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Abstract This systematic review aims to identify factors and practices related to reverse logistics applicable to solid 

waste management. The review covers 58 peer-reviewed studies published between 2010 and 2025, sourced using the 

PRISMA framework. This review reveals that academic interest in reverse logistics in solid waste management has 

been growing, especially since 2016, with the highest concentration of studies originating from Asia and the Americas. 

The thematic analysis identifies seven main categories of influencing factors, including organizational, economic, 

regulatory, technological, infrastructure, stakeholder collaboration, public awareness and participation. In addition, 

the integration of digital tools such as the Internet of Things, artificial intelligence, and tracking systems emerges as 

a key enabler of reverse logistics effectiveness. The review further describes the key challenges in adopting digital 

tools and technology solutions, including financial constraints, limited digital infrastructure, interoperability issues, 

shortage of skilled human capital. This review addresses a significant gap by systematically synthesizing current 

knowledge on strategies, practices, and influencing factors, and providing a foundational understanding for 

researchers, policymakers, and businesses aiming to improve the circularity and sustainability of solid waste systems. 

Keywords: Factors, Practices, Reverse logistics, Solid waste management, Sustainability 

Introduction 

The increase in global solid waste generation 

presents a significant crisis with adverse impacts on 

the environment, human health, and the economy 

(Zielińska, 2020). Global waste volume was 2.3 

billion tons in 2023 and is estimated to increase to 

3.8 billion tons by 2050 (Rodrigues et al., 2025). 

Annually, approximately 2.01 billion tons of 

municipal solid waste are produced worldwide, 

often without environmentally friendly 

management practices (Alshaikh and Abdelfatah, 

2024). This high level of waste contributes to 

climate change, poses risks to human health, and 

creates a significant economic burden, underscoring 

the urgent need for effective and sustainable 

management solutions. Traditional linear "take-

make-dispose" models of production and 

consumption have proven unsustainable due to their 

inherent limitations in addressing resource 

depletion and environmental pollution (Julianelli et 

al., 2020).  

A circular economy emphasizes maintaining the 

value of products, materials, and resources for as 

long as possible. It minimizes the generation of 

waste for long-term sustainability (Scrioșteanu and 

Criveanu, 2023). Reverse logistics (RL) has 

emerged as a crucial strategy for minimizing 

environmental impacts and enabling a circular flow 

of resources within solid waste management 

(SWM) (Julianelli et al., 2020). It plays an 

important role in addressing the challenges of solid 

waste by facilitating the collection, sorting, 

recycling, and remanufacturing of materials, while 

also improving both environmental protection and 

resilience of supply chains (Rodrigues et al., 2025). 

The key difference between RL and traditional 

waste management is that while waste management 

mainly focuses on the collection and treatment of 

waste that has no further use, RL focuses on 

recovering value from end-of-life products and 

waste for reintegrating into future supply chains 

(Budak and Ustundag, 2016).  
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This systematic literature review focuses on 

exploring the role of RL in SWM, with a specific 

focus on practices, influencing the factors that 

affect the efficiency and effectiveness of RL 

processes. The objectives of this review can be 

divided into two parts. Firstly, to conduct a 

descriptive analysis to identify the publication 

trends, geographical distribution, and research 

methodologies used in the literature on RL in 

SWM. Secondly, to identify and classify the RL 

practices and key influencing factors that contribute 

to effective and efficient SWM systems. 

 

To achieve these objectives, this review is guided 

by the following research questions: 

• RQ1: What are the publication trends and 

patterns in reverse logistics in SWM from 

2010 to 2025? 

• RQ2: What key factors influence the 

effectiveness and efficiency of reverse 

logistics in SWM? 

• RQ3: What are the most significant RL 

practices commonly applied in SWM? 

 

Methodology 

 

This systematic literature review was conducted 

using the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) 

framework, ensuring transparent and reproducible 

methodology. A literature search was performed 

using multiple academic databases to maximize 

coverage and minimize publication bias. The 

databases selected included Google Scholar, 

Emerald Insight, IEEE Xplore, and PubMed. These 

databases were chosen for their broad coverage of 

social science, environmental science, business, and 

public health literature, all of which are relevant to 

the interdisciplinary nature of RL and waste 

management. The search was conducted using a 

combination of keywords with boolean operators, 

including "reverse logistics" OR “reverse supply 

chain” AND "solid waste management" OR "solid 

waste disposal" AND "practices" OR "factors" OR 

“determinants” OR “drivers" OR "barriers". 

The search was limited to peer-reviewed index 

journal articles published between 2010 and 2025, 

written in English, and available as open-access 

content. The 2010-2025 timeframe was chosen to 

capture developments following major global 

sustainability initiatives and technological shifts. 

