




Sustainable Reverse Logistics Practices and End-of-Life Ecological Performance of Mobile Phones in a Growing Economy
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Purpose - This study investigates the relationship between sustainable reverse logistics (SRL) practices, specifically repair, refurbishment, and recycling and end-of-life ecological performance (EoL-EP) in a growing economy. 

Design/methodology/approach – A descriptive survey research design was adopted. It focused on two prominent mobile phone service hubs in Port Harcourt, Nigeria: Garrison and the MTN Zone. A purposive sampling approach was employed to capture insights from 138 participants, including repairers, recyclers, and scavengers engaged in EoL phone handling. Data were collected using structured questionnaires developed from established literature, translated into Pidgin English to enhance clarity and reliability. Reliability and validity were confirmed through Cronbach’s Alpha, exploratory factor analysis (EFA), and expert review. Data were analyzed using descriptive statistics and multiple regression.

Findings – Results demonstrate a significant positive relationship between SRL practices and EoL-EP. Repair practices minimized premature waste generation, refurbishment extended product lifespans and consumer utility, and recycling provided direct ecological benefits through resource recovery, waste diversion, and reduced emissions. Collectively, these practices improved ecological efficiency while generating operational benefits such as cost savings, enhanced sustainability positioning, and customer loyalty.

Practical implications – Firms should integrate structured SRL practices into their reverse logistics strategies, while policymakers are encouraged to reinforce extended producer responsibility regulations and invest in recovery infrastructure to maximize ecological benefits.
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1.0 Introduction 

In the last two decades, Nigeria's communication landscape has experienced significant growth and expansion.  This shift mostly results from the swift proliferation of mobile phone technology.  According to Statista (2024), mobile phone penetration exceeded 86%, with over 180 million active users which includes both rural and urban residents.  This technology advancement has transformed the social and economic landscape of new generations, and has resulted in significant economic development, expanded entrepreneurship, and enhanced financial inclusion.  The advent of these mobile devices has enabled micro, small, and medium-sized firms (MSMEs), which are the foundation of Nigeria’s informal economy.  Jagun, Heeks, and Whalley (2008) assert that mobile telephony improves supply chain coordination, diminishes transaction costs, and broadens market reach. Furthermore, Olawade and Enahoro (2021) contend that the extensive implementation of GSM technology has markedly improved productivity, enhanced job creation, and promoted corporate expansion, all of which have transformed the Nigerian business landscape into a hub for global business opportunities.
In the financial sector for example mobile phone has revolutionized the transaction pattern. Platforms such as OPay, PalmPay, and Paga have enabled millions of Nigerians to conduct secure, real-time, and cost-efficient financial transactions, even in regions lacking conventional banking infrastructure (Agwu & Carter, 2014). These services include USSD banking, digital wallets, and fintech applications which are all instrumental in advancing financial inclusion, particularly for populations historically excluded from the formal financial system (Samuels et al., 2024; GSMA, 2023). According to Adeleke and Raimi (2021), mobile finance tools have helped bridge Nigeria’s financial divide, with impressive access to savings, loans, and payments in underserved areas. Akinwale et al. (2018), established a strong correlation between mobile subscription growth and national GDP expansion. Similarly, Leo and Clement (2022) documented how mobile broadband positively influences labor productivity and capital development. Beyond GDP, mobile access also facilitates inclusion in critical areas such as healthcare, education, and market information dissemination particularly in rural communities (Baro & Endouware, 2013; Ukwuoma, 2019).

