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Abstract
Waste is now considered a valuable resource and the waste management call is shifting from waste
disposal to waste utilization and resource management. In order to achieve the call for waste utilization, a
number of players are involved in the waste management arena. This study analyses the strategies for
incorporating the informal waste collectors (IWCs) into a formalized systems. A number of studies
suggesting the integration of the informal waste collectors into formalized systems were analyzed. The
study provides evidence that in most developing economies, waste recovery is performed by the informal
waste sector (IWS) and that there is need to integrate the IWS into formalized systems. Suggested
strategies attributing an engineering management approach are identified. Further, the studies indicate
that, there is need for an empirical research on the strategies for integrating the informal waste collectors
into formalized systems from an informal waste collector’s perspective.
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1. Introduction
In developing economies, waste recovery is an activity mainly performed by the informal waste sector. It consists of
different categories of groups and all serving the purpose of resource recovery. Appropriately 2% of the urban
population work in the informal waste sector in middle and low income economies (GIZ, 2011). In the society, the
sector has contributed to the creation of recycling norms and initiated the development of recycling practices at
household levels (Zen and Siwar, 2015). Most of the waste recovery and recycling is through the IWS in developing
economies (Hoornweg and Bhada-Tata, 2012). Although the IWS is the key player in the recovery of recyclable and
reusable waste, limited amounts of municipal waste are recovered and recycled (Buenrostro and Bocco, 2003).
According to the World Bank (2012) only 4% of municipal solid wastes (MSW) are recovered. Even though the
recovery rate is significantly low, the IWS continues to play a major role in sustainable resource recovery and
recycling. They contribute to resource utilization and therefore looking up for the future generations. Despite this,
little recognition has been given to the IWS. In Egypt state government recognition of the IWS resulted in 74.3% of
waste been recycled by IWS in 2006 as compared to 10.6% recycled by the formal sector (Wilson et al, 2009).
Recognition of the informal waste sector can result in an increase to resource recovery and therefore contributing to
sustainable solid waste management.
Several studies have focused on the IWS and waste recovery. Integration of the IWS into formalized systems has
been suggested by some authors. The integration of the IWS has been suggested as a method for waste management
overall costs reduction for the formal sector (Masood, 2013; Wilson et al, 2009; Matter et al, 2013; Velis et al,
2012). Others have focused on frameworks for integrating the IWS with the formal sector (Davis et al, 2006; Velis
et al, 2012; Paul et al, 2012; Wilson et al, 2012; Masood, 2012; Tsai, 2008; Wang et al, 1997). Recognition of the
importance of the IWS to resource recovery was highlighted in these studies. However, most of these studies
focused on framework design and used qualitative approaches and hence suggested strategies for integrating the
informal sector into a formalized system.
Most of these studies have suggested strategies for integrating the informal waste collectors into formalized systems.
Even though these strategies have been suggested, most of the informal waste collectors have not been integrated
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into formalized systems in most developing economies. Little existence of IWS integrated into formalized systems is
an indication to the waste management sector and policy makers that more research that focuses on the informal
waste sector integration and the factors necessary for integration is needed in order to maximize resource recovery.
The focus of this study is to analyze the strategies for integrating the informal waste sector into formalized systems
from some selected studies using an engineering management perspective and therefore identify the research gap for
future research. Analysis of the strategies from an engineering management perspective will provide future direction
in waste management and resource recovery.

