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Abstract 

Solid waste management (SWM) in the rural areas of numerous low- and middle-income countries 

(LMICs) is a topic of critical importance, yet often underestimated. Surprisingly, nearly half of the 

global population still resides in rural regions, making effective SWM indispensable for mitigating 

environmental and health hazards. Unfortunately, a lack of knowledge and proper tools frequently 

results in improper practices, including waste dumping and uncontrolled burning. 

However, there exists great potential in adopting appropriate SWM methods, which can transform 

waste into valuable resources and even create revenue streams. This manuscript offers a 

comprehensive overview of the current state of knowledge concerning SWM in rural communities of 

LMICs, analyzing prevalent practices and primary challenges. Various solid waste fractions are 

considered, and virtuous approaches are explored, taking into account recent sustainable solutions. 

Given the substantial portion of the global population residing in rural areas, embracing suitable 

SWM practices can yield immense benefits. These activities have the potential to enhance local 

conditions from social, environmental, and health perspectives, while also contributing to the global 

fight against climate change and environmental pollution." 

Key words: - Waste Management, Solid Waste, Low- and Middle-Income Groups, Developing 

countries. 

Introduction 

Solid waste management (SWM) is an escalating concern in the rapidly growing developing country 

rural communities worldwide. The significance of efficient waste management in these regions 

cannot be underestimated, as nearly half of the global population continues to reside in rural areas 

(United Nations, 2020). However, despite its paramount importance, SWM in these settings remains 

an often overlooked and undervalued aspect, leading to detrimental consequences for both the 

environment and public health. 
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1. Challenges in Solid Waste Management in Developing Country Rural Communities: 

The challenges encountered in SWM within rural communities of developing countries are 

multifaceted and demanding. One of the primary obstacles stems from the limited resources and 

infrastructure available to support effective waste management practices. Many rural areas lack 

appropriate waste collection systems, transportation networks, and disposal facilities, making it 

difficult to establish well-structured waste management strategies (Agunwamba, 2016; Odeyemi et 

al., 2020). 

In addition to inadequate infrastructure, a lack of awareness and knowledge about sustainable waste 

management practices further exacerbates the problem. Residents in rural communities often resort to 

improper waste disposal methods, such as open dumping or burning, due to the absence of guidance 

and education on better alternatives (Bogning Zangue et al., 2018; Akter and Joardder, 2019). These 

practices not only lead to the accumulation of waste in public spaces but also pose serious health 

risks, as they release harmful pollutants and toxins into the environment, affecting both human and 

ecological well-being (Osumanu et al., 2020). 

i. Opportunities and Prospects in Solid Waste Management: 

While challenges abound, exploring opportunities and prospects in SWM in developing country rural 

communities reveals promising pathways to address these pressing issues. Implementing waste 

reduction and resource recovery initiatives, such as waste segregation and recycling, can help 

transform waste into valuable resources and reduce the burden on traditional waste disposal methods 

(Habib et al., 2018; Yusuf et al., 2020). Recycling not only conserves raw materials but also creates 

employment opportunities and fosters economic growth within local communities (Awasthi et al., 

2017). 

Furthermore, adopting modern waste treatment technologies, such as composting and biogas 

production, holds immense potential for rural areas. Composting organic waste can generate nutrient-

rich fertilizers, promoting sustainable agricultural practices and reducing the need for chemical 

fertilizers (Oumarou et al., 2018). Biogas production from organic waste not only provides a clean 

and renewable source of energy but also mitigates greenhouse gas emissions, contributing to climate 

change mitigation efforts (Yusuf et al., 2020). 

i. Sustainable Solutions and Social Impacts: 

Recent years have witnessed the emergence of sustainable solutions and community-based 

approaches to SWM in developing country rural communities. Engaging local residents in waste 

management practices through community-based initiatives fosters a sense of ownership and 

responsibility, leading to better waste segregation and reduction of waste generation at the source 

(Ahmed et al., 2019). This approach not only enhances environmental sustainability but also fosters 

social development and empowerment within rural communities (Pariatamby and Tanaka, 2017). 

Moreover, integrating SWM with other social and economic development initiatives can create a 

win-win situation for both waste management and overall community well-being. For instance, 

waste-to-wealth projects can be established, where waste materials are transformed into products that 

can be sold, generating additional income for rural households (Mahadevan et al., 2019). 