Despite the economic advantages of mobile penetration, the widespread use of mobile phones in Nigeria has caused serious environmental concerns, especially with electronic waste (e-waste). As a result of access and affordability of mobile devices, an increasing number of phones reach end-of-life (EoL) status. Nigeria generates over 500,000 metric tons of e-waste annually, and large amount of these wastes originates from discarded phones (U-Dominic et al., 2021; Olayinka et al., 2022). These phones contain hazardous substances such as lead, mercury, and cadmium are common in phone batteries and circuit boards and pose severe threats to environmental and public health. According to the World Health Organization (2022), improper disposal often through burning or landfill burial can lead to leaching of these toxins into soil and groundwater, which triggers long-term ecosystem damage and human health complications. Studies (Muhammad et al. 2024; Artang et al. 2023) further argued that contaminants accumulated in food chains can compound their adverse effects on humans. Additionally, Nandan et al. (2023) and Watanabe et al. (2024) linked improper e-waste handling to respiratory illnesses, endocrine disruption, and heavy metal poisoning in exposed populations.
To mitigate these risks, scholars (Vieira et al., 2020; Govindan et al., 2015; Kalubanga & Mbekeka, 2023) have argued that sustainable reverse logistics (SRL) can serve as a viable solution. SRL is the coordinated return of used products from consumers to the manufacturers for environmentally responsible treatment which includes refurbishment, recycling, and safe disposal (Kalubanga & Mbekeka, 2023). This approach is fundamental to a circular economy model that minimizes raw material extraction while optimizing the reuse of valuable components (Vieira et al., 2020; Govindan et al., 2015). Beyond operational benefits, SRL plays a strategic role in aligning firms with environmental standards and consumer expectations. Ramos et al. (2014) studied optimization models where environmental priorities are balanced with cost and efficiency goals. Morgan et al. (2016) emphasize that implementing reverse logistics can be leveraged for organizational and environmental sustainability.
Notably, public awareness around e-waste does not always translate into responsible disposal practices. Notwithstanding education campaigns, a significant gap persists between knowledge and action. Borthakur and Singh (2020) observe that while many consumers recognize the environmental hazards of e-waste, few follow through with proper recycling or disposal methods. Economic factors also play a role; in many rural regions, mobile phones are perceived as disposable commodities due to declining prices and rapid obsolescence (Okediran, 2019; Fidelis et al., 2020). Although the discourse on sustainable reverse logistics (SRL) has gained momentum in recent years (Govindan & Soleimani, 2017; Kazancoglu et al., 2020; Ali et al., 2023), much of the existing scholarship has concentrated on formal recycling systems and large-scale manufacturing networks (Agrawal et al., 2019; Agyemang et al., 2020; Hussain et al., 2021), with limited attention to the informal actors. These informal stakeholders contribute to waste reduction, employment generation, and urban sustainability are significant (Laurenti et al., 2015; Yahya et al., 2021; N & Majhi, 2022). Hence, this study advances the scholarly discussion by examining the effect of SRL practices (repair, refurbishment, and recycling) on ecological performance among informal phone repairers in Nigeria. 


2.1 Theoretical Underpinning and Literature Review

This study adopted Stakeholder Theory and Ecological Modernization Theory (EMT). Stakeholder Theory (Freeman, 1984), emphasizes the need to consider the diverse and often competing interests of all parties who are impacted by or can influence organizational outcomes. Regarding SRL, this includes formal stakeholders like telecom operators, government regulators, and manufacturers, and also, informal players such as scavengers, street-level repairers, and e-waste collectors. These groups are key to the functional instrument of a mobile phone recovery ecosystem in many developing economies. Hence, integrating their voices and perspectives into the design and execution of SRL strategies ensures that solutions are not only efficient but also equitable and contextually relevant (Jayasinghe et al., 2019; Laha, 2014). This reinforces the need for participatory governance structures that bring together stakeholders across the spectrum to collaboratively shape policy and practice. According to Vaccari and Perteghella (2016), such engagement enhances both the effectiveness and legitimacy of environmental strategies.
On the other hand, Ecological Modernization Theory (EMT) (Mol & Spaargaren, 2000) provides an overview for understanding how environmental progress can coexist with economic development. EMT argues that through innovation, policy reform, and adaptive social systems, economies can address ecological challenges without undermining growth (Mol & Spaargaren, 2000). Although these operations often function outside regulatory oversight, their contributions to urban sustainability through material recovery, employment generation, and landfill reduction are increasingly acknowledged (Sari et al., 2023; Asibey & Inkoom, 2023). Hence, EMT explains how discarded mobile phones wastes can be reframed as a resource, repaired, refurbished, and recycled as a mechanism for sustainable growth rather than as mere waste management activities.