The period after 2010 marked the introduction of 

significant international commitments, such as the 

United Nations Sustainable Development Goals 

(2015) and the Paris Agreement (2015), which 

emphasized waste reduction, resource efficiency, 

and circular economy principles. Moreover, this 

period witnessed the rise of Industry 4.0 

technologies such as digitalization, Internet of 

Things, artificial intelligence, and big data analytics 

that have increasingly impacted RL systems and 

SWM practices. The inclusion criteria required that 

selected articles specifically address RL in the 

context of SWM. Publications were excluded if 

they were non-English, unrelated to RL and waste 

management, not openly accessible, or not formally 

peer-reviewed, such as blogs, reports, conference 

abstracts, and news articles. 

Initially, a total of approximately 1053 records 

were given from the comprehensive search across 

the four databases. All identified records were 

imported into the Zotero reference management 

tool and systematically de-duplicated. These unique 

records were screened for titles and abstracts 

against predefined inclusion and exclusion criteria. 

During this phase, articles were excluded, primarily 

due to not focusing on RL in SWM, being general 

logistics, lacking a clear discussion of RL factors 

and practices, and focusing only on waste collection 

without reverse flow. Following these criteria, a 

final set of 58 papers were eligible and included for 

qualitative synthesis in this systematic review. The 

PRISMA flow diagram in Figure 1 visually 

represents this entire selection process, detailing the 

number of records identified, screened, and 

included at each stage. 
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Figure 1: The PRISMA flow diagram 

 

The selected papers were then carefully and 

systematically analyzed. A descriptive analysis of 

the included literature was conducted, highlighting 

publication trends, geographical distribution, and 

methodologies used in the studies. Subsequently, a 

thematic analysis was conducted to categorize the 

identified logistics practices and the key factors 

affecting the efficiency and effectiveness of RL in 

SWM. 

 

Results and discussion 

 

Publication trends 

 

 
 

Figure 2:Number of publications by year 
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Figure 2 showcases the number of publications 

related to RL in SWM across the period 2010 to 

2025. The data reveals a clear upward trend in 

scholarly interest over the years, especially from 

2016 onwards. From 2010 to 2015, publication 

activity remained minimal, with only one or two 

papers published per year, indicating limited 

academic focus on this specific area during the early 

part of the decade. From 2016 onwards, 

publications increased steadily, averaging 6-7 

papers annually through 2020, suggesting growing 

recognition of RL's role in sustainable waste 

management.  

There is a significant increase in 2021, with 11 

papers published. This peak may correlate with the 

global acceleration of sustainability initiatives and 

the emphasis on circular economy practices 

following the COVID-19 pandemic (Shadkam, 

2021). The subsequent years show a moderate 

decline, with 8 papers in 2022 and fewer studies in 

2023-2025. This recent drop may reflect a 

saturation in specific subtopics or delays in research 

dissemination, or a shift in academic focus. The 

chart demonstrates a positive long-term trend in 

research interest, highlighting the growing 

importance of RL in addressing solid waste 

challenges over the last 15 years. 

The distribution of the selected studies across 

various academic journals reflects the 

interdisciplinary nature of research on RL in SWM. 

Among all journals, the journal "Waste 

Management and Research" stands out as the 

leading outlet, contributing 10 articles to the review, 

while "Sustainability" contributed 9 articles. This 

indicates the growing academic alignment between 

RL practices and the broader goals of sustainable 

development and the circular economy. 

Several other journals contributed one to four 

articles each, such as Waste Management, Applied 

Sciences, Environmental Science and Pollution 

Research, Resources Conservation & Recycling, 

Environment International, Journal of Industrial 

Engineering and Management, Supply Chain 

Management, and Logistics. This expansion 

reflects the multidisciplinary relevance of RL in the 

context of SWM. The diversity of publication 

sources emphasizes the importance of RL not only 

in operations management research but also in the 

fields of environmental, public health, industrial 

engineering, and social responsibility. It suggests 

that solutions to solid waste challenges are explored 

from multiple academic lenses, promoting a more 

integrated and holistic understanding of the 

problem. 

 

 

 
                                 
Figure 3: Publication trend based on geographical focus 

 

The included papers originated from various parts 

of the world, with a significant concentration of 

research in certain regions and economic 

classifications. Figure 3(a) shows that a substantial 

63% of the included studies originated from 

developing countries, while 37% came from 

developed countries. This indicates a higher volume 

of research on RL in SWM emerging from 

developing nations. 

Figure 3(b) further breaks down this 

geographical distribution, showing that Asia (37%) 

and the Americas (35%) collectively represent a 



N.T.D.T. Sandamini et al. 

239 

 

significant 72% of the reviewed literature. This 

indicates a strong research focus on RL within these 

continents, potentially driven by factors such as 

rapid urbanization, increasing waste generation 

rates, evolving regulatory frameworks, and growing 

industrial activities in these regions (Waqas et al., 

2018). Europe (7%) and Africa (6%) show 

comparatively lower representation in the dataset. 

While Europe has well-established waste 

management systems and circular economy 

initiatives (Zielińska, 2020). The lower percentage 

might suggest that fewer studies from Europe met 

the specific inclusion criteria of this review, or that 

research is published in non-English sources. The 

low percentage in Africa indicates a potential 

research gap or emerging interest in formal RL 

systems in many countries within the continent. 

