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A Biowaste Treatment Technology Assessment in Malawi
Reprinted from: Recycling 2018, 3, 55, doi:10.3390/recycling3040055 . . . . . . . . . . . . . . . . . 37

David O. Olukanni, Anne O. Aipoh and Inibraniye H. Kalabo

Recycling and Reuse Technology: Waste to Wealth Initiative in a Private Tertiary 
Institution, Nigeria
Reprinted from: Recycling 2018, 3, 44, doi:10.3390/recycling3030044 . . . . . . . . . . . . . . . . . 51

David O. Olukanni and Christiana O. Nwafor

Public-Private Sector Involvement in Providing Efficient Solid Waste Management Services
in Nigeria
Reprinted from: Recycling 2019, 4, 19, doi:10.3390/recycling4020019 . . . . . . . . . . . . . . . . . 63

Nina Tsydenova, Alethia Vázquez Morillas and Arely Areanely Cruz Salas

Sustainability Assessment of Waste Management System for Mexico City (Mexico)—Based on
Analytic Hierarchy Process
Reprinted from: Recycling 2018, 3, 45, doi:10.3390/recycling3030045 . . . . . . . . . . . . . . . . . 73

Christian Luiz da Silva and Camille Bolson

Public Policy for Solid Waste and the Organization of Waste Pickers: Potentials and Limitations
to Promote Social Inclusion in Brazil
Reprinted from: Recycling 2018, 3, 40, doi:10.3390/recycling3030040 . . . . . . . . . . . . . . . . . 91

Wilma F. Strydom

Applying the Theory of Planned Behavior to Recycling Behavior in South Africa
Reprinted from: Recycling 2018, 3, 43, doi:10.3390/recycling3030043 . . . . . . . . . . . . . . . . . 107

Wilma F. Strydom

Barriers to Household Waste Recycling: Empirical Evidence from South Africa
Reprinted from: Recycling 2018, 3, 41, doi:10.3390/recycling3030041 . . . . . . . . . . . . . . . . . 127

Pradipta Halder and Harminder Singh

Predictors of Recycling Intentions among the Youth: A Developing Country Perspective
Reprinted from: Recycling 2018, 3, 38, doi:10.3390/recycling3030038 . . . . . . . . . . . . . . . . . 151

v



Tran Thi Thu Dung, Elvira Vassilieva, Rudy Swennen and Valérie Cappuyns

Release of Trace Elements from Bottom Ash from Hazardous Waste Incinerators
Reprinted from: Recycling 2018, 3, 36, doi:10.3390/recycling3030036 . . . . . . . . . . . . . . . . . 167

Harouna Gado Ibrahim, Salifou K. Ouiminga, Arsène Yonli, Oumar Sanogo, Tizane Daho

and Jean Koulidiati

Study of Temperature Fields and Heavy Metal Content in the Ash and Flue Gas Produced by
the Combustion of Briquettes Coming from Paper and Cardboard Waste
Reprinted from: Recycling 2018, 3, 32, doi:10.3390/recycling3030032 . . . . . . . . . . . . . . . . . 185

Klaus Zimmermann

Microwave Technologies: An Emerging Tool for Inactivation of Biohazardous Material in 
Developing Countries
Reprinted from: Recycling 2018, 3, 34, doi:10.3390/recycling3030034 . . . . . . . . . . . . . . . . . 197

Lydia Hangulu

Nomenclature for Healthcare Waste in the Healthcare Sector and Its Alignment with
the Provisions Made by The World Health Organization’s Manual for Healthcare Waste
Management: A Scoping Review
Reprinted from: Recycling 2018, 3, 51, doi:10.3390/recycling3040051 . . . . . . . . . . . . . . . . . 207

vi



About the Editor

Linda Godfrey (Prof.) is a Principal Scientist at the Council for Scientific and Industrial Research

(CSIR) and Extraordinary Professor at North-West University in South Africa, and holds a Ph.D. in

Engineering from the University of KwaZulu-Natal. With over 20 years of sector experience, she

manages the Waste Research Development and Innovation (RDI) Roadmap Implementation Unit on

behalf of the Department of Science and Innovation, a unit tasked with implementing South Africa’s

10-year Waste RDI Roadmap. She has provided strategic input to a number of local, regional and

international waste and circular economy initiatives for the United Nations, European Union, World

Bank, South African Government Departments, Academy of Sciences, International Solid Waste

Association, universities and businesses. She lectures internationally on solid waste management

in developing countries, including the social, economic and environmental opportunities of “waste”

within a circular economy context. She has published extensively in the field.

vii





Preface to ”Waste Management Practices in

Developing Countries”

Developing countries face many challenges in the management of waste. These include

inadequate waste collection systems, the dumping and burning of waste in open spaces, the operation

of uncontrolled or controlled dumpsites, and limited to no waste recycling or recovery. The “leakage”

of waste into the environment has a direct negative impact on human and environmental health.

At the same time, valuable resources are lost to local economies through the disposal of end-of-life

products to land, resulting in negative social and economic impacts. The Global Waste Management

Outlook (UNEP, 2015) called on developing countries to stop the uncontrolled dumping and burning

of waste; to bring hazardous waste under control; to focus on the prevention of waste; and to

develop feedback loops by maximizing recycling and integrating existing small-scale entrepreneurial

recyclers into mainstream waste management. The International Solid Waste Association (ISWA,

2014) called for the closure and rehabilitation of dumpsites as a top priority to ensure health and

environmental protection.

This book provides insights into waste management practices in developing countries. It

highlights the application of research and innovation in finding locally appropriate solutions to

improved waste management. The chapters have been selected with a focus on organic waste

beneficiation; the role of government and policy interventions; citizen behaviour in driving waste

recycling; and the safe management of hazardous waste—particularly healthcare risk waste. Organic

waste such as food, garden, and agricultural waste is a relatively large percentage of the waste stream

generated in developing countries. The disposal of this waste to land often results in the generation

of leachate, impacting water resources; generates odours and attracts vermin; and through its aerobic

or anaerobic digestion, generates greenhouses gases, with the potential to negatively impact climates.

Yet, organic waste is easily beneficiated, through various technologies such as composting, anaerobic

digestion, or more advanced biorefinery technologies. The separation of organic waste at its source

and its diversion to beneficiation technologies creates numerous environmental, social, and economic

opportunities, and as such, must be considered by developing countries.

All spheres of government have an important role to play in the improved management of

waste, through appropriate policy development and implementation. Effective service delivery to

all citizens must be a priority, including the consideration of partnerships with the private sector,

where this will lead to more effective and efficient integrated waste management.

Recognising that responsible waste management starts with us, as citizens and consumers,

improved education and awareness is important in supporting behaviour change towards more

sustainable waste management practices, including eliminating littering and illegal dumping, and

driving greater recycling behaviour.

Finally, it is important for waste practitioners in developing countries to share and publish their work,

through rigorous peer-review processes, so that others may learn from their insights, thereby creating

global communities of practice aimed at improving waste management in developing countries.

We trust that the chapters published here will provide such insights to assist communities in

bringing waste under control while also unlocking the opportunities of waste as resource.

Linda Godfrey

Editor
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Abstract: Agricultural products such as cassava produce huge amounts of waste when processed
into consumable goods. The waste generated is generally considered to contribute largely to
environmental pollution. This study therefore investigates the waste management practice that is
adopted by cassava processors in Ogun State, Nigeria. Five local government areas (LGAs) dominant
in processing cassava were selected for the study on the basis of spatial location distribution, landmass,
and population. The survey involved the use of structured questionnaires administered to cassava
processors of the selected LGAs. The Statistical Package for Social Sciences (SPSS) software application
and descriptive statistics were used for data analysis. Results of the analysis show that the majority
(70%) of the cassava processors are females. Cassava peel constitutes 10% of the waste produced,
of which 91% is heaped at refuse dumps in most communities. Results also reveal that 86.3% of
cassava residues are used for animal feeds. Other findings show that the peels, when dried, are used
as biofuel for cooking and there is a significant potential for biogas production. From the data
captured from respondents during the study, most processors are willing to pay for an improved
waste management system. The study therefore recommends the proper waste management of
cassava waste to minimize environmental pollution.

Keywords: solid waste management; environmental pollution; agricultural waste; cassava waste;
biogas generation; sustainable technology

1. Introduction

Solid waste management is the most pressing environmental challenge faced by urban and rural
areas of Nigeria, with a population exceeding 170 million people. Among several wastes generated
by this huge population is agricultural waste. Improper handling of agricultural waste has raised
a significant challenge in the past decades. In 2016, agriculture contributed 19.17% to the gross
domestic product (GDP) of Nigeria and it also generated large amount of waste materials. Nigeria
is involved in growing and producing many food crops. One of such crops is cassava, a starchy
staple food crop which has the ability to resist drought and diseases. In 2012, the production of
cassava worldwide was estimated at over 260 million tonnes, with Nigeria being the largest producer,
contributing over 20% of the global production [1,2]. In Nigeria, cassava is mostly produced and
processed by small-scale farmers at the family or village level. Cassava provides a reliable and
inexpensive source of carbohydrates for people in Sub-Saharan Africa, especially in Nigeria, where its
production, processing, and consumption is most predominant and significant on a global scale [3,4].
It also provides different job opportunities for both men and women from the production stage until it
gets to the final stage. There are indications that the domestic demand for cassava, particularly as a

Recycling 2018, 3, 58; doi:10.3390/recycling3040058 www.mdpi.com/journal/recycling1
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staple food, tends to outweigh the demands of the industrial sector. As farmers are unable to meet their
demand, some industries are now engaging in the direct production of their cassava requirements.

Globally, 60% of the cassava produced is mostly used for consumption in numerous forms by
humans, while the animal food industry uses about 33% of the world production. The remaining 7%
is used by industries to produce products such as textiles, paper, organic acids, flavor and aroma
compounds, and cassava bagasse [5]. Three main types of residues are generated during the industrial
processing of cassava: peels, solids, and wastewater. These wastes are poor in protein content, but their
residues are very rich in carbohydrate and are generated in large amounts during the production
of ‘garri’ and cassava flour from the tubers. The cost associated with the handling and disposal of
these wastes constitutes a huge financial burden to the cassava-processing industries in most rural
regions of the country. As a result of this challenge, most rural cassava processors choose to dispose
the cassava-processing wastes generated into the environment. These wastes have been identified to
be toxic to the environment [2,4,6].

The technology of processing cassava roots predominantly includes peeling, grating, dewatering,
fermenting, drying, frying, etc. The type and composition of the waste depend on the processing
method and type of technology used [7]. In most cassava-processing communities, several tonnes
of cassava peels are generated as a waste product from the processing activity and are generally
considered to contribute largely to environmental pollution [8]. With an expected increase in cassava
production, it is also expected that waste generation will continue to rise. Even though cassava peels can
be used as feed for livestock, the quantities generated and the remoteness of many of the communities
where processing takes place leave behind a lot of waste, which is burnt or left to rot, with many
environmental consequences [9]. Tonukari et al. [10] presented a report of a cassava starch production
center which produces 100 tons of tubers per day, with an output of about 47 tons of byproducts.
This output may cause environmental problems when abandoned in the surroundings of processing
plants or carelessly disposed. The basic form of cassava flour production comprises sorting, weighing,
peeling, washing, grating, machine/milling, detoxification, dewatering, granulation, drying milling,
sieving, and packaging [11,12].

Management of cassava waste varies across several processing centers in the country, and over
55% of waste generated from its processing is disposed in dump sites. This implies that a great
number of cassava processors do not get benefit from the waste they produce [13]. The majority of
the cassava peels in Nigeria are abandoned close to the processing site, while some are used for
landfilling or burnt. This approach causes a serious threat to the environment and a health hazard to
processors and communities [2]. Oparaku et al. [14], from their experiment, expressed that cassava
wastes can be used as a biogas substrate, either as a standalone raw material or in combination with
livestock manure. Attempts have been made by various researchers to produce products such as
organic acid, flavor and aroma compounds, methane and hydrogen gas, enzymes, ethanol, lactic acid,
biosurfactant, polyhydroxyalkanoate, essential oils, xanthan gum, and fertilizer from cassava bagasse,
peels, and wastewater [2,5,12,13,15,16].

Furthermore, prior studies on cassava waste management [2,4,13] focused on different aspects of
cassava waste management; however, there is still a dearth in the literature of studies that combine the
potential in the reuse of cassava waste, gender composition of cassava processors in Nigeria, and also
factors affecting the willingness to pay for cassava waste management in Ogun State. According to
Echebiri and Edaba [17], there is a high positive correlation between the increase of cassava production
and the estimated demand for the commodity. It was also found that the waste disposal habits of
the people, corruption, work attitude, and inadequate plants and equipment, among others militate
against effective waste management in Nigeria [18]. From the foregoing, there is a need for better
management and utilization of these waste residues through a better waste management system. It is
against this backdrop that this research investigates the potential for an integrated cassava waste
management strategy with a focus on Ogun State, Nigeria. Furthermore, this study examined the
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waste management systems presently in use by cassava processors and their willingness to pay for a
value-added solid waste management system.

The main objective of this study is to investigate the cassava waste management methods in Ogun
State. Other specific objectives of the study are to:

i. find out the method of waste disposal that is adopted by cassava processors in the selected
local government areas,

ii. find out what cassava residues are used for in the selected cassava-processing factories,
iii. find out the factors that influence processors’ willingness to pay for an improved waste management

system, and
iv. investigate if cassava wastes generated in the selected local government areas have the potential

for the generation of biofuel.

2. Materials and Methods

This study focuses on five local government areas (LGAs) (Yewa North, Odeda, Ijebu North,
Ijebu East, and Remo North LGAs) (Figure 1). These local government areas are dominant in processing
cassava. A total of 500 questionnaires were administered to selected cassava processors, with 100
questionnaires in each of the LGAs. Figure 2 shows the typical cassava crop harvest while Figure 3
(a–c) shows the activities in one of the cassava-processing factories. In line with Omilani et al. [2],
a survey research design was used for this study as it was appropriate because the nature of the
research requires the investigation of the opinions and experiences of a group of people by asking
them questions.

2.1. Sample Size and Sample Technique

A good representation of the population was chosen from each local government area where
cassava processing is prominent for proper evaluation and analysis. The questionnaire was constructed
to provide precise and accurate answers through closed-ended questions. The questions were derived
from the statement of problem, research questions, research objectives, and hypothesis for testing.
Section A dealt with personal data of the respondents, while section B addressed hypothetical questions.
The questionnaires were administered to participants that were educated, while those that were not
literate had the questionnaires read and interpreted to them in order to get their responses. All the
questionnaires administered were retrieved. A structured interview was also used to elicit information
from the respondents.

2.2. Reliability of Instruments

The reliability test utilized in this research is Cronbach’s alpha reliability test. A result obtained
for a sample should be of a reliability of 0.70 or even higher before the research instrument can
be used. This study makes use of tables, percentages, and various statistical techniques in the
presentation and analysis of the data collected at the significance level of 95%; that is, at the 5%
error limit. The data generated through the questionnaire were analyzed through the aid of a computer
application, Statistical Packages for Social Sciences (SPSS). In specific terms, the frequency distribution,
simple percentage, and mean were deployed in the data analysis.

3



Recycling 2018, 3, 58

Figure 1. Map of Ogun State showing the study areas in yellow.

 

Figure 2. Typical Cassava crop harvest.
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(a) (b) 

(c) 

Figure 3. Activities in the Cassava Processing Factory. (a) Cassava peeling section; (b) Cassava grinding
machine in operation; (c) Cassava peel dump site.

3. Results and Discussion

Figure 4 shows that the majority of the cassava processors are females, comprising over 70%. This,
according to Popescu et al. [19] in their study titled “Managers’ gender and SMEs production”, implies
that the productivity level of local cassava processors is expected to be higher, although this was not
explicitly tested for in this study.

Figure 5 shows the age range of the respondents, with 14.2% of the respondents being between
the ages of 20 and 29 years, 34% between the age of 30 and 39 years, and 30.5% and 20% aged between
40 and 49 years and 50 years and above, respectively. From the result in Table 1, it is observed that a
great number of cassava processors are in the age range of 30–49 years.

5
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Figure 4. Gender percentage of respondents.

Figure 5. Age variation of respondents.
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Figure 6 shows that the majority of cassava processors are married women who work very hard
to earn a living in order to take care of their families.

Figure 6. Marital status of respondents.

Figure 7 shows that 46.2% of respondents have at least a primary or secondary education.
However, the results show that the cassava sector does provide a livelihood opportunity for people
with no schooling, with 17.9% of respondents having never attended school.

Figure 7. Education level of respondents.
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Figure 8 shows that 55.3% of respondents have more than 10 years of experience and 34.2%
have more than 5 years of experience in cassava processing. However, the results show that cassava
processing does provide new livelihood opportunities for locals, with 9.5% of respondents having
joined this sector in the last 5 years.

Figure 8. Number of years respondents have worked in cassava processing.

Table 1. Cassava-processing operations in the selected local government areas (LGAs).

Major Type of Solid Waste Produced
from the Cassava-Processing Operation

Percent Valid Percent Cumulative Percent

Valid

Cassava peel and cassava pomace 86.8 86.8 86.8
Cassava peel 10.5 10.5 97.3

Cassava pomace 1.6 1.6 98.9
No response 1.1 1.1 100.0

Total 100.0 100.0

How are the cassava solid wastes disposed?

Valid Cassava waste dump site 90.5 90.5 90.5
Burnt near the factory 4.2 4.2 94.7

No response 5.3 5.3 100.0
Total 100.0 100.0

What do you use cassava residues for?

Valid Animal feeds 97.3 97.3 97.3
Fertilizer 1.6 1.6 98.9

No response 1.1 1.1 100.0
Total 100.0 100.0

Willingness to pay for an improved waste management system

Valid Yes 74.7 {F = 87.3; M = 12.7} 74.7 74.7
No 24.2 {F = 17.4; M = 82.6} 24.2 98.9

No response 1.1 1.1 100.0
Total 100.0 100.0

Table 1 shows that over 86% of the respondents confirmed that cassava peels and cassava pomace
are the major solid wastes generated, with 10.5% indicating that cassava peel is the major solid waste
they produce. However, 1.6% indicated that cassava pomace is the major solid waste they produce.
This result indicates that the majority of the cassava-processing units are involved in the production of
‘garri’ and ‘fufu’ [20]. Results obtained by Coker et al. [21] showed that the percentage and composition

8
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of solid waste (peels and bagasse) and liquid waste generated during cassava processing depends
on the nature of the final product. The study conducted by Niringiye and Omortor [22] was on
factors influencing willingness to pay (WTP) for waste management. They found that the age of the
respondents has a negative and significant effect on WTP for waste management in Kampala city
in Uganda. Coker et al. [21] conducted a study that focused on evaluating the cassava production
activities in six selected cassava-processing sites in Ibadan city. Results showed that the percentage and
composition of solid waste (peels and bagasse) and liquid waste generated during cassava processing
depends on the nature of the final product. Irene and Richard [23], in their study, focused on the
types of waste generated by cassava-processing plants. The survey showed that the wastes generated
were cassava peels, fibrous material, chaff, wash water, and liquor. The study did not investigate the
methods of waste management adopted.

Table 1 shows that the majority (90.5%) of the cassava processors dump the cassava waste
generated at the cassava waste dump site. The table also indicates that 4.2% of the respondents burn
the cassava solid waste generated near the factory, which is a major source of environmental pollution.
Table 1 indicates that 97.3% of the respondents that use the cassava residue use it for animal feed
or give to those that use them as animal feed. However, 1.6% of respondents that use the cassava
residue use it as fertilizer. Table 1 shows that the majority (74.7%) of the respondents are willing to pay
for an improved waste management system. The result further shows that 87% of the respondents
who showed interest in paying for an improved waste management system are female. This is in line
with the result of Omilani et al. [8]. Their result showed that the majority (68.73%) of the respondents
who are female cassava processors were willing to pay for a value-added waste management system.
The study compared the level of environmental pollution between small-scale cassava-processing
firms and large-scale cassava firms. Investigations conducted confirmed that small-scale cassava
processing affects the environment more than large-scale processing. Awunyo-Victor et al. [24] further
revealed that the significant factors determining households’ willingness to pay for improved solid
waste management (collection and disposal) are the posted cost of the service, age, educational level,
household size, and household monthly expenditure. In addition, cost sharing of waste management
is affected by family income. From the study of Oyegbami et al. [25] on the awareness of occupational
and environmental hazards associated with cassava processing in south-western Nigeria, it was
established that cassava processors were aware of occupational and environmental hazards associated
with cassava processing.

Biogas Production Potential

Table 2 shows the average cassava production capacity for factories in each of the LGAs.
From 1000 kg of cassava, 300 kg of peel could be produced. Therefore, the weight of cassava peel in
each LGA would be the equivalent of the (weight of cassava produced in kg × 300/1000). According
to Wantanee and Rodtong [26], 1000 kg of dry cassava tubers could produce 497.01 L of biogas and
1000 kg of fresh cassava tubers could produce 235.1 L of biogas. Therefore, the weight in kg of cassava
peel will produce (weight in kg × 497.01/1000) = volume in L of biogas.

Table 2. Biogas production potential from cassava peel.

Local Government
(5 Factories)

Yewa North Odeda Ijebu North East Ijebu East Remo North

Cassava production
per day (kg) 7500 10,000 12,000 8750 7500

Quantity of cassava
peel per day (kg) 2250 3000 3600 2625 2250

Quantity of biogas
(L/day)

(2250 kg × 497.01)
= 1,118.273

(3000 kg × 497.01)
= 1,491.030

(3600 kg × 497.01)
= 1,789.236

(2625 kg × 497.01)
= 1,304.651

(2250 kg × 497.01)
= 1,118.273

9
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4. Conclusions

The study revealed that there is no proper waste disposal method adopted by cassava processors
in the selected LGAs in Ogun State. This is because the wastes generated are not properly disposed of.
There was no significant difference in the waste disposal methods as adopted by the LGAs. This is
because the majorities of the respondents either use the residues from the cassava processing for
feeding their livestock or use them as fertilizer. It is therefore evident that the respondents are not
exposed to the income-generating potentials of the cassava wastes. This was based on the responses
on the questionnaire served and the focus group discussion. Most of them are local people with
limited education.

The study concludes that the major waste is from ‘garri’ and ‘fufu’-processing production.
Though the cassava processors have an awareness of the health hazards associated with improper
waste management, they prefer to dump the wastes at dump hills or burn them near the factories.
The study concludes that majority of the cassava processors are female. Therefore, gender is a major
determining factor as it influences the processors’ willingness to pay. Also, the majority of the cassava
processors do not generate income from the waste generated from the cassava residues.

Finally, the study concludes that based on the quantity of cassava peels generated which are
dumped and burnt by the cassava processors in the selected LGAs, there is a huge potential for biogas
production from these wastes generated. This biogas can be used as a substitute for the firewood which
is currently in use by all the cassava processors.

5. Recommendations

From the findings, the study therefore recommends the following:

i. That proper waste disposal methods should be adopted by the cassava processors in Ogun
State to minimize pollution and reduce health risks.

ii. There is a need for awareness of the income generation potential of cassava waste among the
cassava processors in Ogun State.

iii. It is highly recommended that the waste water generated from cassava processing undergoes
proper treatment before it is discharged.

iv. Based on the biogas generation potential of the cassava-processing factories in Ogun State, it is
important that this resource be harnessed.
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Abstract: Improper disposal of waste cooking oil into sewer systems is harmful to the environment.
Through the selective collection, this highly polluting residue can be handled in a less harmful
way. The present study presents an action plan for a public school in the Region of Médio Paraíba
Fluminense of the state of Rio de Janeiro, Brazil to serve as a voluntary delivery point in a reverse
logistics chain for waste cooking oil. A case study method with semi-structured interviews was
carried out with agents who are part of the chain, including the government, commercial residue
generators, collectors, the biodiesel production industry, the community, and teachers and students
of the public school. Even though the reverse supply chain for waste cooking oil in the region lacks
structure, this study showed that the actors were interested in correctly disposing of waste cooking
oil through partnerships and agreements. In addition to the environmental benefits, environmental
education actions in public schools, such as the one in this study, can help raise student awareness
of issues relative to citizenship and social responsibility and promote employment and income
opportunities for recyclable material collector cooperatives and industries that use waste cooking oil
as raw material.

Keywords: reverse logistics; used cooking oil; selective collection; school; environmental education

1. Introduction

The circular economy concept is a new business model focused on the management of discarded
products and materials that hold promise for reducing their volume, contributing to the economy and
the environment. This approach is increasingly seen as a solution to a number of challenges, such as
waste generation, food waste, resource scarcity, and the sustainability of economic benefits [1].

Stahel [2] suggested that a circular economy would minimize waste by reducing the amount of
waste; reusing what can be reused; recycling what cannot be reused; recovering materials or energy
from what cannot be reduced, reused, or recycled. This process is becoming increasingly important
as the amount of waste is growing even faster than the rate of urbanization [3]. Rathi [4] argued that
rapid population growth and industrialization degrade the urban environment and place a heavy
burden on natural resources, which undermines sustainable and equitable development. Inefficient
management and disposal of solid waste is an obvious cause of environmental degradation in most
developing countries.

Recycling 2018, 3, 48; doi:10.3390/recycling3040048 www.mdpi.com/journal/recycling13
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One type of urban solid waste is waste cooking oil (WCO), which can cause environmental
damage if discarded improperly [5]. It has been estimated that one liter of cooking oil pollutes 20,000 L
of water, the same amount the average person consumes in about 14 years [6]. Waste cooking oil
can obstruct sewage pipelines, while also retaining other solid waste. Sewage blockages increase the
pressure in pipelines and can lead to sewage leakage into the soil. Furthermore, the collection of WCO
can help reduce damage to wastewater treatment plants.

In Brazil, the National Solid Waste Policy (PNRS), established by Federal Law n. 12.305, on 2nd
August 2010, sets forth rules for collecting, disposing of, and managing post-consumption products [7].
The PNRS is considered to be the legal framework that establishes the framework for the reduction,
reuse, and recycling of food waste. It promotes a sense of sustainability management and, above
all, assigns responsibilities appropriately between the public sector and waste generators about the
waste generated [7]. Waste cooking oil is generated daily by households, restaurants, and the food
service sector in general; however, this policy does not include WCO. The legislation that addresses
the issue, Bill n. 2074 of 19th September 2007, is currently shelved [8]. It proposes that gas stations,
supermarkets, companies, and other similar establishments that sell or distribute cooking oil maintain
facilities designated for collection of WCO.

In Brazil, an estimated 6.5 million L of oil are collected for recycling, which is only 2.5% of what
is produced [6]. This low collection rate is explained, in part, by the scarcity of collection points [9],
which raises the costs of collection [10] and by lack of awareness-raising campaigns aimed at the
population [11].

