to improve human health and waste recycling culture [43,60]. In Iran, the design of integrated multi-objective models has been considered to create sustainable supply chains considering timing, supplier selection, order allocation, transportation, and location [61]. Also, generic reverse logistics models in Canada are being developed for waste management with stochastic waste rates, considering aspects such as recycling and remanufacturing [62].



Figure 11 shows the relationship between countries vs. citations (minimum two articles) and 15 groups, with the most significant link between countries in the number of citations. China stands out with 114,831 citations, the United States with 97,281, the United Kingdom with 80,844, India with 54,966, and Italy with 47,651 citations. China collaborates with countries such as the United States, Italy, India, Australia, France, Iran, Spain, Brazil, and Hong Kong. The United States collaborates with countries such as Australia, the United Kingdom, Italy, Spain, India, Turkey, and Iran. The United Kingdom collaborates with countries such as Italy, Portugal, Malaysia, Nigeria, South Africa, Serbia, and Lithuania. This demonstrates the importance of sharing information for the creation of scientific knowledge.




3.5. Institutions


This section analyzes the performance of institutions that promote, and finance research related to reverse logistics and sustainability. The Chinese Academy of Sciences stands out for its participation in 305 publications. Additionally, it is observed that 80.52% of the institutions are universities, and 19.48% are study centers or institutes, such as the Indian Institute of Technology Kharagpur. These institutions also contribute to the generation of scientific information. Furthermore, among the ten most active institutions shown in Figure 12, Hong Kong Polytechnic University has the highest number of citations at 15.40%. The second institution is the Chinese Academy of Sciences, with 14.07%, followed by Wageningen University & Research at 10.90%, and Universidade de Lisboa at 6.19%.



Table 5 shows that three of the ten featured universities and institutes are from China, two are from the Netherlands, one is from Hong Kong, one is from Iran, one is from France, one is from Portugal, and one is from Italy. This information relates to the countries highlighted in the article posts. It is essential to highlight that the Chinese Academy of Sciences is the most active in publishing articles, and researcher Sun Mingxing has generated scientific contributions in industrial symbiosis, sustainable development, and circular economy, among others, with a citation impact of 2807 on the topic.




3.6. Funding Sponsors


Figure 13 illustrates the primary funding sponsors involved in reverse logistics and sustainability research. The National Natural Science Foundation of China stands out by funding 2154 articles since its establishment. It supports basic research, promotes international cooperation, and adapts to new changes [63]. Table 6 indicates that three funding entities are from China, two are from the European Union, two are from Brazil, and one is from Belgium, the United States, and Portugal.




3.7. Subject Area


Figure 14 shows the 27 most representative areas in the research. Utilizing data from the Scopus database, it was determined that the Environmental Science category has the highest percentage, accounting for 22.2% of publications, followed by Engineering at 14.6%, Energy at 13.6%, Social Sciences at 11.5%, and Business, Management, and Accounting at 8.5%.



According to the analysis, nine categories were identified concerning the study of reverse logistics and sustainability: (1) Environmental Science with a quartile of Q2, (2) Engineering with a quartile of Q1, (3) Energy with a quartile of Q2, (4) Social Sciences with a quartile of Q1, (5) Business, Management, and Accounting with quartile of Q1, (6) Decision Sciences with quartile of Q1, (7) Economics, Econometrics, and Finance with quartile of Q1, (8) Mathematics with quartile of Q2, and (9) Medicine with quartile of Q2.




3.8. Terms Analysis


The bibliometric review involved an analysis of keywords from research on reverse logistics and sustainability in the Scopus database. Figure 15 shows a map with 48,332 identified keywords. A minimum of five keyword occurrences per grouping was assumed, resulting in 1000 words meeting this condition. Nine significant terms were identified: “Sustainability”, “Supply Chain Management”, “Sustainable Supply Chain”, “Circular Economy”, and “Recycling.” These terms are strongly linked with keywords such as optimization, sustainability assessment, energy, climate change, blockchain, closed-loop supply chain, reverse logistics, innovation, corporate social responsibility, life cycle assessment, renewable energy, and sustainable development goals. This emphasizes the importance of reverse logistics and sustainability in organizations and their implications for productivity and environmental, social, and economic impact.



In addition, the co-occurrence of author keywords resulting from the research and the evolution of these words over recent years can be identified. Figure 16 shows that the most recent articles on reverse logistics and sustainability were published around 2021 and can be identified in yellow. These new terms are Industry 4.0, Circular Supply Chain Management, IoT (Internet of Things), Green Innovation, Blockchain Technology and COVID-19.