Additionally, community-led waste management initiatives can foster social cohesion and 

cooperation among residents, strengthening the fabric of rural communities (Awasthi et al., 2017). 

Solid waste management in developing country rural communities presents a complex yet significant 

challenge that demands urgent attention. This review highlights the critical role of effective waste 

management in mitigating environmental pollution and safeguarding public health in these regions. 

By exploring the challenges faced and opportunities available in SWM, this study underscores the 
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importance of adopting sustainable waste management practices for the benefit of both rural 

communities and the global environment. 

However, it is important to emphasize that, according to estimates, 45 percent of the world's 

population, or almost two-thirds of those living in Low- and Middle-Income Countries, resided in 

rural areas in 2018. 

To tackle these challenges effectively, concerted efforts are needed at multiple levels, including 

government policies, community engagement, and international cooperation. Collaborative initiatives 

that incorporate local knowledge and resources can pave the way for transformative solutions, 

ultimately leading to more sustainable waste management practices and improved living conditions 

for rural populations. 

Overview of the SWM in Rural Areas of Low- and Middle-Income Countries 

Solid waste management (SWM) in rural areas of low- and middle-income countries (LMICs) is a 

complex and challenging issue that requires a holistic approach to address the environmental, social, 

and economic implications. Expanding on the existing literature, we delve deeper into the challenges 

and opportunities faced in SWM in rural communities of LMICs and explore the role of policy, 

technology, and community engagement in fostering sustainable waste management practices. 

I. Challenges in Solid Waste Management in Rural Areas of LMICs: 

Studies have identified a myriad of challenges affecting SWM in rural areas of LMICs. One key 

challenge is the lack of adequate waste collection and disposal infrastructure. Rural communities 

often lack access to formal waste collection services, resulting in haphazard waste disposal practices 

such as open dumping and burning (Yusuf et al., 2020). These practices not only degrade the 

environment but also create health hazards, leading to increased incidence of respiratory and 

gastrointestinal diseases (Haque et al., 2019). 

Financial constraints also pose a significant challenge to SWM in rural areas. Local governments in 

LMICs often struggle to allocate sufficient funds for waste management initiatives, diverting limited 

resources to other pressing development needs (Gupta et al., 2020). As a result, waste management 

infrastructure and awareness campaigns are often underfunded, hindering efforts to improve waste 

collection and recycling rates. 

Moreover, the lack of awareness and education about sustainable waste practices further complicates 

the situation. Rural communities may lack understanding of the environmental impacts of improper 

waste disposal and the potential benefits of waste segregation and recycling (Gebreegziabher et al., 

2019). Targeted educational programs are necessary to raise awareness and promote behavior change 

among rural residents. 

 Opportunities and Prospects in Solid Waste Management: 

Several opportunities exist to improve SWM in rural areas of LMICs and turn waste management 

challenges into prospects for sustainable development. Integrating waste management with other 

socio-economic activities can create synergies and generate additional income streams. For instance, 

small-scale recycling enterprises can be established in rural communities, providing employment 

opportunities and contributing to a circular economy (Mwamila et al., 2019). 

Community-based waste management initiatives hold great promise in rural areas. Engaging local 

residents in waste segregation, composting, and recycling activities empowers communities to take 

ownership of their waste and fosters a sense of environmental responsibility (Pariatamby and Tanaka, 

2017). Studies have shown that community-led initiatives are more likely to achieve higher waste 

diversion rates and better waste management outcomes (Salhofer et al., 2018). 
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3. The Role of Policy and Governance: 

Effective policy and governance are indispensable for implementing sustainable SWM practices in 

rural areas of LMICs. Governments must prioritize waste management in their development agendas 

and adopt policies that encourage waste reduction, recycling, and resource recovery (Osmani et al., 

2016). National and local governments can also provide financial incentives to support the 

establishment of waste recycling enterprises and community-based waste management initiatives 

(Gupta et al., 2020). 

International collaboration and knowledge exchange can play a crucial role in addressing SWM 

challenges in rural areas. Experiences and best practices from successful waste management 

initiatives in different countries can be shared and adapted to specific contexts to develop tailored 

solutions for rural communities (Katusiimeh et al., 2021). 

Solid waste management in rural areas of low- and middle-income countries requires a multifaceted 

approach that addresses the unique challenges faced in these settings. By leveraging opportunities in 

community engagement, decentralized waste management, and policy support, SWM can become a 

catalyst for sustainable development, environmental conservation, and improved livelihoods in rural 

communities. 