When recycled, WCO can be used as a raw material for several production chains, such as
biodiesel, soap, animal feed, paint, asphalt, and putty [9]. According to César [12], Brazil has great
potential to produce WCO biodiesel on a commercial scale.

Post-consumption reverse logistics are the reverse flow of a fraction of the by-products and
materials that arise from the disposal of products after their original intended use, in order to return
them to the production cycle in some way [13]. When WCO is returned to the production cycle, its
life cycle does not end after the cooking process [14]. According to Zucatto [15], despite the several
potential uses of WCO, no official statistics on the return rates are available.

The reverse logistics of WCO in the Region of the Médio Paraíba Fluminense (RMPF—Região do
Médio Paraíba Fluminense) of the State of Rio de Janeiro, Brazil, has three distinct levels: (i) generation,
(ii) intermediaries, which are the packaging, storage, collection and transportation locations or
companies; (iii) destinations [16].

Waste cooking oil can present zero cost at its source since it is obtained through donations at
collection points such as schools, which are voluntary delivery points (VDPs) in some communities in
Brazil [17]. Environmental education is also essential in order for people to adopt a sustainable waste
management model. The National Policy for Environmental Education, instituted by Law 9.795, of
27 April 1999, requires that environmental education is integrated into all levels and modalities of the
education process [18].

The present study was justified by the need to address the relevant issue of developing appropriate
WCO collection programs and correctly managing this highly polluting residue, while also including
schools in the proposal. The following research question was formulated: How can a public school
in the RMPF of the state of Rio de Janeiro, Brazil, act as a voluntary delivery point and support the
development of a reverse supply chain for waste cooking oil?

The present article proposes an action plan for a public school to serve as a VDP in a WCO
reverse supply chain. The authors provide a description of the reverse supply chain for WCO in the
RMPF. A case study was carried out, using semi-structured interviews with agents who participate in
the chain, including the government, waste generators, collectors, the biodiesel production industry,
the community, and teachers and students of the school.

This article is divided into five sections besides the introduction. The second section presents
a theoretical framework an overview of WCO reverse logistics and environmental education in schools.
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The materials and methods are described in the third section. The fourth section presents the analysis
of the results, followed by the fifth section, with final considerations.

2. Theoretical Framework

2.1. WCO Reverse Logistics

Green supply chain management is the integration of environmentally sound choices into the
entire supply chain to improve the environmental and economic performance of individual links and
of the chain as a whole; reducing the environmental impact [19]. Reverse logistics is the process of
planning, implementing, and controlling the efficient and low-cost flow of raw materials, work in
progress, finished products, and related information, from the point of consumption to the point of
origin, with the goal of recovering value or achieving appropriate disposal [20].

Reverse logistics help reduce the loss of materials and products that would not normally be
utilized. The process begins after the product is consumed, when companies must be prepared for
the 4Rs: recovery, reconciliation, repair, and recycling [21]. Post-consumption products return to the
production cycle through reuse, dismantling, and recycling [13]. Recycling, the last stage of the process,
is the mechanism for WCO return and the focus of the present study.

Waste can be classified according to its purpose, as reverse solid waste or residue, and according
to its origin, as urban, industrial, health services, rural, special, or differentiated. Waste can be disposed
of (residue) in landfills or reused (reversed) through a series of physical or chemical treatments to
manufacture new products [22]. Waste management is conducted through non-generation, reduction,
reuse, recycling, treatment, and environmentally adequate final disposal and becomes the shared
responsibility of the public and private sectors [23].

In Brazil, local governments are responsible for the adequate disposal of waste, while generators
also have their own responsibilities [24]. Some Brazilian municipalities have already adopted the
Municipal Plan of Integrated Solid Waste Management under the terms established by the National
Solid Waste Policy [25].

Policies for the implementation of the selective collection can be carried out by cities and can be
implemented in partnership with public or private recycling companies [22]. When implementing
selective collection, the participation of cooperatives and other associations of collectors of recyclable
and reusable material must be given priority due to its social impact [13].

However, the PNRS does not provide for the reverse logistics of WCO and the work depends on
the capacity of the actors to coordinate among themselves. Intermediary agents such as cooperatives
and self-employed collectors play an essential role in this chain [26,27].

Among the sustainable economic, social and environmental benefits of reusing WCO, Wildner
and Hillig [28] highlighted the following:

1. Ensures income in lower-income areas, representing a permanent source of employment,
and remuneration for the unskilled labor force.

2. Injects resources into local economies by creating jobs, collecting taxes, and developing the market.
3. Favors the development of environmental awareness and promotes responsible environmental

behavior of companies and citizens.
4. Encourages the recycling of other materials.
5. Reduces the volume of waste generated and helps to solve the problem of the treatment of waste

from consumption.

Returning WCO as a raw material involves several inter-related phases: packaging, collection,
storage, and transportation to manufacturing locations [9]. Oil must be placed in 500 mL to
2 L containers in households, and in 20 L to 50 L containers in commercial establishments [9].
Households are small-quantity generators, while restaurants, hotels, snack bars, and other commercial
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establishments are large-quantity generators [29]. For both small and large generators, storage is
necessary to reach the minimum economically feasible amount for the collection process [30].

The collection is carried out at large generators or voluntary delivery points, which receive WCO
primarily from small-quantity generators [11]. The cost of having delivery points that are few and far
apart is usually very high, sometimes making the return of WCO to the production cycle economically
unfeasible [31]. Furthermore, route planning is essential to minimize the cost of transportation during
collection [32].

Storage depends on the strategy of the collecting company. Some companies send the WCO
directly to the recycling industry, while others store the oil until the right amounts are reached. In this
case, it may undergo filtering to remove impurities from the foods to which the oil was exposed [9].

Using reverse logistics is sustainable when the total costs of packaging and transportation to
manufacturing locations is lower than the value of the returned material, resulting in competitive
advantages for recycling companies [9].

When used as material in new production chains, WCO can generate several products including
soap and other biomaterials: printing ink, candles, crayons and playdough [33–36]. It can also be used
to make biodiesel [37], with a WCO-to-biodiesel conversion rate of 98% via transesterification [38].

WCO-based biodiesel presents advantages in relation to other fuels. In comparison with
conventional diesel, it does not emit sulfur compounds during combustion and is quickly
biodegradable in soil and water. With regard to biodiesel made from other oils, it is profitable
in terms of energic balance [39,40].

2.2. Environmental Education in Schools

In this context, environmental education has represented an essential awareness-raising strategy
among citizens where there are no selective collection programs. Furthermore, the school environment
is a formal pathway for environmental education [41].

The national policy for environmental education, through Law n. 9795/1999, Art 1, defines
environmental education as the process of constructing social values, knowledge, skills, attitudes,
and competencies in citizens to preserve the environment, quality of life, and sustainability [42].
As institutions that aim to shape the values and attitudes of citizens, schools can address the
environmental dimension and understand its complexity and inserted cross-sectionally [41,43,44].

The policy further calls for the development and presentation of environmental education within
the scope of the curricula of private and public schools. It should permeate all school relationships and
activities and be developed across school subjects to reflect current issues and to encourage people to
think about what type of world they want to live in. Finally, this type of education enables them to
effectively carry out sustainable actions [42,45].

Among the sustainable practices that environmental education can address are an environmentally
correct collection and destinations for WCO [14,46]. Whether destined for soap [28,33,47] or biodiesel
production [11,48,49], WCO collection has been identified as an environmental education tool.

According to Segatto [50], environmental education has become essential in raising citizen awareness
of ways to dispose of WCO and schools are promoters of this knowledge. The participation of schools in
WCO collection is an instrument for fostering environmental education and sustainable actions.

Environmental education activities in and out of schools can include neighborhood campaigns,
lectures on the subject, gymnastics, outdoor activities, work in student groups in schools, insertion of
guidelines for sustainable practices in classes, and training of teachers on the subject [51,52]. According
to Jacobi [41], the focus of these activities is seeking a holistic perspective on the relationships between
people and the development of citizenship, nature, and the universe, considering that natural resources
are being exhausted and that the main responsibility for their degradation lies with humans.
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3. Materials and Methods

This was a qualitative, applied, and descriptive study that aimed to describe the WCO reverse
supply chain in the chosen region and propose an action plan that includes public schools as a voluntary
delivery point. This research used the case study strategy, considering the unit of analysis of the
participation of the public school as a VDP and the subunit, the reverse supply chain for WCO in
the RMPF.

The case study method permits the investigation of a contemporary phenomenon in a real
environment when it is not possible to clearly differentiate the phenomenon and the context; it demands
the use of different sources of evidence [53].

The Region of Médio Paraíba Fluminense in the state of Rio de Janeiro, Brazil, has 871,775
inhabitants divided into 12 municipalities: Barra do Piraí, Barra Mansa, Itatiaia, Pinheiral, Piraí,
Porto Real, Quatis, Resende, Rio Claro, Rio das Flores, Valença, and Volta Redonda [54] (Figure 1).

Figure 1. Maps of Brazil, the state of Rio de Janeiro, and the Region of Médio Paraíba Fluminense with
emphasis on the municipality of Barra Mansa. Source: Elaborated by the authors from IBGE—Instituto
Brasileiro de Geografia e Estatística (or Brazilian Institute of Geography and Statistics) [54].

The public school in question was the Washington Luiz Municipal School (CMWL—Colégio
Municipal Washington Luiz), located in the municipality of Barra Mansa [55]. In March 2017,
the authors conducted a document analysis by consulting the school’s political-pedagogical project for
2015/2016. Internal records such as student enrollment forms and parent-teacher association (PTA)
meeting protocols were also consulted to obtain information about the profile of the target audience.

The description of the reverse supply chain and development of the proposal for the school to act
as a VDP in the RMPF involved the collection of primary data through on-site visits, completion of
questionnaires, and interviews with the social actors involved with the issue in order to portray the
current situation and propose structural and operational improvements in the operation of the system.

First, data were collected by administering a questionnaire (Appendix A) to 60 parents and
guardians during PTA meetings, with the goal of assessing the community’s perceptions of the topic.
Under the researcher’s guidance, another questionnaire (Appendix B) was administered to 50 students
in the first and second stages of elementary education, between 10 and 16 years old, chosen by
convenience in the classrooms. Additional data were gathered through semi-structured interviews
(Appendix C) that were conducted with 8 school managers, teachers, janitorial staff, and students
(Table 1).
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Table 1. Education agents interviewed in the Washington Luiz Municipal School. Source: Created by
the authors.

Educating Agent Position Level Experience (Years) Date

EA1 School principal All 14 May/2017

EA2
Director of studies

Responsible for the school’s
political-pedagogical project

All 28 June/2017

EA3 Biology teacher Youth and adult
education 32 May/2017

EA4 Ethics and sociology teacher Technical 19 May/2017

EA5 Math teacher Elementary
(year 6 to 9) 12 June/2017

EA6 Teacher (all subjects) Elementary
(year 1 to 5) 14 June/2017

EA7 School secretary/Portuguese
teacher Elementary/Technical 26 June/2017

EA8 Janitorial staff All 9 June/2017

Another set of semi-structured interviews (Appendixs E and F) was carried out to obtain primary
data from the 17 actors who are part of the WCO reverse supply chain in the RMPF. The public sector
was represented by representatives from the municipal secretary for the environment and sustainable
development and the public water and sewer treatment company. In the private sector, interviews
and on-site visits were conducted with commercial generators, recycling cooperatives, associations,
and companies and a representative of the local biodiesel industry. Table 2 presents the profile of all
those interviewed and their corresponding organizations.

Table 2. Agents (A) interviewed from the WCO reverse supply chain in RMPF. Source: Created by
the authors.

Agent Representation Position Date Organization

A1 Local government Municipal secretary March/2017
Municipal Secretariat for Environment

and Sustainable Development
(SMMADS)

A2 Local government Solid waste manager March/2017 SMMADS

A3 Local government
Coordinator of the

‘Cuidando do Óleo’ and
‘Ecopneu’ projects

March/2017 SMMADS

A4 Municipal
autonomous body

The engineer responsible for
the solid waste management May/2017 Water and Sewer Treatment Service

(SAAE)

A5 Local government Biologist responsible for the
EE project May/2017 Municipal Secretariat of Education

(SME)/Environmental Park

A6 Commercial
generator Nutritionist June/2017 Hospital restaurant

A7 Commercial
generator In charge of the snack sector June/2017 Bakery, snack bar and restaurant

A8 Commercial
generator Owner June/2017 Snack bar

A9 Commercial
generator President June/2017 Association of Hotels, Restaurants, Bars,

and Others

A10 VDP Manager May/2017 Supermarket

A11 VDP Advertising assistant May/2017 Sesc

A12 Collection Supervisor responsible for
oil collection May/2017 Cooperative of collectors

A13 WCO biodiesel
plant

Engineer responsible for
biodiesel production April/2017 Biodiesel company

A14 State government Superintendent August/2017 PROVE

A15 Collection President March/2017 Association of collectors

A16 Collection Owner March/2017 Company 1

A17 Collection Owner July/2017 Company 2

Notes: EE = environmental education; Sesc = Brazilian Social Service of Commerce; PROVE = Program for the
Reutilization of Vegetable Oil.
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Thus, this study carried out a total of 25 interviews with agents and applied a total of 110
questionnaires. At the same time, in order to achieve a better grasp of the reverse logistics of WCO
in the RMPF, the authors conducted a document analysis of materials from official organizations
and websites.

Finally, data analysis was conducted by triangulating the data obtained from the literature,
document analysis, questionnaires, and interviews [56].

4. Analysis of Results

4.1. The Reverse Supply Chain for WCO in the RMPF

Based on the document analysis and interviews, the authors were able to describe the generation,
intermediary (collection and transportation), and destination phases of the WCO reverse supply chain
in the RMPF, as shown in Figure 2.

Figure 2. Waste Cooking Oil reverse supply chain in the Region of Médio Paraíba Fluminense.

4.1.1. Generation Phase

Residential generators can dispose of WCO directly in the sewer system, reutilize it in artisanal
soap production, or deliver it to VDPs. Waste cooking oil delivered to VDPs is usually stored in plastic
PET (Polyethylene Terephthalate) bottles. According to one of the representatives of a WCO collector
(A15), households and commercial establishments should separate WCO from food material particles
by filtering it before packaging, but this is not usually done.

For generators in commercial establishments and industry, WCO is collected at bars, restaurants,
bakeries, snack bars, and institutions (schools, churches, local government) in barrels that are later
collected by cooperatives. However, the president of the Association of Hotels, Restaurants, Bars,
and Others (A9) pointed out that there is no policy or inspection regarding the correct disposal of WCO
generated in the region by commercial generators. Even though the association provides guidance in
their meetings about the treatment and final disposal of waste, the association itself is unaware of the
correct disposal of WCO.

For example, participant A7, who delivers WCO to the collection company in exchange
for cleaning supplies, said he had never bothered to learn about the WCO’s final destination.
The nutritionist (A6) also emphasized that the generators are not always informed of the destination
for the WCO.

According to participant A8, the average amount of vegetable oil used per month varies greatly
because people tend to eat more fried foods when the weather is cold. Even with the advent of
recent innovations such as electric fryers, the most common technique is immersion frying in a pot or
saucepan. This participant also reported that the volume of WCO waste was approximately two-thirds
of the oil used for frying because the other third is absorbed into the food.
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As mentioned by participant A6, the standards set by the Brazilian Health Regulatory Agency do
not allow for the utilization of used oil. The reason is that if it has been used for a long period, the oil
generates compounds responsible for unpleasant odors and tastes, including substances that can cause
health hazards to consumers, such as gastrointestinal tract irritation and diarrhea.

The Rio de Janeiro State Plan showed that the average generation of urban solid waste in the RMPF
was 0.81 kg/capita/day in 2014 [57]. There are no statistics about the amount of WCO generated in the
RMPF. However, according to the experience of participants A6 and A9, the average consumption in
the region is about 1.5 L/capita/month. Considering that two-thirds of this amount is disposed of and
that there are 800,000 inhabitants in the region (excluding 10% of the population that does not consume
fried foods), the total monthly average amount of WCO generated in the RMPF can be estimated at
800,000 L.

All of the participants in the generation phase expressed optimism regarding the growth and
structuring of the WCO reverse supply chain and pointed to awareness-raising as one of the key
points in this process. According to participants A2 and A3, awareness-raising actions in schools could
help with WCO collection initiatives, since children and adolescents tend to influence their parents’
attitudes and contribute to behavioral changes in the whole family.

4.1.2. Intermediary Phase

In the intermediary phase, represented by VDPs, companies, cooperatives and processing units,
WCO is collected and transported directly from the generators or VDPs to recycling warehouses owned
by companies or associations/cooperatives. Table 3 presents the profile of the organizations involved
in WCO collection and the municipalities involved.

Table 3. WCO collection organizations in the Region of Médio Paraíba Fluminense. Source: Created
based on data from IBGE [54] and field research.

Organization
Municipalities Where the Company

Operates and an Estimated Population
Description

Óleo Local
(company)

Barra do Piraí—96,261
• Founded in 2010 in Barra do Piraí
• WCO collection of approximately 40,000 L/month
• Supported by UNIMED (a health insurance

company) as a VDP
• In 2017, the company reached 60 collection points

and 560 registered commercial establishments

Valença—73,154

Rio das Flores—8783

Volta Redonda—261.522

Barra Mansa—179,472

Piraí—27,311

Ecoleta
(company)

Resende—123,385 • Founded in 2007 in Resende
• WCO collection of approximately 50,000 L/month
• Partnered with the Retailer’s Steering Committee

of Resende
• Has 150 collection points and carries out

awareness-raising actions in schools

Itatiaia—29,744

Quatis—13,283

Porto Real—17,663

Barra Mansa—179,472

Cicloóleo
(company)

Volta Redonda—261,522 • Private company located in Volta Redonda
• WCO collection of approximately 45,000 L/month
• All WCO destined for biodiesel production

Pinheiral—23,488

Porto Real—17,663

Ecoóleo
(association) Volta Redonda—261,522

• Liquid and Solid Waste CollectorsAssociation
• Founded in 2007 in Volta Redonda
• Supported by the local government
• WCO collection of approximately 11,000 L/month

Coopcat
(cooperative) Barra Mansa—179,472

• Collector’s cooperative of Barra Mansa
• Founded in 2013
• Part of the local government’s “Cuidando do Óleo”

project, in partnership with the State Institute for
the Environment (INEA) and the State Program for
the Reutilization of Vegetable Oil (PROVE);

• WCO collection of approximately 3100 L/month
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The RMPF associations/cooperatives are supported by the Program for the Reutilization of
Vegetable Oil (PROVE) of the State of Rio de Janeiro. According to participant A14, PROVE promotes
partnerships between public agents, the third sector, companies, and representative groups. In addition
to fostering the organization of collectors into cooperatives, it also provides vehicles for collection,
supporting the reverse logistics of various types of waste.

Partnerships with commercial generators are trust-based. Participants A2 and A3 stated that
WCO collection actions are still very informal and need to be formalized through agreements or
contracts. The commercial generators registered by the cooperatives or private companies receive
barrels to dispose of the WCO. When the barrels are full, the generators call the cooperatives and the
full barrels are exchanged for empty ones. However, participant A7 pointed out that delays in the
collection make the WCO start to release unpleasant odors in the establishments.

Participant A15 also emphasized the variability in the supply of commercial generators, which
hinders collection logistics. According to him, the amount collected ranges from 100 L to 200 L per
partner; in a month; this represents a 50% variation, ranging anywhere from 8000 to 12,000 L.

To encourage these partnerships, A15 suggested that commercial generators “receive cleaning
materials in exchange. Chlorine is produced by cooperatives as an incentive for cooperation.”
In addition, enterprises/cooperatives provide green seals as a form of recognition. According to
this participant, in the case of his cooperative, the seal is awarded by the Secretary of the Environment
of the Volta Redonda municipality. In the case of another cooperative, according to participant A12,
commercial generators are awarded a PROVE Seal for adequate WCO disposal that is valid for one
year. In the case of companies, they provide their own green seals, as stated by participants A16
and A17.

However, the Secretary of the Environment and Sustainable Development of the Barra Mansa
municipality does not support the exchange of WCO for cleaning products. According to A3,
that is because the soap produced by the collector organizations generally does not meet technical
specifications and can also harm human health and the environment.

It is also important to consider the financial incentives provided by some companies/cooperatives
in exchange for WCO provided by residential and commercial generators. According to participant
A1, in the near future, it will become difficult for cooperatives to obtain donations because WCO has
become profitable waste. Companies and cooperatives pay between 0.80 and 1.00 Brazilian reais/L
of WCO. The percentage of WCO lost and WCO sold after filtering is minimal. Sales are not just to
biodiesel industries and their destination is uncertain. Nonetheless, WCO is sold for an average of 1.40
to 1.80 Brazilian reais/L. However, when soy harvests are good, and the price of vegetable oil is low,
the value paid per L of WCO ranges between 1.20 and 1.30 Brazilian reais.

One of the challenges in the collection phase mentioned by the participants responsible for the
collector companies and cooperatives was competition with self-employed informal collectors, who
pay more per L to establish that the collection points are theirs. Another barrier to the residential
collection is that even though people are aware of the possible damage caused by disposing of WCO
down the sink, most do so because it is easier. Furthermore, the collector companies and cooperatives
must also compete with homemade soap production.

The cooperatives and companies licensed to treat WCO generate monthly reports to government
organizations that include information about the amount of WCO collected per registered commercial
generator. These reports allow the local government to control the adequate disposal of this waste.

Storage and transportation require certain precautions to avoid WCO leaks; the barrels are
placed on top of pallets covered with cardboard. Filtering of WCO can be performed at the collector
cooperatives, or it can be sent to other processing units before being sent to biodiesel companies or the
soap industry. In company or cooperative warehouses, the WCO is sieved to eliminate food particles
and it decants for 24 h to separate the water from the oil. After this period, a sample is collected and
tested; it should contain less than 1% of water before being approved for sale.
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The intermediary links of the chain also foster awareness regarding WCO collection. Companies
and cooperatives work with schools (municipal, state and private), providing students, staff,
and teachers with information through lectures, posters, and pamphlets to encourage WCO collection
and re-utilization in soap production and alternative sources of energy, such as biodiesel.

In some municipalities, schools already function as VDPs. According to participants A3 and A16,
the “Cuidando do óleo” project, a partnership of the municipality of Barra Mansa with a cooperative,
and the “Viva Óleo” project of a company in the city of Resende, held rallies at all public and private
schools before they became VDPs. However, according to participants A12 and A16, these projects
were canceled because of a lack of government support.

As stated by participant A17, working with households is a greater challenge. When residences
are part of the collection route, they can be fit in according to market demand. He said, “It’s no use
saying that you’re solving an environmental problem, generating 70% less polluting fuel if you’re
riding around in your car with no efficiency. We need to optimize and improve our relationship
with generators.”

One of the municipality representatives interviewed in this study (A1) emphasized the inefficiency
of the residential collection strategy. According to this participant, “Housewives are not in the habit
of requesting collection service by phone. They may even separate the WCO but they don’t call us
to collect it. So, it all gets thrown away together with the other residential trash.” Participant A12
indicated that one solution to the problem of residential collection would be raising awareness through
environmental education so that WCO generated in households gets delivered to VDPs.

4.1.3. Destination Phase

The most common destination of WCO is the sewer system, followed by artisanal soap production,
and the soap and biodiesel industries.

According to participants A3 and A5, it is a common practice to reutilize WCO in artisanal soap
production in the RMPF. Community members generate income by selling these products and churches
offer soap-making courses for job and income generation. As voiced by participant A1, the greatest
problem in the production of homemade soap is lack of environmental control and precautions in the
manufacturing process. This participant said, “caustic soda, which is used as the reagent, can burn the
person manufacturing the soap.”

In Brazil, approximately 30 million L of WCO is used to produce biodiesel [58]. In the RMPF there
are two biodiesel companies: CESBRA and OLFAR. However, up to the time of this study, OLFAR had
not begun operations using WCO as a raw material in biodiesel production. Participant A13 indicated
that the nominal production capacity of the CESBRA biodiesel plant, as authorized by the National
Agency of Petroleum, Natural Gas and Biofuels, is 10,000 m3 per bimester, for a total of 60,000 m3 per
year. Currently, the plant produces 4000 m3 per bimester, 40% of the authorized capacity.

Biodiesel production uses degummed soybean and palm oils and several other raw materials,
depending on the oilseed harvest. Regionally, WCO corresponds to 40% of the raw material used to
produce biodiesel. According to participant A13, the low supply of WCO increased the value per L
from 0.50 to 2.50 Brazilian reais in 2016. The amount paid for WCO is associated with the soybean
harvest: “The price fluctuates according to the price of the main raw material but it is a competitive
value. The last batch cost approximately 1.50 Brazilian reais/L.”

Participant A13 also noted that the biodiesel industry faces some competition from the soap
industry but mainly competes with some rendering and tallow companies to obtain WCO. Soap
companies such as Grande Rio, Mauá, and 3Brio are not significant competitors. The JBS industry,
located in Lins, São Paulo, produces approximately 20,000 m3 of biodiesel per bimester and for
participant A13, it can be considered their biggest competitor for purchasing WCO.

There are 24 specifications for biodiesel to be sold at auctions. According to participant A13,
the main quality indexes are solid impurities, acidity, and amount of water in the WCO. When it is
treated, WCO is heated, breaking the emulsion. The oil sinks to the bottom of the container, from
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which oil, flour, and all other impurities are drained. For biodiesel production, the maximum acidity
is 3%. If it does not meet this target, this residue is mixed with caustic soda, a catalyst, and used to
produce soap instead of biodiesel. Regarding the water content, the maximum acceptable level for
biodiesel production is 0.02%. As the WCO arrives with over 1% of water, it must undergo a 12 h
drying process at 150 ◦C in a vacuum chamber.

Regarding the yield, participant A13 estimated that 1 kg of WCO produces 990 g of biodiesel.
This means that 1% of the material is lost, which is better than the 4% loss with soybeans. The biodiesel
industry plans to expand its biodiesel production with WCO, based on expected growth and increasing
professionalization of the WCO market.

4.1.4. Institutional Environment: Public Agents in the RMPF

The public agents interviewed in the Barra Mansa municipality represented the Municipal
Secretary for the Environment and Sustainable Development (SMMADS) and the Public Water and
Sewer Treatment Service (SAAE).

Participant A2 stated that the SMMADS intends to resume their environmental education activities
so that municipal schools can function as VDPs; however, he indicated that no such activities have been
planned yet. Participant A1 emphasized the need to resume awareness-raising and environmental
education programs: “The local government does not depend on its own resources for collection
programs because the Rio de Janeiro State Secretariat of the Environment provides this support.
The program lacks continuity and greater adherence by the population.”