4. Discussion


This research examines the integration of reverse logistics and sustainability practices within organizations and their impact on productivity, the environment, society, politics, and the economy. Specifically, it addresses the lack of comprehensive literature in this area over the past six years. By delving into the intricate interconnections that highlight the challenges in the relationships between the environment, organizations, and the production of sustainably designed products, this study aims to provide a solid foundation for future research in this field.



This study differs from previous research, such as “Integrating Explainable Artificial Intelligence and Blockchain to Smart Agriculture: Research Prospects for Decision Making and Improved Security” and “Adoption of Blockchain Technology in Supply Chain Operations: A Comprehensive Literature Study Analysis,” focusing on Industry 4.0 technologies. This study aims to investigate reverse logistics and sustainability, addressing various challenges, research gaps, and the contributions of other technologies. Table 7 presents these differences and highlights the specific research contributions to the current state of the art.



This bibliometric analysis has several main contributions. First, it determines the essential sources of publication, articles, and authors most relevant to the topic, countries that contribute the most to publications, and authors with the most citations, among other things.



Secondly, it determines the impact of reverse logistics and sustainability. Currently, topics include globalization, market competitiveness, environmental regulations, technological advances, and climate change. They create a requirement to transform all organizational processes into sustainable ones, encompassing the three essential elements: economic, environmental, and social. Organizations propose new manufacturing policies, product and process design innovation, and the disposal and reuse of products that fulfill their life cycle, achieving environmentally friendly products or processes. Reverse logistics and sustainability have become a source of opportunities for companies to improve their management, profitability, and costs throughout the supply chain. These activities seek to create value and reduce environmental impacts.



Managerial Implications


Future research lines were identified for exploring and analyzing emerging sustainability and risk management trends. Other areas of interest include disruptions related to sustainability, such as the consequences of climate change and disasters. In practice, natural, geopolitical, and social changes that address the issue will allow for better application when reusing waste and improving the environment [63,66].



Secondly, compact technological innovations will be implemented from various fields and under different functionalities, such as Blockchain [67], the Internet of Things [68], and artificial intelligence. Big data analytics, robotics, automation [69], sensor-based systems, Radio Frequency Identification Technology, AI-based algorithms for real-time tracking, inventory visibility, and demand forecasting [70]. These can be effectively combined into supply chain operations to improve traceability, transparency, collaboration, and sustainability outcomes in resource classification, recovery, and disposal. These also investigate new challenges, benefits, and strategies [66]. Furthermore, their adoption would contribute to recycling and remanufacturing within the supply chain.



Big data analysis allows for identifying trends or patterns and recognizing and evaluating customers and preferences in the global market. It is an effective tool for decision-making [71,72]. This integration between advanced technologies and human values focuses on network strengthening and creating automated digital ecosystems to address post-pandemic challenges by better managing the interoperability of data and systems across the supply chain [73]. Similarly, evaluating the potential of these innovations and understanding the barriers in the implementation process could guide organizations in their green IT adoption strategies [74,75]. Also, developing new business models would ensure greater viability, scalability, and impact in circular economy approaches based on digitalization for solid waste management [68].



Furthermore, research in these areas could focus on evaluating the application of different energy recovery and waste treatment technologies, considering socioeconomic conditions and infrastructure [76]. Also, Industry 4.0 technologies can focus on circular product design and manufacturing processes [70], specifically using technologies such as additive manufacturing, digital twins, and collaborative robotics that can efficiently use resources, customization, and remanufacturing [72]. As for Industry 5.0, the worker is the center of the production process for constructing reconfigurable, situational, cyber-physical, and digital supply chains with the support of collaborative drones, ERP systems, advanced connectivity, and 5G [77].



Finally, other research lines include reverse logistics, circular economy, and closed-loop supply chains. Exploring sustainable supply chain management aligned with the circular economy concept impacts waste generation reduction [22]. The European Union, in the integration of the circular economy, is concerned with evaluating the results of policies, regulations, and incentives to understand the appropriation of circularity, the efficiency of resources, the reduction of waste, and general sustainability objectives. Long-term research could explore strategies to integrate circular principles into supply chain management, including sourcing recycled materials, reverse logistics, and product recovery. Also, the benefits these circular practices imply for subsequent evaluation would be job creation, economic growth, social inclusion, and regional development [68,78].