 

 
Figure 4: Number of papers based on the used methodology type  

 

The papers included in this review utilized a range 

of methodologies, as shown in Figure 4. There is a 

significant portion of the literature, with 

approximately 19 papers. This indicates a strong 

emphasis on synthesizing existing knowledge, 

identifying research gaps, and providing conceptual 

frameworks within the field of RL in SWM. 

"Simulation/Modeling" approaches are notably 

prominent, accounting for approximately 13 papers. 

This highlights the importance of quantitative tools 

for optimizing RL networks and predicting system 

behavior. While less frequent than review or mixed 

methods studies, Qualitative and Quantitative 

research methodologies are also represented, with 9 

and 4 papers, respectively. Qualitative studies often 

delve into deep case studies, policy analysis, or 

stakeholder perceptions, providing rich contextual 

understanding. Quantitative studies typically rely 

on surveys, empirical data analysis, or statistical 

modeling to test hypotheses and generalize 

findings. 

Several general models of reverse and inverse 

logistics for SWM have been proposed in the 

literature. A common framework includes four 

basic steps such as gatekeeping, collection, sorting, 

and disposal (Banguera et al., 2017). This model 

provides a basic structure for RL. Gatekeeping 

manages the entry of products into the system, 

determining which items are allowed to enter.  

Various mathematical modeling approaches 

have been used to optimize RL networks. These 

include mixed integer linear programming, which 

has been used for facility location problems (Budak 

and Ustundag, 2016). Other techniques include 

hybrid methods that combine approaches such as 

linear programming, mixed integer programming, 

genetic and heuristic algorithms, analytical 

hierarchy process, and fuzzy modelling. Simulation 

and network models have also been used to analyze 

and improve the efficiency of RL operations in this 

domain (Banguera et al., 2017). Conceptual 

frameworks have been developed to suit specific 

waste streams. For instance, a reverse supply chain 
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model for construction and demolition waste has 

been proposed to better understand and manage the 

unique challenges associated with this type of waste 

(Brandão et al., 2021). 

Furthermore, a theoretical framework has been 

developed to link Industry 4.0 solutions to RL 

activities in SWM. This framework categorizes the 

applications of these technologies at operational, 

tactical, and strategic levels and provides a 

structured way to understand their impact and 

potential benefits (Rodrigues et al., 2025).  

 

 
Figure 5: Publication trend based on the focus waste type 

 

The publication trend based on focus waste type, as 

shown in Figure 5, reveals a significant variation in 

RL research across these categories. Electronic 

waste stands out as the most extensively researched 

waste stream. This high level of focus is likely due 

to several factors, such as the rapid growth in e-

waste generation, its complex composition 

containing both valuable and hazardous materials, 

stringent regulatory frameworks, and the significant 

potential for resource recovery through RL 

processes (De Souza et al., 2016). 

Construction and demolition waste and 

industrial/commercial waste also receive 

significant research attention. These waste streams 

are characterized by large volumes, potential for 

high material recovery, such as concrete, metals, 

wood, and the need for efficient logistics due to 

their bulk (Huang et al., 2022). Research into 

household waste often tackles challenges such as 

collection logistics, source separation, and citizen 

participation (Singh and Agrawal, 2018). While 

medical waste studies typically focus on hazardous 

medical material handling, safe disposal, and 

specialized collection networks (Kargar et al., 

2020). 

Plastic waste and municipal services waste 

appear to have comparatively less dedicated 

research in RL within this dataset. While plastic 

waste is a globally critical issue, its RL research 

might be more diffuse or integrated into broader 

recycling studies (Scrioșteanu and Criveanu, 2023). 

The lower count for municipal services waste could 

indicate that this is a very broad category, and 

researchers often specify subtypes such as 

household waste or commercial waste more 

precisely (Bing et al., 2016). 

 

Factors influencing the adoption and effectiveness 

of RL in SWM 

 

Several factors influence the adoption and 

effectiveness of RL in SWM, among which 

economic considerations play a crucial role. 

Collection costs, which include the expenses 

associated with gathering waste from various 

sources such as households, businesses, and 

institutions (Pourmohammadi et al., 2015). The 
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efficiency of these collection systems directly 

impacts the overall cost-effectiveness of RL 

operations (Pumpinyo and Nitivattananon, 2014). 

The availability and quality of transport 

infrastructure, including road networks and 

logistics services, as well as the cost of transporting 

waste to processing facilities, also have a significant 

impact (Q. Chen and Liao, 2022). In regions with 

poor infrastructure, high transportation costs can 

hinder the viability of RL. Organizations are often 

motivated by the potential for cost savings through 

reduced raw material use, lower disposal costs, and 

revenue generation from recovered materials (Le, 

2023). This potential for cost savings and new 

revenue streams, such as secondary markets, is 

crucial for the widespread use and sustainability of 

RL. The economic viability of waste recycling is 

heavily dependent on the value of recovered 

materials such as metals, plastics, and glass 

(Tesfaye & Kitaw, 2020; Tennakoon et al., 2022). 