2.2 End-of-Life Ecological Performance

The eco-performance perspective is focused on the overall reduction in environmental impact of products and services and an enhanced environmental image (Peacock, 1993; Pujari et al., 2003). Ecological Performance is the capacity to maintain ecosystem functions and services while ensuring that human activities do not degrade these systems (Rehman et al., 2020; Roscoe et al., 2019). End-of-Life Ecological Performance (EoL-EP) refers to the extent to which discarded products and components are managed in ways that minimize environmental harm and maximize ecological value through reuse, recycling, remanufacturing, and safe disposal (Zhu et al., 2008; King et al., 2006). It is management of superfluous products in a way that does not harm the environment. It can be determined and evaluated by material recovery efficiency, waste diversion rates, hazardous waste handling, and the substitution potential of reclaimed resources (Borthakur & Singh, 2020; Matsumoto et al., 2016; Awasthi et al., 2019; Ghisellini et al., 2016). Studies (Song et al., 2012; Baldé et al., 2017) opined that high EoL-EP mitigate environmental degradation and reduces environmental risks (Heacock et al., 2016).

2.3 Sustainable Reverse Logistics

Sustainability has become a global topic in recent years. In supply chain management, sustainability has attracted myriads of scholarly contributions as a result of its value in recycling, remanufacturing, and reuse of waste (Rogers & Tibben-Lembke, 2001; Hazen et al., 2011). Sustainable reverse logistics (SRL) is the process of reintegrating products into the supply chain after reaching the end of their initial lifecycle through repair, refurbishment, remanufacturing, and recycling (Panwar & Niesten, 2020; Egri et al., 2021). SRL emphasizes resource recovery, minimization of waste streams, and alignment with environmental regulations and customer expectations. Unlike forward supply chains which focus on product delivery, SRL centers on the return flow (Defee et al., 2009; Kumar et al., 2017) and consumer aid in determining the recovery pathway. SRL is measured through repair practices, refurbishment processes, remanufacturing activities, and recycling systems (Hsu et al., 2016; Genchev et al., 2011), and recycling (Panwar & Niesten, 2020; Egri et al., 2021). In this study, sustainable reverse logistics is defined as those operational activities that minimize the use of natural resources during the reverse flow of goods through recycling, remanufacturing, and reusable packaging (e.g. Rogers & Tibben-Lembke, 2001).

2.3.1 Sustainable Reverse Logistics and End-of-Life Ecological Performance

The relationship between SRL and EoL-EP has received enormous scholarly contributions. High-performing SRL systems directly enhance EoL outcomes by reducing landfill dependency, lowering carbon emissions, and mitigating hazardous waste leakage into ecosystems (Borthakur & Singh, 2020; Baldé et al., 2017). Moreover, by turning waste into resources which creates enhances customer loyalty, SRL enhances operational efficiency and competitive advantage (Ali et al., 2023; Bhatia et al., 2023). Studies (Kazemi et al., 2018; Campos et al., 2021; Hazen et al., 2011) emphasized that reverse logistics improves ecological performance and also, business resilience. Recent studies (Govindan & Soleimani, 2017; Kazancoglu et al., 2020) emphasize that SRL is integral to circular economy transitions, improve customer satisfaction, and support environmental performance (Hussain et al., 2021; Ali et al., 2023). Moreover, SRL promotes urban sustainability by optimizing resource recovery, and the diversion of hazardous e-waste from landfills (Agrawal et al., 2019; Agyemang et al., 2020; Bhatia et al., 2023). Based on the forgoing, we hypothesize that;
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Figure 1- Relationship between Sustainable Reverse Logistics and End-of-Life Ecological Performance