Also, investigating efficient and sustainable supply chain configurations that permit continuous materials and product flows in circular networks could be a valuable research direction [69]. This optimizes the location and capacity allocation of facilities, balancing the efficient use of resources and reducing environmental impact [79].



Therefore, circular economy initiatives have also been developed using Blockchain because it allows exploration in monitoring the product life cycle and application of reverse logistics [80,81]. Furthermore, big data analysis can support these initiatives and, through the analysis of large data sets, identify opportunities for the reuse, remanufacturing, and recycling of materials to contribute to sustainable manufacturing practices [82].





5. Conclusions


This article presents a bibliometric analysis of reverse logistics and sustainability literature. The analysis was conducted using data obtained from Scopus, which included 22,625 articles. The bibliometric analysis shows that the growth trend in publications on the subject began in 2018. Among the most significant journals are Sustainability Switzerland, where topics such as barriers to sustainable development, global change, and conservation of the environment are addressed. The environment, sustainable production systems, waste management, and ecological logistics are also addressed. Following this is the Journal of Cleaner Production, where the main trends in publications highlight efficiency in the use of resources, corporate social responsibility, design of sustainable supply chain networks, and implementation of cleaner technologies. The journal Science of the Total Environment covers topics such as the evaluation of bio-economy products and processes, technologies for the reuse of waste, eco-sustainability, and effects of climate and environmental variation. Resources Conservation and Recycling stands out for research trends about the transition towards sustainable production and consumption systems and the design scope for circularity, reuse, and recyclability.



Finally, the Journal of Environmental Management focuses on primary research trends such as energy consumption optimization, environmental management, life cycle, and material flow analysis. Sustainability Switzerland is an essential journal in green logistics and sustainability, with the most publications. The Journal of Cleaner Production stands out in terms of citations and readership. Switzerland and the Netherlands are the leading countries in published journals on this topic.



The author Tseng, Ming-Lang, is the most influential because he generates outstanding contributions to scientific information. Then, Sarkis, J. is the most cited for his publications. The article “Blockchain Technology and its Relationships to Sustainable Supply Chain Management” has 1888 citations, making it one of the top 10 publications with the most related citations. A high level of collaboration is evident between authors, highlighting Wang, Y. with trends in topics such as reuse, optimization, and analysis of resource properties. Sarkis, J. also stands out for developing research regarding resilient supply chains, green practices, sustainable technologies, industrial symbiosis, and sustainable development. Geng Y. predominates his focus on research lines based on sustainability challenges, waste management, and product life cycle.



China contributes the most in terms of articles published and citations. Thus, it collaborates on topics related to analyzing emerging technologies derived from Industry 4.0. Also, in countries like the United States, the most recurring topics are the evolution and development of efficient supply chain management and opportunities for Blockchain technology, followed by the United Kingdom with trends in the study of sustainable models and the incorporation of environmentally friendly practices.



In India, the line of research in developing optimization models in reverse logistics prevails, and Italy bases its contributions on evaluating environmental impact and global efficiency. Also, they stand out for having a more significant link between countries regarding the number of citations and publishing regarding topics from each area of interest. The Chinese Academy of Sciences stands out among the institutions, with more influence in publications. Concerning funding entities, the National Natural Science Foundation of China is the one that makes the most outstanding contribution to the development and publication of articles. Depending on the subareas of knowledge, the most representative in research are Environmental Science, Engineering, and Energy.



This research has several limitations. The information was only extracted from the Scopus database. This search may vary the number of articles because it is constantly updated. Journals, authors, or affiliations can sometimes present difficulties in organizing because they may be written differently. However, it can be published by the same person, journal, or organization. When information is exported, it must be organized manually. These limitations could be considered for future research, making it relevant to address new perspectives resulting from the study. Industry 4.0 technologies such as artificial intelligence, Blockchain in reverse logistics, and sustainability applications could be considered. Also, innovation initiatives in sustainable processes that promote reverse logistics, circular economy, and sustainable supply chain could be considered, influencing the efficiency of organization economic growth and exploring successful cases of reverse logistics application and sustainable processes in different industries.







Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Data are available upon request.




Conflicts of Interest


The authors declare no conflicts of interest.