2. Literature Review
The collection of waste from generation points to disposal points is also performed by the IWCs. However, most of
the IWCs are differentiated by their point of waste collection. According to Ezeah et al (2011), in most cities, six
categories of informal waste collectors are known to exist and together they form a recycling network hierarchy
(Wilson et al, 2006). These recycling networks contribute to sustainable development as they return recyclable and
reusable waste back in the supply-chain networks. Private informal recycling involve activities that are based on
extracting materials of value from a number of waste streams joined by upgrading and trading these materials to
agriculture or industrial institutions (SWM in the World Cities, 2012).
Recognition of the informal waste sector as a result of the roles they play towards waste recovery and management
is cardinal. It should be pointed out that, waste removal is not the only activity they perform but working for
themselves and their clients while creating a livelihood for their families. They collect waste at no direct cost to the
taxpayers but they are not recognized, protected or supervised by the city authorities thus making their work
difficult. As a result of this and other challenges, a number of studies have looked at ways of integrating the
informal waste sector into formalized systems. The need to incorporate the informal waste recyclers into formalized
systems at urban and local level frameworks was highlighted (Agarwal et al, 2005). Devi and Satyanarayana (2001)
showed that, in urban communities, promoting micro-enterprises and organising the IWS has proven to be an
effective way of affordable services extension. Wilson et al (2006) found that, an effective way of upgrading the
ability of the informal recyclers to add value to collected materials is by training and organising them into mirocenterprises thus contributing to achieving more sustainable waste management. The findings from these studies have
indicated that incorporation of the informal sector into formalised systems can contribute to sustainable waste
recovery and management. Other studies have not only suggested the incorporation of the informal waste sector into
formlaised systems but have also suggested some strategies of achievement. Table 1 below depicts a summary of the
strategies suggested by these studies.
Table 1: Studies on Informal Sector Integration into Formalised Systems and suggested Strategies
Reference
Identified Strategies
Fei et al (2016)
 Training
 Price advantage
 Information platforms set-ups
 Recycling systems layouts optimization
Storey et al (2015)
 Source waste segregation
 Effective community engagement
 Predictable and steady revenue sources
Kawai et al (2012)
 Carefully monitoring of the role of informal sector
 Continuous collection of reliable data on recyclable waste
Medina(2002)
 Recognition legally
 Policies at National
 Organization
 Conditions Allowance (institutionally, legally)
 Initiations of microcredit
Gunsilius (2012).
 Voice (Organization)
 Visibility (contributions acknowledgment)
 Validity (legal and Political recognition
 Viability (financial sustainability)
 First stages NGOs collaboration
 public acceptance
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Matter et al., (2013)
Atienza (2010)

Sembiring and Nitivattanon
(2010)
Chaturvedi (2011)

Gutberlet (2008)

Wilson et al. (2006)



Support politically






















Waste segregation at Household level
approvable policies
Organization
Technical and economic assistance
Safety and health insurance
Enforcement of law
information and education campaigns: IEC
Suitable technology
Local and national stakeholders gatherings
Partnership establishment between IRS members
Policy makers’ perception shift of the IRS
Secondary raw material quality improvement
Channelization and Collection mechanism
Development and capacity research/building
Infrastructure
Dissemination , dialogue and Policies activities
IRS Inclusion into waste management
Equity: income gender, social security
Eco-health: environmental and social health
Eco- efficiency: producer responsibility, packaging
reduction
Capital basis expansion
Perspective long term: Sustainability
Consideration of Topography
Authorities acceptance of the benefits provided by IRS
Organization
Micro and small/ cooperatives enterprises formation








3. Methodology
The focus of this research is to identify the strategies suggested for integrating the informal waste collectors into
formalized systems. The first part of this study reviewed studies that have looked at this topic from both developed
and developing economies. Research studies or articles with the key words of ‘informal’, ‘waste’ and ‘integration’
were searched from the different databases such as SAGE journal publications and Science Direct. A total of 15
articles were reviewed.
The second part of this study involved identification and analysis of the suggested strategies of integration.
Strategies were analyzed from an engineering management perspective and lastly a research gap was identified for
future research purposes. Analysis of the strategies from an engineering management perspective was performed to
identify those strategies which are within the field. According to Khalil (2010) engineering management is a fusion
of business and engineering principles. Therefore in the arena of waste management with particular attention on the
informal sector, strategies that apply both business and engineering principles are required for integration to
sustainably drive the recovery process. Khalil (2010) further indicates that, engineering management avails
technological problem-solving savvy of engineering and the management approaches for the purpose of solving
complex enterprises from conception to completion. Therefore, the incorporation of the IWS into formalized
systems requires strategies driven from an engineering management perspective.