Government incentives and subsidies are 

encouraging investment and participation in RL 

operations. Financial incentives, tax breaks, and 

subsidies can help offset initial investment costs 

and make RL more attractive to businesses and 

consumers (Pumpinyo and Nitivattananon, 2014). 

The core purpose of RL is resource optimization 

and environmental protection, providing a strategy 

for economically reducing and reusing waste 

(Alshaikh and Abdelfatah, 2024). With increasing 

environmental awareness, strict legislation, and a 

strong need to reduce landfill waste and promote 

overall sustainability, organizations are being 

pushed to adopt RL practices, thereby supporting 

this core objective (Chileshe et al., 2018). 

The presence and effectiveness of regulatory 

and policy frameworks significantly influence the 

success of RL in SWM. These regulations should 

clearly define responsibilities for waste 

management, set standards for collection, 

treatment, and disposal, and mandate 

environmentally sound practices (Valenzuela et al., 

2021). Effective implementation of these 

regulations is equally important to ensure 

compliance and the prevention of illegal activities 

(Bakhiyi et al., 2018). Extended Producer 

Responsibility (EPR) policies play a key role by 

holding producers accountable for the collection 

and recycling of their products at the end of their 

lifecycle. Well-designed EPR schemes can 

encourage manufacturers to design more recyclable 

products and finance the development of RL 

infrastructure. Government regulations that 

motivate sustainability-based waste management 

programs in promoting RL practices (Herat and 

Agamuthu, 2012). 

Technological factors include the availability 

and adoption of digital technologies and the 

infrastructure needed to support RL operations.  

Improving transparency in the supply chain is 

crucial, and it can be achieved through the 

implementation of real-time monitoring and digital 

tracking tools (Rodrigues et al., 2025). These 

technologies provide businesses with accurate 

insights into product returns, damaged inventory, 

and end-of-life materials, enabling them to make 

better decisions and identify inefficiencies 

(Scrioșteanu and Criveanu, 2023). Implementing 

structured systems for sorting, assessing, and 

determining the best course of action for each 

returned or discarded item ensures that materials are 

handled efficiently and directed to the most 

appropriate path, whether it be refurbishment, 

reuse, recycling, or responsible disposal (Gorji et 

al., 2020).  

Implementing tracking systems such as RFID, 

GPS, and online platforms will enable better 

monitoring of solid waste movement throughout the 

reverse supply chain, improving transparency and 

accountability (Q. Chen and Liao, 2022). This 

allows for better inventory management and helps 

prevent valuable materials from leaking into 

informal or illegal channels. Efficient disassembly 

processes are critical for the safe and effective 

separation of components and materials from end-

of-life products. This can involve optimized manual 

techniques that are more suitable for labor-intensive 

environments, or semi-automated processes to 

increase throughput (De Campos et al., 2017). 

Social and ethical considerations, such as 

increasing public awareness, demand for 

sustainable practices, and corporate social 

responsibility, also contribute to the adoption of RL 

(Kianpour et al., 2017). A higher level of awareness 

and education among the general public about the 

environmental and health risks associated with 

improper waste disposal can increase consumer 

participation in formal waste collection programs 

and create a greater willingness to adopt responsible 

disposal practices (Azevedo et al., 2017). 

Organizational factors, including strong 

management commitment, effective collaboration 
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among various stakeholders, and the availability of 

necessary knowledge and expertise, are critical for 

the successful implementation and effectiveness of 

RL systems (De Campos et al., 2021). Integrating 

organizational learning capabilities with RL 

practices has been shown to improve RL 

performance (Banguera et al., 2017). Similar to this, 

organizational learning facilitates knowledge 

sharing and promotes collaboration across different 

functional areas within the organization, which 

helps to better position the organization to adapt and 

effectively utilize RL for process enhancement and 

value creation (Tennakoon et al., 2021). 

Partnering with experts in waste management 

and RL, using specialized infrastructure and 

software solutions can significantly improve the 

effectiveness of these operations. Professional 

waste management partners can help businesses to 

develop customized solutions for waste recovery, 

recycling, and disposal, while specialized software 

can streamline operations by automating tasks, 

improving visibility, and providing valuable 

analytics (Abdissa et al., 2022). Reviewing the 

terms and conditions established with suppliers for 

handling returns is essential to optimizing the entire 

RL process. Implementing ethical standards and 

company policy is critical to supporting the RL 

system (Singh and Agrawal, 2018). Finally, 

designing products with end-of-life management, 

for instance by making them easier to disassemble 

and recycle, can significantly facilitate the RL 

process and contribute to a more circular economy 

(Tesfaye and Kitaw, 2020). 