3.1 Methodology

This study explored the relationship between sustainable reverse logistics (SRL) and end-of-life (EoL) ecological performance of mobile phones within Port Harcourt, Nigeria. The study employed a descriptive survey research design. Fieldwork was conducted in Garrison and the MTN Zone in Port Harcourt. These zones are the major hubs that clusters prominent informal phone repairers, component harvesting, and e-waste handling in Port Harcourt, Rivers State, Nigeria. These zones were purposively selected based on their visible concentration of SRL activity and high turnover of mobile phone materials. The research population is not formally enumerated due to its informal composition. The population consists of scavengers, repairers, and recyclers. Their inclusion was essential for understanding bottom-tier SRL operations within Nigeria’s broader waste economy (N & Majhi, 2022; Wei et al., 2023).
Given the absence of a formal sampling frame, purposive sampling was adopted, hence, participants with hands-on experience in EoL phone handling were selected. This non-probabilistic method was considered appropriate for accessing these groups that engage in everyday unstructured structured economic systems (Babbie, 2013; Palinkas et al. 2015; Attia et al. 2021). A total of 138 participants were successfully surveyed. According to Mishima et al., (2016), a sample size of 138 is deemed sufficient to generate exploratory insights. To accommodate the low literacy level of many respondents, the structured questionnaire was developed in simple English and translated into Pidgin English which is the dominant lingua franca in Port Harcourt. According to Van de Vijver and Harkness, (2003); Groves et al., (2009); Patrao and Karnik, (2023), translating questionnaire in the lingua franca of the respondents enhances data reliability in multilingual, low-literacy environments. The instrument comprised four core sections: demographic profile, reuse practices, recycling behaviors, and remanufacturing activities.
The statement Item development was adopted from the existing literature. Constructs on reuse were adopted from Dissanayake and Sinha (2018). Regarding recycling, the statement items were adopted and modified from Borthakur and Singh (2020), while remanufacturing measures were adapted from Matsumoto et al. (2016). Additionally, end-of-life ecological performance items were adopted and modified from Zhu et al. (2008). All items were structured on a five-point Likert scale, which ranged from “Strongly Disagree” (1) to “Strongly Agree” (5), to gauge the frequency and strength of SRL-related practices. In-person interviews were used a data collection strategy and where necessary, we engaged the trained interpreters to ensure clarity and mitigate response bias (O’Connor et al., 2016; N & Majhi, 2022).
To determine reliability, internal consistency was assessed using Cronbach’s Alpha. All subscales exceeded the minimum threshold of 0.70 (Nunnally & Bernstein, 1994; Chandrasekaran et al., 2018). The questionnaire was pretested with 15 respondents which was drawn from similar location outside the final study. This process enabled the identification and refinement statement items. Validity was addressed through a combination of construct and content validation. Factor loading scores from the EFA confirmed the theoretical alignment of items to their respective dimensions, while logistics practitioners were consulted for content adequacy (Kim et al., 2018; Yahya et al., 2021). A quantitative data analysis was carried out using SPSS (Version 26). Descriptive statistics were first used to summarize key demographics and Exploratory Factor Analysis (EFA) was employed to assess the underlying structure of the instrument and validate the dimensional alignment of reuse, recycling, and remanufacturing constructs, consistent with MacDonald and Birdi (2019). Furthermore, multiple regression analysis was conducted to evaluate the influence of demographic variables such as age, years of experience, and job type on the level of SRL engagement (Gaviyau & Sibindi 2023; Tanoto et al. 2019).
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Table.1: Univariate Analysis of the Study 
	Constructs
	Item Scale
	Mean
	S.D
	Factor Loadings
	CR
	AVE
	Cronbach
Alpha
	Square Root of AVE

	Repairs
	
	
	
	
	
	
	
	

	
	I extract working parts from old phones for use in other repairs.
	3.93
	0.891
	0.948
	0.956
	0.845
	0.938
	0.919

	
	I sell used phone components to other technicians or shops.
	4.01
	0.887
	0.947
	
	
	
	

	
	I store parts from old phones for future repairs or sales.
	4.46
	1.001
	0.831
	
	
	
	

	
	I rebuild phones using parts collected from different broken phones.
	3.93
	0.884
	0.208
	
	
	
	

	
	Reusing old phone parts reduces the cost of my work.
	3.81
	0.779
	0.945
	
	
	
	

	Recycling
	
	
	
	
	
	
	

	

	
	I remove metals and plastics from damaged phones for recycling.
	3.56
	0.921
	0.942
	0.856
	0.551
	0.833
	0.742

	
	I separate batteries and screens from phones before disposal.
	4.23
	1.003
	0.722
	
	
	
	

	
	I sell non-repairable phone parts to recycling agents or scrap buyers.
	3.89
	0.982
	0.786
	
	
	
	

	
	I prefer to recycle instead of dumping damaged phone parts.
	4.58
	0.881
	0.620
	
	
	
	

	
	Recycling helps reduce the amount of waste in my community.
	4.41
	0.906
	0.589
	
	
	
	

	
	
	
	
	
	
	
	
	

	Refurbishment
	I reconstruct non-functional phones to sell them as working units.
	4.17
	0.823
	0.821
	0.897
	0.638
	0.850
	0.799

	
	I use old phones as a base to assemble new working devices.
	4.66
	0.607
	0.489
	
	
	
	

	
	I clean, test, and package used phones before reselling them.
	3.96
	0.981
	0.962
	
	
	
	