Appendix A. Equation Search




	
Database

	
Equation Search




	
Scopus *

	
(TITLE-ABS-KEY (“reverse logistic” OR “supply chain” OR “recycling” OR “decision making” OR “reverse logistic network” OR “green supply chain” OR “reverse supply chain” OR “closed-loop supply chain”) AND TITLE-ABS-KEY (“sustainability” OR “sustainable supply chain” OR “economic and social effects” OR “environmental impact” OR “environmental regulations”)) AND PUBYEAR > 2017 AND PUBYEAR < 2024 AND (LIMIT-TO (SRCTYPE, “j”)) AND (LIMIT-TO (DOCTYPE, “ar”) OR LIMIT-TO (DOCTYPE, “re”)) AND (LIMIT-TO (SUBJAREA, “ENVI”) OR LIMIT-TO (SUBJAREA, “ENGI”) OR LIMIT-TO (SUBJAREA, “ENER”) OR LIMIT-TO (SUBJAREA, “SOCI”) OR LIMIT-TO (SUBJAREA, “BUSI”) OR LIMIT-TO (SUBJAREA, “COMP”) OR LIMIT-TO (SUBJAREA, “AGRI”) OR LIMIT-TO (SUBJAREA, “DECI”) OR LIMIT-TO (SUBJAREA, “ECON”) OR LIMIT-TO (SUBJAREA, “MATE”) OR LIMIT-TO (SUBJAREA, “MATH”)) AND (LIMIT-TO (LANGUAGE, “English”)) AND (LIMIT-TO (EXACTKEYWORD, “Sustainability”) OR LIMIT-TO (EXACTKEYWORD, “Decision Making”) OR LIMIT-TO (EXACTKEYWORD, “Economic And Social Effects”) OR LIMIT-TO (EXACTKEYWORD, “Supply Chain Management”) OR LIMIT-TO (EXACTKEYWORD, “Supply Chains”) OR LIMIT-TO (EXACTKEYWORD, “Environmental Impact”) OR LIMIT-TO (EXACTKEYWORD, “Environmental Sustainability”) OR LIMIT-TO (EXACTKEYWORD, “Circular Economy”) OR LIMIT-TO (EXACTKEYWORD, “Recycling”) OR LIMIT-TO (EXACTKEYWORD, “Waste Management”))




	
* Search strategies database.
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Figure 1. Research methodology diagram. 
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Figure 2. Network map of the documents (preliminary phase). 
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Figure 3. Documents published per year. 
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Figure 4. The number of documents per year by source of the ten most active journals in reverse logistics and sustainability. 
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Figure 5. A network map of the journals with the most influence on citations. 
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Figure 6. The authors with the most citations. 
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Figure 7. Co-citation analysis by authors. 
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Figure 8. Cooperation network of authors in reverse logistics and sustainability research. 
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Figure 9. Countries with the most publications on reverse logistics and sustainability globally. 






Figure 9. Countries with the most publications on reverse logistics and sustainability globally.



[image: Sustainability 16 05279 g009]







[image: Sustainability 16 05279 g010] 





Figure 10. Top 10 most productive countries in reverse logistics and sustainability research. 
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Figure 11. Countries with the highest number of citations. 
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Figure 12. Top 10 list of the most productive institutions researching reverse logistics and sustainability. 
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Figure 13. The top 10 are the most active reverse logistics and sustainability research financing entities. 
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Figure 14. Subject areas within reverse logistics and sustainability research. 
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Figure 15. Terms analysis in reverse logistics and sustainability research. 
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Figure 16. Terms analysis in reverse logistics and sustainability research over time. 
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Table 1. Keywords utilized in the literature search.
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	Topics
	Keywords





	Reverse Logistics
	Supply Chain, Recycling, Decision-Making, Reverse Logistic Network, Green Supply Chain, Reverse Supply Chain, Closed-Loop Supply Chain.



	Sustainability
	Sustainable Supply Chain, Economic and Social Effects, Environmental Impact, Environmental Regulations.