 

 

 
Figure 6: Distribution of key factors affecting RL effectiveness 

 

Table 1 provides a deeper understanding of the 

thematic focus of the reviewed literature, and a 

content analysis was performed to identify the key 

factors addressed in each paper. For a complete list 

of sources supporting each factor, including 

individual references, see Table A1 in the 

Appendix. As shown in Figure 6, the factor 

receiving the most significant attention in the 

literature is policy & regulatory, which was 

highlighted by 28 papers reviewed. This 

prominence suggests that government regulations, 

environmental policies, and legislative frameworks 

are widely considered to be key drivers and 

challenges for the implementation of RL strategies 

(Azevedo et al., 2017). The second most studied 

factor is public awareness and participation, which 

appeared in 25 papers, emphasizing the critical role 

of consumer behavior and public participation in 

the success of waste management and resource 

recovery programs. 

Furthermore, factors such as organizational and 

technological appear to be less frequently studied. 

This finding is particularly noteworthy as internal 

organizational structures, operational processes, 

and the role of advanced technologies are often 

cited as critical enablers for effective RL systems. 

This discrepancy indicates a potential gap in the 

current research, suggesting that while the external 

drivers (policy and public awareness) are well-

documented, the internal, firm-specific 

mechanisms that facilitate or hinder the 

implementation of RL remain underexplored. 

Table 1. Factors affecting RL in SWM identified from the literature 
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Type Factor Frequency 

Organizational 

Commitment and involvement of top-level management 5 

Employee training on RL systems and proper knowledge 5 

Implement ethical standards/ company policy to support RL 1 

Employee incentives for engaging in recycling and returns 3 

Technological 

Data management tools for tracking collection, sorting, and processing  4 

Availability of modern equipment and methods for recycling and 

recovery installations 
6 

Product Design for recyclability/disassembly 4 

Economic 

Cost efficiency of operations such as collection, transport, sorting, and 

disposal 
7 

Government or private sector financial support via incentives/subsidies 7 

Demand and pricing (Market value) of recyclable materials 6 

Policy & 

Regulatory 

Comprehensive and enforced legislation (e.g., waste laws, recycling 

mandates, and penalties) 
8 

Policies promoting the reuse and reduction of non-recyclable products 8 

EPR, which obliges producers to manage post-consumer waste 6 

Government support for monitoring and ensuring adherence to rules 7 

Infrastructure 

Availability and accessibility of collection points  7 

Availability of suitable locations for waste storage, sorting, and 

processing facilities 
5 

Optimal vehicle usage 5 

Efficiency and coverage of transportation routes 4 

Public 

awareness & 

participation 

Knowledge and attitude of the public toward waste separation and return 7 

Awareness of the harmful effects of improper disposal of hazardous 

waste into the environment 
6 

Habits and willingness to comply with waste rules 5 

Participating in waste collection programs 7 

Stakeholder 

Collaboration 

Public-private partnership and shared responsibility 8 

Informal sector integration with waste pickers and recyclers 6 

Collaboration with third-party logistics providers in reverse operations, 

waste collection & recycling 
4 

 

RL practices influencing the adoption and 

effectiveness in SWM 

 

RL practices are applied differently across various 

solid waste streams, each reflecting the unique 

characteristics and challenges. For Municipal solid 

waste, a significant focus is on leveraging digital 

technologies for enhancing collection, sorting, and 

processing efficiency (Bing et al., 2016). This 

includes implementing smart bins equipped with 

sensors and deploying proper vehicles for optimal 

waste collection (Q. Chen & Liao, 2022). Artificial 

Intelligence (AI) and Internet of Things (IoT) play 

a crucial role in enabling intelligent waste 

classification and segregation, improving the 

quality of recovered materials (Rodrigues et al., 

2025). 

In the industrial waste sector, the primary focus is 

on value recovery through practices such as reuse, 

recycling, and material substitution. Business-to-
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business networks are developing to facilitate the 

exchange of waste and by-products between 

different industries, creating opportunities for 

resource efficiency and cost reduction 

(Pourmohammadi et al., 2015). Implementing 

hierarchical RL principles that prioritize waste 

minimization, reuse, and recycling before 

incineration or landfilling and guide the 

management of industrial waste streams (Banguera 

et al., 2017). 

Due to the risks to public health and the 

environment, RL of hazardous waste places a strong 

emphasis on ensuring its safe transportation, 

handling, and disposal (De Oliveira et al., 2021). 

Specific RL activities include careful network 

location planning, efficient collection methods, 

optimized vehicle routing, specialized processing 

techniques, secure packaging and storage, and 

distribution to designated treatment facilities 

(Kargar et al., 2020). Risk assessment and analysis 

are critical factors in managing the reverse flow of 

hazardous waste to prevent accidents and 

environmental pollution (Xu and Yang, 2022). 