It is worth noting that there was a high turnover in the persons responsible for the municipal
secretariats in the RMPF during the data collection period. The same was true for the management
involved in the WCO collection programs.

According to participant A4, who is with the SAAE, accumulation of oil and grease in the pipe
system can cause blockages and sewer backups, and can even break the pipes that are part of the
wastewater collection system. Toxic chemicals are used to remove this material and unclog pipes,
creating a vicious cycle, which can even lead to significant increases in the costs of water and sewer
services. However, the SAAE has no statistics available regarding the costs involved and the reasons
for sewer blockages.

Although public agents are mobilizing actors to participate in WCO selective collection programs
in RMPF municipalities, the application of economic instruments such as fiscal and tax incentives
and the creation of more specific laws could accelerate the process and increase the volume of WCO
collected to produce biodiesel.

4.2. The Washington Luiz Public School as a Voluntary Delivery Point for WCO in the RMPF

4.2.1. Educating Agents

According to participants AE1 and AE2, environmental education programs are usually proposed
through partnerships between municipal government organizations in Barra Mansa that involve the
Secretary of Education, the Secretary of the Environment and the SAAE. Environmental education
initiatives in the school curriculum always depend on the support of external agents, i.e., partners
from private institutions.

All of the participants expressed their support for an environmental education project involving
WCO and the participation of schools as VDPs. For them, a permanent WCO collection program at
Washington Luiz Public School (CMWL), supported by the Secretary of the Environment and other
public organizations, would be of great importance in promoting environmental education and student
awareness of sustainable development.

The school management expressed interest in including a recycling project and other
environmental initiatives in the political-pedagogical project. However, the teachers were more
skeptical, based on the discontinuity that occurred with previous programs.
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According to the director of studies of the CMWL (AE2), there have previously been projects in
which WCO was collected and delivered to a collector company that was a partner of the Municipal
Secretary of Education. At the end of the year, the participating schools were ranked, and the schools
with the highest rankings won prizes.

However, all agreed that, in addition to such actions, it is necessary to make the insertion of
environmental education in the school curriculum and political-pedagogical project official. According
to those interviewed, addressing the topic in specific subjects or extracurricular activities is not
enough to awaken student interest and ensure their actual participation in actions directed at
social-environmental issues.

4.2.2. Students

The students’ views regarding environmental education were associated with preservation
of the environment. All the students had had some experience with environmental education.
Chart 1 presents the motivational factors regarding student participation in WCO collection programs.
Thirty-six percent of the students justified their lack of interest in WCO collection activities by saying
that they had not received the prizes that had been promised to them. They also said that some teachers
do not release them from class to participate in these types of activities.

52%
36%

12%
Environmental
awareness

Counts toward
their grade

Not interested

Chart 1. Motivational factors for student participation in WCO collection programs. Source: Created
by the authors based on field research.

Chart 2 presents the destinations of WCO in the students’ households. The most common
destinations were soap production and separation for selective door-to-door collection.

15%

34%

6%

18%

15%

12%
Does not know

Soap

VDP

Door to door collection

Down the drain

Reused several times

Chart 2. Destinations of WCO in students’ households. Source: Created by the authors based on
field research.
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4.2.3. The Community

The questionnaires given to community members revealed that 23% of the participants had not
finished elementary school, 34% had completed elementary school, 40% had finished high school,
and another 3% had a university degree. On average, four people lived in the households of those
interviewed. The monthly household income was between one and two monthly minimum wages in
two-thirds of the families. Only three families received social welfare from the Bolsa Família program.
Half of the participants were not aware of the meaning of environmental education. It is worth noting
that in Brazil the designations of the social classes are based on the number of minimum wages (MW).
In 2018, the MW was 952 Brazilian reais, and, five classes are defined: A (more than 20 MW); B (from
10 to 20 MW); C (from 4 to 10 MW); D (from 2 to 4 MW); and E (up to 2 MW).

The present study found that the mean consumption of vegetable oil was 1.4 L/month/per capita.
This is below the national average of 1.6 L in 2015 [2]. All the participants reused the oil at least once
before disposing of it. Regarding the destinations of the WCO, as seen in Chart 3, the main options
were a donation, soap production, and pouring it down the drain. Those who poured the oil down the
drain were aware of the potential for environmental damage.

45%

23%

18%

10%

4% Donates it

Makes soap

Pours it down the
drain

Throws it away
with regular trash

Sells it

Chart 3. Destinations of WCO in the community. Source: Created by the authors based on field research.

Regarding donations, Chart 4 illustrates the competition between collection companies/
cooperatives and the soap industry to obtain residential WCO. Regarding the utility of WCO, only
one-third of those interviewed knew the purposes of WCO as a raw material. Only two participants
mentioned soap production in schools and churches. None of the participants knew that WCO could
be used in biodiesel production.

45%

48%

7% Collection
companies

Soap producers

VDPs

Chart 4. Destinations of community WCO donations. Source: Created by the authors based on
field research.
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Chart 5 shows that, among the main barriers mentioned by the community to delivering
WCO to VDPs, those most cited were lack of time, distance, or being unaware of VDPs in the
municipality. In general, schools represent strategic locations and can act as VDPs and facilitate
access by the population.

23%

40%

14%

23%

Distance

Time

Lack of interest

Not aware of VDPs
in the municipality

Chart 5. Difficulties cited by the community in delivering Waste Cooking Oil to Voluntary Delivery
Points. Source: Created by the authors based on field research.

4.3. Action Plan for Inserting the CMWL in the WCO Reverse Supply Chain in the RMPF

Before creating an action plan for the WCO collection, it is important to involve all of the concerned
actors in drafting and monitoring the school’s political-pedagogical project. This is an opportunity for
management, coordinators, teachers, and the community to define the profile of children’s education,
organizing actions to reach the proposed objectives. In this context, environmental education takes on
a strategic role.

Furthermore, for the CMWL to operate as an agent of WCO reverse supply chain in the RMPF,
the collaboration of other agents is essential, such as: public institutions (local governments, municipal
secretariats, SAAE), commercial generators, recycling companies, associations and cooperatives,
and the industries that produce biodiesel using this raw material.

Considering that a WCO reverse supply chain already exists in the RMPF, even with some
bottlenecks and limitations, the action plan outlined in Table 4 describes only the internal aspects
of the WCO collection operation in the school. The action plan was based on the 5W2H method,
which consists of an action plan for preestablished activities that need to be as well-defined as possible.
The 5W represents what (what will be done?); who (who will do it?); where (where will it be done?);
when (when will it be done?); why (why will it be done?). The 2H is: how (how will it be done?); and
how much (what will it cost?) [59].
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4.4. Discussion

The research question for the present study was: “How can a public school in the RMPF of
the state of Rio de Janeiro, Brazil, act as a voluntary delivery point and support the development
of a reverse supply chain for waste cooking oil?” In order to answer that question, we developed
an action plan based on the integration of actors and efforts. The local government, through the
secretaries of education and environment and the water and sewer treatment company, could provide
some incentives for school management, teachers, students, the PTA, and the community to foster
acceptance of the idea of WCO collection and recycling.

At the same time, as a VDP, the school needs to be integrated into the WCO reverse supply chain,
connecting household generators with collectors. One important issue is the logistics of this integration.
Environmental education is an important tool for teaching the community how to appropriately store
WCO that is of good quality and also to convince them to take WCO to the school´s VDP.

Regarding the WCO reverse supply chain, the results show the importance of establishing
contracts between commercial generators and collection cooperatives/companies, with price incentives
for volume and quality, appropriate storage conditions, the frequency of generation, and avoiding
exchange for cleaning products (soap) that don’t meet environmental standards.

The collection cooperatives/companies should also use routing systems with enough vehicles
that are managed by trained personnel, in order to minimize logistics costs. In addition, the biodiesel
industry should adopt more proactive behavior, coordinating the chain and establishing a strong
relationship with recycling cooperatives and companies, to ensure a continuous supply of WCO.

In addition, the local government should play a role in the WCO reverse supply chain, primarily:
regulating the actors with incentives (tax) and controls; formalizing self-employed informal collectors
by integrating them into existing cooperatives/associations; preventing soap production that does not
follow environmental standards; maintaining the continuity of environmental education programs,
along with WCO collection, in order to foster the development of more environmentally friendly
citizens and reduce the cost of water and sewer treatment.

The results of the present study are in line with the literature review. Waste management
related to WCO involves non-generation, reduction and recycling [23]. In order to accomplish
this, the reverse supply chain needs to work well in terms of organization, cost efficiency and
value generation [9], integration of small- and large-quantity generators [29], and adequate storage
conditions [30]. Voluntary delivery points are strategic for collecting WCO from households
(small-quantity generators) [11], without neglecting the importance of route planning to keep logistics
costs down [32].

The idea of generating an action plan is also related to the National Solid Waste Policy, which
demands a Municipal Plan of Integrated Solid Waste Management with shared responsibility
among generators, collectors, recyclers and industry, and social inclusion of individual collectors
in cooperatives and associations [13,22,24,25].

However, since there are no specific regulations for WCO reverse logistics [7], environmental
education in schools is an important strategy to compensate for that gap. It is important to insert this
issue across school subjects and curricula [42,45] Several other factors are also important: involvement
of the community in school activities [51,52]; presenting information about the cost of collective
selection programs and the convenience of VDPs [41]; highlighting biodiesel as the main product
generated from WCO [37,38]. It is hoped that such programs will generate citizen awareness of ways
to dispose of WCO appropriately [41,50].

5. Conclusions

The present study showed that the current structure of the WCO reverse supply chain in the
RMPF is based on weak partnerships between generators and collector cooperatives and companies,
and also showed lack of effective communication between the links in the chain. Other bottlenecks and
requirements indicated by the participants were: lack of public awareness; a regional culture of WCO
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destinations being homemade soap production; the need to obtain a minimum volume for collection;
competition among collectors; and quality specifications for WCO destined for biodiesel production.

In the present scenario, we evaluated the types of stakeholder participation and actions related
to the selective collection, reverse logistics, and other actions regarding shared responsibility and
environmental awareness. We concluded that the proper functioning of a WCO reverse supply chain
depends on various factors. First, the population must be informed about the environmental damage
caused by the improper disposal of this type of waste and about recycling possibilities. The reverse
logistics of WCO also benefit from facilitated access to VDPs, incentives for formal contracts between
cooperatives and commercial generators, optimization of collection routes, and specific incentive
policies and legislation.

The development of reverse logistics is in the government’s best interest. However, the actors that
are part of the process are not given priority, and WCO collection programs and economic incentive
programs (fiscal/tax) lack continuity. Furthermore, municipal selective collection programs established
by the National Solid Waste Policy are mandatory, but local governments do not have information
about or control of the destinations of all the WCO generated in their municipalities; they only control
the volume processed by registered recycling cooperatives and companies.

The present analysis of the possibility of a municipal school operating as a VDP in a WCO
reverse supply chain in the RMPF showed that VDP programs in schools cannot be one-offs,
resulting in isolated actions such as rallies or events. These actions must be ongoing and part of
the political-pedagogical program and school curriculum. Only in this way is it possible to implement
the proposed action plan, as part of the environmental education program, in order to use the municipal
school as a VDP.

It is important that students and the community actively participate in developing and
implementing the WCO collection action plan. The study also pointed to a lack of public awareness
regarding the damage caused by the improper disposal of WCO; lack of knowledge about the existence
of VDPs; and criticism of discontinuity in collection and recycling initiatives.

One limitation of this study relates to the data collection phase. There was a paucity of literature
about the actions of schools as VDPs and about WCO collection as a tool for environmental education.
Similarly, there was a lack of a public database about WCO generation, collection and destinations.
Additionally, the case study method doesn’t permit generalization of results; further study is needed
to support our conclusions.

Future studies should focus on the implementation of the action plan at the Washington Luiz
Municipal School. It is hoped that the present investigation can guide other schools in developing
similar action plans. Additionally, the authors suggest that this research is applied to other regions
and that there be a more in-depth investigation about other actions that involve the participation of
public schools in the management of other solid urban waste.
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Appendix A. Questionnaire Applied to the Community in General

1. What is your age? ____________
2. What is your education?

( ) Elementary ( ) High school ( ) Higher education
3. How many people live in your house? ________
4. What is the range of monthly family income?

( ) less than 1 minimum wages (MW) ( ) 1 to 2 MW ( ) 3 to 4 MW ( ) over 4 MW
Do you receive a family grant from “Bolsa Família”? ( ) Yes ( ) No

5. Do you know what environmental education (EE) is?
( ) No ( ) Yes
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If so, what do you think EE means?
6. What are your daily actions to help preserve the environment?
7. What do you do with the WCO in your home?

( ) put it down the kitchen drain ( ) throw it away with the trash ( ) Donate it ( ) Make soap with it
( ) Sell its. If you donate it, to whom?

8. What do you think most people do with this oil?
9. Do you know about any public or private initiatives for the destination of the oil? ( ) No ( ) Yes.

Which one?
10. How many liters of oil does your family consume monthly?
11. How many times is the oil is used before discarding?
12. Did you know that WCO can be recycled? ( ) No ( ) Yes. And where?
13. Do you know the damage caused by the improper disposal of WCO?
14. Would you use any product made with WCO as a raw material? ( ) Yes ( ) No
15. What is the main difficulty in keeping the WCO?
16. What is the main difficulty in taking the WCO to the collection points?

( ) Distance ( ) Time ( ) Lack of interest ( ) Other

Appendix B. Questionnaire Applied to the Students of the Washington Luiz Municipal School

1. How old are you?
2. What is your year of schooling?
3. Do you know what environmental education is? ( ) Yes ( ) No
4. What do you think environmental education means?
5. Have you ever participated in a WCO collection program at your school? ( ) Yes ( ) No
6. What would motivate you to participate?
7. Do you know the consequences of incorrect disposal of WCO in the environment?
8. What is the destination of WCO discarded in your home?
9. Do you know which destinations the WCO could have?
10. How important are environmental issues for you, on a scale of 0 to 10, where 0 means very low

and 10 means very high?

Appendix C. Interview with Education Agents (Managers, Teachers and Support Staff) of the
Washington Luiz Municipal School

Interviewee’s role and experience:

1. Does the school in which you work has actions in the environmental education area?
2. What is your commitment to environmental education in your school?
3. How often, per week, do you address environmental issues? ( ) Once ( ) Twice ( ) More than twice

( ) Never.
4. Do you find it difficult to work on environmental issues? ( ) Yes ( ) No
5. What do you think is missing from your school? ( ) The teachers’ commitment ( ) Commitment

of the management of school ( ) Commitment of the technical-pedagogical team ( ) Interest of
students ( ) Commitment of teachers, management and the technical-pedagogical team ( ) Lack of
technical knowledge ( ) Lack of didactic resources ( ) Other.

6. Has the school elaborated its Political Pedagogical Project (PPP)? ( ) No ( ) Yes ( ) I do not know.
7. What environmental topics are addressed/worked on? (Mark all applicable items) ( ) Public policy

() Pollution ( ) Climate change ( ) Biomes/Ecosystems ( ) Basic sanitation ( ) Socioenvironmental
sustainability ( ) Elections ( ) Water resources ( ) Social inequality ( ) Generation of work
and income ( ) Associations / cooperatives ( ) Diseases ( ) Social inclusion/Social values
( ) Conservation ( ) Food ( ) Selective collection ( ) WCO disposal ( ) Solid waste ( )
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Socioenvironmental responsibility ( ) Sustainable consumption ( ) Ethnic-racial relations ( )
Biodiversity ( ) Deforestation ( ) Environmental phenomena ( ) Quality of life ( ) Health in general
( ) Other.

8. In your opinion, what are the main difficulties and obstacles currently faced by the school in the
development of activities/projects?
(Mark all applicable items) ( ) Absence of planning to guide the school ( ) Very infrequent
meetings ( ) Lack of structure (rooms, physical space and equipment) ( ) Lack of teaching material
( ) Difficulty in mobilizing people and entities to collaborate with the school ( ) Members who are
burdened with other professional activities ( ) Government political discontinuities ( ) Difficulty
of conceptual understanding of the proposals ( ) Lack of teacher training ( ) Other.

9. How do you develop, in practice, the teaching of environmental education? (Mark all applicable
items) ( ) In the curricular contents of my discipline(s) ( ) Multidisciplinary, involving more than
one subject area in collective projects ( ) In individual research projects ( ) In collective research
projects ( ) In actions of mobilization and social participation ( ) Other.

10. Mark the resources that are normally used to develop the actions in Question 9 above (Check
all applicable items) ( ) Related texts ( ) Examples of local reality ( ) Relation of the problem
with environmental, social and economic aspects ( ) Magazines and periodicals ( ) Internet, CDs,
DVDs and television ( ) Playful material ( ) Political Pedagogical Project ( ) NCPs ( ) Textbook s( )
Teaching materials containing information about the environment ( ) Bibliographic or scientific
material on environmental issues ( ) Specific pedagogical material son environmental issues
( ) Other.

11. Has the school developed, or is it developing, interdisciplinary project(s) around the issue of
WCO? ( ) Yes ( ) No.

12. What is your level of acceptance of an action plan for environmental education with the school
as a WCO collection point, on a scale of 0 to 10, where 0 means totally against and 10 strongly
in favor?

Appendix D. Interview with People from the Municipal Secretariat for Environment and
Sustainable Development (SMMADS)

Interviewee’s role and experience:

1. What is the functioning mechanism of the secretariat? Functional organization chart?
2. Does the municipality have a specific law for the collection of WCO?
3. How does the municipality inspect the disposal of WCO in commercial organizations?
4. Is there any initiative to foster collection by the government? If not, in your opinion, why not? If

yes, which one?
5. Is there technical assistance or training for collectors and cooperatives?
6. What is the local infrastructure for storing collected oil?
7. Is there any kind of association between the secretariat and the cooperatives?
8. How are the cooperatives managed?
9. Who is responsible for collection at the registered donation points?
10. How is the collected oil commercialized?
11. How are the values defined?
12. Is there any environmental education program about the consequences of incorrect oil disposal?

If yes, where? If not, what is the reason?
13. Who is responsible for transporting the raw material to the industry? Are freight costs included?

How are they calculated?
14. Based on your experience, what are the strengths and weaknesses of the program?
15. How are schools included in this program?
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16. What is the incentive given for environmental education?

Appendix E. Interview with WCO-Generating Agents in the Community

Interviewee’s role and experience:

1. What is the average monthly amount of vegetable oil used?
2. What is the average monthly amount of WCO discarded?
3. What is the process used in frying: pan, electric fryer, air-fryer?
4. Does the frying process affect the quality of the WCO?
5. How often is the oil reused?
6. What is the destination of the WCO?
7. Is there any government policy for WCO? What is it?
8. Is there any political or social incentive given by the government?
9. In what way is this oil collected?
10. How is the oil stored and transported?
11. Is this oil donated or sold?
12. If sold, please indicate the amount?
13. Is there any partnership with a public or private body? Which one?
14. What are the benefits of this process?
15. Has the consumption recently increased or decreased?
16. To what do you attribute this variation in consumption?
17. Does any specific factor affect consumption, such as concern about health, obesity and

fitness wave?
18. What are the obstacles to the collection or final destination?
19. Based on your experience, is there potential for growth in the collection programs?

Appendix F. Interview with Collector Cooperatives and Associations, NGOs and Companies
(Some Questions Were Used with a VDP)

Organization type:
Interviewee’s role and experience:
Contact:

1. How many families/people are involved in WCO recycling projects?
2. Are there any political or social incentives given by the government?
3. What is the process for registration of collection points?
4. What kind of company can participate and what is the benefit?
5. What is the monthly amount collected?
6. Has collection recently has increased or decreased?
7. To what do you attribute this variation in the collection?
8. How is the WCO stored and transported?
9. How is the WCO collected?
10. Is the WCO is donated, bought or sold?
11. If bought or sold, could you tell us how much?
12. What is the destination of the WCO?
13. Is there any partnership with public or private bodies? Which one (s)?
14. Does the organization have any partnership with schools?
15. What are the obstacles in the collection or final destination?
16. Based on your experience, is there potential for growth in collection programs?
17. Is there any competition in the region in terms of supply and demand?
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18. Is there is any competition with other cooperatives or self-collectors? Which ones?
19. How would you rate the relationship among the collectors of WCO?

( )Cooperative ( ) Competitive ( ) Coopetition
20. What is the relationship between buyers and sellers?

( )Contract ( ) Spot market
21. What are the needs for improvement in the collection and destination process?
22. Do employees receive assistance? What kind?
23. What are the main difficulties in the reverse logistics of WCO?
24. Does the WCO have to be strained or filtered before the sale?
25. How is the processing done?
26. Are chemical reactants used?
27. Do employees use personal protective equipment?
28. How are R&D projects, if any, financed?
29. Is there adequate infrastructure for transport?
30. Is the mode of transport suitable?
31. Is the number of vehicles sufficient to meet the demand?
32. Does the frequency meet the demand?
33. Is there adequate infrastructure for storage?

Appendix G. Interview with the Biodiesel Company

Organization type:
Interviewee’s role and experience:
Contact:
The installed capacity of the company:
Production capacity used:

1. Is there any program or government policy for the production of biodiesel based on WCO?
2. Is there any certification for those who purchase WCO from local cooperatives?
3. Does the company receive inspection and health monitoring services?
4. Does the company reach its production potential?
5. Is there competition in the of the region in terms of WCO demand?
6. Who are the competitors in the use of WCO in the region?
7. How do you evaluate the relationship of WCO supply and demand?
8. How do you relate with WCO suppliers?

( ) Contract ( ) Spot market
9. Who are your key suppliers?
10. How much do you pay for a liter of WCO?
11. Is this value competitive for biodiesel?
12. In your opinion, what are the main problems of WCO collection?
13. What could be done to increase its efficiency?
14. Are there any technological restrictions on biodiesel production from WCO?
15. What is the yield of biodiesel from WCO?
16. What are the expectations to increase biodiesel production from WCO?
17. What are the main quality indexes tracked?
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Abstract: In the city of Blantyre, much of the generated municipal waste is biowaste, typically mixed
with other waste fractions and disposed at the city’s dumpsite. Energy and nutrients could be recovered;
however, with many biowaste options available, choosing what technology to implement is difficult.
Selecting Organic Waste Treatment Technology (SOWATT) is a tool that supports decision making
for selecting a biowaste treatment option considering social, technical, and environmental aspects.
SOWATT was used to evaluate options for Blantyre’s Limbe Market. Anaerobic digestion, black
soldier fly processing, slow pyrolysis, in-vessel composting, windrow composting, vermicomposting,
and wet-biomass-briquetting were considered as options. The performance of each alternative was
assessed based on five objectives by government, NGO, and market-based stakeholders in order to
determine the most acceptable option for the greatest number of people: something that is rarely
done, or if it is the preferences are not rigorously quantified (e.g., stakeholder workshops) and/or
weighted against specific objectives. However, given the novelty of the ranking-solicitation process,
some participants struggled with the variety of options presented, and further iterations of SOWATT
will address this limitation. Ultimately, vermicomposting scored highest of all alternatives and could
best achieve the five objectives as prioritized by the stakeholders when implemented.

Keywords: decision support system; multi criteria decision analysis (MCDA), organic waste
treatment; market waste; biodegradable waste

1. Introduction

Appropriate management of municipal solid waste is a crucial service to uphold public health
and avoid environmental pollution. With increasing urban densification, the challenge and threat
of unmanaged waste becomes more acute [1]. Biowaste, the biodegradable fraction in waste, is of
particular importance as it amounts to more than 50% of the total waste generated [2]. Unmanaged, it
may pose considerable health and environmental risks as it attracts insects, rodents, and other disease
vectors; generates leachate-polluting groundwater [3]; and emits greenhouse gases.

Biowaste management challenges are also apparent in Blantyre, Malawi’s second largest city,
located about 300 kilometres south of the capital, Lilongwe. As the capital of Malawi’s Southern Region,
Blantyre is a major commercial hub with about 1 million inhabitants [4]. The Blantyre City Council
(BCC) is responsible for waste collection (formal residential areas, markets, and some institutions),
transport, and disposal. All the waste collected by BCC is transported to the Mzedi dumpsite, but it is
not compacted there, and the dumpsite has already exceeded its design lifespan of 20 years. More than
two thirds of Blantyre’s waste is organic; some materials like plastics, metals, and glass are picked up
by scavengers for reselling, though the quantities are small [5].
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Biowaste can be treated to recover valuable resources like energy and nutrients, thus presenting
economic opportunities while reducing the negative environmental effects of open dumping and/or
decomposition [6]. Biowaste management can also act as a driving force for overall waste management
when, for instance, the economic value of biowaste-derived products incentivizes waste collection or
new revenue opportunities enhance the financial sustainability of the waste management system [7].

Waste management-related decisions are, however, complex and must consider the many influencing
factors and alternative solutions. Besides the tangible physical elements, waste management also
comprises an array of “soft aspects”, also referred to as governance aspects including stakeholder
preferences, financial mechanisms, policies, and institutional capabilities [8,9]. Many biowaste treatment
initiatives have been unsuccessful, as such issues were not sufficiently considered [6,7]. To better evaluate
the advantages and disadvantages of different biowaste treatment technologies with regard to set
objectives, a decision support structure can significantly help take informed decisions. A review
of decision support models by Karmperis et al. [10] shows that many decision support systems in
waste management rely on Life Cycle Analysis (LCA) or Cost-Benefit Analysis [11] methods, while
fewer use multi-criteria decision-making approaches. Güereca et al. [12] used LCA to evaluate two
biowaste management systems; however, they limited their analysis to quantifying energy and water
consumption emissions to the atmosphere, and water and space requirements. Importantly, most
assessment methods are used exclusively by professionals working in evaluation or planning offices
making use of existing data to generate optimized decisions, but the choices rarely, if ever, include the
priorities or perspectives of more than a few decision makers, and rarely the beneficiaries or end users.
As such, this study used the SOWATT tool that has previously been applied in the Philippines and
Colombia [13,14] to solicit and amalgamate the preferences of a cross-section of stakeholders in the
selection of an appropriate biowaste treatment technology. The methodology was designed specifically
for biowaste treatment considering the technical, social, environmental, and economic aspects that
influence long-term sustainability, especially in the sense that end-users and future maintenance
workers are involved at each step of the decision-making process [13]. This study presents the
outcomes of the assessment for biowaste treatment in Blantyre, Malawi, the first of its kind for an
African context.