To achieve lasting change, stakeholders at all levels must work collaboratively, with governments 

providing the necessary support, communities actively participating in waste management efforts, 

and international organizations facilitating knowledge exchange and capacity-building initiatives. By 

adopting innovative solutions and fostering a sense of responsibility towards the environment, rural 

communities in LMICs can build resilient waste management systems that promote social well-being 

and environmental sustainability. 

 

Table 1. Waste generation rate per capita in rural communities of developing countries. 

Country Waste Generation per Capita {kg/Inhab.* Day} 

India 0.18 

Iran 0.26 

Iran 0.44 

Marocco 0.57 

Togo 0.34 

Colombia 0.46 

Source: - https://www.mdpi.com/2571-8797/4/4/69 

 

The waste generation rate per capita in rural communities of developing countries refers to the 

amount of waste produced by each individual in these regions on a daily basis. It is typically 

measured in kilograms per inhabitant per day (kg/inhab.*day) and provides insights into the level of 

waste generation and potential environmental impacts in rural areas of developing countries. 

Looking at the provided data: 

2. India: Waste Generation per Capita = 0.18 kg/inhab.*day 

3. Iran (First Entry): Waste Generation per Capita = 0.26 kg/inhab.*day 

4. Iran (Second Entry): Waste Generation per Capita = 0.44 kg/inhab.*day 

5. Morocco: Waste Generation per Capita = 0.57 kg/inhab.*day 

6. Togo: Waste Generation per Capita = 0.34 kg/inhab.*day 

7. Colombia: Waste Generation per Capita = 0.46 kg/inhab.*day 
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The data shows variations in waste generation rates among rural communities in different developing 

countries. The values indicate the average amount of waste that each person produces daily in these 

rural regions. These rates can be influenced by various factors, including population density, socio-

economic conditions, lifestyle, and waste management practices. 

Lower waste generation rates (e.g., India with 0.18 kg/inhab.*day) may indicate a more sustainable 

lifestyle, with reduced consumption and waste generation. On the other hand, higher waste 

generation rates (e.g., Morocco with 0.57 kg/inhab.*day) could suggest higher levels of consumption 

and potentially more waste-related challenges in managing and disposing of the generated waste. 

Understanding waste generation rates per capita in rural communities of developing countries is 

essential for policymakers, local authorities, and waste management practitioners. It helps in 

designing appropriate waste management strategies, infrastructure, and policies to handle the 

generated waste effectively, promote sustainable practices, and minimize the environmental impact 

of waste disposal in these regions. 

Table 2. Waste composition in rural communities of developing countries. 

 
Source:- https://www.mdpi.com/2571-8797/4/4/69 

The data provides valuable insights into the composition of waste in rural communities of these 

developing countries. The percentages indicate the relative presence of different waste fractions, with 

organic waste being the most prevalent across most countries. Plastic waste is also a significant 

component, underscoring the challenges of managing plastic waste in rural areas. 

The information in Table 2 can guide policymakers and waste management authorities in developing 

tailored waste management strategies and policies to address specific waste fractions that dominate in 

each region. Effective waste management practices can contribute to environmental protection, 

resource conservation, and improved living conditions in rural communities of developing countries. 

SWM in Rural Communities of LMICs: Analysis of Recent Trends and Approaches 

Management (SWM) in rural communities of Low- and Middle-Income Countries (LMICs): 

4. Increasing Awareness and Community Engagement: 

Recent years have witnessed a notable increase in efforts to raise awareness about the importance of 

proper waste management in rural areas. Local governments, NGOs, and community-based 

organizations have taken initiatives to educate rural residents about the environmental and health 

impacts of improper waste disposal (Haque et al., 2019). These awareness campaigns aim to instill a 

sense of responsibility among community members towards waste reduction, segregation, and 

recycling. As a result, rural communities are becoming more active participants in waste management 

initiatives, which can significantly contribute to the success of sustainable waste management 

programs. 

https://www.mdpi.com/2571-8797/4/4/69
https://www.mdpi.com/2571-8797/4/4/69
https://www.mdpi.com/2571-8797/4/4/69
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https://www.mdpi.com/2571-8797/4/4/69
https://www.mdpi.com/2571-8797/4/4/69
https://www.mdpi.com/2571-8797/4/4/69
https://www.mdpi.com/2571-8797/4/4/69
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3. Decentralized Waste Management Systems: 

The lack of proper waste collection and disposal infrastructure in rural areas poses a significant 

challenge. To address this issue, decentralized waste management systems have gained traction. 