	
	I upgrade software or change parts to improve old phones for resale.
	4.21
	0.869
	0.723
	
	
	
	

	
	Remanufacturing allows me to make more profit than selling parts alone.
	4.01
	0.726
	0.910
	
	
	
	

	End-of-Life Ecological Performance
	
	
	
	
	
	
	
	

	
	My work helps reduce mobile phone waste in the environment.
	3.91
	0.887
	0.682
	0.921
	0.701
	0.891
	0.837

	
	I try to dispose of toxic parts (e.g., batteries) properly.
	3.82
	0.698
	0.892
	
	
	
	

	
	I am aware of the environmental risks of dumping phone components.
	3.77
	0.775
	0.919
	
	
	
	

	
	Using old phone parts helps reduce the need for new materials.
	3.73
	0.983
	0.835
	
	
	
	

	
	I would participate in training to improve my environmental practices.
	3.97
	0.724
	0.839
	
	
	
	


Source: Researchers’ Computation, 2025 (Aided by SMARTPLS Version 4.0.9.9).

Table 2 shows the descriptive analysis of the study. The result unveiled the average score and standard deviation of the elements comprising the questionnaire for every construct. The outcome demonstrated high mean values, suggesting that most respondents concurred with the questions. Additionally, the standard deviation accurately assessed the variability or spread of the responses, which was deemed satisfactory. This suggests that the selected samples sufficiently reflected the entire population under investigation (Dauglas & Marting, 2005; Mary, 2008). Furthermore, the results of the measurement assessment analysis predominantly confirmed the study's convergent validity and reliability.

Convergent Validity:  First, the EFA analysis revealed that all items comprising the research instrument possess factor loadings that exceed the minimum threshold of 0.50, as proposed notable scholars (Guadagnoli & Velicer, 1988; Tabachnick & Fidell, 2007) except for only one loading (0.208) which was expunged while the analysis was reconfirmed. Furthermore, Hair et al. (2014) demonstrates that the AVEs exceed the minimum acceptable threshold of 0.5. Additionally, all of the extracted average variances (AVEs) exhibited values that were comparatively high, surpassing the threshold of 0.5 as recommended by Bagozzi and Yi (2012). As a result, the convergent validity was deemed adequate. 
Reliability: In a similar vein, the composite reliability (CR) for the constructs exhibit high values. The obtained outcome demonstrates that the research instrument is reliable, as it meets the minimum requirement of 0.7 as proposed by Fornell and Lacker (1981) and Nunnally (1978). However, the Cronbach alpha values provided further evidence of the study instrument's internal consistency since the entire alpha values were over the minimal level of 0.7.





Table 2 Correlation Matrix Showing the Discriminant Validity of latent constructs.
	Constructs
	
	REP
	REF
	REC
	EEP

	
Repairs
	
0.919
	
	
	
	

	
Recycling
	0.577
	
0.742
	
	
	

	
Refurbishment
	0.602
	0.494
	
0.799
	
	

	
End-of-life Ecological Performance
	0.518
	0.507
	0.496
	
0.837
	

	
	
	
	
	
	



Source: Researchers’ Computation, 2025 (Aided by SMARTPLS Version 4.0.9.9).

Table 3 showed the assessment result for the discriminant validity of each of the identified latent construct in this study. To determine the discriminant validity for the measurement model, the criterion suggested by Fornell and Larker (1981) was used. The results of the analysis indicated that the cross loadings (correlations) of specific items have a more pronounced association with their own construct compared to other items. Furthermore, it discloses the degree of linear correlation between each pair of the latent variables. The discriminant validity is deemed adequate, as indicated by Hair et al. (2014), since the square roots of AVEs on the diagonal are greater than their respective correlation values. It can be guaranteed that every individual construct is unique and does not consist of identical indicator items (Ajao & Ndu, 2024; Ndu & Ajao, 2019). The   discriminant validity is therefore satisfactory for the instrument. 
4.1 Assessment of the Structural Path Model and Hypotheses Testing
This study was hinged on three specific objectives which resulted to developing three distinct hypotheses. These hypotheses were subjected to structural equation modelling and the result is depicted in the structural path model. The results are presented as follows;
[image: ]Figure 2 Structural Path Model for Sustainable Revers Logistics and End-of-life Ecological Performance
Source: Analysis Output 2025; (Aided by Smart Pls Version 4.0.9).