4. Results and Discussion
Solid waste management involves inclusivity of different stakeholders. These are the providers, users and local
authorities. Each stakeholder in solid waste management has a role to play and enhance the formation of different
strategies for integration will benefit each if not all stakeholders. However, the results of the review suggested a
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number of intervention strategies for incorporating the IWS into formalized systems. Examination of the
recommended strategies indicates that most of the studies focused on strategies to be implemented by other
stakeholders as consideration and beneficiation of the informal waste sector. Wilson et al (2006), Atienza (2010),
Gunsilius (2012) Medina (2002) suggested organization of the IWS. Gutberlet (2008) and Sembiring and
Nitivattanon (2010 Storey et al (2015) suggested that formation of partnerships with other stakeholders would
contribute to sustainable resource recovery. Atienza (2010), Medina (2002) and Gunsilius (2012) highlighted law
enforcement and political support as intervention strategies. Matter et al., (2013) and Storey et al (2015) indicated
separation of waste at source as the intervention strategy. Other studies suggested training, formation of information
platforms and many other strategies. Implementation of these strategies can benefit the informal waste sector.
Nevertheless, the methodology used in the formation and conclusion of these strategies is purely qualitative and
isolates the quantitative proof of the informal waste sector.
Analysis of the strategies from an engineering management perspective, a number of studies suggested strategies
from that perspective. Gutberlet (2008), Chaturvedi (2011), Sembiring and Nitivattanon (2010), Atienza (2010),
Storey et al (2015) and Fei et al (2016) recommended strategies such as; sustainability: long term perspective,
producer responsibility, packaging reduction, Collection and channelization mechanism; secondary raw material
quality improvement; Appropriate technology; Economic and technical assistance; Continuous collection of reliable
data on recyclable waste; Training; Price Advantage; information platforms setups and recycling systems layouts
optimization. These strategies have an engineering management perspective to achieve sustainable waste recovery
and management if properly implemented.
Engineering concepts such as reverse logistics can be designed for the recovery of waste. However, integration
between the formal and informal waste sector as well as the community and manufacturing industries should be
established in order for the recovery system to be sustainable. Further, the identified engineering strategies can be
incorporated in the recovery system of waste using engineering concepts of reverse logistics.
5. Research Gap
A number of strategies regarding informal waste sector integration have been recommended together with workable
frameworks. However, most of these studies developed these strategies in isolation of the voice of the informal
waste sector. The methodology used was purely qualitative and did not focus on the IWS as the main respondents to
the suggested strategies. Therefore, the next studies should develop workable and quantifiable questionnaires based
on some of these strategies and empirically assess the informal waste sector. Further, future research should focus on
designing recovery systems that integrate the engineering solutions to the constraints faced by the IWS in the
recovery of waste.
6. Conclusion
The benefit of integrating the informal waste sector into formalized systems is for all stakeholders. In order to
achieve sustainable recovery and maximize on resource utilization, waste management stakeholders; service
providers, service users and local authorities should properly and carefully implement these suggested strategies.
During the implementation of these strategies, it is important that the views of all stakeholders are considered for
effective and workable solutions. The informal waste sector should not be isolated in decision making as they are the
major waste recoveries and recyclers in developing economies.
Therefore, the identified strategies from an engineering management perspective should be considered during the
formation of questionnaires for investigating sustainable strategies for incorporating the IWS into formalized
systems. Once the strategies are designed into a questionnaire, they should be empirically analyzed so that, there
placement in the integration system is validated.
Acknowledgments
The authors are grateful for the financial support given by the University of Johannesburg.

References
GIZ: Recovering Resources, Creating Opportunities: Integrating the informal sector into solid waste management,
2011.