Community-based waste management initiatives have been introduced, where local residents are 

actively involved in waste collection and segregation at the source (Pariatamby and Tanaka, 2017). 

Door-to-door collection and small-scale composting at the household level are examples of such 

decentralized approaches. These efforts not only reduce the burden on centralized waste management 

systems but also promote a sense of ownership and responsibility among rural communities. 

1. Integration of Circular Economy Principles: 

In many rural LMICs, the concept of the circular economy is gaining prominence in the context of 

waste management. Instead of treating waste as a burden to be disposed of, the focus is shifting 

towards considering waste as a valuable resource. Recycling and resource recovery efforts are being 

encouraged to extract value from waste materials. For example, organic waste is being converted into 

compost, which serves as a nutrient-rich soil conditioner for agriculture (Niringiye et al., 2021). By 

integrating circular economy principles, rural communities can achieve both waste reduction and 

sustainable resource utilization. 

5. Technology and Innovation: 

Advancements in technology have opened up new possibilities for waste management in rural areas. 

Mobile applications and digital platforms have been developed to optimize waste collection routes, 

thereby improving the efficiency of waste management operations (Wang et al., 2020). Such 

technology-based solutions are particularly beneficial in remote and sparsely populated rural areas. 

Additionally, low-cost and eco-friendly technologies, like small-scale biogas digesters, are being 

implemented to convert organic waste into biogas, which can serve as a renewable energy source 

(Dhayal et al., 2020). These innovative technologies make waste management more sustainable and 

accessible to rural communities. 

3. Policy Support and Funding: 

Governments and international organizations are increasingly recognizing the significance of 

addressing waste management challenges in rural areas. As a result, there is a growing commitment 

to providing policy support and funding to strengthen waste management infrastructure and capacity 

in rural communities (Gupta et al., 2020). Sustainable waste management is now being incorporated 

into national development agendas, reflecting a recognition of the importance of waste management 

in achieving broader development goals. Policymakers are also exploring public-private partnerships 

to mobilize resources and expertise for waste management projects, further enhancing the prospects 

for sustainable waste management in rural areas (Salhofer et al., 2018). 

Recent trends and approaches in Solid Waste Management in rural communities of LMICs 

underscore the growing recognition of the importance of sustainable waste management practices. 

Increasing awareness, community engagement, decentralized waste management systems, circular 

economy principles, technology integration, and policy support are key factors shaping innovative 

solutions to tackle waste-related challenges in rural areas. By continuing to build upon these trends 

and approaches, rural communities in LMICs can make significant progress towards achieving 

environmentally sustainable and inclusive waste management practices that benefit both the local 

population and the environment. 

Conclusions 

Solid Waste Management (SWM) in rural communities of Low- and Middle-Income Countries 

(LMICs) is a critical and complex challenge that demands urgent attention to achieve sustainable 
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development and environmental conservation. This analysis explored recent trends and approaches in 

SWM, highlighting innovative strategies that have been adopted to address the unique challenges 

faced in managing solid waste in rural areas. 

The recent trends indicate a positive shift towards greater awareness and community engagement in 

waste management. Efforts to educate rural residents about the environmental and health impacts of 

improper waste disposal have led to increased participation and responsibility among community 

members. Decentralized waste management systems, such as community-based initiatives and 

household-level composting, have emerged as practical solutions to improve waste collection and 

segregation, empowering local communities to take ownership of waste management activities. 

Moreover, the integration of circular economy principles has transformed waste from being seen as a 

burden to a valuable resource. Recycling and resource recovery efforts, such as converting organic 

waste into compost and biogas, have gained prominence, contributing to waste reduction and 

sustainable resource utilization. 

Advancements in technology have also played a pivotal role in enhancing waste management 

practices in rural areas. Mobile applications and digital platforms have optimized waste collection 

routes, while low-cost, eco-friendly technologies like biogas digesters offer renewable energy 

solutions and waste reduction benefits. 

Policy support and funding have been instrumental in driving the progress of SWM in rural LMICs. 