 





Table 2. Journals with the highest number of publications in reverse logistics and sustainability.
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	No
	Source
	Documents
	Country
	Publisher
	SJR-2023
	H-Index

SJR
	JCR-2022
	Subject Area and Category





	1
	Sustainability Switzerland
	2972
	Switzerland
	MDPI
	0.67
	169
	3.9
	
	■

	
Energy (Energy Engineering and Power Technology, Renewable Energy, Sustainability, and the Environment) Q2




	■

	
Environmental Science (Environmental Science (Miscellaneous)—Management, Monitoring, Policy, and Law) Q2




	■

	
Social Sciences (Geography, Planning, and Development) Q1




	■

	
Computer Science (Computer Networks and Communications—Hardware and Architecture) Q2









	2
	The Journal of Cleaner Production
	1848
	United Kingdom
	Elsevier
	2.06
	309
	11.1
	
	■

	
Business, Management, and Accounting (Strategy and Management) Q1




	■

	
Energy (Renewable Energy, Sustainability, and the Environment) Q1




	■

	
Engineering (Industrial and Manufacturing Engineering) Q1




	■

	
Environmental Science (Environmental Science) Q1









	3
	Science of the total environment
	551
	Netherlands
	Elsevier
	2.0
	353
	9.8
	
	■

	
Environmental Science (Environmental Chemistry, Environmental Engineering, Pollution, Waste Management and Disposal) Q1









	4
	Resources Conservation and Recycling
	482
	Netherlands
	Elsevier
	2.77
	196
	13.2
	
	■

	
Economics, Econometrics, and Finance (Economics and Econometrics) Q1




	■

	
Environmental Science (Waste Management and Disposal) Q1









	5
	The Journal of Environmental Management
	363
	United States
	Elsevier
	1.77
	243
	8.7
	
	■

	
Environmental Science (Management, Monitoring, Policy, and Law, Environmental Engineering, Waste Management and Disposal) Q1




	■

	
Medicine (Medicine (Miscellaneous)) Q1









	6
	Energies
	319
	Switzerland
	MDPI
	0.65
	152
	3.2
	
	■

	
Energy (Energy Engineering and Power Technology, Energy (miscellaneous), Fuel Technology, Renewable Energy, Sustainability, and the Environment) Q2




	■

	
Engineering (Electrical and Electronic Engineering Q2, Engineering (Miscellaneous) Q1)




	■

	
Mathematics (Control and Optimization) Q2









	7
	Environmental Science and Pollution Research
	250
	Germany
	Springer Nature
	1.01
	179
	5.8
	
	■

	
Environmental Science (Environmental Chemistry Q2, Health, Toxicology, and Mutagenesis Q1, Pollution Q1)




	■

	
Medicine (Medicine (Miscellaneous)) Q1









	8
	Sustainable Production and Consumption
	222
	Netherlands
	Elsevier
	2.36
	76
	12.1
	
	■

	
Energy (Renewable Energy, Sustainability, and the Environment) Q1




	■

	
Engineering (Industrial and Manufacturing Engineering) Q1




	■

	
Environmental Science (Environmental Chemistry, Environmental Engineering) Q1









	9
	Computers And Industrial Engineering
	200
	United Kingdom
	Elsevier
	1.7
	161
	7.9
	
	■

	
Computer Science ((Computer Science (Miscellaneous)) Q1




	■

	
Engineering (Engineering (Miscellaneous)) Q1









	10
	The International Journal of Environmental Research and Public Health
	198
	Switzerland
	MDPI
	0.81
	198
	4.614
	
	■

	
Environmental Science (Health, Toxicology, and Mutagenesis Q2- Pollution Q2)




	■

	
Medicine (Public Health, Environmental, and Occupational Health) Q2
















 





Table 3. Top 10 list of the most active reverse logistics and sustainability publications authors.
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	Author
	Documents
	Country
	Total of Citations
	Average Citations per Year
	Number of Citations as First Author





	Tseng, M.L.
	63
	Taiwan
	2556
	365
	24



	Govindan, K.
	56
	Denmark
	4161
	594
	14



	Sarkis, J.
	55
	United States
	7425
	1061
	4



	Luthra, S.
	49
	India
	3659
	523
	6



	Mangla, S.K.
	49
	India
	4150
	593
	7



	Raut, R.D.
	44
	India
	2270
	324
	5



	Ren, J.
	44
	Hong Kong
	1283
	183
	9



	Lim, M.K.
	42
	United Kingdom
	2097
	300
	1



	Kumar, A.
	39
	United Kingdom
	2143
	306
	5



	Garza-Reyes, J.A.
	37
	United Kingdom
	2398
	343
	1










 





Table 4. The top 10 publications with the most citations on reverse logistics and sustainability.
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	No
	Citation
	Title
	Times Cited
	Average Citations per Year
	Institution
	Journal
	Country

(1st Author)
	SJR-2023
	Main Topic

(Subject Area and Category)