© IEOM Society International

1010

Proceedings of the International Conference on Industrial Engineering and Operations Management
Bogota, Colombia, October 25-26, 2017
Zen S.I and Siwar C, An analysis of household acceptance of curbside recycling scheme in Kuala Lumpur,
Malaysia, Habitat Int; 47: 248-255, 2015.
Hoornweg. D and Bhada-Tata. P. What a Waste: What A Waste: A Global Review Of Solid Waste Management.
Urban Development Series Knowledge Papers, 2012.
Buenrostro, O., Bocco, G., Solid waste management in municipal-ities in Mexico: goals and perspectives,
Resources, Conservation and Recycling, 39, 251–263, 2003.
World Bank , What a Waste: A Global Review of Solid Waste Management. Washington, D.C.: World Bank, 2012.
Wilson, D.C., Araba, A.O., Chinwah, K., Cheeseman, C.R., Building recycling rates through the informal sector.
Waste Manage. 29 (2), 629–635, 2009.
Velis, C.A., Wilson D, D.C., Rocca, O., Smith, S.R., Mavropoulos, A., Cheeseman, C.R., 2012. An analytical
framework and tool (’InteRa’) for integrating the informal recycling sector in waste and resource management
systems in developing countries. Waste Manag. Res. 30, (9), 43–66., 2012.
Masood, M., Framework for integration of informal waste management sector with the formal sector in Pakistan.
Waste Manag. Res. 31, (10), 93–105, 2013.
Matter, A., Dietschi, M., Zurbruegg, C., Improving the informal recycling sector through segregation of waste in the
household—the case of Dhaka, Bangladesh. Habitat Int., 38, 150–156, 2013.
Wang, F.S., Richardson, A.J., Roddick, F.A., Relationships between set-out rate, participation rate and set-out
quantity in recycling programs. Resour. Conserv. Recycl. 20, 1–17, 1997.
Paul, J.G., Arce-Jaque, J., Ravena, N., Villamor, S.P., Integration of the informal sector into municipal solid waste
management in the Philippines—what does it need? Waste Manage. 32 (11), 2018–2028, 2012.
Wilson, D.C., Rodic, L., Scheinberg, A., Velis, C.A., Alabaster, G., 2012. Comparative analysis of solid waste
management in 20 cities. Waste Manag. Res. 30,237–254, 2012.
Davis, G., Phillips, P.S., Read, A.D., Iida, Y., Demonstrating the need for the development of internal research
capacity: understanding recycling participation using the Theory of Planned Behaviour in West Oxfordshire,
UK. Resour. Conserv. Recycl. 46, 115–12, 2006.
Tsai, T.-H., The impact of social capital on regional waste recycling. Sustain.Dev. 16, 44–55, 2008.
Ezeah, C., Fazakerley, J.A., Roberts, C.L., 2013. Emerging trends in informal sector recycling in developing
and transition countries. Waste Manage. 33 (11), 2509–2519, 2013.
Wilson .C.D, Velis. C and Cheeseman. C, “Role of informal sector recycling in waste management in the
developing countries”, Habitat International, 30, 797-808, 2006.
Solid Waste Management in the World Cities: Water and Sanitation in the World Cities, 2010
Agarwal. A, Singhmar, A, Kulshrestha. M and Mittal. K.A, “Municipal solid waste recycling and associated markets
in Delhi, India”, Resources, Conservation and Recycling, 44, 73-90, 2005.
Devi. K and Satyanarayana. V, “Financial resources and private sector participation in SWM in India. Indo-US
Financial Reform and Expansion (FIRE) Project, New Delhi, 2001.
Fei. F, Qua. L, Wena. Z, Xueb. Y and Zhang. H. How to integrate the informal recycling system into municipal solid
waste management in developing countries: Based on a China’s case in Suzhou urban area. Resources,
Conservation and Recycling 110, 74–86, 2016.
Storey. D, Santucci. L, Fraser. R, Aleluia. J and Chomchuen. L. Designing effective partnerships for waste-toresource initiatives: Lessons learned from developing countries. Waste Management & Research, Vol. 33(12)
1066– 1075, 2015.
Kawai. K, Osako. M, Matsui. S and Dong. N.T. Identification of junk buyers’ contribution to recycling of household
waste in Hanoi, Vietnam, through a physical composition analysis. Waste Management & Research, 30,(7)
,681– 688, 2012.
Medina. M, Serving the unserved: Informal refuse collection in Mexico, Waste Management and Research, 23, 390397, 2005.
Gunsilius E, Spies S, García-Cortés S, Medina M, Dias S, Scheinberg A, et al. Recovering resources, creating
opportunities: Integrating the informal sector into solid waste management. Eschborn: Deutsche, Gesellschaft
für Internationale Zusammenarbeit (GIZ). Gutberlet J (2008). Recovering Resources – Recycling Citizenship:
Urban Poverty Reduction in Latin America. Aldershot: Ashgate, 2011.
Atienza V, Sound strategies to improve the condition of the informal sector in waste management. ERIA Research
Project Report, 2009. Chiba, Japan: Institute of Developing Economies, Japan External Trade Organization,
2010.
Sembiring. E and Nitivattananon. V, Sustainable solid waste management toward an inclusive society: Integration of
the informal sector. Resources, Conservation, and Recycling 54: 802–809, 2010.