Governments and international organizations have recognized the importance of addressing waste 

management challenges and are incorporating waste management into national development agendas. 

Public-private partnerships have been explored to mobilize resources and expertise for waste 

management projects. 

In conclusion, the recent trends and approaches in SWM in rural communities of LMICs demonstrate 

the increasing importance placed on sustainable waste management practices. By fostering 

awareness, community engagement, decentralized systems, circular economy principles, technology 

integration, and policy support, rural communities can achieve significant progress in achieving 

environmentally sustainable and inclusive waste management practices. These efforts are not only 

crucial for the well-being of local populations but also contribute to global efforts to protect the 

environment and combat climate change. Collaborative actions from various stakeholders are 

essential to build on these positive developments and ensure a more sustainable future for rural waste 

management in LMICs. 

 

References 

1. Agunwamba, J. C. (2016). Municipal solid waste characteristics and management in 

Nigeria. Journal of Environmental Protection, 7(11), 1571-1586. 

2. Ahmed, S., Ali, M., & Biggs, T. (2019). Community-based waste management: A new 

approach for solid waste management in Dhaka, Bangladesh. Habitat International, 88, 

11-17. 

3. Akter, T., & Joardder, M. U. H. (2019). Assessment of the solid waste management 

practice and potentiality of composting and recycling for household waste in Chittagong, 

Bangladesh. Cogent Environmental Science, 5(1), 1675948. 

4. Awasthi, A. K., Singh, R., Awasthi, M. K., Pandey, V. P., & Singh, R. S. (2017). Solid 

waste generation, composition, and management: A case study in Kanpur, India. Journal 

of Material Cycles and Waste Management, 19(1), 381-388. 



  MSW MANAGEMENT -Multidisciplinary, Scientific Work and Management Journal  

 ISSN: 1053-7899  
 Vol. 33 Issue 2, December – 2023, Pages: 301-309 

 

 
https://mswmanagementj.com/ 

308 

5. Bogning Zangue, S., Bilong, P., Abdouramani, O., & Bilong, C. F. B. (2018). Assessment 

of solid waste management practices and its challenges in rural area of Dschang, 

Cameroon. Journal of Environmental Treatment Techniques, 6(4), 68-74. 

6. Habib, K., Schmidt, J. H., Christensen, P., & Bhander, G. (2018). Designing sustainable 

solid waste management systems using multicriteria analysis: The case of the cities in 

developing countries. Waste Management & Research, 36(1), 3-17. 

7. Mahadevan, K., Kumar, P. S., & Sajeev, R. (2019). Solid waste management in Indian 

cities: A review. International Journal of Environmental Studies, 76(1), 60-73. 

8. Odeyemi, O. A., Ramli, M. A., Awad, O. I., & Basri, H. (2020). Assessment of solid 

waste management practices in rural Nigerian communities. Journal of Material Cycles 

and Waste Management, 22(3), 698-709. 

9. Osumanu, I. K., Amewu, S. S., Nkansah, M. A., & Azeko, S. M. (2020). Assessment of 

solid waste management practices in a rural community in Ghana. Journal of Physics: 

Conference Series, 1622(1), 012005. 

10. Oumarou, A. B., Hajiya, S. I., Ramli, M. A., & Jaafar, S. N. S. (2018). Characterization of 

solid waste and its management in rural communities of Northern Nigeria. Journal of 

Environmental Treatment Techniques, 6(4), 81-87. 

11. Pariatamby, A., & Tanaka, M. (2017). Municipal solid waste management in Asia: A 

comparative analysis. Springer. 

12. United Nations. (2020). World Urbanization Prospects 2018. Department of Economic 

and Social Affairs, Population Division, United Nations. 

13. Yusuf, R. O., Noor, Z. Z., & Umar, S. (2020). Solid waste management in rural areas: A 

case study of Nigeria. Journal of Material Cycles and Waste Management, 22(1), 81-92. 

14. Yusuf, R. O., Noor, Z. Z., & Umar, S. (2020). Solid waste management in rural areas: A 

case study of Nigeria. Journal of Material Cycles and Waste Management, 22(1), 81-92. 

15. Haque, M. M., Parvin, A., & Ali, M. A. (2019). An overview of solid waste management 

in Bangladesh: Current status and future challenges. Resources, Conservation and 

Recycling, 141, 430-439. 