2. Materials and Methods

2.1. SOWATT Approach

The complexity of decisions often relies on uncertainty about the future, the fact of having a variety
of conflicting objectives, the existence of too many or too few alternatives, or an overwhelming number
of influencing factors [15]. Decision analysis, which maximizes the benefits that could be obtained from
a decision, includes tools and methods that provide a structured process and recommends a course of
action. Multi-Attribute Value Theory (MAVT) is a common multi-criteria decision analysis tool (MCDA)
that has been often applied in environmental management choices [16–19]. This approach decomposes
complex decision problems into several components: alternatives, uncertainties, consequences of
alternatives, as well as the objectives and preferences of the decision maker.

The tool used in this study, called “Selecting Organic Waste Treatment Technology” (SOWATT), is
based on the MAVT methodology and was designed to facilitate the selection of a sustainable biowaste
treatment technology alternative [13,14]. SOWATT considers 5 different objectives that technologies
should fulfil to ensure their long term sustainability: (1) ‘high technical reliability’, (2) ‘high social
acceptance’, (3) ‘high environmental protection’, (4) ‘high hygiene and community health protection’,
and (5) ‘high economic sustainability’. These objectives and their sub-objectives are shown in the
objective-hierarchy (Figure 1). Following the SOWATT methodology, the preferences of relevant local
stakeholders were assessed in order to determine the relative of importance of the objectives for the
case study in Blantyre.
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Figure 1. The default objective hierarchy defined by the SOWATT tool, adapted from [13].

2.2. Study Area

Limbe Market (LM), the largest market in Blantyre, was chosen as the focus area for the study
due to the fact that biowaste was available in large, consistent quantities and was relatively pure
(uncontaminated). We determined that approximately 1.1 tons of waste was generated by the market
daily, of which 90% was biowaste. About 70% of the biowaste was wet fruit and vegetable waste such
as banana peelings, tomatoes, leafy greens and onion leaves, while the rest was dry biowaste (15%
vegetable waste and 15% paper and cardboard waste).

2.3. Biowaste Technology Options

Six technology alternatives provided by the SOWATT tool were considered in the Limbe Market
study: windrow composting (WC), in-vessel composting (IC), vermicomposting (VC), anaerobic
digestion (AD), slow pyrolysis (SP), and black soldier fly processing (BSF). A seventh technology,
wet-biomass-briquetting (WBB), was also assessed in this case, as it is a common biowaste treatment
technology in Blantyre. Of the seven technologies selected, five fall into the category of biological
treatment processes, where a controlled conversion of waste is mainly driven by living organisms,
either under aerobic [20,21] or anaerobic conditions [22], by bacteria and fungi or animals, i.e., worms in
vermicomposting [23,24] or by insect larvae in Black Soldier Fly treatment [25]. The technology options
were evaluated in terms of how they would perform if implemented at Limbe Market. The performance
of the considered technologies was evaluated against 5 main objectives (Figure 1). These objectives
were validated by the stakeholders during an objective validation exercise. The objectives and their
attributes as provided by the SOWATT tool are presented in Table 1. The performance data (Table 2)
were obtained from the SOWATT tool [13], which was established based on an extensive literature
study [6,20–25], and through interviews with experts in Malawi.
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As there were no local experiences with IC, SP, or BSF, data related to sub-objective ‘high trust in
technology’ were not available. Hence, two scenarios were included in the analysis for each of IC, SP,
and BSF, one assuming no trust (NT) and the other high trust (HT) in the technology.

2.4. Stakeholders and Preferences

The SOWATT approach depends on stakeholder inputs (preferences) in order to calculate
technology scores. Potential key stakeholder clusters were identified in this study as (1) BCC
officials (because BCC owns LM), (2) LM chairpersons (since they are the governing authority in
the market), (3) market vendors that generate biowaste, and (4) non-governmental organizations
(NGOs) that support biowaste treatment initiatives in Blantyre. From these identified stakeholder
clusters, individuals were interviewed to determine their relevance for the LM case. Interviewees were
asked questions that aimed at understanding how the interviewee could influence biowaste treatment
practices at LM. The interviewees also suggested other potential stakeholders (who they considered to
have the same influence and explained why). The interviewees that indicated that they had influence
on biowaste management practices at LM were chosen as relevant stakeholders. The stakeholders
were further categorised into clusters based on how similar their level of influence was (Table 3).

Table 3. Four stakeholder clusters identified.

BCC Cluster NGO Cluster Chair Cluster Vendor Cluster

1. Director of Health
and Social Services

2. Deputy Director of
Health and
Social Services

3. Blantyre Cleansing
Services Officer

4. Limbe Solid Waste
Management Officer

1. Centre for
Community
Organisation and
Development
(CCODE)
(Representative)

2. Crown Financial
Ministries
(Representative)

3. Water for People
(Representative)

4. Pump Aid
(Representative)

1. LM Chairman
2. LM Chairlady
3. LM Waste

Management
Committee Chairperson

16 randomly selected
vendors from the
produce section of
the market

In order to elicit the preferences of the stakeholders, the “swing” weighting method was used [26].
In this method, hypothetical performance scenarios of a biowaste treatment technology implemented
at LM were presented, and each respondent (stakeholder) was asked to rate every scenario presented
between 0 (least preferable) and 100 (most preferable). Afterwards, the “reverse swing” method was
used as a consistency check. The swing questionnaire (Appendix 1) first presented a hypothetical,
worst-case scenario using the worst values for all attributes; subsequent hypothetical scenarios only
had one best attribute. The reverse swing questionnaire (presented after the swing questionnaire)
first presented a hypothetical best-case scenario using the best desired values for all attributes, then
subsequent scenarios only had one worst attribute (Appendix 2). For example, for the attribute ‘levels
of potential hazards’ (Table 2) (under objective high social acceptance and sub-objective high working
safety), hazard level 2 was selected for the best-case scenarios (no technology had a hazard level of 1),
while hazard level 10 was selected for the worst-case scenarios. The best- and worst-case scenarios
used in the swing and reverse swing questionnaires are presented in Figure 2.
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Figure 2. Best-case and worst-case scenarios of a hypothetical biowaste treatment technology at LM.

Each stakeholder’s rankings (extracted from the questionnaires) were converted into weights
between 0 (low importance) and 1 (high importance) for every considered objective. The conversion to
weights was achieved using the following equations:

Equation (1): Swing method equation:

Wx =
tx

∑m
i ti

(1)

Equation (2): Reverse swing method equation:

Wx =
100 − tx

∑m
i (100 − ti)

(2)

in which

Wx: weight of objective or sub-objective x;
tx: points given during the swing (in Equation (1)) or the reverse swing (in Equation (2)) method by
the stakeholder to objective x; and
m: number of objectives to be considered: 5 main objectives, 4 sub-objectives for “social acceptance”,
2 sub-objectives for “hygiene and health protection” and 2 sub-objectives for “environmental protection”.

As a calculation example, in the swing questionnaire, the BCC Director of Health and Social
Services rated ‘high technical reliability’ 80 points, ‘high social acceptance’ 50 points, ‘high hygiene
and health protection’ 100 points, ‘high economic sustainability’ 40 points, and ‘high environmental
protection’ 60 points. To calculate the Director’s weight of ‘high technical reliability’ using Equation (1),

44



Recycling 2018, 3, 55

we divided the 80 points given to this objective by the sum of all the points given to the five main
objectives as follows:

Whigh technical reliability =
tx

∑m
i ti

=
80

80 + 50 + 100 + 40 + 60
= 0.242

An average for the weights obtained from the swing method (Equation (1)) and reverse swing
method (Equation (2)) was used as the stakeholder’s overall weight for the objective. The calculated
values were averaged to take into account the framing of the questions; asking the same question in
two different ways tests for and ensures understanding and consistency. An example of the weights
obtained from a stakeholder’s ranking is presented in Table 4.

Table 4. BCC Director of Health and Social Services’ weights and ranking of objectives.

Objectives
Swing Method Reverse Swing

Average Rank
Point Weight Point Weight

Main Objectives

Technical Reliability 80 0.242 20 0.242 0.242 2
Social Acceptance 50 0.152 50 0.152 0.151 4

Hygiene and Health Protection 100 0.303 0 0.303 0.303 1
Economic Sustainability 40 0.121 60 0.121 0.121 5

Environmental Protection 60 0.182 40 0.182 0.182 3

Social Acceptance

Working Safety 100 0.333 0 0.370 0.352 1
Smell Impact 70 0.233 50 0.185 0.209 3
Job Creation 80 0.267 20 0.296 0.281 2

Trust in Technology 50 0.167 60 0.148 0.157 4

Hygiene and
Health Protection

Treatment Capacity 100 0.556 0 0.833 0.694 1
Residue Generation 80 0.444 80 0.1667 0.306 2

Environmental
Protection

Environmental Pollution 100 0.556 0 0.667 0.611 1
Resource Recovery 80 0.444 50 0.333 0.389 2

Notice that for this example, the weight given by the Director for Technical Reliability (first row)
is the same regardless of how the question was asked (i.e., the swing and reverse swing methods both
yielded 0.242). However, there were significant differences in the weights given to Treatment Capacity:
the swing format yielded a weight of 0.556, while the reverse swing format yielded a weight of 0.833.
It is not expected that each respondent will assign the exact same value to each objective through each
method (which is why an average is taken), but significant, consistent differences can indicate a lack of
understanding and help to identify respondents that may be struggling to conceptualize the questions.
In each cluster, an average for the weights obtained from every stakeholder was used as the cluster’s
weight (level of importance) for the respective objective (see results in Section 3.1, Figure 3).

2.5. Technology Scoring

Scores for the technology options were calculated using the weights of the objectives (stakeholder
preferences) and estimated performances for each of the technology alternatives (Table 2). The values
for the estimated performances were firstly normalised to obtain values between 0 and 1 for all
attributes. When normalizing the values for the estimated technology performances, we assigned
the normalized value 1 to the best performance values, while the normalized value 0 was assigned
to the worst performance values among the technology options for the considered objective. For the
objectives with the direction ‘high’ such as ‘high economic sustainability’, the value 1 was assigned
to the highest performance value of that objective among the technology options. Whereas for the
objectives with the direction ‘low’ such as ‘low environmental pollution’, the value 1 was assigned
to the smallest performance value of that technology among the technology options. For example,
(Table 2) the value 1 was assigned for 100% for the sub-objective ‘high trust in technology’, and the
value 1 was also assigned for the sub-objective ‘low leachate risk’. Where performance was estimated
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as a range of values, the average value was used during performance normalization. The following
equations were used to normalize the estimated technology performances:

Equation (3) for “low direction” objectives:

Ny
x = 1 − Cy

x − mx

Mx − mx
(3)

Equation (4) for “high direction” objectives:

Ny
x =

Cy
x − mx

Mx − mx
(4)

in which

Ny
x : normalized value of the estimated performance of technology option Y for objective X;

Cy
x : the estimated performance of technology option Y for objective X;

mx: minimum value considered for objective X among all technology options; and
Mx: maximum value considered for objective X among all technology options.

The additive model was then used to calculate the final score of each technology. Each normalized
performance value of a technology was first multiplied by the weight given to its corresponding
objective. Then, the outcome scores were summed to obtain the final score for that technology.
The average values for the stakeholder weights for all clusters were used to calculate the final
technology scores. The additive model determined the score of a technology alternative by the
following equation:

Equation (5): Score of a technology alternative:

v(a) = ∑m
i wr·Nr (5)

in which

v(a): value (score) of the technology alternative A;
wr: weight of objective r;
Nr: normalized value of the performance of technology alternative A for objective r; and
m: number of objectives.

For the objectives composed of sub-objectives, a different formula for the value of Nr was used.
The objectives of ‘high economic sustainability’ and ‘high technical reliability’ do not have any
sub-objectives, and therefore the value of Nr was obtained directly using Equation (4). However, for
the other three objectives (‘high hygiene and health protection of community’, ‘high social acceptance’,
and ‘high environmental protection’) the value of Nr was calculated as follows:

Equation (6): normalized performance value for objectives with sub-objectives:

Nr = ∑m
i wx·nx (6)

in which

Nr: normalized value of the performance of alternative A for objective r;
wx: weight of sub-objective x;
nx: normalized value of the performance of alternative A for sub-objective x; and
m: number of sub-objectives.
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3. Results

3.1. Stakeholder Preferences

The weights for the objectives determined by the BCC cluster were obtained as an average
for the weights obtained from the four stakeholders in the cluster. For example, we determined
the BCC Cluster’s weight for the objective ‘high technical reliability’ as 0.122, which is an average
for the weights for the same objective as obtained from the Director of Health and Social Services
(0.242), the Deputy Director (0.122), the Blantyre Cleansing Services Officer (0.095), and the Limbe
Solid Waste Management Officer (0.027). The same approach was used to determine all stakeholder
weights. The NGO’s cluster weights were determined as an average for the weights by the four NGO
representatives. The Chair’s cluster weights were determined as an average for the weights by the
three market chairs. The Vendors’ cluster weights were determined as an average of the weights from
the 16 market vendors consulted.

BCC and the NGOs ranked ‘high environmental protection’ as their most important objective
(Figure 3). Market vendors ranked ‘high hygiene and health protection’ as their main objective, which
was not surprising considering that they are the ones affected when biowaste is poorly managed in the
market. Chairpersons ranked ‘high economic sustainability’ as their main objective.

 

Figure 3. Weights based on stakeholder preferences for the objectives.

3.2. Technology Scores

The results of the normalised performance values multiplied by the weight of the respective
objective and sum of all attribute scores for a specific technology option for the final score for that
technology (Equation (5)) are shown in Figure 4. As a calculation example, for Vermicomposting (VC),
the average weight (among all stakeholder clusters) for the objective ‘high economic sustainability’
(0.179) was multiplied by the normalised performance value for ‘high economic sustainability’ (0.981)
to produce a ‘high economic sustainability’ score of 0.176 (0.179 × 0.981 = 0.176). The same approach
produced scores for VC’s ‘high technical reliability’ (0.147), ‘high social acceptance’ (0.130), ‘high
hygiene and community health protection’ (0.104), and ‘high environmental protection’ (0.111).
These objective scores added up (0.176 + 0.147 + 0.130 + 0.104 + 0.111 = 0.668) to obtain VC’s overall
score of 0.668.
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Figure 4. Ranking of the final biowaste technology scores.

VC scored the highest overall and was thus considered the most appropriate technology to
implement for LM (Figure 3). In-vessel composting (IC) was ranked as the second most suitable option.
Finally, BSF ranked as the least suitable technology option to implement at LM.

4. Conclusions

The SOWATT tool was successfully used for the case of Limbe market in the city of Blantyre,
Malawi. The structured decision support process involved participation of different local stakeholder
groups to consider seven technology alternatives for biowaste treatment: windrow composting,
in-vessel composting, vermicomposting, anaerobic digestion, slow pyrolysis, black soldier fly
processing, and wet-biomass-briquetting. Together with the stakeholders, the main and sub-objectives
were defined, preferences for each were elicited, and technology performances were assessed. Scores for
the technology alternatives were then calculated using weights and performance indicators. The results
provide an evidence base for the planning and implementation of a full-scale biowaste treatment
facility at LM. The results indicate (without limiting the choice) that the most appropriate technology
in this context is vermicomposting. While conducting the study, certain limitations of the process
became evident: the SOWATT tool requires detailed cost and performance estimations for each of the
alternatives, which, for Blantyre, proved difficult, as there was limited local evidence. Estimations
had to be obtained through literature from applications in similar geographic and socio-economic
conditions. Although such estimations were possible, the respondents felt insecure about how well to
trust this information, as there were no local implementation experiences, and therefore they could not
accurately judge how such technologies might perform in Blantyre. Going through all the steps of the
SOWATT procedure in a structured way proved to be quite demanding for many of the stakeholders
involved, who have very seldom been confronted with such methods of evaluation. Some stakeholders,
mainly vendors, found the preference elicitation method (swing and reverse swing) to be complicated.
Given this experience, we therefore suggest that further studies are necessary to determine how to
simplify the preference elicitation exercise for non-experts. In spite of the limitations, the Limbe Market
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study stimulated the stakeholders to think about different alternatives. Conducting the study also
triggered their involvement and the debate on biowaste management and gave them the opportunity
to reflect on the challenges and opportunities in biowaste management in Blantyre in a structured way.
This assessment is also an opportunity for stakeholders to reflect on technological attributes that they
might otherwise overlook when making decisions.

Supplementary Materials: The following are available online at http://www.mdpi.com/2313-4321/3/4/55/s1,
Table S1: The Swing Questionnaire: points given to each scenario were used in the calculation of the stakeholder’s
preference weight for the objective pointed by an arrow in the respective scenario; Table S2: The Reverse Swing
Questionnaire: points given to each scenario were used in the calculation of the stakeholder’s preference weight
for the objective pointed by an arrow in the respective scenario.
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Abstract: The practice of collecting, treating, and managing solid waste prior to disposal has
become a necessity in developing and modern societies. However, over the years, most waste
has become regarded as having second-rate value and could be recovered and reused for valuable
goods. However, the construction costs for conventional Material Recovery Facility(s) (MRFs) have
been a major barrier for its implementation, and these technologies also require considerable technical
expertise, which is not often available in developing nations for the successful operation of the MRFs.
Covenant University, a private mission institution undertaking a waste-to-wealth scheme, is focused
on managing and processing used materials to create reusable products. Such materials included
PET bottles, paper waste, food waste from cafeterias, plastic food packs, nylon, tin cans, and others.
Specific areas from the university which were chosen for the survey included the residential areas for
staff and students and the two cafeterias. The waste generated was characterized so as to quantify the
amount of recyclable waste generated, and also to find out which was most-occurring. The survey
involved the use of structured questionnaires, on-site observations, and measurements. The study
revealed that the average amount of recyclable waste generated per day in the institution were 55.56%
food waste, 13.46% PET bottles, 12.64% other plastic, 9.63% nylon, 4.68% tin cans, and 4.03% paper.
The study establishes that adequate waste characterization is a requirement for effective integrated
solid waste management, which would boost resource recovery, reuse, and recycling.

Keywords: municipal solid waste; waste management; sustainable technology; recycling; reuse;
waste to wealth

1. Introduction

Municipal solid waste management has emerged as one of the greatest challenges facing many
developing countries. Daily human activities lead to the generation of various classes of waste, which is
seen as a major environmental threat for many cities in developing nations worldwide [1,2]. The factors
affecting such a high rate of change in solid waste generation includes things such as population growth,
changing lifestyles, income growth, increasing use of disposable materials, excessive packaging of
items, and consumer habits [3,4]. Despite the several investment opportunities that waste management
offers with a very high return on investment for public and private sectors, most developing countries,
including Nigeria, have solid waste management issues which are different from those found in
industrialized countries in regard to composition, density, political and economic frameworks, quantity
of waste, access to waste for collection, awareness, and attitude [4–6]. In developing countries, local
authorities spend 77–95% of their revenue on collection and the balance on disposal [7], but are only
able to collect around 50–70% of municipal solid waste [8]. In Nigeria, municipal waste densities
generally range from 250–370 kg/m3 [7,9]. Unfortunately, people in many developing countries
(including Nigeria) have, until recently, regarded the issue of proper solid waste management as trivial,
which may have diverted attention away from the most urgent and serious problem of achieving a
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fast rate of economic growth. This attitude stems from the belief that solid waste generation is an
inevitable price of development [10].

According to [8], there are several factors influencing solid waste collection in Nigeria, some of
which are the lack of advanced technology facilities for separation at its source, the strength of solid
waste management policies and enforcement procedures, environmental education and awareness,
and the economic status of individuals, among others. Mahees et al. [11] stated that better solid waste
management processes should start from the solid waste generation stage. Olukanni et al. [12] and
Ogwueleka [7] stated that the volume of solid waste being generated increases at a faster rate than the
ability of waste management agencies to improve resources required to meet financial and technical
resources needed to parallel this growth. According to Bowan and Tieroba [13], solid waste needs
to be characterized by sources, generation rates, type of waste produced, and composition in order
to monitor and control prevailing waste management systems while improving the existing system.
A complete understanding of the composition of a waste stream as well as the activities that determine
its generation is essential for effective solid waste management [14].

However, the concept of recycling is still being explored. This is the extraction and recovery of
valuable materials from scraps or other discarded materials employed to supplement the production
of new materials. It is essentially adding value to waste, making it economically useful [15–17].
Waste recycling has enormous economic opportunities, including job creation, poverty alleviation,
and sustainable development [5]. Recyclable materials in low-, middle-, and high-income countries
comprise about 17%, 43%, and 62% of the total waste stream, respectively [16]. Recyclable solid
waste include textiles, construction waste, paper, plastic, ferrous and nonferrous metals, and glass.
Plastic recycling industries shred plastics into pellets to manufacture other plastics and allied products.
Some recycling factories process waste paper and cardboard to make tissue paper, newsprint, or bulk
packaging materials. Waste glass is processed by glass or terrazzo companies, nonferrous metals
are processed by aluminum smelters, and tin is recovered from aerosol cans [18]. Agunwamba [19]
observed that a well-planned recycling program in Nigeria could result in savings of up to 78% in waste
management costs and 79.5% in landfill avoidance costs. Aside from the economic gains of recycling,
environmental benefits, such as the reduction of greenhouse gas emissions, air, and water pollution
associated with production from virgin raw materials, are likely to accrue from waste recycling [16].

Literature generally reports that enormous quantities of solid waste are generated daily in the
major cities of Nigeria, but exact figures are difficult to determine due to the fact that proper records
of collection and disposal are not kept by the authorities responsible [20]. The project at hand used
Covenant University as a case study to present an overview of the amount of municipal solid waste
which is generated and studied its characterization to ascertain its economic significance. Specific areas
chosen were the academic and residential areas for use by staff and students, and the two cafeterias.
The aim of this study was to determine the quantity, composition, and generation rate of solid waste in
the institution, with specific objectives of gathering statistical data of waste generated, presenting the
current state of waste management, characterizing the solid waste generated, and quantifying waste
for recycling, recovery, and reuse.

1.1. Study Area

The study site represents a typical modern community of Nigeria. The Covenant University
community, within Canaan Land in Ota town, is in close proximity to the city of Lagos, Nigeria.
The community hosts the world’s single largest church auditorium with a capacity of 50,000, and
runs five (5) worship services every Sunday. Temperatures are high throughout the year, averaging
from 25 ◦C to 28 ◦C (77 ◦F to 82 ◦F). The institution has witnessed an increase in population since its
inception in 2002, with a current population of above 9000 people and a daily water requirement that
is estimated at 136 L/c/day. On average, one person consumes 4 bottles of water per day. Canaan
Land has an expanse of 524 acres of land with an array of architectural masterpieces, which consist of
the Centre for Learning Resources (university library), college buildings, a 3000-seat student chapel,
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22 duplexes with 48 chalets in the Professors’ Village, 64 suites at the senior staff guest house, 64
three-bedroom flats in the senior staff quarters, 100 rooms in the university guest house, two cafeterias,
96 two-bedroom apartments, and 24 one-bedroom apartments in the postgraduate halls of residence.
In addition to these, there are 10 blocks of student hostels, administrative offices, lecture halls, a
gymnasium, and four new engineering workshops. Figure 1 shows the master plan of the institution
with selected points of interest presented in Table 1 as marked on the map.

Figure 1. Master plan of the institution.

Table 1. Areas marked on the map.

Site Building/Block Site Building/Block

A Daniel Hall F Professor’s Quarters
B Joseph Hall G Cafeteria 2
C Lydia Hall H University Suites
D Dorcas Hall I New Estate (Block of Flats)
E Cafeteria 1 J New Estate (Duplexes)

K Post Graduate Quarters

1.2. Site-Specific Study

This study involved sampling, sorting, and weighing the individual components of the waste
stream. The site-specific study required a large number of samples to be taken, ensuring that the results
were not skewed or misleading. The procedures involved in municipal solid waste characterization
for this project using a site-specific study were as follows.

1.3. Selection of a Representative Sample

It was very important that the samples collected were representative of the waste generation units
being studied, and involved things like specifying the target population. The staff population as at
2018 was about 500 persons for academic staff and 600 persons for non-academic staff. Tables 2 and 3
show the staff and students residence populations, respectively.
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Table 2. Covenant University staff residence population.

Residence Number of Housing Units Population

New estate 241 964
Professors village 70 280

Senior staff quarters 72 288
Suites 64 256

Post graduate quarters 120 480
Total 567 2268

Table 3. Covenant University student population as at 2018.

Female Halls of Residence Population Male Halls of Residence Population

Esther Hall 773 Peter Hall 728
Mary Hall 471 Paul Hall 742

Deborah Hall 726 Joseph Hall 819
Lydia Hall 567 Daniel Hall 804

Dorcas Hall 570 John Hall 815
Total 3107 Total 3904

1.4. Sample Size

The sample size depended on the number of solid waste generation units in the sampling area.
In the senior staff quarters which consisted of 72 flats (i.e., 9 blocks of 8 flats), 14 flats were sampled.
In the professor’s village which consisted of 22 duplexes and 48 chalets, 14 units were sampled. In the
post-graduate quarters, consisting of 120 flats (i.e., 6 blocks of 20 flats, 96 two-bedroom flats and
24 one-bedroom flats), 24 flats were sampled. In the halls of residence, consisting of 10 blocks (with
each block consisting of at least 8 wings), 2 blocks with 2 wings each were sampled. 13 units were
sampled among the 64 suites. In the new estate, which consisted of 32 duplexes, 129 three-bedroom
flats and 80 two-bedroom flats, 48 units were sampled (i.e., 6 duplexes, 26 three-bedroom flats and
16 two-bedroom flats). Both cafeterias 1 and 2 were sampled.

1.5. Sample Collection

In Covenant University, solid waste collection is carried out by the use of trucks. The trucks
are usually parkers, tippers, and trucks that carry hydraulic rams to compact the waste to reduce its
volume and thus be able to carry larger quantities, and this method is also known as the stationary
haul collection system. The weight of the total sample was obtained before sorting, and the number
of sampling units (households) included in the survey were recorded so that the average weight
of waste per household per week could be determined. The solid waste in the institution was also
sorted in terms of organic and inorganic materials—“organic” referring to food waste, and “inorganic”
referring to PET bottles, tin cans, metal scraps, and the like. The first phase of this project dealt with
the collection of waste in different bins—green bins for food waste, red for paper and disposable waste,
and blue for PET bottles.

1.6. Sample Analysis

The samples were sorted into types and classes of solid waste, and the weight of each type and
class was recorded. For this survey, the waste was categorized into the following classes—paper, PET
bottles, nylons, tetra packs, plastic food packs, tin cans, food waste, and others. Waste was classified
because we needed to get an idea of the amount of recyclable waste from the Covenant University
waste stream.
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2. Method of Analysis

The results were analyzed using Equations (1)–(5), respectively. Bar charts were used to express
primary data collected to give the weight of characterized household waste per kg/household/day.