For construction and demolition waste (CDW), 

RL practices focus on reusing, recycling, and 

downcycling materials such as concrete, metal, 

brick, and wood (Huang et al., 2022). RL networks 

and optimization models are being developed to 

enhance CDW management, aiming to divert this 

large amount of waste from landfills (Q. Chen and 

Liao, 2022). The RL of electronic waste emphasizes 

collection, sorting, refurbishment, disassembly, 

material recovery, and proper disposal of hazardous 

components (Le, 2023). RL plays a crucial role in 

enabling a circular supply chain for electronics, 

ensuring the recovery and reuse of valuable 

materials (Bakhiyi et al., 2018). Several successful 

programs and initiatives have been implemented by 

companies, such as Apple, Motorola, and Sony, 

focusing on efficient collection systems, advanced 

recycling technologies, and the recovery of 

valuable metals and rare earth elements (Azevedo 

et al., 2017). 

RL models have been developed specifically 

for the collection and recycling of plastic waste. 

The aim of these efforts is to reduce the use of raw 

materials by plastic manufacturers and contribute to 

environmental protection and sustainable 

development (Valenzuela et al., 2021). Strategies 

for sustainable packaging, including the use of 

reusable, recyclable, and biodegradable materials to 

reduce the environmental footprint of packaging 

(Scrioșteanu & Criveanu, 2023).  

Implementing smart waste segmentation based 

on the potential for reuse, recycling, or responsible 

disposal is also vital. By properly categorizing 

waste materials, businesses can reduce the volume 

sent to landfills and identify opportunities for value 

recovery through resale, refurbishment, or 

recycling of certain products (Mesjasz-Lech, 2019). 

Leveraging data-driven decision-making is another 

effective strategy. Analyzing return and disposal 

patterns can provide valuable insights for process 

optimization, helping companies to identify 

inefficiencies and make informed decisions to 

improve their waste management processes 

(Alshaikh and Abdelfatah, 2024). Ensuring 

efficient transportation is crucial to minimizing 

both costs and environmental impact. This can be 

achieved through optimal routing, load balancing, 

and the potential establishment of localized return 

centers to reduce transportation distances and 

emissions (Q. Chen and Liao, 2022). 

Establishing clear and well-defined guidelines 

and procedures for waste collection, transportation, 

and environmentally sound disposal is fundamental 

to ensuring the effectiveness of RL operations 

(Azevedo et al., 2017). Educating employees about 

specific requirements and best practices for SWM 

and RL, and providing training, directly impacts the 

efficiency and environmental outcomes of these 

processes (De Campos et al., 2021). It is essential to 

regularly monitor and measure the success of RL 

programs using relevant performance indicators to 

identify areas for improvement and ensure 

continuous optimization (Kargar et al., 2020). 
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Figure 7: Distribution of key practices affecting RL effectiveness 

 

Figure 7 illustrates the distribution of SWM 

practices discussed across the selected papers in this 

literature review and summarized in Table 2. For a 

complete list of sources supporting each practice, 

including individual references, see Table A2 in the 

Appendix. Collection and sorting is the most 

frequently cited practice, with a significant number 

of papers addressing this aspect. This highlights the 

primary concern of researchers and practitioners in 

establishing efficient and effective systems to 

collect and sort waste from its sources. Following 

this, the solid waste transportation is discussed in a 

notable number of papers. This indicates that the 

logistical challenges and strategies for moving 

collected waste to treatment facilities are also a key 

focus. 

In contrast, monitoring and information 

management, disposal, and energy recovery are 

addressed in a smaller number of papers. The low 

frequency of these topics suggests that they are less 

mature areas of research or that they are often 

considered as part of broader collection and sorting, 

or transportation practices, rather than distinct 

phases. The limited focus on disposal and energy 

recovery is particularly noteworthy, as it suggests a 

potential gap in the literature regarding the final 

stages of the waste life cycle and the 

implementation of sustainable end-of-life solutions. 

 

Table 2. RL practices that influence SWM identified from the literature 

 

Type Practice Frequency 

Collection 

& Sorting 

Separate waste at the point of consumption (e.g., bio, recyclable, hazardous) 8 

Use color-coded bins for different waste types (e.g., green for organic, orange 

for plastics) 
1 

Use door-to-door collection systems 4 

Establish drop-off centers 2 

Use the gatekeeping method (It involves deciding which products are 

authorized to enter the system) 
2 

Organize waste collection programs/ temporary stations in high-density areas  4 

Establish waste consolidation centers/ intermediate locations to gather and sort 

waste 
3 

Conduct incentive-based collection programs like rewards for returning 

recyclables (e.g., glass/plastic bottle deposit schemes) 
4 

Transportati

on 

Plan and use optimized RL routes  3 

Train drivers and handlers in safe handling protocols for hazardous 

components 
5 
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Use RL fleet integration with forward logistics 2 

Use suitable vehicles for waste transport 3 

Disposal & 

Energy 

Recovery 

Generate energy in waste-to-energy plants 2 

Do sanitary landfilling considering engineered disposal for non-recyclables 

with leachate/gas control 
1 

Use anaerobic digestion of organic waste for biogas production and 

composting 
2 

Monitoring 

and 

Information 

Manageme

nt 

Use of waste tracking software and IoT to monitor collection, sorting, and 

processing 
2 

Use data management tools to identify bottlenecks and optimize the process 6 

Use mobile waste apps for reporting, education, and scheduling collections 1 

Using GPS and route optimization software to minimize fuel consumption and 

collection time 
2 

 

Challenges in the adoption of digital tools and 

technological solutions in RL for SWM 

 

While the integration of digital tools such as IoT, 

AI, and advanced tracking systems is recognized as 

a key enabler of effectiveness in RL for SWM, the 

pathway to digitalization is not a simple one. 