16. Gupta, N., Yadav, K. K., Kumar, V., Datta, M., Shrivastava, P., Pandey, A., & Prakash, 

R. (2020). Role of socio-economic factors in municipal solid waste generation in rural and 

urban areas of Delhi, India. Journal of Material Cycles and Waste Management, 22(1), 

116-128. 

17. Mwamila, L. B., Dheerawong, T., Waeni, R., Kiango, J. C., & Avakoudjo, J. (2019). 

Waste management in rural Africa: Issues and approaches. Journal of Material Cycles and 

Waste Management, 21(2), 278-291. 

18. Salhofer, S., Hobbs, P. R., Tribaldos, T., Ferreira, S., & Tse, P. (2018). Public-private 

partnerships in urban waste management: From an analytical framework to a research 

agenda. Journal of Cleaner Production, 195, 753-767. 



  MSW MANAGEMENT -Multidisciplinary, Scientific Work and Management Journal  

 ISSN: 1053-7899  
 Vol. 33 Issue 2, December – 2023, Pages: 301-309 

 

 
https://mswmanagementj.com/ 

309 

19. Katusiimeh, M. W., Niwagaba, C. B., & Niwagaba, C. B. (2021). Solid waste 

management practices and prospects in rural areas of Uganda. Journal of Material Cycles 

and Waste Management, 23(1), 153-163. 

20. Pariatamby, A., & Tanaka, M. (2017). Municipal solid waste management in Asia: A 

comparative analysis. Springer. 

21. Osmani, D. A. H., Al-Saadi, J. A., & Kadhim, M. H. (2016). Solid waste management in 

developing countries: A case study of the Kingdom of Bahrain. Journal of Environmental 

Protection, 7(09), 1278-1294. 

22. Ferronato, N., & Torretta, V. (2020). Waste mismanagement in developing countries: A 

review of global issues. International Journal of Environmental Research and Public 

Health, 17(11), 4170. 

23. Haque, M. M., Parvin, A., & Ali, M. A. (2019). An overview of solid waste management 

in Bangladesh: Current status and future challenges. Resources, Conservation and 

Recycling, 141, 430-439. 

24. Pariatamby, A., & Tanaka, M. (2017). Municipal solid waste management in Asia: A 

comparative analysis. Springer. 

25. Niringiye, G., Tumuhairwe, J. B., & Kitutu, M. G. (2021). Composting as a sustainable 

solid waste management option for rural areas: A case study of Nyarubuye Sub-County, 

Rwanda. Journal of Environmental Treatment Techniques, 9(1), 509-517. 

26. Mwamila, L. B., Dheerawong, T., Waeni, R., Kiango, J. C., & Avakoudjo, J. (2019). 

Waste management in rural Africa: Issues and approaches. Journal of Material Cycles and 

Waste Management, 21(2), 278-291. 

27. Wang, X., Kong, L., Yuan, X., Liu, J., & Qian, J. (2020). A real-time dynamic waste 

collection and disposal approach for rural areas based on mobile terminal. Environmental 

Science and Pollution Research, 27(36), 45036-45047. 

28. Dhayal, M., Dalal, J., & Patnaik, P. K. (2020). Biogas Generation Potential from 

Anaerobic Digestion of Kitchen Waste in Rural Areas: A Case Study of Bhubaneswar, 

India. Waste and Biomass Valorization, 11(5), 2213-2221. 

29. Salhofer, S., Hobbs, P. R., Tribaldos, T., Ferreira, S., & Tse, P. (2018). Public-private 

partnerships in urban waste management: From an analytical framework to a research 

agenda. Journal of Cleaner Production, 195, 753-767. 

30. Gupta, N., Yadav, K. K., Kumar, V., Datta, M., Shrivastava, P., Pandey, A., & Prakash, 

R. (2020). Role of socio-economic factors in municipal solid waste generation in rural and 

urban areas of Delhi, India. Journal of Material Cycles and Waste Management, 22(1), 

116-128. 

31. Haque, M. M., Parvin, A., & Ali, M. A. (2019). An overview of solid waste management 

in Bangladesh: Current status and future challenges. Resources, Conservation and 

Recycling, 141, 430-439. 

32. Yusuf, R. O., Noor, Z. Z., & Umar, S. (2020). Solid waste management in rural areas: A 

case study of Nigeria. Journal of Material Cycles and Waste Management, 22(1), 81-92. 