Per capita waste generated (kg/capital/day) =
total solid waste per day

total population that produces the waste
(1)

Average solid waste generated/day (kg/day) =
total weight generated/week

7 days
(2)

Characterization of waste composition (%) =
weight of segregated waste

weight of total waste
× 100 (3)

Average waste generated in a household (kg/day, kg) = total waste generated by di f f erent households
total number o f households (4)

Average total waste generated by population of a place (kg/day) = per capita waste × total population (5)

3. Results

Table 4 shows the material percentage comparisons in the students’ hall of residence, where
waste generated from the male and female halls of residence are compared. It can be seen that the
female halls of residence have a higher solid waste generation rate per day than that of the male halls
of residence.

Table 4. Material comparison of waste generated in the students’ hall of residence.

Sorting

Total Mass
Composition of
Waste in Male
Halls (kg/day)

Percentage
Composition of
Waste in Male

Halls (%)

Total Mass
Composition of
Waste in Female
Halls (kg/day)

Percentage
Composition of
Waste in Female

Halls (%)

PET bottles 112.50 26.95 109.13 26.00
Tetra packs 50.00 11.98 48.75 11.51

Paper 25.00 5.99 23.75 5.61
Food waste 22.50 5.39 20.00 4.72

Plastic food packs 128.75 30.84 122.50 28.92
Nylon 50.00 11.98 72.50 17.11

Tin cans 21.25 5.09 15.00 3.60
Others 7.5 1.78 12.00 2.53
Total 417.5 100 423.63 100

Total waste generated in the female halls of residence is 423.63 kg/day, while that of the male
halls of residence is 417.5 kg/day. Tables 5 and 6 show a comparison between the wastes generated in
the staff’s residential areas of the University, while Figure 2 shows a comparison of the percentage of
waste generated from the staff’s residential areas.
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Table 5. Material comparison of waste from residential areas for staff.

Location
PET

Bottles
(kg/day)

Tetra
Packs

(kg/day)

Paper
(kg/day)

Food
Waste

(kg/day)

Plastic Food
Packs

(kg/day)

Nylon
(kg/day)

Metal
Cans

(kg/day)

Male halls of
residence 112.50 50.00 25.00 22.50 128.75 50.00 21.25

Female halls of
residence 109.125 48.75 23.75 20.00 122.50 72.50 15.00

New estate 42.18 16.15 20.00 502.00 12.05 38.08 34.22
Post graduate

quarters 15.60 6.90 8.70 306.30 6.12 21.00 16.80

Suites 8.00 4.48 4.48 167.04 3.20 12.80 8.00
Professors

village 5.25 5.60 5.60 190.33 2.10 14.91 6.58

Total 292.66 131.88 87.53 1207.87 274.72 209.29 101.85

Table 6. Comparison of percentages of waste generated by residential areas for staff.

Sorting Total Mass Composition (kg/day) Total Percentage of Waste Generated

PET bottles 292.66 12.69
Tetra packs 131.88 5.72

Paper 87.53 3.79
Food waste 1207.87 52.40

Plastic 274.72 11.92
Nylon 209.29 9.07

Tin Cans 101.85 4.41
Total 2305.80 100

Figure 2. Comparison of percentages of waste generated by residential areas for staff.

Comparing the weight of waste generated in the various areas, it can be observed that the staff’s
residential areas have a larger composition of food waste. This can be attributed to the fact that staff
members cook their food, unlike students who buy food which come in plastic food packs. Students’
residential areas have a higher composition of plastic food packs, PET bottles, and nylons due to
the frequent buying of food and drinks. It can be said that the number of housing units (i.e., the
population) is a major factor affecting the rate of waste generation in the various staff residential areas.
The new estate, which has the highest waste generation rate, also has the largest population. Taking an
average of four (4) people per household, various estimates for each residential area can be expressed
as follows:
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i. The new estate, with 141 housing units and an average population of 964 people, generates
696.71 kg/day of solid waste.

ii. The post-graduate quarters, with 120 housing units and an average population of 480 people,
generates 391 kg/day of solid waste.

iii. The suites, with 64 housing units and an average population of 256 people, generates 212.64 kg/day
of solid waste.

iv. The professor’s village, with 70 housing units and an average population of 280 people, generates
236.99 kg/day of solid waste.

Table 7 and Figure 3 compare the percentage of waste generated in the two cafeterias. It can be
observed that Cafeteria 1 generated a larger amount of solid waste.

Table 7. Total waste generated in both cafeterias 1 and 2.

Sorting Total Waste Composition (kg/day) Total Percentage of Waste Generated (%)

PET bottles 31.85 23.24
Tetra packs 2.30 1.68

Paper 0.00 0.00
Food waste 97.68 71.26

Plastic food packs 1.00 0.77
Nylon 1.73 1.46

Tin cans 2.50 1.83
Total 137.06 100

Figure 3. Percentages of waste obtained from the two cafeterias.

The disparity in results can be attributed to the difference in the number of students that visit
both cafeterias—Cafeteria 1 generally has more customers, due to factors such as its proximity to the
halls of residence. From Table 7 and Figure 3, it can be seen that the composition with the highest
percentage in the total waste stream from the selected sites is food waste, followed by PET bottles
and plastic food packs, respectively. The high composition of food waste mostly came from the staff’s
residential areas as they prepared their own food, thus increasing the amount of food waste generated.
This corroborates with the assertions of Sridhar [21] and Ogwueleka [7], where they expressed that in
Nigeria, 60 to 80 percent of waste is organic in nature. The high percentage of PET bottles and food
packs is from the student residential areas, as they purchase food which comes in plastic food packs
and drinks in PET bottles. Tin cans and paper were in the lowest percentile in the waste stream, and
this may be attributed to the fact that people at the University rarely bought products in tin cans, and
paper is also rarely used in the residential areas and cafeterias.
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Table 8 and Figure 4 show that the new estate generated the largest weight of 664.68 kg/day,
followed by the female halls of residence with 423.63 kg, and male halls of residence with 417.50 kg.
This could be due to factors such as consumer habits, population, and others. Although the student
residential areas have a higher population than that of the new estate, the heavier weight of waste in the
new estate compared to that of the female and male halls of residence could be attributed to the variety
of waste generated from the new estate, compared to that of the student residential areas. Because
items purchased by students are limited, it reduces the weight of waste generated. Waste which comes
from food preparation in the staff’s residential areas weighs more than the other components in the
waste stream. Table 9 shows that a significant amount of revenue could be generated from recyclable
materials, and also presents the real economic values of the recyclable materials, exclusive of any
processing. This is based on the sale of any of the materials in the waste stream (market price). The
cost value is calculated per day, of which extrapolating to a year can be easily done. However, during
the holidays, these values drop since the institution is basically residential as all students would have
vacated the campus.

Table 8. Total average weight of waste generated in selected sites.

Sites Total Average of Waste Generated (kg/day)

Male halls of residence 417.50
Female halls of residence 423.63

New estate 664.68
Post graduate quarters 381.42

Suites 208.00
Professor’s Quarters 230.37

Cafeteria 1 84.475
Cafeteria 2 57.575

Figure 4. Comparison of total weight generated in selected areas.
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Table 9. Economic value from recycling waste materials.

Recyclable Waste
Materials

Average Percentage of
Each Item in the

Waste Stream (%)

Waste Generated
per Day (kg/day)

Prices of
Recyclables in

Naira/kg

Total Value of
Waste Generated

(in Naira)

PET bottles 12.69 292.66 N55 N16,696.30
Paper 3.79 87.53 N5 N437.65

Plastic food packs 11.92 274.72 N30 N8241.60
Nylon 9.07 209.29 N30 N6278.70

Tin cans 4.41 101.85 N35 N3564.75
Tetra packs 5.72 131.88 N35 N4615.80
Food waste 52.40 1207.87 Compostable -

Total 100.00 2305.80 N39,834.80

I. Food Waste: Compost/organic fertilizers can be obtained from food waste by composting,
which is an aerobic process where micro-organisms decompose biodegradable waste to produce
organic fertilizers in the presence of oxygen. In Covenant University, the main sources of food waste
that can be used for composting come from the cafeterias and staff residential areas.

II. Plastic: This includes PET bottles and plastic food packs. Plastic can be recycled or reused,
depending on its quality. The recycling process of plastic involves sorting, washing, drying, wet
grinding, as well as extrusion, and palletizing. The final product is then packaged and sold to
consumers [3]. Some of the products created from recycled plastic include office accessories, fiber
for sleeping bags and duvets, polyethylene bin liners and carrier bags, and many others. The major
types of recyclable plastics are polyethylene terephthalate (PET), high-density polyethylene (HDPE),
low-density polyethylene (LDPE), polypropylene (PP), and so on. In Covenant University, the main
sources of plastic which include PET bottles and plastic food packs are the student halls of residence
and the cafeterias.

III. Nylons: Nylons can be reused and also recycled into other forms of nylon, like sachets for
water and black bags used for waste disposal.

IV. Tetra Packs: Tetra Pack cartons are primarily made from paper. 75% of the Tetra Pack carton
is made from paperboard, 20% from polyethylene, and 5% from aluminum. These three materials
are layered together using heat and pressure to form a six-layered armor which protects the contents
from light, oxygen, air, dirt, and moisture. Furthermore, Tetra Pack cartons are lightweight, easy to
transport, and fully recyclable. The aseptic technology allows the product inside to stay fresh, without
the need of any preservatives.

V. Tin Cans: These include drink cans, food cans, and beverage tins. They are smelted in
high-temperature furnaces, and the resulting molten metal can be used to manufacture foil that is
reintegrated into the manufacturing process, hence saving natural resources, energy, time, and money.
Figure 5 shows the comparison of the total weight generated in the selected areas.
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Figure 5. Comparison of total weight generated in selected areas.

Covenant University currently has some forms of recycling activities, like selling PET bottles
which have been turned into pellets, and waste paper being traded in exchange for tissue use. Target
marketers are companies in the states of Lagos and Ogun dealing with PET-bottle recycled products,
and Chinese companies that use the materials to produce fabrics. This initiative generates income
from the project for the university, and the resulting environmental sanitation and sustainability will
be at its peak. Figure 6 below shows the storage site of the collected PET bottles.

Figure 6. Collection site for all used PET bottles.

4. Conclusions

Although the waste collection system at Covenant University is very efficient and is evidenced
by the clean environment, however, improvements are needed in terms of its waste collection times,
component separation at points of collection, and final disposal systems. Waste generated by the
university are representative of municipal wastes, and the proposed methodology from this study may
apply at the local, state, and federal levels in an attempt to implement and drive government policy on
sustainable waste management.

Information on the characteristics of solid waste is important in evaluating systems, management
programs, and plans for reuse, reduction, recycling, and final disposal activities for solid waste
management. From the survey carried out in this project, a total amount of N39, 834 ($120 USD) per
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day can be obtained from the proper recycling of waste generated in residential areas. The highest
amount can be obtained by plastic food packs with N16, 696.30 ($50 USD), and the lowest by paper is
N437.50 ($1.5 USD).

From the survey carried out, it was observed that waste generation and characterization are
dependent mostly on the products being supplied and sold in various areas of the University, such
as the shopping mall, cafeteria, and others. In the students’ halls of residence, it was observed that a
sufficient amount of recyclable plastic packs and PET bottles were generated. Plastic packs from the
halls of residence account for about 91.46% of the total PET bottles generated in the residential area,
which is approximately 12.6% of the total waste generated in the residential areas. Food waste is the
largest composition of the waste generated in the residential areas, accounting for about 52.40% of the
total waste stream, with the staff residential areas contributing hugely to this at 96.48%.

The overall goal of solid waste management is to collect, treat, and dispose waste. Conclusively,
it can be said that more can be done to improve solid waste management in Covenant University.
Considering the amount of revenue that could be made from proper recycling, the University should
make more investments in the purchase of recycling equipment for nylons, plastics, paper, and metals.
The University can also partner with government agencies and private organizations and take this
functional system to the wider society, starting from the immediate local government down to the
state level.
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Abstract: This paper reviews the partnership between the public and the private sectors in providing
efficient solid waste management (SWM) services. While the responsibility of providing SWM
services lies with the public sector, the sector has not been able to meet the demand for efficient service
delivery, especially in developing countries. In a bid to increase efficiency and lower costs incurred
in rendering these services, the involvement of the private sector has been sought. With a focus on
major Nigerian cities, partnerships between the local government and private operators in SWM
have been analysed based on the level to which the partnership has improved the SWM services.
This paper provides an understanding that the success of any public-private partnership relies on the
extent to which all stakeholders perform their duties. If the public sector is slack in monitoring and
supervising the activities of the private operators, the latter may focus on profit generation while
neglecting efficient service delivery. Also, legislation is an important part of SWM. Without the right
legislation and enforcement, waste generators will not be mandated to dispose their waste properly.
The public sector as a facilitator is responsible for creating an environment for private operators to
function, particularly through legislation, enforcement and public sensitization.

Keywords: municipal solid waste; waste management; environmental pollution; sustainable
technology; public-private partnership

1. Introduction

Waste management is a complex issue in developing countries, from mega-cities to small towns and
villages, and has been on the priority list of successive governments, local authorities, and international
donors in recent years [1,2]. This issue creates one of the most critical health and environmental
concerns confronting many administrators [3–5]. In many constitutions, it is the responsibility of the
local government to provide infrastructure; including power and water supplies, public transportation,
telecommunications, security, and waste management facilities. As documented in the policy guidelines
of the Federal Ministry of the Environment (2005) on Solid Waste Management, urban solid waste
management in Nigeria is constitutionally the responsibility of the third tier of government, that is, the
local government [4]. However, this tier of government has not committed the necessary financial,
material, and human resources to waste management to fulfil their responsibility [6].

The actual performance of the public sector in Nigeria has left much to be desired not only in the
waste management sector but in many of the state-owned enterprises which are not responsive to the
changing requirements of a growing and dynamic economy and do not seem to possess the necessary
tools for effective service delivery [7]. Solid waste management institutions in Nigeria are crippled by
the lack of a comprehensive legislative framework for effective solid waste management, overlapping
functions, lack of funding, poor implementation of environmental policy, vested interests and corruption,
and a technological deficit to match the rate at which solid waste is being generated [4,8,9]. The people
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also have a part to play in effective SWM, as poor waste disposal habits, corruption, refusal to pay
for waste collection services and bad work attitudes hinder the efforts of the local government in
providing an effective waste management service in Nigeria [4,6]. Given the failure of the public
sector in effective service delivery, many have viewed the involvement of the private sector in public
infrastructure provision as a way forward. This approach has gained global prominence with varying
degrees of success in different countries and in different sectors of the economy [10–15].

In view of the challenges associated with providing efficient and sustainable waste management
in most urban settings in Nigeria, this paper discusses the current state of public-private partnerships
(PPPs) in urban solid waste management alongside management practices and strategies. The following
research questions have been drawn from the aim: In what ways can and have the private sector
partnered with the public sector for more efficient service delivery? How have collaborations between
the public and private sectors benefited waste management in Nigeria? What lessons can be learnt
from other developing countries with relative success in jointly provided waste management services?
Four cities—Lagos, Ibadan, Abuja and Port Harcourt—have been chosen from three geopolitical zones
in Nigeria based on their demographic and socio-economic features as a reflection of the Nigerian
situation, and because of the availability of literature on these cities.

2. Private Sector Involvement in Infrastructure

Private sector involvement in infrastructure development has gained significance over the years
in developed and developing countries alike [16]. The local government typically represents the public
partner at the national, state, or local agency level while the private partner can be a privately-owned
enterprise or consortium of businesses with a particular specialisation whose main aim is profit
realization [17] defines public-private partnerships (PPPs) as a contract between a public authority and
one or more private operators to transfer the control of a good or a service currently provided by the
public sector, either in whole or in part, to the private operators.

2.1. Forms of Private Sector Involvement in Infrastructure

Private sector involvement (PSI) in infrastructure development has been described as a spectrum
given that it can take a number of forms, depending on the degree of risk shared by the private and
public sectors and the duration of the contract. In cases where the government merely outsources
the provision of a basic service to the private sector, the government retains ownership of the assets
involved and a larger portion, if not all, of the risk involved. Conversely, in divestitures or privatisations,
the government transfers the control of an asset either partially or in full to the private sector [18,19].
PPPs are considered as alternatives to full privatisation in which there is a substantial extent of risk
sharing between the public and private sectors [20,21]. Table 1 gives a brief description of the basic
forms of private sector involvement practiced around the world.

Table 1. Description of types of PSI with examples from other countries.

Type of PSI Key Characteristics Example with source

Service Contract i. Public partner owns assets and pays private contractor a service fee
ii. Private partner handles service delivery

i. Waste collection and transport in
Bangalore, India [15]

Management Contracts i. Public partner owns assets
ii. Private partner manages operations partially or fully

i. Water and Wastewater service in
Amman, Jordan [11]

Leases
i. Public partner leases assets to private partner and makes capital

investments
ii. Private partner manages operations and maintains facility

i. Dar es Salaam Water Distribution
Company, Tanzania [19]

C
or

e
PP

Ps Build-Operate-Transfer (BOT)
i. Private partner builds new facility and owns it

ii. Private partner operates facility
iii. Ownership is eventually transferred to the public partner

i. MSW to Energy Plant in Wenzhou,
China [22]

Concession
i. New or Existing assets owned by private partner

ii. Private partner operates the facility
iii. Ownership is eventually transferred to the public partner

i. Kenya-Uganda Railways, Kenya
and Uganda [19]

Divestiture/Privatisation
i. Private partner buys asset from public partner

ii. Private sector owns assets, makes capital investment and bears risk
completely

i. Thames Water, UK [10]

Source: [19,23].
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Table 1 above is not an exhaustive list of the forms of PSI that are practiced around the world.
For example, the variations of the BOT contract (e.g. Build-Own-Operate, Build-Operate-Manage-Transfer),
and the Private Finance Initiative (PFI) practiced in the UK are not included. Although BOT contracts and
concessions share similar characteristics, they differ in the mode in which the private partner is paid. In
many concession contracts, the private partner recovers its investment from the users of the service by
imposing tolls, fees, etc., while BOT contracts usually involve the public sector paying a bulk fee to the
private partner [21,23]. Also, because of the complexity of PSI projects, different means of classifying PSI
exist, based on how the private partner recoups costs [18], and based on the nature of the service provided
and the degree of risk sharing [21].

2.2. Success Factors of Private Sector Involvement in Infrastructure Development

Over 4000 public infrastructure projects have been implemented in collaboration with the private
sector between 1990 and 2007, and a number of successes and failures have been recorded [19]. Many
researchers have sought to find commonalities among PSI projects that contributed to their success
or failure. One approach that has been used widely, is finding the critical success factors (CSFs) that
attempt to delineate the most crucial areas that are required to ensure management success [24].

While the CSFs for PPP projects are fairly consistent around the world [25–27], the ranking
of individual CSFs in developed and developing nations highlight the differences in their political
and socio-economic climates. The results presented in [28] and [29] show similar CSFs for the
implementation of PPP projects in Nigeria.

In Nigeria for example, the failures recorded by the state owned waste management bodies in
providing non-rivalled and non-exclusive SWM service, is one of the main reasons for involving the
private sector in SWM operations [4].

3. Private Sector Involvement in SWM in Nigeria

The Federal Ministry of Environment is responsible for environmental protection, natural resources
conservation and sustainable development in Nigeria and effective waste management is one of its
cardinal focuses. In 2005, a set of policy guidelines on solid waste management was developed
by the Federal Ministry of Environment. The policy guidelines set out general objectives for solid
waste management in Nigeria and defined the roles and responsibilities of the government at the
federal-, state- and local-government level. The following four solid waste management options were
recommended within the policy guidelines:

i. By local government/municipal agencies
ii. By private companies on contract with the LGA/municipality
iii. By private companies on contract with home owners
iv. By public-private partnership (PPP)

Like much of Nigeria’s environmental laws and policies, the policy guidelines have never been
effectively implemented, and there has not been any further development at the federal level of private
sector involvement in solid waste management [30].

3.1. Private Sector Involvement in Solid Waste Management in Abuja, Federal Capital Territory

Abuja was created in 1976 by a decree by the then military head of state, General Murtala
Mohammed. A master plan was developed for the city in 1979 that included provision of waste
management infrastructure that could cater for a steady increase in population. However, due to rapid
expansion, the population of Abuja now exceeds the original design capacity with a projected population
of about 5.8 million people by 2026 (Federal Ministry of the Environment, 2005). Hence, waste
management infrastructure has not been developed in phase with city growth and the environmental
challenges of highly populated cities like Lagos are also being experienced in Abuja [31].

65



Recycling 2019, 4, 19

In Abuja, the Abuja Environmental Protection Board (AEPB) is responsible for the management of
solid waste and is the principal authority for waste collection and disposal in the city. The area councils
and satellite towns in the city were delineated into 22 lots for the purpose of daily waste collection
from households in the councils. Collection of solid waste is contracted to 12 private operators in a
concession agreement which runs for a minimum of three years. The AEPB, the Abuja Investment
Company and a Ukrainian firm, entered into a joint-venture agreement for waste management activities
in Abuja. Under the agreement, the AEPB and the Ukrainian technical partners shared the cost of
procuring 50 compacting trucks and 12 street sweepers, with the AEPB contributing 20 percent of the
funds. Figure 1 shows the distribution of waste management vehicles operating in Abuja and it can be
seen that over 75% of operational waste management equipment is private-owned.

0 2 4 6 8 10 12 14 16 18
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Roll-on roll-off Skip Vehicles
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Automated Compactor Truck
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Tippers

Side Loader 
Truck

Roll-on roll-
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Vehicles

Tractors
Automated 
Compactor 

Truck
Lorries Tippers

Operational no 2 2 2 5 4 2

Total AEPB-owned 2 2 3 17 4 8

Figure 1. Distribution of waste collection, transportation and disposal vehicles in Abuja. Source: [32].

It is evident from Figure 1 that the private sector owns more operational vehicles than the public
sector in Abuja due to factors such as availability of capital for procurement and maintenance of these
vehicles. However, efficient waste management is still a challenge in Abuja as the service provided is
usually restricted to the major districts in the city. Overflow of waste into the roads due to infrequent
collection of solid waste from the designated storage sites or communal bins has been reported in some
satellite towns and city suburbs.

Given the current state of waste management in the city, measures should be put in place to
strengthen waste governance by integrating the private public partnership and informal sector models
for more effective waste collection and disposal. This approach is expected to help reduce challenges
that arise as a result of conflicts across agencies, while at the same time leveraging on the financial,
technical and administrative capacity of the private sector for sustainable SWM in the city [33].

3.2. Private Sector Involvement in Solid Waste Management in Lagos, Lagos State

Lagos State is the economic capital of Nigeria and the largest, most diverse single settlement
in the country [33]. While MSWM operations have been organized compared to other states, the
management of solid waste in Lagos State is still far from optimal. Though the Nigerian constitution
charges the local governments with the responsibility of SWM, over time, the state government has
taken up the responsibility.
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Continuous increase in population in many cities has led to an increase in the rate of waste
generation that the public agencies could not manage. The agencies lacked the financial, technological,
and skilled human capital to match the rate of waste generation. This led to streets getting dirtier and
exposed Nigeria to global ridicule as Lagos, the largest city in the country, became infamous for being
one of the dirtiest cities in the world after the Festival of Arts and Culture in 1977 [6,34]. Even with the
institution of the Lagos State Refuse Disposal Board (LSRDB) and Lagos Waste Management Authority
(LAWMA) in 1977 and 1991, respectively, the state of waste management in Lagos did not improve as
the medians of roads in the state were still characterized by waste heaps, drains were clogged with
waste and market places and many other public places were littered with solid waste [34–36].

Prior to the incorporation of the private sector, the efforts of the government had been deterred
by issues such as lack of finance for capital investments and high operational costs associated with
provision of waste management service. Such problems were not peculiar to Lagos alone but were
common in other states in the country. Other issues particular to the Lagos metropolis include traffic
congestion which limited the number of trips collection vehicles could make per day, high rate of waste
generation, unavailability of land, and rural-urban migration [37].

With 340 private sector participants (PSPs) registered in Lagos State alone, there has been an
improvement in solid waste management service delivery, especially in the aspect of waste collection.
The PSPs introduced waste collection at the source (that is collection from door-to-door) and residents
were billed according to the value of the property and the area in the state. Residents in high income
areas are billed the highest and efficiency of service delivery is reported to be highest in these areas
as well [6,34]. An analysis of the state of waste management in Lagos shows that more equipment
has been made available for the collection and transportation of solid waste from the source to the
disposal sites.

Private sector involvement in SWM in Lagos has progressed since it was first introduced formally
under the LSRDB in 1985 till 1991 when LAWMA was created. The Table 2 below outlines the history
of private sector involvement in SWM in Lagos from 1997 to 2017.

Table 2. History of private sector involvement in SWM in Lagos (1997–2017).

Year SWM Institution Advancement in SWM Supervising Authority

1997–1998
Lagos Waste Management

Authority (LAWMA) and Private
Sector Participation (PSP)

The private operators managed domestic waste
while LAWMA managed industrial,

commercial waste.

Ministry of the Environment
and Physical Planning (MEEP)

2004 Mega PSP in waste management
PSP operators were paid monthly by the state

government while tenements were billed
monthly to recoup state funds.

Ministry of the
Environment/Office of the

Deputy Governor

2007 Mega PSP in waste management Procurement of additional collection trucks and
compactors for more efficient service delivery LAWMA/MoE

2009
Franchised Mega PSP in waste
management, PPP arrangement

with an American firm

Waste to compost facility sited at Ikorodu
where organic waste is converted to fertilizer LAWMA/MoE

2015
Build-operate-manage-transfer

(BOMT) contract with West Africa
ENRG

Construction and operation of the first
Materials Recovery Facility (MRF) in Nigeria. LAWMA/MoE

2017 Cleaner Lagos Initiative with
Visionscape Sanitation Solutions

Refurbishing, building and upgrading SWM
infrastructure including engineered landfills,

transfer loading stations, MRFs etc.
MoE

Source: [33].

While great strides have been made in the state [5], problems such as inadequate funding, cost
recovery, unstable power supply, and traffic congestion militate against effective SWM in Lagos. Also,
lack of continuity in implementing SWM policies prevents the full actualisation of the benefits of
public-private partnerships: An example being the dissolution of LAWMA and the PSP scheme by
the incumbent government. To replace them, the state government recently awarded contracts to
Visionscape Sanitations Solutions and its strategic partners for deployment of waste management
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infrastructure. The transition has not been smooth, however, as the state of waste management in
Lagos has since deteriorated and waste is being dumped on the streets and along the road median.