	1
	[36]
	Blockchain technology and its relationships to sustainable supply chain management
	1888
	270
	Worcester Polytechnic Institute
	The International Journal of Production Research
	United

States
	2.67
	
	■

	
Business, Management, and Accounting (Strategy and Management) Q1




	■

	
Decision Sciences (Management Science and Operations Research) Q1




	■

	
Engineering (Industrial and Manufacturing Engineering) Q1









	2
	[37]
	Soil quality: A critical review
	1462
	209
	Research Institute of Organic Agriculture FiBL
	Soil Biology and Biochemistry
	Switzerland
	3.45
	
	■

	
Agricultural and Biological Sciences (Soil Science) Q1




	■

	
Immunology and Microbiology (Microbiology) Q1









	3
	[38]
	Literature review of Industry 4.0 and related technologies
	1192
	170
	Marmara University
	The Journal of Intelligent Manufacturing
	Turkey
	2.07
	
	■

	
Computer Science (Artificial Intelligence, Software) Q1




	■

	
Engineering (Industrial and Manufacturing Engineering) Q1









	4
	[39]
	Artificial Intelligence (AI): Multidisciplinary perspectives on emerging challenges, opportunities, and agenda for research, practice and policy
	1137
	163
	Swansea University
	The International Journal of Information Management
	United Kingdom
	5.78
	
	■

	
Business, Management, and Accounting (Management Information Systems, Marketing) Q1




	■

	
Computer Science (Artificial Intelligence, Computer Networks and Communications, Information Systems) Q1




	■

	
Decision Sciences (Information Systems and Management) Q1




	■

	
Social Sciences (Library and Information Sciences) Q1









	5
	[40]
	Waste mismanagement in developing countries: A review of global issues
	1035
	148
	The University of Insubria
	The International Journal of Environmental Research and Public Health
	Italy
	0.81
	
	■

	
Environmental Science (Health, Toxicology, and Mutagenesis, Pollution) Q2




	■

	
Medicine (Public Health, Environmental, and Occupational Health) Q2









	6
	[41]
	Smart Manufacturing
	852
	122
	The University of Iowa
	The International Journal of Production Research
	United States
	2.67
	
	■

	
Business, Management, and Accounting (Strategy and Management) Q1




	■

	
Decision Sciences (Management Science and Operations Research) Q1




	■

	
Engineering (Industrial and Manufacturing Engineering) Q1









	7
	[42]
	Circular economy: From review of theories and practices to development of implementation tools
	807
	115
	Chalmers University of Technology
	Resources, Conservation and Recycling
	Sweden
	2.77
	
	■

	
Economics, Econometrics, and Finance (Economics and Econometrics) Q1




	■

	
Environmental Science (Waste Management and Disposal) Q1









	8
	[43]
	The Relevance of Circular Economy Practices to the Sustainable Development Goals
	791
	113
	The University of Sussex
	Journal of Industrial Ecology
	United Kingdom
	1.7
	
	■

	
Economics, Econometrics, and Finance (Economics and Econometrics) Q1




	■

	
Environmental Science (Environmental Science (Miscellaneous)) Q1




	■

	
Social Sciences (Social Sciences (Miscellaneous)) Q1









	9
	[44]
	How do scholars approach the circular economy? A systematic literature review
	765
	109
	Roma Tre University
	The Journal of Cleaner Production
	Italy
	2.06
	
	■

	
Business, Management, and Accounting (Strategy and Management) Q1




	■

	
Energy (Renewable Energy, Sustainability, and the Environment) Q1Engineering (Industrial and Manufacturing Engineering) Q1




	■

	
Environmental Science (Environmental Science (Miscellaneous)) Q1









	10
	[45]
	A review of recycled aggregate in concrete applications (2000–2017)
	733
	105
	Western Sydney University
	Construction and Building Materials
	Australia
	2.0
	
	■

	
Engineering (Building and Construction, Civil and Structural Engineering) Q1




	■

	
Materials Science (Materials Science (Miscellaneous)) Q1
















 





Table 5. The most productive institutions in recent years in reverse logistics and sustainability.
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	Affiliation
	Documents
	Country





	Chinese Academy of Sciences
	305
	China



	Ministry of Education of the People’s Republic of China
	270
	China



	The Hong Kong Polytechnic University
	256
	Hong Kong



	University of Tehran
	213
	Iran



	Wageningen University & Research
	193
	Netherlands



	CNRS Centre National de la Recherche Scientifique
	172
	France



	Tsinghua University
	161
	China



	Universidade de Lisboa
	159
	Portugal



	Delft University of Technology
	154
	Netherlands



	Politecnico di Milano
	151
	Italy










 