Adopting digital solutions is not only a technical 

upgrade but a profound organizational and systemic 

transformation (Julianelli et al., 2020). It requires 

overcoming significant economic barriers, deep-

rooted technological and infrastructure limitations, 

and addressing organizational human-related 

factors. 

The economic and financial barriers associated 

with adopting digital technologies represent one of 

the most formidable obstacles for many 

organizations and municipalities. Moving to a smart 

SWM system requires significant initial capital 

expenditure. The costs for the required hardware, 

software, and infrastructure are significant 

(Rodrigues et al., 2025). The financial commitment 

doesn't end with the initial purchase. A 

comprehensive analysis reveals significant ongoing 

lifecycle costs, including recurring expenses for 

software licenses, data storage fees, regular system 

maintenance, and periodic technology upgrades to 

prevent obsolescence (Julianelli et al., 2020). 

Without a strong, long-term financial strategy, 

many organizations and municipalities struggle to 

obtain necessary initial funding, manage ongoing 

operating costs, and build a resilient case for 

investment, ultimately leading to technical failure 

(Santos and Ogunseitan, 2022). 

One of the most critical technical challenges is the 

lack of interoperability between different digital 

systems. Many companies operate on a patchwork 

of outdated IT systems that were never designed to 

communicate with modern platforms (Zielińska, 

2020). Although they can perform their specific 

function, unable to share data or collaborate with 

other parts of the ecosystem. For example, data 

from a smart sensor network may not be able to 

seamlessly integrate with the materials recovery 

facility's inventory management system (Rodrigues 

et al., 2025). This fragmentation is a major barrier 

to achieving a data-driven view of the entire waste 

management lifecycle. 

The success of smart SWM solutions 

fundamentally depends on the quality of the 

underlying physical and digital infrastructure. 

Smart devices, from sensors in bins to GPS trackers 

on trucks, rely on a stable and reliable network 

connection to transmit data (Xu & Yang, 2022). In 

many regions, especially in rural areas or 

developing countries, the necessary digital 

infrastructure is underdeveloped or completely 

nonexistent. Without this basic connectivity, the 

implementation of smart waste solutions is not 

feasible (Le, 2023). 

The successful adoption of digital technologies 

ultimately depends on the readiness of the 

organization and its people to embrace them. 

Organizational culture can create significant 

organizational inertia, making the adoption of new, 

technology-driven workflows a slow and 

challenging effort (Tesfaye and Kitaw, 2020). 

Resistance can manifest itself at all levels of the 
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organization. Employees resist new technologies 

for a variety of reasons, including fear that 

automation will make their jobs redundant, doubt 

about the expected benefits of new systems, or the 

difficulty and stress of learning new processes 

(Waqas et al., 2018; Z. Xu et al., 2021). For 

example, collection drivers who are accustomed to 

fixed, familiar routes may initially be resistant to 

route optimization software that changes their daily 

tasks, even if it gives greater efficiency (Huang et 

al., 2022). 

Furthermore, a critical challenge to the 

effective use of digital tools is the widespread 

shortage of human capital with the skills needed to 

properly install, operate, maintain, and analyze the 

data generated by modern SWM systems. Even for 

existing workforces, organizations often fail to 

invest in adequate and ongoing training programs 

(Bakhiyi et al., 2018). Delivering new digital tools 

without providing the necessary support to ensure 

employees are proficient and comfortable is a 

common mistake that leads to frustration, user 

error, and even abandonment of new systems (De 

Campos et al., 2021). 

The findings of this systematic review 

emphasize the growing recognition of RL as a 

transformative component of SWM. Establishing 

an integrated and resilient SWM system requires 

coordinated efforts among government, private 

enterprises, waste management professionals, and 

the public. To improve RL practices in SWM, 

several recommendations can be made.  

Governments: The development and 

implementation of comprehensive and consistent 

national and international waste management 

regulations, including clearly defined scopes, 

ambitious collection targets, and strict standards for 

environmentally sound treatment and disposal. It is 

crucial to expand and strengthen the 

implementation of EPR schemes across all relevant 

waste categories to ensure that manufacturers take 

greater responsibility for the entire life cycle of their 

products, especially for their end-of-life 

management. Governments should also consider 

introducing and enhancing both financial 

incentives, such as tax credits, subsidies, deposit 

refund systems, and non-financial incentives, such 

as public recognition, awareness campaigns, to 

encourage active participation from both consumers 

and businesses in solid waste recycling and 

responsible disposal initiatives. Furthermore, 

strategic and sustained investment in developing 

national waste management infrastructure, which 

includes accessible and conveniently located 

collection points, efficient and environmentally 

friendly transportation networks, and modern 

recycling facilities equipped with advanced 

technologies. Continued support and funding for 

research and development efforts focused on 

creating innovative and environmentally friendly 

waste recycling technologies, including AI-

powered sorting, advanced material recovery 

processes, and safe methods for handling and 

disposing of hazardous components, are vital for 

advancing the field. 