3.3. Private Sector Involvement in Solid Waste Management in Ibadan, Oyo State

Ibadan is the capital of Oyo State and the third most populous city in Nigeria with 3,088,477
residents [38]. The city is one of the foremost commercial hubs in Nigeria alongside Kano and Onitsha.
The Oyo State Solid Waste Management Authority (OYOMWA) is responsible for waste management
in the Ibadan metropolis. Managing the large volumes of waste generated in Ibadan has been a serious
challenge for all stakeholders. Indiscriminate dumping of waste is widely practiced in the city resulting
in waste heaps littering road sides and streets.

Private sector involvement in SWM in Ibadan dates as far back as 1994 when private contractors
were involved in collection, transport, and disposal of solid waste [30,31]. In Oyo State, the private
sector participation scheme suffered because of challenges with availability of capital for the purchase
of equipment. Therefore, purchasing equipment for use such as trucks and tippers is always beyond
the reach of the owners. The resultant effect of this constraint was that some firms also used their
trucks for construction activities in order to maximize profit. Also due to financial constraints, the
private firms are unable to purchase the necessary spare part replacements, pay staff salary and employ
trained experienced manpower [39].

3.4. Private Sector Involvement in Solid Waste Management in Port Harcourt, Rivers State

Port Harcourt is the capital city of Rivers State and one of the most prominent cities in the southern
region of Nigeria. Port Harcourt was initially established as a port-town during the colonial times but
since the discovery of oil in Rivers State, the city has evolved into one of great economic and political
importance. The city is home to 1,845,232 residents [38]; a number which is rapidly on the increase due
to urbanization and rural-urban migration.

The Rivers State Waste Management Agency (RIMAWA) is responsible for solid waste management
in the state under the supervision of the state Ministry of Environment. The agency engages about
88 local vendors or contractors who provide services ranging from de-silting of creeks and canals,
municipal waste collection, and dumpsite management within Rivers State (RIMAWA, n.d.). The
challenges of managing waste in Port Harcourt arose mainly with the uncontrolled and unplanned
development of the city which resulted in overcrowding, unplanned road networks, and heaps of
refuse littering various parts of the city [40]. House-to-house collection is limited to the elite areas of
the city (e.g. Old GRA) while communal bins are provided in areas like Borokiri [41]. A study carried
out by Stanley and Owhor [41] on 390 respondents in three neighbourhoods within the city showed
that the frequency of collection also varied across the city with Ogbumnuabali enjoying more frequent
collection than Borokiri and Elekahia. The above data points to the fact that waste collection is not
uniform in the city even with the involvement of private contractors.

Comparing the state of solid waste management in Lagos and Port Harcourt, it is evident that the
latter is only beginning to explore the benefits of collaborating with the private sector for more efficient
service delivery. Waste management in Rivers State is still in its developmental stages and is mainly
concerned with collection, transportation and disposal of solid waste. No attention has been given
formally to waste minimization activities or the recovery of resources from the waste stream.

4. Conclusions

While there are many opportunities in private sector involvement, it should not be seen as a
panacea—a supposed cure for all problems. In fact, partnerships with the private sector can worsen
the state of SWM if all the stakeholders involved are not committed to fulfilling their distinct roles.
The role of the public sector changes from direct involvement in construction and service provision,
to ensuring that the PPP delivers value for money for the government and better services for users.
In Lagos, unlike other cities in Nigeria, many of the partnerships with the private sector in SWM
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are with agencies with an understanding of standard SWM practices and the financial and technical
capacity to deliver services efficiently.

Solid waste management in many developing countries especially Nigeria is not where it ought
to be. Lapses in collection, treatment and disposal militate against the effective management of waste
generated in many major cities. Relying on public-private partnerships (PPPs) without providing the
necessary legal and institutional framework will not produce the desired results in effective SWM.

5. Recommendation

The World Bank recommends that cost recovery of waste management services should be ensured
and the revenue collection of waste management fees from waste producers should be increased [31].
Also, a transparent procurement process for private sector participants should be established and
performance-based contracts should be developed. The government should include the people in
the decision making process to foster acceptance of new policies and initiatives. Finally, the act of
keeping the environment safe and clean by proper disposal of wastes can be enhanced if regulatory
measures are enforced on the people. In lieu of this, public health officers (PHOs) need to enforce
compliance with these regulations by the residents. This will go a long way in achieving sustainable
waste management because people will not want to be victims of law for fear of the penalty attached
to it [28,39].
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Abstract: Mexico City introduced the new legal waste norm Norma NADF-024-AMBT-2013
in July 2017. This report compares the proposed system with three alternatives: a baseline
scenario with composting of organics, a scenario which involves anaerobic digestion of organics,
and a mechanical–biological treatment scenario with no source separation. The comparison was done
using an Analytic Hierarchy Process. Eleven different indicators were chosen for the evaluation:
general waste performance indicators (landfill disposal and recycling rates), environmental indicators
(greenhouse gas emissions, acid gas emissions, Biological Oxygen Demand (BOD), and mercury
content in water and soil), economic indicators (investment and operation costs) ($ per Mg municipal
solid waste (MSW)), and social indicators (jobs created and social acceptance). The scenario
ranking based on pairwise comparison made by 5 experts from Mexico City showed that the most
sustainable scenario, environmentally, socially, and economically, is that which corresponds to Norma
NADF-024-AMBT-2013 with a ranking priority of 30.78%.

Keywords: AHP; waste management; sustainability assessment; scenario ranking

1. Introduction

Waste management in emerging countries has become urgent during recent years, because
economic growth and rise of consumption have caused a rise in waste production. The escalation
of generation of residues has resulted in a shortage of disposal sites and higher waste management
costs. In Accra, Ghana, the expenditure for municipal solid waste (MSW), for example, increased
from 2013 to 2015 by 8% [1]. Other important waste management issues which developing countries
must face include lack of proper governance instruments, inefficient resource use, overdependence
on imported equipment, improper financing methods and application of technology, inequality in
service stipulation, and deficient technical expertise [2]. In many cases, especially in lower-income
countries, governance issues play a more important role than technical aspects [3]. Therefore, it is
vital to find implementable, knowledge-based solutions for the governments of countries with poor
municipal waste management performance. For example, in Mexico City, which produces 12,920 Mg
per day of MSW and experiences the problem of shortage of landfill capacity, the waste infrastructure
requires an alternative scenario. However, with the variety of technologies for treatment, recovery,
and energy generation from waste, it is hard for decision makers, not experts themselves, to make
a correct choice. Diverse technologies have distinctive climate change effects, and different investment
and operation costs. An overall assessment of a waste management system is needed in such cases.

Recycling 2018, 3, 45; doi:10.3390/recycling3030045 www.mdpi.com/journal/recycling73



Recycling 2018, 3, 45

This assessment should combine aspects such as environmental performance, economic viability,
and social acceptability. Also, local conditions should always be a consideration before a system
is implemented.

Extensive research has been done to determine sustainable decision-making models to assess
waste management scenarios. Among the existing models, the most popular ones are life-cycle
assessment (LCA), cost–benefit analysis, and multicriteria analysis. LCA calculates the environmental
impact of all processes of the waste treatment from “cradle to grave”; cost–benefit analysis
considers the monetary dimension, while multicriteria decision analysis (MCDA) compares social,
economic, and environmental criteria [4]. There is literature available which compares different
waste management systems in emerging and developing countries. Brunner and Fellner [5]
conducted a study to determine appropriate waste management systems in less-developed
economies. Zubruegg [6] developed an assessment tool based on a questionnaire. Elsaid and
Aghezzaf [7] presented a progress-indicator-based assessment guide for integrated municipal solid
waste management systems.

MCDA is often used in waste management. One of the MCDA methods widely applied in waste
management is ELECTRE (Elimination and Choice Expressing the Reality). ELECTRE can incorporate
many evaluation criteria for selecting an optimal alternative, coupled with the possibility of involving
several decision-makers. It has been applied to the real choice process of a solid waste management
system in Bosnia and Herzegovina by Vučijak et al. [8]. Another, PROMETHEE (Preference Ranking
Organization Method for Enrichment Evaluations), was developed by Brans [9] and further extended
by Brans and Vincke [10]. Queiruga et al. [11] used PROMETHEE, combined with a survey of experts,
to rank Spanish municipalities for the installation of Waste Electrical and Electronic Equipment (WEEE)
recycling plants. Demesouka et al. [12] used a combination of geographical information systems (GIS)
and MCDA methods in the analysis of municipal solid waste landfill suitability.

In this study, the alternative scenarios of MSW management in Mexico City are compared
based on MCDA. The purpose of the analysis is to determine the most sustainable scenario for the
city. The method used was chosen because it allows the involvement of environmental, economic,
and social criteria, by comparing diverse quantitative and qualitative dimensions to produce a ranking.
Moreover, it allows the participation of different stakeholders with various interests. Therefore, it has
been chosen as a tool to assess the sustainability of waste management in this work.

The goal of this study is to find the most sustainable waste management scenario for Mexico City
based on waste composition, experts’ opinions, and overall assessment of state-of-the-art technologies,
by using MCDA. No research combining economic, environmental, and social dimensions has
been previously conducted to determine a sustainable residues management model for Mexico City.
This study is the first to visualize and compare the economic benefits, the impact of waste treatments
on the environment, and social benefits of specific waste technologies for Mexico City. The outcome
should help decision makers in the introduction of a successful, sustainable waste management system.
The results are assumed to be transferable to other megacities in emerging countries and help decision
makers in the selection of waste management scenarios with energy and resource recovery.

2. Methods

2.1. Analytical Hierarchy Process (AHP)

The present study applied the Analytical Hierarchy Process (AHP). Although AHP is one of
the oldest MCDA methods, developed by Saaty [13], it is still widely used today. AHP allows the
problem to be broken down into its constitutive elements, listed in relation to the main goal [14].
AHP ‘is a multicriteria decision-making technique, which can concurrently consider qualitative and
quantitative comparison criteria and where a lot of baseline research literature is available. Therefore,
AHP is ideally suited to a project such as this, which needs to do comparative research involving
many stakeholders having various interests [15]. AHP is applicable in a wide range of fields, including
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management, business, and policy [16,17], and is also often used to solve complex problems in
environmental management. AHP application in land management is discussed by Schmoldt et al. [18].

The AHP method is widely applied in emerging countries, where waste management decisions
need to be made in the absence of established sound environmental solutions. It has been used
to compare solid waste treatment scenarios for cities [19] and university campuses [2] or to select
the recycling strategy for specific waste categories like WEEE [20]. Taboada-González et al. [21]
used AHP to select the best waste treatment with energy recovery for Ensenada, Baja California
(Mexico). Araiza Aguilar et al. [22] looked for the zones suitable for the emplacement of waste
management infrastructure in Mexico with the help of geographical information systems (GIS) and
AHP. Martínez-Morales et al. [23] applied AHP to identify the municipalities of Mexico State with
major waste management problems. Gomez Jauregui Abdo [24] discussed development of domestic
water supply in Guadalajara with the help of AHP. A wide range of applications of the AHP method
shows that it is a powerful decision tool for assisting decision makers in the selection of sustainable
waste management strategies.

The AHP hierarchical structure allows decision makers to prioritize solutions in terms of relevant
criteria. Additional criteria can be added later in the hierarchical structure after the first results are
obtained. The decision procedure using the AHP is made up of four steps, as described by Saaty [25]:

(1) Define the problem and determine the kind of knowledge sought.
(2) Structure the decision hierarchy according to the goal of the decision in the following order:

the objectives from a broad perspective, through the intermediate levels (criteria on which
subsequent elements depend), up to the lowest level (which usually is a set of the alternatives).

(3) Construct a set of pairwise comparison matrices. Each element of the matrix in the upper level is
used to compare elements in the level immediately below.

(4) Use the priorities obtained from the comparisons to weigh the priorities in the neighboring level.
Do this for every element. For each element in the level below, add its weighed values and
obtain its overall or global priority. Continue this process of weighing and adding until the final
priorities of the alternatives in the bottom-most level are reached.

2.2. Study Area

Mexico is a diverse country with 125 million residents and abundant natural resources. It is
a member of the Organization for Economic Co-operation and Development and simultaneously
a developing country with a GDP per capita of 8201.3 US$ [26]. Mexico City, the capital and the most
populated city, is considered in this case study. The city is located in the Valley of Mexico in the
center of the country. It consists of 16 boroughs and is spread over an area of 1485 km2. The estimated
population of 9 million [27] generates 12,920 mega grams (Mg) of MSW per day with per capita
production of 1.43 kg per day. However, approximately 4 million people travel for work to Mexico
City from the nearby states. The composition of collected MSW is presented in Figure 1, based on
the analysis made in 2 boroughs of the city, Coyoacán and Venustiano Carranza. These districts can
be taken to represent a broad middle of society. Therefore, the waste composition in these areas is
assumed to be representative for the whole city. However, it is to be mentioned that the drivers
of waste trucks, being part of the informal recycling sector, separate the major part of cardboard,
PET, and metals for further sale. The sample thus represents the composition of waste arriving
at the transfer station, but not the waste coming directly from the households. The results of the
waste composition analysis correspond to the outcomes of the study by the Polytechnic University in
2013 [28]. The waste composition in Mexico City is not typical for developing countries, which tend
to have a higher organic fraction (more than 50%). This shows that Mexico is an emerging economy,
in transition from developing to an industrialized country. However, the biggest fraction is represented
by food waste (27.77%), while plastics and paper/cardboard constitute 15.79% and 10.55%, respectively.
The interesting fact here is that around 6% of the MSW is represented by toilet paper, explained by
cultural habits and the capacity of the sewage system.
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Figure 1. MSW waste composition in Mexico City 2017.

The MSW management system of the city consists of 12 transfer stations, 2 sorting facilities, and 8
composting plants. 14% of the generated waste is recycled with the help of the informal sector [29].
Almost all the collected waste is sent to the five landfills located outside of the city in the nearby
state. This is a big challenge because it enormously increases transportation costs. Hence, a new waste
legal norm, Norma NADF-024-AMBT-2013, was introduced in July 2017. This aims to increase the
amount of collected recyclable materials and thereby decrease the quantity of landfilled material.
At the same time, the city is planning to construct an incineration plant, which will treat almost half
the collected residues.

2.3. Selection of Technical Alternatives

This research considers the following scenarios: (1) landfilling and composting, (2) anaerobic
digestion, (3) MBT (mechanical–biological treatment) with composting as biological stage, and (4)
incineration. The first scenario was chosen as a base scenario, which presents a business-as-usual
scenario. It involves windrow open composting and engineered landfills. These composting piles
are turned to improve porosity and oxygen content. Incineration and MBT plants were selected
because these options are the most discussed options of sustainable waste management in developing
countries [30–32]. The second scenario is considered to be the alternative for the others. Due to the high
percentage of organics, wet anaerobic digestion can be very beneficial through energy and fertilizer
supply, and is, according to Badri et al. [16], the most favorable treatment option for organic waste
through energy and fertilizer supply. However, this option requires the source separation scheme of
waste at households.

2.4. Waste Management Scenarios

This research assesses the sustainability of several alternative scenarios for waste management for
Mexico City. Since 2003, municipal solid waste in Mexico City has been separated at source into two
fractions: organics and inorganics. However, the new regulation NADF-024-AMBT-2013 mandates the
new segregation of residual waste into five fractions: organic, recyclables, nonrecyclables, hazardous
waste, and bulky waste [33]. This work compares the proposed system with three alternatives:
a baseline scenario with composting of organics, a scenario which involves anaerobic digestion (AD)
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of organics, and a mechanical–biological treatment (MBT) scenario with no source separation. MBT is
a collective term, mainly used in Europe, which incorporates several variations of MSW treatment,
based on a combination of mechanical processing and biological treatment (in most cases aerobic or
anaerobic decomposition) [34,35]. According to the new regulation Norma 024, the organics should
be composted, recyclable materials should be sorted and recycled, while nonrecyclables, hazardous
waste, and bulky waste would be incinerated with energy recovery. The mass flows of each scenario
are presented in Figures 2 and 3. The charts were made and flows calculated with the program STAN,
developed by TU Vienna [36]. The mass flows were assessed based on the following assumptions: 14%
of generated MSW is recycled through the informal sector; the sorting plants receive daily 1725 Mg
of recyclables from the State of Mexico. The source separation efficiency of the baseline corresponds
with the official data from the Environmental Ministry of Mexico City [33]. The separation in AD
and Norma 024 scenarios is determined by the waste composition from Figure 1 and corresponds to
the ideal efficiency for comparison. As well, the sorting efficiency of the MBT is based on Navarotto
and Llauro [37]. Detailed studies of process efficiency for MBT plants, in terms of sorting efficiencies
and quality of recovered materials, are scarce in published literature. According to Cipman et al. [38],
the study of Navarotto and Llauro [37] is one of the most detailed descriptions available. During
their tests, the MBT Ecoparc 4 was subjected to a three-month-long campaign, and materials flows
were recorded, sampled, and analyzed, including waste input, products, plant residue, and some
intermediary process flows. The detailed process description of the material recovery section in the
Ecoparc 4 MBT plant in Barcelona, Spain, is given in the Supplementary Material.

Hospital and hazardous waste is assumed to be gathered separately and burnt at special
incineration plants, however, it is not considered in the mass flow analysis. The sources and methods
used for each estimation in the mass flow diagram (MFD) are presented in Table 1. Each MFD is
discussed in detail in the Supplementary Material.

(a) 

Figure 2. Cont.
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(b) 

Figure 2. Mass flows of waste scenarios: (a) baseline scenario; (b) scenario with MBT.

(a) 

Figure 3. Cont.
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(b) 

Figure 3. Mass flows of waste scenarios: (a) scenario with wet AD; (b) scenario in compliance with
Norma 024.

Table 1. Description of the discussed scenarios.

Scenario Description

Scenario a

Landfilling without landfill gas utilization
1928.33 Mg per day of waste (paper, cardboard, plastic, metal, and glass) is recycled,
1324.72 Mg per day of waste is composted,
69.09 Mg of waste is used for RDF production,
8745.21 Mg per day of waste is landfilled.

Scenario b

Mechanical–Biological treatment
2878.05 Mg per day (paper, cardboard, plastic, metal, and glass) is recycled,
1508.22 Mg per day of organic waste (food and garden waste) is composted,
the rest is landfilled.

Scenario c

Anaerobic digestion with biogas utilization
2006.77 Mg per day of waste (paper, cardboard, plastic, metal, and glass) is recycled,
2501.97 Mg per day of waste is sent to anaerobic digestion plant,
940.36.98 Mg of waste is used for RDF production,
the rest is landfilled.

Scenario d
Incineration with energy recovery
2006.77 Mg per day (paper, cardboard, plastic, metal, and glass) is recycled,
2652.79 Mg per day of residual waste is sent to incineration plant.

2.5. Selection of Indicators

To examine the indicators for the sustainability of a waste treatment scenario a literature review
was performed. Hokkanen and Salminen [39] identified a set of 24 indicators for waste management
and divided them into six groups: economic, technical, environmental, political, employment and
resource recovery. Greene and Tonjes [40] applied 12 indicators: MSW recycled, MSW landfilled,
MSW diverted from the landfill, diversion rate, recycling rate, curbside recycling rate, landfilling rate,
recycling per capita, landfilling per capita, diversion per capita, GHG reductions, energy savings.
The present study applied the sustainable indicators used in the AHP model of Milutinović et al. [41]:
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• overall waste management performance: landfill disposal rate; recycling rate;
• environmental indicators: GHG emissions (CO2 Equivalents) per Mg of MSW, acid gases

emissions (nitrogen oxides) per Mg of MSW, biological oxygen demand (BOD) and mercury
in soil (heavy metals in soil);

• economic indicators: investment and operational costs;
• social indicators: job creation and public acceptance.

The set of indicators was selected according to the following criteria: relevance of the indicator
for local sustainability of waste management, potential measurability at the local level and power of
the local authority to change the outcomes measured by the indicator [19]. No extra indicators were
added during the AHP process.

2.6. Evaluation of Indicators

2.6.1. Overall Waste Management Performance

The amount of waste that remains after treatment for landfill disposal was estimated based
on the mass flow modelled with the help of the STAN software. The software was used for both
the representation and calculations. The baseline scenario is provided by the data presented by the
Environmental Ministry of the city [33]. Information for other scenarios was based on data from the
literature, since the technologies considered are not presently available in Mexico City; the data for
MBT was based on Navarotto and Llauro [37], AD and incineration data on the report for the Austrian
ministry of Ecology [42], and composting on Andersen et al. [43]. These sources have proven reliable
when used in previous studies from Rodić and Wilson and Masood et al. [3,44]. Due to the absence of
the technologies discussed in Mexico and overall in the region of Latin America, no real data could be
used for the research. Therefore, the study could only consider values from the literature.

2.6.2. Environmental Indicators

Nitrogen oxides emissions to the atmosphere, BOD in water, and mercury concentration in
soil were estimated within the life-cycle inventory (LCI) using EASETECH software [45] and its
last available database version from July 2017. These indicators are assumed to give an overall
environmental assessment, considering contamination in the atmosphere, water, and soil. The same
criteria were applied in the AHP analysis in Multinovic [41].

This study has been carried out using the EASETECH model. In assessing emissions, this model
calculates the emissions from the point at which a material is discarded into the waste stream to
the point at which it is either converted into a useful material or finally disposed of (Kirkeby [46]).
The EASEWASTE models were elaborated including waste treatment options and external processes,
which can appear both upstream and downstream of a waste management system. The program also
evaluates emissions associated with the fuel consumption for collection and transportation of waste.
However, emissions from transportation to recycling facilities have not been included due to the lack
of data on distances. Recycled materials and energy derived from the waste management system are
regarded as substitutes for virgin materials or energy. Emissions into water, air, and soil alongside
resource consumptions, which are avoided as a result, are subtracted from the other emissions and
resource consumptions in the waste system. The model calculates emissions into water, air, and soil,
along with the consumption of resources. The model applies life-cycle impact assessment (LCIA)
methods for conversion of these exchanges into environmental impacts [46,47].

Climate change impact was estimated based on the International Reference Life Cycle Data System
(ILCD) method. It contains the impact categories recommended by the European Commission and
described by Hauschild et al. [48] (2013). The source for characterization factors for climate change at
midpoint was the IPCC report for a 100-year period [49]. The calculations were made using the database
of EASETECH from July 2017. All the processes were based on the premodelled technologies existing
in the database, except the MBT. The MBT plant was presented as a combination of a composting and
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sorting plant. Among others, the emissions from the incineration process were calculated using the
data from the Danish plant described by Møller et al. [50]. Emission profiles were not available for
some external processes, but most impacts are covered.

2.6.3. Economic Indicators

The economic indicators include investment and operational costs for the prevailing treatment
method for each scenario: AD, MBT, and incineration. The assessment was performed based on data
from IADB [51], Münnich et al. [52], and Tsilemou and Panagiotakopoulos [53]. The costs of the
current scenario are given in IADB [51]. The calculations were based on € Mg MSW−1. For evaluation
of investment costs, the expenditures for design and construction of landfills and waste treatment
facilities were considered. However, taxation, amortization, and inflation were not considered.

This study does not include the collection and transportation costs, even though they may reach
up to 50–80% of the entire costs of a waste management system, as in industrialized countries [54].
The expenditures for education campaigns for citizens regarding source separation are also not
included due to the lack of data.

2.6.4. Social Indicators

The number of new jobs in waste treatment is calculated depending on the amount of processed
waste (Mg MSW). The evaluation was done based on the data from the Environmental Ministry of
Mexico City SEDEMA [33], Friends of the Earth [55], and European Commission [56]. Public acceptance
is a qualitative criterion which cannot be measured, therefore, the scale established in the AHP (1-worst,
9-best) was used for the assessment of this criterion. These results were obtained during interviews
with experts, where they expressed their opinion about different waste treatment options.

2.6.5. Ranking of Indicators

Indicators (not the alternatives) are compared pairwise applying a scale from 1 to 9 for making
a ranking. An example questionnaire given to the experts can be found in Table 2. When “7” is chosen
in the first row, the landfill elimination rate is much more important than the recycling rate for the
sustainability of waste management, according to the personal opinion of the consulted experts,
while “5” chosen in the second row means that the emissions of greenhouse gases are considerably
more important than the rate of elimination of landfills.

Table 2. Example of ranking questionnaire for the experts.
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Landfill
disposal rate

9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Recycling rate

Landfill
disposal rate

9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 GHG emissions

Use the scale from 1 to 9 (where 9 is extreme importance and 1 of no importance) to indicate the relative importance
of indicator in the left column to the indicator in the right column. Between 1 and 9, all situations are intermediate.
Only one entry can be made in each row.

Pairwise comparisons were used to determine the relative importance of each alternative in
terms of each criterion. To make a pairwise comparison and subjective priority weightings for the
criteria, experts working in the waste management sector in Mexico City were consulted. This includes
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scientists working at the Universities UAM, UNAM, and Instituto Politécnico Nacional (the three
main public universities in the City) in environmental and economic science and in the field of waste
treatment, as well as experts from the government of Mexico dealing with the problem of waste
management and environmental consultants. These Mexico-based scientists and experts were asked to
rank the importance of the criteria with respect to the goal, selection of the most sustainable waste
management scenario. The pairwise comparison was made by 5 experts. The process of filling out the
questionnaire is time-consuming and the authors received only 5 filled out ones out of 14 distributed.
The experts were not informed of the results of the indicators presented in Table 3. The filled-out
questionnaires received by the authors are presented in Supplementary Material.

2.7. Limitations of Methodology

The methodology has some limitations. The mass flow analysis for the scenarios b, c, and d
was based on Navarotto and Llauro [37], the report for the Austrian Ministry of Ecology [42],
and Andersen et al. [43], due to the absence of real data in the regional context. The calculations made
in the EASETECH model were based on the default data, because no chemical analysis of the waste
composition was made. For the social indicators, the number of the workplaces was estimated through
reports which were applied in other, previous studies. The costs of waste treatment were based on data
from IADB [51], Münnich et al. [52], and Tsilemou and Panagiotakopoulos [53]. These limitations may
affect the outcome of the study. The evaluation of indicators directly influences the ranking, which may
lead to biased results. Nevertheless, the assumptions should to be made to implement the research.

3. Results and Discussion

3.1. Assessment of Indicators

The evaluation of the indicators (overall waste management performance, environmental,
economic, and social criteria) is presented in Table 3.

Table 3. Evaluation of indicators.

Category Criteria Baseline AD MBT Incineration Source

Overall waste
management
performance

Landfill disposal rate (%) 86 64 60 56 Calculated by the authors (Mg of landfilled
MSW/Mg of MSW collected)

Recycling rate through
formal sector (%) 1 2 11 2 Calculated by the authors (Mg of recycled

MSW/Mg of MSW collected)

Environment

GHG (MgCO2eq
Mg MSW−1) 0.458 0.175 0.03 −0.04 LCIA IPCC2007 Analysis made in Easetech.