Table 6. Distribution of articles by financing entities on reverse logistics and sustainability.
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	Funding Sponsor
	Documents
	Country





	National Natural Science Foundation of China
	2154
	China



	Horizon 2020 Framework Programme
	560
	European Union



	European Commission
	463
	Belgium



	National Science Foundation
	451
	United States



	Fundamental Research Funds for the Central Universities
	408
	China



	National Key Research and Development Program of China
	383
	China



	Coordenação de Aperfeiçoamento de Pessoal de Nível Superior
	328
	Brazil



	Conselho Nacional de Desenvolvimento Científico e Tecnológico
	323
	Brazil



	European Regional Development Fund
	307
	European Union



	Fundação para a Ciência e a Tecnologia
	277
	Portugal










 





Table 7. Comparison between studies.
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	Criterion
	Integrating Explainable Artificial Intelligence and Blockchain to Smart Agriculture: Research Prospects for Decision Making and Improved Security [64]
	Adoption of Blockchain Technology in Supply Chain Operations: A Comprehensive Literature Study Analysis [65]
	Reverse Logistics and Sustainability: A Bibliometric Analysis





	Objective
	Provide a bibliometric description to identify trends and visualize the integration of two promising technologies, Explainable Artificial Intelligence (XAI) and Blockchain, in smart agriculture.
	Apply a systematic review of the literature through a bibliometric analysis of Blockchain to relate key areas of management, practical challenges, limitations, and opportunities.
	Analysis of the evolution of the issue of reverse logistics and sustainability addressed from the bibliometric review for the understanding of collaboration networks and relevant indicators.



	Subject area
	The combination of XAI, blockchain, and smart agriculture improves food security. It allows for rapidly detecting contaminants, machine learning to monitor and manage crops, and Blockchain data logging, avoiding intermediaries and costs between transactions.
	Blockchain secures information exchanges to improve business processes and customer service, specifically in the supply chain, for traceability, trust, sustainability, profitability, and transparency.
	Reverse logistics and sustainability are vital criteria for designing, manufacturing, and managing companies that seek to reduce their environmental impact and transition to the circular model.



	Main Results
	
	■

	
Merging technologies will efficiently and accessibly extend the useful life of the harvest.




	■

	
The Block database is resistant to manipulation.




	■

	
Blockchain will enable the creation of decentralized markets, linking consumers directly with farmers.




	■

	
Minimizing waste and opening up to the agricultural sector based on sustainability.






	
	■

	
Increased supply chain performance.




	■

	
Three-dimensional identification, such as transparency range, product, and participants.




	■

	
Key areas where problems can be solved.






	
	■

	
Increased contributions and identification of emerging and sustainable technologies.




	■

	
Identification of trends and impact and synthesis of updated knowledge.




	■

	
Improved decision-making and a new perspective on waste treatment.




	■

	
Improvement in corporate image and interest in the practical approach of reverse logistics.









	Future Lines of Research
	
	■

	
Exploration of AI because it can be used to analyze sensors, weather forecasts, and soil samples, increasing the profitability and understanding of the industry.




	■

	
Establishment of platforms for data exchange with Blockchain technology.






	
	■

	
Environmental performance measurement, quickly and effectively.




	■

	
Development of solid, practical, and pilot cases in Blockchain applications.






	
	■

	
Circular economy and closed-circuit supply chains.




	■

	
Exploration and investigation of circular principles in the supply and recovery of resources.









	Limitations
	
	■

	
Sample size.




	■

	
Limitations regarding search: only a bibliometric analysis technique was used in the study.




	■

	
Limitations in adapting infrastructure for Blockchain implementation and key previous studies to enhance XAI technology. Possible data collection bias due to variability in databases.






	
	■

	
Keywords in the study may not cover all the topic details.




	■

	
Subjective article categorization.




	■

	
On the subject, the implementation has organizational and system barriers, such as a lack of security in the technical benefits of Blockchain and complexity in the definition of data ownership.






	
	■

	
Extraction of information only from one database (Scopus).




	■

	
Variation in the number of articles by updating the topic.




	■

	
Limitations in restructuring, training, and adaptation of organizations and adjusting to new regulations. Resistance to change.
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