Table 3: Structural Path Model and Hypotheses Results 
	S/n
	Hypothesized Path
	Path Coefficient (β)
	P-Value
	T Value
	Decisions
	R2

	1.
	REP → EEP 
	0.830***
	0.000
	3.212
	Not Supported
	

	2. 
	REC → EEP
	0.376***
	0.000
	4.053
	Not Supported
	

	3.
	REF → EEP
	0.463***
	0.000
	4.117
	Not Supported
	

	
	
	
	
	
	
	0.868


***P<0.001	**P<0.01	*P<0.05
Source: The Researcher’s Computation (2025) from Path Analysis Result (Aided by SMARTPLS 4.0.9.9). 

Figure 2 and table 4 showed the path analysis result for the relationship Sustainable Reverse Logistics Practices and End-of-Life Ecological Performance of Mobile Phones in Nigeria. The result indicated that a positive significant association exists between the study's constructs as follows;

The first structural path which represented the first hypothesis of the study revealed a substantial positive relationship between Repairs and end of life ecological performance of mobile phones with a beta value (β) of 0.830 at P-value of 0.00 < 0.05 and T-Value 3.212 > 1.96. Therefore, the null hypothesis does not uphold. The second structural path which represented the second hypothesis of the study revealed a significant positive relationship between recycling and end of life ecological performance of mobile phones with a beta value (β) of 0.376 at P-value of 0.00 < 0.05 and T-Value 4.053 > 1.96. Therefore, the null hypothesis does not uphold.


The third structural path which represented the third hypothesis of the study revealed a significant positive relationship between refurbishment and end of life ecological performance of mobile phones with a beta value (β) of 0.463 at P-value of 0.00 < 0.05 and T-Value 4.117 > 1.96. Therefore, the null hypothesis does not uphold. Furthermore, the overall result showed R2 value of 0.868 which largely explained that Sustainable Reverse Logistics is a strong predictor of End-of-life Ecological Performance. This implies that sustainable reverse logistics could engender positive improvement on end-of-life ecological performance of phone in Nigeria up to the tune of 86.8%.

5.1 Discussion 

The findings confirm a positive relationship between repair, refurbishment, and recycling practices and end-of-life ecological performance (EoL-EP). Repair minimizes premature waste, enhances material efficiency, and reduces environmental impacts. This in agreement with Hazen et al. (2011), who linked structured repair to both ecological and cost benefits. Refurbishment extends product life, improves customer satisfaction, and supports urban sustainability through resource recovery (Govindan & Soleimani, 2017; Kazancoglu et al., 2020; Agyemang et al., 2020). Recycling contributes to EoL-EP through the diversion of wastes from landfills, and reduces emissions, and enables resource substitution. Empirical evidence shows recycling enhances material recovery, curbs toxic pollutants, and strengthens circular economy transitions and reduces raw material dependence (Borthakur & Singh, 2020; Campos et al., 2021; Kazemi et al., 2018). Collectively, these practices improve EoL-EP and also generate operational efficiencies, cost savings, competitive advantage, and customer loyalty (Ali et al., 2023; Bhatia et al., 2023; Hussain et al., 2021). These findings are consistent with prior work (Agrawal et al., 2019; Zhu et al., 2008; Baldé et al., 2017), who reinforced that repair, refurbishment, and recycling are key to achieving sustainable ecological outcomes.
5.2 Conclusion
The results of this study provide strong evidence to reject the null hypotheses (H1, H2, and H3). It confirms that repair, refurbishment, and recycling are significantly related to end-of-life ecological performance (EoL-EP). Specifically, repair was shown to extend product lifespans and minimize premature waste generation, which improves ecological efficiency. Refurbishment enhanced both environmental and consumer outcomes by promoting reuse which extends producer responsibility regulations, On the other hand, recycling demonstrated the most direct ecological benefits through resource recovery, waste diversion, and reduced emissions. Collectively, these findings establish that sustainable reverse logistics practices are integral to achieving superior EoL-EP.
5.3 Recommendations
Given the significant positive associations, firms should institutionalize structured repair, refurbishment, and recycling practices within their reverse logistics strategies. Also, policymakers are encouraged to strengthen regulatory frameworks such as extended producer responsibility schemes to accelerate resource recovery and minimize ecological harm. Furthermore, businesses should invest in technology and infrastructure to support efficient material recovery.
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