Available in Supplementary Material

Nitrogen oxides (kg) 0.547 −0.14 −2.64 0.27 LCI Analysis made in Easetech. Available in
Supplementary Material

Biochemical oxygen
demand (BOD) (kg) 0.27 0.21 3.66 0.39 LCI Analysis made in Easetech. Available in

Supplementary Material

Mercury in soil (kg) 0.000003 0.00009 0.000002 0.000002 LCI Analysis made in Easetech. Available in
Supplementary Material

Economics

Investment costs
($ Mg−1) 0 13.67 415.92 94 Tsilemou and Panagiotakopoulos, 2006;

Münnich, 2005

Operation costs ($ Mg−1) 8.53 26.73 429.99 44.40 Tsilemou and Panagiotakopoulos, (2006),
Münnich, 2005; IDB (2015)

Social

Social acceptance 9 8 6 3 Evaluations done by authors based on
the interview

Number of jobs
(Persons/day) 320.76 12.83 32.77 14

Calculated by authors based on Friends of
the Earth (2010), European Commission,
Directorate-General Environment (2001)

Employment Effects of Waste Management
Policies, SEDEMA (2016)
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Figure 4 shows the ranking of indicators made based on the pairwise comparison of the
experts. According to the preferences of the experts, environmental criteria are most crucial for
integrated sustainable waste management, while the economic indicators play the least significant role.
The calculation of ranking of indicators is available in Supplementary Material.

 

Figure 4. Ranking of indicators with respect to the goal.

3.2. Scenario Ranking

Following the pairwise criteria, the criteria weight of each scenario with respect to the goal was
obtained as shown in Figure 5, presented in Supplementary Material Criteria’s evaluation. The results
show that Scenario 4, involving recycling of recyclable waste, composting of organic waste, and the
thermal treatment of the remaining mixed waste for energy recovery (WTE), has the highest-ranking
priority of 30.78%. The results show that the more separately collected categories of waste are involved
in the plan, the more sustainable the scenario is considered to be by the experts.

 
Figure 5. Ranking of scenarios.
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Figure 4 indicates that in assessing the sustainability of waste treatment, the most relevant
indicator is the GHG emissions. Therefore, the WTE scenario was ranked as the highest. However,
it should be considered that the evaluation of indicators for this scenario was based on data from the
literature, under the assumption that source separation rate is 100%. In order to achieve that result,
the new incineration plant would have to comply with European standards, including emissions
standards [57].

3.3. Sensitivity Analysis

The last step of the decision process using the AHP method is sensitivity analysis, where the
input data of criteria weighting are modified to observe their impact on the results. If the ranking of
scenarios does not change, the results are said to be robust [58]. The sensitivity analysis was performed
to assess the influence of individual sustainability indicators on the proposed waste treatment scenarios.
The following cases were examined following the procedure of Milutinović et al. [41]:

Case 1: All indicators had an equal weighting factor (10%). In this case, scenario ranking was
changed. Baseline Scenario was top-ranked and most sustainable in terms of all indicators with
a priority ranking of 29.9%. Scenario 4, which corresponds to the new waste management regulation
in Mexico City and involves the incineration process and composting, was then in 2nd place.

Case 2: The group of environmental indicators was assigned a weighting factor of 100% in total
(each of them had a weighting factor of 25%), while all the others had a weighting factor of 0%. In this
case, Scenario 4 was ranked as the best with priority ranking of 34.62%, due to smaller CO2 and
nitrogen oxides emissions, as well as the fact that recycling greatly reduces the disposed waste volume.

Case 3: One waste indicator had a weighting factor of 100%, while all others had a weighting
factor of 0%. There are 10 options, and the results showed that when economic and social waste
management indicators had a weighting factor of 100%, while others had a weighting factor of 0%,
Scenario 1 (baseline) got the first place. Scenario 4 (WTE) ranked best in cases where indicators of
landfill disposal, CO2 emission, and content of heavy metals in soil indicators had a weighting factor
of 100%, while others had a weighting factor of 0%.

Case 4: The group of economic indicators were weighted at 100% in total (each at 50%), while all
others had a weighting factor of 0%. Here, Scenario 1 is mostly preferred with a priority ranking of
54.57%. Under these conditions, the ranking changed because of the lower investment and operation
costs of the existing waste management system.

Case 5: The group of social indicators was given a weighting factor of 100% in total (each 50%),
while all others had a weighting factor of 0%. In this case, Scenario 3 was ranked in first place with
a priority ranking of 40.68%. Scenario 4 had the lowest place in the ranking due to the small number of
jobs created and public disquiet about thermal waste treatment.

All the results of the sensitivity analysis are presented in Figures 6 and 7. The calculations are
presented in Supplementary Material.
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Figure 6. Results of sensitivity analysis: Case 1, Case 2, Case 3.
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Figure 7. Results of sensitivity analysis: Case 4, Case 5.

The main conclusions from sensitivity analysis are the following:
Scenario 4 (WTE) ranked first when priority was given to the environmental indicators. However,

this result is not stable due to fluctuations in the weighting of criteria. When priority was given to the
economic and social impact of waste management strategies, Scenario 4 was not ranked first. In Case
4, the baseline scenario was ranked the highest, and in Case 5, the scheme involving MBT.

Scenario 2 (AD) is the most stable solution. With different indicators rankings, it is ranked third
in Cases 1, 2, and 5 and never ranked first, however other scenarios change their rating so much that
Scenario 2 emerges as the most stable.

4. Conclusions

AHP method was applied for sustainability assessment of waste treatment scenarios with energy
and resources recovery for Mexico City. This research extends the knowledge basis of comparison
of waste management in emerging countries with low municipal waste management performance.
The study does not only present information on economic instruments but also ranks them.

The study was conducted to compare the new waste management plan for the city (WTE) with
alternatives: “business-as-usual” scenario, AD of organic fraction, and MBT. The goal of the study
was a scenario ranking using a model based on multicriteria analysis for sustainability assessment
of the waste management scenarios. The pairwise comparison was done by a group of experts from
Mexico City. The results of this show that the most sustainable scenario, environmentally, socially,
and economically, is Scenario 4-WTE, with a ranking priority of 30.78%. These results confirm that the
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decision made by the government of Mexico City to introduce waste incineration is sustainable from
environmental, economic, and social aspects. The analysis suggests the next steps should focus on
the introduction of the new regulation, improving the infrastructure, including roads, and increasing
human resources. These results can help decision makers in other megacities in developing countries in
introducing a successful and sustainable waste management system. However, this is challenging for
emerging economies that cannot easily afford waste-to-energy plants due to their high costs. Since the
willingness to pay for waste management is not higher than 0.4% of GDP, WTE is out of the reach of
countries with a per capita GDP below 3000 US$ [59].

The following constraints of this model should, however, be considered. According to the indicator
ranking, environmental criteria have the highest priority, therefore, the WTE scenario was ranked
first. But it should be noted that, due to the lack of data, European standards were used for the
life-cycle inventory, and the efficiency rate of the source separation was assumed to be perfect. Another
restriction of the present AHP analysis is that pairwise comparison was made by only 5 experts,
because the process is time-consuming and the authors received only 5 filled-out questionnaires
out of 14. The results of sensitivity analysis showed that the outcome of the study is not stable
and, therefore, less reliable. Further research should involve a larger number of experts making the
indicators ranking, to give higher validation to the results. Determination and precise evaluation
of the indicators for assessing the sustainability of waste management should be focused on as
well. Moreover, further study needs to be undertaken on the feasibility of WTE technology in the
Mexican context, which has the typical constrains in developing countries: data acquisition, inadequate
collection systems, and reduced ability to collect charges [60].

Supplementary Materials: The following are available online at http://www.mdpi.com/2313-4321/3/3/45/s1.
Figure S1: Mass flow diagram of Baseline Scenario; Figure S2: Mass flow diagram of AD Scenario; Figure S3:
Mass flow diagram of MBT Scenario; Figure S4: Mass flow diagram of Incineration Scenario; Table S1: Details of
the flows of the MFD of Baseline Scenario; Table S2: Details of the flows of the MFD of AD Scenario; Table S3:
Details of the flows of the MFD of MBT Scenario; Table S4: Details of the flows of the MFD of incineration Scenario.
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3. Rodić, L.; Wilson, D.C. Resolving governance issues to achieve priority sustainable development goals
related to solid waste management in developing countries. Sustainability 2017, 9, 404. [CrossRef]

4. Morrissey, A.J.; Browne, J. Waste Management Models and Their Application to Sustainable Waste
Management. Waste Manag. 2004, 24, 297–308. [CrossRef] [PubMed]

5. Brunner, P.H.; Fellner, J. Setting priorities for waste management strategies in developing countries. Waste
Manag. Res. 2007, 25, 234–240. [CrossRef] [PubMed]

6. Assessment Methods for Waste Management Decision-Support in Developing Countries. Available online:
https://www.dora.lib4ri.ch/eawag/islandora/object/eawag%3A13531/datastream/PDF/view (accessed
on 30 December 2017).

7. Elsaid, S.; Aghezzaf, E.H. A progress indicator-based assessment guide for integrated municipal solid-waste
management systems. JSMCWM 2017, 20, 4–11. [CrossRef]
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Abstract: The management model for the National Solid Waste Policy to develop sustainable
actions, proposes the social inclusion of recyclable waste pickers in the waste management system.
Compliance with the law, the form of participation of the waste pickers, and incentive mechanisms
are configured as a relationship open to analysis. Therefore, the aim of this work was to investigate
the potentials and limitations of a recycling cooperative, in terms of social technologies and inclusion,
to encourage local development. The qualitative approach was aided by structured questionnaires,
semi-structured interviews, and participant observation. The resulting evidence suggests that the
organization of a cooperative, enabled access to information on the legislation of the National Solid
Waste Policy. It showed the need to strengthen relationships with education institutions and public
authorities. Despite the low levels of education of the members of the cooperative, projects and
knowledge could be developed to aid social technologies. No technological innovations were
observed, nor the production of alternative artifacts for recyclable materials. This weakens the
cooperative in terms of articulation among peers, most notably the integration of the Catamare
cooperative in the network of Cataparaná, to support the sale of material produced for industry.
It may be concluded that joining the cooperative improved the social, economic, and political
conditions of the members, but there were also structural limits to the recycling production chain
that were not considered in the National Solid Waste Policy; and to a certain extent this weakens the
development of sustainable actions. Furthermore, the organization of the cooperative hindered the
development of social technologies and the social inclusion of the waste pickers.

Keywords: recycling cooperatives; recyclable waste pickers; national solid waste policy; waste
management; Brazil

1. Introduction

Since the 1990s, the number of studies on municipal solid waste policies [1], and discussions
on cooperative organization or local impacts has grown [2]. Some studies were already concerned
with the organization of the chain [3] and establishing a market for recyclable waste [4]. In this
context, Curitiba, in Brazil, already stood out due to its solid waste policy [5] and raising awareness
of the need for co-participation in recycling [6]. In the 2000s, studies addressed how these recycling
organizations were structured, especially in developing countries [7]. Furthermore, public institutions
and non-governmental organizations have prepared documents to strengthen solid waste policies [8].
Recent studies [9–11] have analyzed the optimization of the recycling chain, public policies, and the
structuring of networks. The theme of lifecycles and the understanding of integrated management,
are also pertinent to the theme of public recycling policies [12]. Finally, recycling cooperatives and
their impact on waste management and social inclusion, are relevant themes for discussion [13,14].

Recycling 2018, 3, 40; doi:10.3390/recycling3030040 www.mdpi.com/journal/recycling91



Recycling 2018, 3, 40

The management model for solid waste, introduced by the National Solid Waste Policy in Brazil,
proposes the generation of better results in terms of the development of sustainable actions in the
country; and it is also an important factor regarding the social inclusion of waste pickers. The policy
set fundamental goals to help eliminate landfills and dumps, through the constitution of planning
instruments at the national, state, micro region, inter-municipal metropolitan, and municipal level.
The policy also obliges the private sector to prepare solid waste management plans [15].

The aim of this work, was to analyze the potentials and limitations of a recycling cooperative
located in Curitiba, regarding the development of social technologies and the stimulation of local
development, following the sanction of the National Solid Waste Policy. The study concentrated on
Curitiba, as its recycling policy is well known in Brazil and is a representative case that enabled an
in-depth evaluation. Therefore, the study discussed the development of a cooperative system in a
community in a situation of vulnerability and social exclusion, the Catamare Cooperative, and how it
could be characterized from a theoretical framework of social technology, leading to social inclusion.
This initiative was relevant because it enabled cooperation to understand the development processes
of social technologies, and how the institutional context developed through these experiences.

The Catamare cooperative is representative of the empirical field of this study, as the experience of
the cooperate members transcends the sanction of the National Solid Waste Policy, with the cooperative
having officially existed since 2007. The cooperative is currently linked to the National Solid Waste
Policy and the Eco-Citizen Project, both public initiatives that aim to promote social inclusion and
generate employment and income for recyclable waste pickers.

2. Materials and Methods

To achieve the goals of this study, the methodology employed was the case study, with a qualitative
and quantitative approach, the use of semi-structured questionnaires, unstructured interviews,
and participant observation.

The technical procedure employed in the first stage was a document content analysis,
which enabled a better understanding of the National Solid Waste Policy and waste pickers in Brazil.
For four months, periodical visits were made to the cooperative for the purposes of participant
observation. The visits were made periodically between July 2014 and February 2015, to enable
participant observation two to six times a week. The other interviews were conducted in January 2015.
At this time, interviews were conducted with the members who play strategic roles in the cooperative
(the president, the sales committee, the treasurer, and the fiscal council). In these interviews, an attempt
was made to seek information on: (i) How the work of the cooperative is organized; (ii) the process,
methods, and techniques of the work; and (iii) the participation of the members.

In the second stage, a questionnaire was distributed to all the members of the Catamare
cooperative. Of the 35 members, 26 were interviewed. The questionnaire sought information on:
(i) The socio-economic condition of the members, (ii) the process and organization of the work of the
members, (iii) how the members perceived the work they do, (iv) the relationships that the cooperative
maintains with other organizations, (v) the importance of these relationships with other organizations
to the cooperative; and (vi) how the subjects perceived the organizations with which the cooperative
maintains a relationship.

The CATAMARE cooperative was representative of the empirical field of this study since: (i) The
cooperative is linked to the Eco-Citizen Program, run by the Local Government of Curitiba; (ii) the
experience of the cooperative members transcends the sanction of the National Solid Waste Policy;
and (iii) most members were linked to the National Movement of Recyclable Waste Pickers.

Regarding how the research problem was addressed, the approach was qualitative as the focus
of this study was on the process and its meaning [16]. According to Minayo [17], the intention of the
qualitative approach is not to achieve the truth, but to understand the logic of what is practiced in
reality, being concerned with the relationships between the world and the subject in a certain way that
cannot be replicated or seen in this way, in any other place. In this sense, the study was a procedure
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that did not seek to generalize results, i.e., it did not strive to create models with universal goals.
According to Triviños [16], a qualitative study is only intended to “obtain generalities, prominent
ideas, trends that appear more defined between the people that participate in the study”. In this sense,
to answer the general question of this study, a qualitative case study was conducted of the Catamare
cooperative. In brief, Yin [18] defines the case study as an empirical study that will seek to investigate
a contemporary phenomenon in its real-life context, “when the boundaries between the context and
the phenomenon are not clearly evident”. Therefore, for the present work, it was necessary to use
multiple sources of evidence.

3. Solid Waste Management and Social Inclusion in Brazil

The management model for solid waste, introduced by the National Solid Waste Policy in Brazil,
proposes the generation of better results in terms of the development of sustainable actions in the
country, ensuring a better-quality service and social inclusion for waste pickers. The innovations
introduced by the policy constitute a framework to stimulate these experiences, and the possibility of
inclusion for recyclable waste pickers in the waste management system. However, compliance with
the law, the form of participation, and the incentive mechanisms established by the policy do not
guarantee social inclusion, and constitute a relationship that is open to analysis, as will be discussed in
the next sections.

3.1. National Solid Waste Policy and Social Inclusion in Brazil

Over time, there was a vacuum to be filled in Brazilian public policies regarding solid waste
management due to the lack of a public environmental policy with directives and instruments, for the
adequate environmental management of waste. For some time, a proposal was discussed with the
participation of public agencies, representatives from the private sector, social movements, and civilian
society. The central issue that hindered the process of passing the National Solid Waste Policy in
Brazil, was the lack of consensus between the government, civilian society, and the private sector,
regarding the model of post-consumption responsibility to be implemented, defining the responsibility
of manufacturers, importers, distributors, consumers, and those in charge of public services that
involved handling waste. After 21 years of deliberation, the Chamber of Deputies on 11 March 2010,
followed by the Senate on 7 July 2010, passed the law. President Lula sanctioned Federal Law 12.305,
of 2 August 2010, thereby enacting the National Solid Waste Policy [19].

It was in 2011, that a process was initiated to prepare the National Solid Waste Plan. Due to the
complexity of the issues that it was to face, the proposal was directly related to other national plans:
National Climate Change Plan, National Water Resources Plan, and the National Plan for Sustainable
Production. It was also directly linked to the National Environmental Education Policy, through the
proposal for the National Environmental Education Policy and the proposal of the National Basic
Sanitation Plan [19].

The first action of the National Solid Waste Policy, was to set up the Inter-Ministerial Committee
for the Social and Economic Inclusion of Reusable and Recyclable Waste Pickers (CIISC), created by
Decree 7.405/10. The CIISC, coordinated by the General Secretariat of the President of the Republic,
is made up of members of ministries of the Environment; Social Development and Combatting
Hunger; Work and Employment; Social Security; Education; Health; Cities; Tourism; Mining and
Energy; Economics; Science and Technology; Planning, Budget and Management; the Federal Heritage
Secretariat; the General Secretariat of the President of the Republic; the Human Rights Secretariat and
Legal Department of the President of the Republic; the Banco do Brasil Foundation; Caixa Econômica
Federal Bank; Petrobras; National Health Foundation; and the Applied Economics Research Institute.
It is implicit that other public policies are coordinated by the Committee, as waste pickers benefit from
other programs of these ministries, such as the “Brazil Without Poverty” and “Family Allowance”,
“Literacy Brazil”, “Green Brazil”, “My Home, My Life”, “Caring Brazil”, the “Stork Network”,
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“Electricity for All”, “ProUni”, “Pronatec”, “Health Has No Price”, and other programs for families
registered on the Single Register for Social Programs.

The creation of the CIISC, also led to the Pró-Catador (Pro Waste Picker Program), the Cataforte
(Strong Waste Pickers), and to the National Center for the Defense of Human Rights of the Homeless
and Recyclable Waste Pickers (CNDDH).

The Pró-Catador program has the purpose to integrate and articulate federal government actions,
to support and improve the productive organization of recyclable and reusable waste pickers and
improve their working conditions. It also seeks to create more opportunities for social and economic
inclusion, and expand the selective collection of solid waste, encouraging reuse, and recycling through
this sector.

The Cataforte Program, is the direct result of the demands from and negotiations with the National
Movement of Recyclable Waste Pickers and the Federal Government. The aim of the project is to
strengthen social and productive organizations, and self-managed and supportive economic ventures.

Law 12.305/2010 has 57 articles, and their essence has been maintained since the bill of law was
introduced in the Chamber of Deputies, as highlighted by Grimberg [20]. The scope of the law is clearly
defined, establishing directives, instruments, and responsibility for the management of solid waste.

In general, the PNRS has aimed to define strategies that add value to solid waste, increasing the
competitive capacity of the productive sector, aiding social inclusion, and describing the role of the
states and municipalities in solid waste management. In this context, the Federal Government, through
the Ministry of the Environment, has set some parameters for the municipalities to enact the national
Solid Waste Policy: reduced operational costs and values of investments; better use of technologies;
the establishment of regionalized rules for the use of services; and efforts to integrate planning and
shared management that include solid waste pickers.

The main guide is the Integrated Management of Solid Waste, which prioritizes a reduction in the
volume of waste, more recycling, incentives to form cooperatives or other waste picker associations
as a form of environmental action, and the concept of reverse logistics and shared responsibility;
recognizing the need to participate in every link of the chain. This has led to the giant step of the Plano
Nacional de Resíduos Sólidos (PNRS) in establishing integrated management, which is characterized
by actions that seek solutions to the inherent problems of solid waste, whilst considering the political,
economic, technological, environmental, cultural, and social dimension, with society assuming the role
of monitoring compliance with the law. The main mechanisms of the PNRS are selective collection,
reverse logistics, environmental education, scientific and technological research and accountability
for the lifecycle of products, encouragement to participate and the strategic and incisive role of waste
pickers, and incentives to create cooperatives and associations [19].

The general directives for the inclusion of waste pickers in the National Solid Residue Policy
include: (i) Strengthening cooperatives and associations of waste pickers “seeking to raise them to a
higher level of efficiency”; (ii) creating new cooperatives and associations and regulating those that
already exist to “strengthen these work vehicles and socially include and formalize waste pickers
that operate in isolation”; (iii) articulating networks of cooperatives and associations of waste pickers;
(iv) creating mechanisms to identify and certify cooperatives; (v) strengthening initiatives to integrate
and articulate federal policies, and actions to aid waste pickers; (vi) goals for the social inclusion
of waste pickers, and to ensure that public policies provide alternatives for work and income for
waste pickers, who cannot continue in this line of work after the extinction of landfills; (vii) goals for
social inclusion, and to guarantee dignity in employment for up to 600,000 waste pickers; (viii) the
participation of waste pickers in environmental education actions, and awareness in the separation of
waste at the source, through adequate training and payment; (ix) bringing information systems on
municipal waste and shared solid waste management up to date; (x) goals and criteria for municipalities
to include waste pickers in the municipal management of solid waste; (xi) providing access for waste
pickers, to urban solid waste collected selectively; and (xii) the integration of recyclable waste pickers
into reverse logistics systems [21].

94



Recycling 2018, 3, 40

The role of waste pickers in local solid waste management actions can be seen in Article 19
of Federal Law 12.305/2010, which states that Municipal Solid Waste Plans should include their
participation, in accordance with Article 11 of Federal Decree 7404/2010. Regarding the reduction
of urban solid waste, the law includes 19 strategies for compliance. Concerning a reduction in the
generation of Urban Solid Waste in landfills, the law has 22 strategies. An important strategy is
to implement a selective collection, with the participation of the cooperatives as service providers,
contracted by the public municipal administration, with due payment to the waste pickers to collect,
sort, and direct the waste to an adequate final destination for recycling [19].

In addition to the initiatives described, the Article 80 of the Federal Decree, states that federal
institutions finances should create special lines of credit for funding cooperatives and other forms of
waste picker associations. These funds should be used for the acquisition of machinery and equipment,
to be used in the management of solid waste, recycling, and the reuse of solid waste, and innovation
and development for managing solid waste.

3.2. Recyclable Waste Picker Cooperative In Curitiba: The Eco-Citizen Project

Eco-Citizen is a social inclusion project launched in 2007, through a partnership between the city
of Curitiba represented by the Municipal Environmental Secretariat, and the Social Action Foundation,
the Entrepreneurial Alliance Association, and the National Waste Pickers Movement. The aim of the
project was to “guide, organize and support associations and cooperatives of recyclable waste pickers”
in administrative issues, infrastructure and commercial interest, and promoting the inclusion and
strengthening of waste pickers in the recycling chain to help them with employment and income,
to enable economic sustainability and spur local development [22].

One of the objectives of the project is to implement a mixed technology model, which will
help to minimize the generation and handling of solid waste, with sorting and recovery of waste
as an economic asset with social value, and the final exclusive disposal of waste material in an
environmentally adequate way. With an incentive for selective collection, reverse logistics, and the
sorting of materials, there will be a reduction in the amount of recyclable material in landfills [20].

Today, the Ecocidadão Project is active in 40 municipalities in Paraná State, with 47 associations of
recyclable waste pickers. The Municipal Environmental Secretariat is responsible for the management
of the Ecocidadão project. Since 2013, the technical side of the project has been managed by the
Pró-Cidadania (Pro-Citizen) Institute (IPCC). It also helps to form the cooperatives or associations,
and helps to hire the support team, acquire the necessary equipment, and other correlated actions [22].

In keeping with the National Solid Waste Plan and the State Plan for the Integrated and Associated
Management of Urban Solid Waste in Paraná State, Table 1 shows the Specific Directives and the Work
Directives, for the Integrated Solid Waste Plan in Curitiba.

Like the PNSR, the Integrated Solid Waste Plan of Curitiba, seeks to encourage stronger
participation by cooperatives and other associations of waste pickers as providers of services,
duly contracted by municipal public administrations, and developed in partnership with society.
This will increase their efficiency and sustainability, mainly in the handling and sale of waste and in
the methods of processing and recycling. The project also includes the creation of permanent technical
and managerial training programs for waste pickers and the members of their cooperatives, according
to the level of the organization through technical, teaching, research, and extension institutions from
the third sector and social movements [22].

Deficiencies in waste management in the municipality, according to the Municipal Sanitation
Plan [22], included: locations rife with irregular waste disposal; a need for more inspectors and
technicians to analyze the Managerial Plans; a low number of cooperatives and associations of waste
pickers capable of being included in the recycling chain; cooperatives and associations of waste pickers
with no economic and financial self-sustainability; poor economic conditions waste handling and urban
cleaning services; distances between collection areas and final disposal points; lack of new technologies
for final disposal of urban solid waste; resistance from generators regarding the internalization of costs
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for disposal; lack of delivery points; and insufficient units for final disposal of vegetable waste and
unusable wooden materials.

Table 1. Specific directive from the Integrated Solid Waste Plan of Curitiba [22].

Specific Directives Work Directives

Environmentally correct final disposal of waste To recover landfills, including the evaluation of environmental conditions.

Reduction of dry solid waste in landfills and
inclusion of recyclable and reusable waste pickers

To promote progressive reduction of dry waste in landfills;
To prepare and strengthen the organization for socio-economic inclusion
of recyclable and reusable waste pickers;
To seek the continued reduction of urban solid waste, taking specific
locations into consideration;
To adopt technologies that encourage renewable energy or other forms of
using dry waste, considering technical, environmental and economic
feasibility and the potential regional market.

Reduction of wet urban solid waste in landfills and
treatment and landfill gas recovery

To encourage composting, using the energy from biogas produced in
biodigesters or landfills or other technologies to produce energy from wet
urban solid waste;
To adopt technologies promoting the use of energy or other forms of using
waste from through other processes, considering the technical,
environmental and economic feasibility or the potential regional market.

Training in solid waste management
To strengthen urban cleaning management and the handling of urban
solid waste by institutionalizing an appropriate instrument for
monitoring and paying for urban cleaning and the handling of waste.