© IEOM Society International

1011

Proceedings of the International Conference on Industrial Engineering and Operations Management
Bogota, Colombia, October 25-26, 2017
Chaturvedi A (2011) E-Waste management for a sustainable future. In: ISWA Beacon Conference on Waste
Prevention and Recycling, Buenos Aires, Argentina, 21-23 June, Buenos Aires: ARS, 2011.
Gutberlet J (2010). Waste, poverty and recycling. Waste Management 30: 171. Medina M (2002) Globalization,
development, and municipal solid waste management in third world cities. Available at: http://depot.gdnet.org/
cms/conference/papers/5th_pl5.2_martin_medina_martinez_paper.pdf (accessed 11 June, 2016).
Khalil. H. Engineering Management Lecture Notes ,2010.

Biography
Bupe Getrude Mwanza is a part-time PhD student with the School of Engineering Management at the University
of Johannesburg, South Africa. She is a holder of a BSc in Production Management from The Copperbelt University
and MEng in Manufacturing Systems and Operations Management from the National University of Science and
Technology. She has research interests in solid waste management, manufacturing technologies, maintenance
management, cleaner production and operations management. She has taught Maintenance and Reliability Systems,
Production and Operations Management, Integrated Production Systems and Manufacturing Technology. She has
published and presented works on Maintenance Management and Solid Waste Management. Bupe has served as a
Process Associate for Konkola Copper Mines in Zambia. She also served as a Lecturer at Harare Institute of
Technology in Zimbabwe and at The Copperbelt University in Zambia. She is a member of the Engineering Institute
of Zambia (EIZ) and The Southern Africa Institute for Industrial Engineers (SAIIE).
Prof. Charles Mbohwa is the Vice Dean of Postgraduate Studies, Research and Innovation, Faculty of Engineering
and the Built Environment, University of Johannesburg, South Africa. As an established researcher and professor in
sustainability engineering and 312Proceedings of the 2016 International Conference on Industrial Engineering and
Operations Management Kuala Lumpur, Malaysia, March 8-10, 2016 operations management, his specializations
include renewable energy systems, bio-fuel feasibility and sustainability, life cycle assessment, and healthcare
operations management. He has presented at numerous conferences and published more than 150 papers in peerreviewed journals and conferences, 6 book chapters and one book. Upon graduating with a BSc in Mechanical
Engineering from the University of Zimbabwe in 1986, he served as a Mechanical Engineer at the National
Railways of Zimbabwe, Zimbabwe. He holds an MSc in Operations Management and Manufacturing Systems from
the University of Nottingham, United Kingdom, and completed his doctoral studies at Tokyo Metropolitan Institute
of Technology, Japan.
Dr Arnesh Telukdarie is a senior academic at the University of Johannesburg. He holds a DEng and is a registered
Professional Engineer. He has over 20 years of industrial experience in Manufacturing Systems and Business
Optimization Systems. He has many international peer reviewed journal publications and conference proceedings.
He is a consulting Engineer in Engineering Management, Business Optimization and Systems.

© IEOM Society International

1012