Businesses: Circular design principles should 

be adopted early on for long life, ease of 

disassembly for repair and recycling, and with 

minimal use of hazardous materials. It is essential 

for businesses to establish and actively promote 

take-back programs, ensuring that consumers are 

given convenient and easily accessible options for 

returning their end-of-life products. By establishing 

strategic collaborations and partnerships with 

specialized third-party RL providers and certified 

waste recycling companies, they can significantly 

improve the efficiency and environmental 

performance of their waste management efforts by 

leveraging the expertise and established 

infrastructure of these specialists. Businesses 

handling returned IT equipment must implement 

strict data protection protocols to ensure that any 

sensitive information is completely and irreversibly 

deleted before the equipment is considered for 

reuse, refurbishment, or recycling. 

Consumers: Proactive steps should be taken to 

improve awareness and understanding of the 

significant environmental and public health 

consequences associated with improper waste 

disposal and recognize the critical importance of 

participating in recycling efforts. It is essential that 

consumers actively participate in available waste 

recycling programs and make full use of established 

collection infrastructure, such as manufacturers' 

take-back schemes, community drop-off centers, 

and scheduled collection events, while ensuring that 

their end-of-life products are managed responsibly. 

Whenever possible, consumers should consider 

donating or selling their used products if they are 

still in good or functional condition, as this can 

extend their useful life and contribute to reducing 

overall waste generation. 
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While the existing literature provides a 

comprehensive understanding of many aspects of 

RL in SWM, several gaps and future research 

directions need to be addressed. Future research 

should focus on quantitatively assessing the 

environmental, economic, and social impacts of RL 

practices across different waste streams to provide 

a strong evidence base for policymakers and 

professionals. Regional and sectoral disparities also 

highlight the need for deep studies in 

underrepresented regions such as Africa and South 

Asia, which receive relatively less attention. As 

digitalization transforms supply chains, it is 

essential to further explore Industry 4.0 

technologies, including AI, RFID, and IoT, to 

enable real-time tracking, process automation, and 

smarter decision-making within RL systems. 

Moreover, the review effectively identifies key 

external drivers for reverse logistics, and it 

highlights a research gap on internal, firm-specific 

mechanisms. Finally, empirical evaluations of 

policy tools, such as EPR, are needed to assess their 

practical impact on the adoption of RL and inform 

the design of more effective regulatory frameworks 

based on waste streams. Continued research and 

innovation in this field are essential for addressing 

the growing complexities of waste management and 

ensuring a sustainable future. 

 

Conclusion 

 

This systematic review has highlighted the critical 

role of RL in addressing the growing global 

challenge of SWM. The analysis shows that RL is 

simply not a waste disposal mechanism but a 

strategic approach that integrates economic, 

environmental, and social considerations. Key 

findings reveal the transformative potential of 

digital technologies associated barriers in 

optimizing RL operations, the importance of 

models and frameworks created for different solid 

waste streams, and the many factors and practices 

that influence the adoption and effectiveness of RL. 

The effectiveness of RL in SWM is a multifaceted 

issue influenced by a complex interaction of 

regulatory frameworks, consumer behaviour, 

technological advances, infrastructure 

development, economic considerations, and 

organizational support. Government regulations 

and policies, particularly EPR, establish the crucial 

framework for responsible waste management. 

Active participation of consumers, driven by 

awareness, convenience, and incentives, is essential 

for the success of collection programs. 

Technological advancements in recycling 

processes, IoT applications, and waste tracking 

systems continue to improve the efficiency and 

sustainability of SWM, though their adoption is 

frequently hindered by major economic and 

organizational barriers. Well-established 

infrastructure for collection, transportation, and 

processing provides the foundation for effective 

RL. Selecting and implementing appropriate RL 

strategies, according to the unique characteristics of 

different types of waste, is key to maximizing 

collection rates and ensuring environmentally 

sound management.  

This systematic review has several limitations 

that should be considered. The methodology was 

limited to peer-reviewed, open-access journal 

articles published in English. This exclusion 

criterion may have led to an underrepresentation of 

relevant research published in other languages or 

non-open-access journals, particularly from regions 

such as Europe and Africa. Although efforts were 

made to ensure a comprehensive search across 

multiple databases, relying on four databases may 

still limit the breadth of included literature. Another 

limitation of this review is that it primarily relies on 

secondary data synthesis without expert validation 

or incorporating stakeholder perspectives. While 

thematic analysis identified factors and practices 

that influence RL in SWM, the lack of triangulation 

with industry professionals, policymakers, or 

community stakeholders may limit the real-world 

applicability of the findings. These gaps suggest 

directions for future research. 
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