Health service waste To strengthen the management of waste produced during health services.

Industrial waste To strengthen the management of solid waste in industry;

Construction waste To strengthen mechanisms for monitoring and inspecting generators.
To provide voluntary delivery points for construction waste.

4. Social Technologies

In general, conventional technology can be defined based on a set of characteristics related to its
effects on labor and on the environment, its large scale and production rate, the inputs used, and the
type of control exercised over workers [23]. In conventional technologies, there is no emphasis on the
process of technology construction or collective learning that results from it. These aspects are extremely
important for social transformation because they are concerned with the engagement, participation,
appropriation, and the production of knowledge of the social groups involved. The aspects of
conventional technology are, in fact, efficient in maximizing private profits, but also limit their
effectiveness as a strategy for social inclusion.

In this sense, as a response to the totalizing logic of capital existing in the processes of production
and consumption of conventional technologies, the conception of social technology emerges as an
inclusive, comprehensive, and possible approach [23]. The term social technology refers essentially
to the development of technologies aimed at social inclusion, which have carried out criticism of
conventional technology since its inception. Guided by a more sustainable perspective and less
harmful to the environment and to the human being, social technology signals the construction of a
society based on a distinct rationality, permeated by social values, such as cooperation and autonomy.

Social technologies, unlike conventional technologies, are qualified by low financial contributions,
for its orientation towards the internal market, and for being able to economically make
self-management ventures viable because they are exempt from a discriminatory power relationship;
and above all, because they constitute a liberating potential of the direct producer. Social technologies
are guided by the criteria of social inclusion, which allows the construction of more equitable
socioeconomic systems in terms of income distribution, and more participative in terms of collective
decision making [24].

According to Dagnino, Brandão e Novaes [23], it is possible to affirm that Conventional
Technology reinforces the capitalist duality, restricting the workers to the retainers of the means
of production, just as the peripheral countries are dominated by the developed countries, perpetuating
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and extending asymmetric powers regarding social and political relations. On the other hand, Social
Technology has as its characteristic, its adaptation to small producers and consumers of low economic
power, through a type of control that does not reproduce the segmentation and hierarchization
of the Conventional Technology in the productive unit. Furthermore, the orientation to produce
and to be able to stimulate the potential and creativity of the direct producer, making it possible
to economically enable social enterprises, such as popular cooperatives, family farms, incubators,
and small enterprises [25].

Based on the assumption of Social Technologies, the development and use of technologies build
on the understanding that men and women should be covered in a constant process of action and
reflection, so that the technical action allows expression of visions of world, social values, and political
postures in face of the dominant system [26].

According to Thomas [27], with the return of the thematic of development, especially in the
sustainability debates, social technologies re-entered the agenda as a fundamental discussion for the
preservation of the environment, culture, and economic viability. In this sense, according to Rutkowski
and Lianza [28], this model of non-predatory economic development, requires the rational use of
natural resources as a strategy to improve the quality of life of those who produce and of those who
consume the technologies developed. There is, for the authors, an important search for a balance
between development, preservation of natural resources, and regional culture in the construction of
social technologies. Moreover, beyond the productive dimension, technologies can also be understood
as the result of different epistemic interactions about a process, a method or artifact, in which the
integrality of the human being, its socio-historical context, and the environmental preservation are
privileged [26].

5. Results and Discussion

In this section, we present the results of the research at Catamare, and discuss the potentials and
limitations of a recycling cooperative, to development of social technologies and social inclusion.

5.1. Characteristics of the Case Study: The Catamare Recycled Material Cooperative

The cooperative presently has 35 members. They are organized using a hierarchical structure, as
shown in Figure 1.

Figure 1. Hierarchical structure of Catamare.

According to the cooperative members, the group has greater decision-making power than the
president and the members who hold strategic positions in the venture. The 26 members responded
that all decisions of the cooperative are taken by a vote during an assembly, following a discussion.
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It is at these meetings, that votes are cast to elect the members to strategic positions in the organization.
Only members can attend the assembly meetings.

Every waste picker has the right to call an assembly, provided that they have the support of at
least one fifth of the members. Regarding their participation at the meetings, 17 waste pickers stated
that they share their opinions actively, whilst nine stated that they do not say much at the meetings,
unless they are asked.

The president is legally answerable for all the activities of the cooperative. In short, he is the one
who represents the cooperative at official meetings and activities and seeks solutions to the demands
of the members outside the limits of the organization. The sales committee is a nucleus formed
by CATAMARE members, but it is also part of a group of the Cataparaná, which studies the best
options for the joint sale of the materials collected by the waste pickers, through a network to industry.
The committee is responsible for participating in meetings with other associations and cooperatives in
the Cataparaná. These meetings are held once a month to discuss and clarify issues, such as market
prices, investments, and the costs of the network. The fiscal council is responsible for inspecting and
providing guidance for the financial affairs of the cooperative. The treasury is responsible for the daily
financial routine of the cooperative. It handles the cash flow, money to be received, and bills to be paid,
and it applies the financial resources of the cooperative and operationalizes its financial planning.

The cooperative members agreed that each waste picker must contribute 20% of their monthly
income. This money is used to pay for electricity, water, telephone bills, internet, and maintenance
of machinery used at all the units of the cooperative. Some waste pickers do not agree with this
arrangement. They believe that this weakens the cooperative nature of the venture and does not take
the principles of the solidarity economy into consideration.

According to the members of the cooperative, those in strategic positions wish to adhere to the
guidelines of the National Movement of Waste Pickers. To the members, it is only possible to build a
more equal society if there are incentives for the development of solidarity ventures. Within the limits
of the cooperative, this occurs through practices that combat competition and individualism through
self-management and seeking mutual support between waste pickers and other workers.

The Catamare currently has two sorting units at a match factory, for safety purposes. The material
is highly flammable and cannot be taken to the regular sorting units. The oldest unit is located in the
Boqueirão neighborhood, and the other in Rebouças.

The cooperative has two presses, two scales, and eighteen worktables shared by all the waste
pickers. In the patio of the Rebouças unit, there are electric carts (a project run by Itaipu in collaboration
with the Ecocidadão Project). The cooperative has five electric carts, but the waste pickers do not use
them. One of the members claimed that she does not like to use them because she thinks they are
not strong enough. She said that the prototype overturns easily and cannot support the weight of the
materials she collects. Therefore, she uses her own pushcart.

In the Rebouças unit, there is a conveyor belt that has yet to be used by the waste pickers.
The conveyor belt has not been installed because the unit does not have the necessary electricity
structure to run it, and because the waste pickers have not decided how they will use the equipment.
According to the members, to sort material using the conveyor belt would mean establishing fixed
working hours, the equal division of the value of the activity, and a study on the best type of material
to be sorted.

For two years, the waste pickers have been divided into two spaces, rented by the local
government. According to the interviewees, the cooperative members are spread over two units,
because the local government was not concerned about renting one location with the necessary
physical structure for all of them, after they had vacated their previous installations in the Parolim
neighborhood. Several waste pickers reported this lack of concern by the local government over
choosing the location of the unit because all the waste pickers that now work in the Boqueirão unit
reside in Parolim or Vila Torres. It is difficult for them to go to work because of the long distance. Some
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waste pickers walk from Parolim to Boqueirão every day because the bus fare is too high and weighs
heavily on their budget.

In general, at both units, the main stages of processing the waste are: (i) receipt of material; (ii)
unloading the trucks; (iii) sorting; (iv) pressing; (v) packing; and (vi) storage of recyclable materials.
Following on the spot observations, a flowchart of the production process of the cooperative was
prepared, as shown in Figure 2.

Figure 2. Flowchart of the production process at the CATAMARE Cooperative.

Every day, the cooperative receives material from the “Lixo que não é Lixo” (Waste that is not
Waste) project, waste collected on the streets by the six waste pickers of the cooperative, and donations
from companies and public agencies. CATAMARE has one large truck, one small truck, and a camper
van for collecting donations.

According to the waste pickers on the sales committee, many donors do not act as partners of the
cooperatives. The members understand that in most cases they use the cooperatives to dump what
they do not want, and sell (illegally) the more valuable waste. According to the waste pickers from
the Citizenship and Waste Institute, the cooperatives constantly report the illegal practices of some
agencies and private companies to the Justice Department. The organizations that conduct these illegal
practices are normally fined and the money is used to meet the requirements of the cooperatives in the
Ecocidadão Project.

There is a certain amount of autonomy regarding the division of the materials that each waste
picker sorts. At the Boqueirão unit, half of the waste pickers equally share all the materials that are
donated or comes from the “Lixo que não é Lixo” program, irrespective of their origin. The other half
of the waste pickers organize the separation according to the origin of the waste: Two waste pickers
sort the recyclables from Hospital de Clínicas, three sort the material from the Regional Labor Tribunal,
and two others sort the waste from the Polytechnic Center and the Unimed Health Insurance Company.
At the Rebouças unit, all the donated materials and materials from the “Lixo que não é Lixo” are
shared among all the waste pickers. Independent of this sharing, the waste is unloaded manually with
the help of brooms, as neither of the trucks have unloading facilities. The materials are removed from
the truck by two people and placed manually into large sacks made of raffia. The sacks are then taken
to the sorting tables.

The sorting is done using a procedure where each sack of recyclable materials is opened on
the table, whilst the waste pickers place several bags on the floor. Each bag is used for one type
of material. During sorting, the waste pickers are exposed, as they are in direct contact with the
waste, and consequently with the vectors that multiply in the unit. The members only wear gloves
for handling the materials. At this stage, the presence of rats and mosquitos was observed, due to the
accumulation of material, which makes the work environment unhealthy. This is because the unit does
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not have the necessary infrastructure for the waste pickers to stock sorted materials. The waste pickers
often need to accumulate many bags of waste after separation, until they can build up the necessary
volume for a package of recyclables.

The waste is separated using the following criteria: nature, color, and quality (impurities and
rejects). Different types of recyclable materials are separated. The most commercialized materials are
paper, cardboard, glass, soft aluminum, plastics, steel, and sections of iron. All the materials are stored
in large reusable plastic bags. Once the bags are filled, they are weighed.

At the end of the day, each waste picker weighs all their material, monitored by the waste picker
in charge of weighing. At the CATAMARE, the treasurer is in charge of this process at the Boqueirão
unit. At the Rebouças unit, the members take turns at this activity. The numbers are noted on a control
sheet that specifies all the types of materials and the weight of each. One copy is always given to the
waste picker, and the other is retained by the cooperative.

Every week, the treasurer adds up the weights that each waste picker recycled and calculates
their value, according to the price parameters provided by Cataparaná. This list serves two functions.
It specifies the price that Cataparaná can obtain through sales and indicates the average price that the
cooperative can obtain by selling the types of material that have not been sold through the network,
but which can be sold to middlemen. These prices vary and are constantly updated by Cataparaná
and the members of the cooperative.

After weighing, the waste pickers press and package the recyclables. All the packaged waste
is transferred to storage bays. The materials are stored, following the aforementioned criteria
(nature, color, and quality).

The packages are stored for a short period of time until their weekly expedition to Cataparaná,
the state network for processing and selling, which is managed by waste pickers, and where they
stock and process waste. If the waste is not correctly packaged, the price paid will be lower and thus
the cooperative members will receive less. As the network does not yet have the infrastructure for
handling and processing some types of materials, the cooperative sells them directly to a company,
which takes all the material to São Paulo or some other middleman or small company that purchases
material directly from the unit. The rejected material is taken to a landfill by the local government.

5.2. Analysis and Results

Although the cooperative is one of the oldest in Curitiba, the membership has varied.
Approximately 46% have been members for over 6 years, but only 15% of these have been in the
cooperative since it was founded. Meanwhile, 31% joined in the last year.

When asked about shared techniques, 18 members responded that they shared their knowledge
with colleagues. The waste pickers indicated that most of their conversations were about the quality
and types of material they handle. Other members said that they try to talk about the rights of waste
pickers, with other waste pickers. Two waste pickers claimed that they like to talk about new things
they hear from members of other cooperatives, or discussions at the Citizenship and Waste forum.

When asked whether the cooperative seeks ways of improving the artifacts used in the handling
of materials, 23 waste pickers said that the cooperative seeks to improve the objects and machinery
required for the activity. In the opinion of 14 members, this occurs mainly through projects that
the cooperative develops to earn subsidies from Banco do Brasil Foundation, Funasa, Cataforte,
and Ecocidadão Program.

When asked about improving the techniques and knowledge used in the processes, 21 waste
pickers said that the cooperative seeks to improve knowledge of the activities necessary for collecting,
sorting, and recycling materials. According to the waste pickers, this occurs through lectures and
courses publicized by the Catamare, and exchanges of information with other cooperatives through
Cataparaná and the Citizenship and Waste Forum. None of the waste pickers could provide concrete
examples of previous experiences.
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Although the waste pickers appeared interested in improving the processes at the cooperative,
this was shown using an essentially instrumentalized logic. None of the waste pickers could provide
alternative ways of solving the latent problems of the cooperative. According to one of the members,
the lack of interest in seeking other ways of resolving the problems the cooperative faces, is one of
the most worrying factors regarding the survival of the unit. Another claimed that although they all
work a great deal to guarantee their income, few work with the collective of the cooperative in mind.
Indeed, through observation it was possible to see the effort that the waste pickers make in their long,
tiring workdays. At least three times a week the waste pickers worked over 12 hours.

When asked about the greatest difficulties in the daily life of the venture, 25 members provided a
variety of answers. The recurring themes included the distance between their homes and the units,
the weight of the pushcarts, and the physical strength required to carry the bags from the truck to the
tables (many waste pickers were ill and felt pain caused by their work at the cooperative). They also
mentioned the way people separated the materials at home (the recyclables were mixed with other
waste and could not be reused), the limited space at the unit, the disorganization of the waste pickers,
the physical structure of the units, and the shortage of presses, forklifts, and other machinery that
could facilitate their work.

The classification of the main actors involved with the cooperative showed the importance of
third sector organizations, the network is self-managed by the waste pickers and public organizations,
and the general structural maintenance by the Catamare network. The organizations with a higher
degree of centrality are Cataparaná and the local government. In third place, is the Citizenship and
Waste Institute.

Of the 26 interviewees, 24 said that their income increased after joining the cooperative. Ten waste
pickers said that they began participating more in social programs after joining the cooperative. Of the
26 members, 13 receive family allowance. Only one used the My Home, My Life program. One waste
picker was a Young Apprentice at the cooperative. Five members used the Social Water Rate. Two used
the Fraternal Electricity program and the Free Milk Program.

The monthly income of the waste pickers was up to one minimum wage (approximately
200 dollars) for 55% of the members, and 1.1 to 2 minimum wages for the others. Meanwhile,
their family income was higher, with 27% over 1 minimum wage, 42% from 1.1 to 2 minimum wages,
and 46% earning over 2 minimum wages.

Only three waste pickers claimed that their level of schooling improved after joining the
cooperative, but all 26 interviewees stated that they benefited from the lectures, courses, and meetings
publicized by the CATAMARE. However, 4% informed that they were illiterate, 71% said that they
had up to 8 years of schooling, and the rest up to 11 years.

Of the 26 interviewees, 16 stated that their family situation had improved after joining the
cooperative. The main reasons for this were higher income, and the fact that they no longer had to store
waste material at home. Eight waste pickers claimed that their access to public services had improved.
The main reasons for this included the exchange of information among the members, and some actions
by the Citizenship and Waste Institute.

Of the 26 interviewees, 22 claimed that their working conditions at the cooperative were
better than their previous situation, but only 14 said they had more free time for other activities.
Furthermore, 24 claimed that their relationship networks increased positively after they became
members. However, only 14 waste pickers felt that their work became more socially acceptable after
they joined the cooperative.

5.3. Discussion on the Limits and Potentials of Recycling Cooperatives

This study was done to analyze the limits and potential of the cooperative as an alternative for
the development of social technologies, and to promote social inclusion. The relevance of this initiative
lies in the possibility of cooperating to understand the processes of development of social technologies,
as well as the institutional context that develops from these experiences.
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Firstly, there are serious structural and historical restrictions on the recycling industry,
which continue to hinder the social inclusion of waste pickers and the development of social
technologies, even when cooperatives are transformed into a solidarity venture. When analyzing
the historical relationship between recycling and waste pickers, it should be understood that it is not
plausible to determine the composition of the workforce of waste pickers through the existence of
cutting-edge technologies available for recycling waste materials [23].

Brazilian recycling only became possible on a large scale when the collection and sorting of waste
were shown to be feasible at a low cost by workers whose pay compensated for investments in costly
technologies, which led to the emergence of the recycling sector. Even today, despite the political
gains for these workers, the cooperatives function as a kind of outsourced labor for big recycling
companies, which exploit the precarious work of the members of these cooperatives. Irrespective
of the organization of this type of labor, the profit rate has to compete with prices set by the world
market, responsible for petroleum derivatives and aluminum and cellulose production. In other
words, the work of waste pickers must be submitted to the variables of production and technological
standards imposed by the recycling industry.

There is clearly an impasse between the conventional technologies demanded by recycling
companies, and the reality of production on the part of waste pickers—who do not need conventional
technologies—but end up depending on them because it is difficult to develop alternative ways of
doing their work. Furthermore, it was observed that a minority of the waste pickers believed that
the introduction of technology used by private companies at the cooperative would guarantee the
economic progress of the members. Public policies also reproduced this logic.

In this sense, another important factor is the political and social awareness of the waste pickers.
When asked about the meaning that they attribute to social inclusion, half of the waste pickers had a
fairly wide-ranging view of the concept. In line with the definition presented in the theoretical
development of the study, several waste pickers spoke of gaining rights. The most frequently
mentioned were the right to education, healthcare, housing, work, and access to public spaces.
Many waste pickers mentioned racial issues, and issues regarding respect for sexual orientation
for social inclusion to be achieved. Others included in their understanding of the term, the right to
take part in decisions that affect their lives.

However, during the interviews, the study identified that they work in a permanent condition of
coercion from multiple social actors. These actors include some public authorities, the communities
where the units are located, and the businesspeople that work with recycling or should donate material
to the cooperative.

The relationship between the cooperative and the public authorities is highly contradictory in
nature. While some public agencies comply with the law and donate recyclable materials to the
cooperatives, there is no inspection or control over the diversion of resources by some institutions,
and the public authorities do not pay for the service provided by waste pickers. If on the one hand,
there are federal, state, and municipal projects that allow the funding of equipment and artifacts to
improve the working conditions of the waste pickers, then on the other hand, this occurs within a
totally determinist rationality [29]. According to the waste pickers, there are restrictions on the types
of materials that can be obtained using federal funding. Normally, it is only possible to acquire certain
kinds of machinery, and it is not possible to invest in technological research. If, indeed, the local
government helps Catamare waste pickers by paying the rent on their units, it does not take the
needs of the workers into consideration when it comes to the space they have to conduct their work.
The structure is deficient and there is no maintenance. The units are small and cannot accommodate all
the workers. There is a shortage of equipment for handling the material. In other words, while there is
potential in the relationship between the cooperative and the authorities, this relationship imposes
limits on improving the social inclusion of the waste pickers, and the development of alternative
technologies to meet their demands.
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The fluctuating prices of recyclable materials is another factor that compromises not only
Catamare, but all waste picker cooperatives. According to the waste pickers, there is a seasonal decline
in the values of recyclables and this fall in prices is related to the international market, with economic
crises and currency exchange policies, which directly affect the price of the materials. The oligopolistic
nature of the recycling industry, according to the waste pickers, also affects the prices paid for materials.
This almost entirely limits their sales margin, and consequently, the amount they are paid for their
work. Furthermore, there are situations in which the material passes through the hands of more than
one buyer, which possibly reduces the prices paid to waste pickers; in order to maintain the profit
margin on recyclables acquired by companies [30].

In this situation, it is perfectly admissible to declare that the organization of the work, the working
hours, and the income of the waste pickers are completely determined by the price of recyclable
materials. A point in question are the materials that continue to be sent to landfills because there are
no buyers in the region.

Therefore, the political organization of waste pickers is a potential for empowering these workers.
The main forms of organization are the National Movement of Recyclable Waste Pickers and the
Cataparaná network. The Movement seeks to ensure the independence of these workers in relation
to political parties, governments, and entrepreneurs. At the same time, fighting for the integrated
management of solid waste, with the active participation of organized waste pickers throughout
the collection, sorting, and processing of recyclable materials. The movement also believes that it
is strategic to develop feasible technologies, which guarantee control of the production chain of the
waste pickers.

The waste pickers collect and sort waste to earn their income. They play an important social
and environmental role, as they help to minimize environmental impacts by collecting recyclable
material around the city, and generate income by sorting and processing it, so that it can be reused
by industry instead of being placed in landfills. Therefore, it can be inferred that waste pickers work,
but are excluded, because of the type of work they do by the working class they represent. This is
compounded by discrimination in terms of gender and race, as most of them are black women and
single mothers. In this sense, it could be said that the inclusion of these waste pickers, even when they
are members of associations and cooperatives, is somewhat perverse.

The problems of the cooperative are a challenge to the usual distinction between the technical
and the social. They are, indeed, both social and technical. The solutions employed to combat the
problems should be understood as being conditioned by social and technical problems. In this sense,
to avoid social exclusion through partial exclusion through work, it is necessary for the authorities and
support institutions, to consider the specific demands of waste pickers. They must invest in research
and development to find adequate solutions, for the technological route of popular recycling, and to
articulate different policies for education, healthcare, housing, the eradication of child labor, and social
work for waste pickers and other requirements that must be heard and observed in the experience of
these workers.

6. Conclusions

It can be proved that waste pickers when organized into cooperatives can gain some economic
and social benefits that improve their quality of life. Moreover, as they become involved in social
movements that are concerned with their work, they begin to perceive the important role they play
in preserving the environment and discover that they have the right to citizenship. On the other
hand, the interviews with the waste pickers showed that they work in a permanent condition of
coercion by multiple social subjects, in addition to the veiled competition between the waste pickers
themselves. The study also found that the political organization of waste pickers and awareness of
this group, together with other relationships that the cooperative has built with the public authorities,
enable the development of social technologies, although this is still in its early stages. This study
reaffirmed that isolated programs do not totally alter the perverse social exclusion of waste pickers via
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inclusion through precarious work. In this sense, there must be guarantees of the universalization and
integration of public policies in all spheres of public administration.

The issues raised in this study indicated that the organization of the work of the waste pickers,
serves the interests of the capital involved in the chain of purchasing, recycling, and selling all the
collected waste. In this context, the theme is understood as being highly relevant to scientific research,
managers of public administration, and cooperatives of waste pickers, who are partners in the process
of improving social inclusion and gaining citizenship, for these most important environmental actors
in large urban centers.

Among the suggestions for future studies, is the need to produce researches that have the
cooperative network as a study object. It could also be interesting to understand the gender implications
that permeate the activity, since most of the collectors were women and most of them suffered or had
already suffered domestic violence. It could be seen that this influences the construction of the identity
of the activity, and there are direct relationships between the work and the autonomy of women.
Further works on the recycling industry are needed, with emphasis on the cooperatives experience
after the National Solid Waste Policy has been sanctioned. Research needs to be done on other less
costly and more efficient processes and recycling methods, which consider the collectors activity. It is
also necessary to analyze public projects, such as the Cataforte, and the methodologies applied by the
institutions in the development of these projects.
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Abstract: This paper reports on an application of the Theory of Planned Behavior to understand
the relationships between the determinants (latent variables) comprising the Theory of Planned
Behavior and, based on these findings, to guide decision-making related to household recycling in
South Africa. Data from a representative sample of respondents in large urban areas (n = 2004) was
analyzed using Structural Equation Modeling (SEM). The results of the SEM analysis showed a good
fit of the survey data to the Theory of Planned Behavior theoretical model. The Theory of Planned
Behavior explains 26.4% of the variance in recycling behavior and 46.4% of the variance in intention
to recycle. Only 3.3% of South Africans in large urban areas show dedicated recycling behavior,
considering the recycling of five materials: paper, plastic, glass, metal, and compostable organic waste.
The recycling frequency item in the recycling behavior construct is the most likely to be over-reported.
South Africans lack sufficient knowledge, positive attitudes, social pressure, and perceived control
that would encourage recycling behavior. Awareness drives containing moral values (injunctive
norms) and information about available recycling schemes, combined with the provision of a curbside
collection service for recyclables, have the greatest chance to positively influence recycling behavior
amongst South Africa’s city dwellers.

Keywords: recycling behavior; Theory of Planned Behavior (TPB); Structural Equation Modeling
(SEM); South Africa

1. Introduction

The waste management challenge is not unique to South Africa. The urban areas in “most low-
and middle-income countries” receive unreliable and inadequate municipal solid waste management
services (Bartone 2004:3). Similar to other developing countries [1–5], many municipalities in South
Africa struggle to supply adequate waste management services [6,7]. Waste collection coverage in
Africa varies between 25% and 70% [8]. In 2012 about 68 million tons of the estimated 125 million
tons of waste generated in Africa, was collected [9]. It is projected that by the year 2025 urban waste
generation in Africa will reach 441,840 tons per day [10]. In addition to population growth that
adds to the volumes of waste generated, increased consumption rates, excessive packaging, and
throw-away attitudes aggravate the waste problem and puts pressure on the environment and on
limited resources [11–13].

In South Africa, the implementation of the waste management hierarchy, as envisaged in national
legislation [14,15], provides the required enabling regulatory environment to support a circular
economy, i.e., a closed loop system where secondary resources are reintroduced back into the economy.
One of the many benefits of moving waste up the hierarchy is that recycling and energy recovery
from waste displace the use of virgin resources, which in turn reduce the costs (financial, social, and
environmental) associated with virgin resource extraction [16–18]. In 2011, the annual resource value
of waste in South Africa was estimated at R25.2b—about 0.86% of South Africa’s gross domestic

Recycling 2018, 3, 43; doi:10.3390/recycling3030043 www.mdpi.com/journal/recycling107



Recycling 2018, 3, 43

product (GDP) [18]. Ambitious targets for diverting these recyclables from landfill add to the waste
management challenge [19].

In an attempt to divert recyclables from landfill, the South African recycling sector has mostly been
active to recover recyclables from preconsumer waste, i.e., the recovery of recyclable materials from
commercial and industrial processes without a consumer being involved as the end-user. The important
role of the informal sector in postconsumer recycling is acknowledged [20], but postconsumer recycling
should receive more attention in order to increase recycling rates on a national level, especially if the
targets for diversion is to be reached [21,22].

This paper reports on the findings from a baseline study in South Africa to ascertain recycling
behavior at household level at a given point in time before the National Environmental Management:
Waste Act (NEMWA) (Act No. 59 of 2008) [14] was widely implemented. As a theoretical framework,
the Theory of Planned Behavior (TPB) is applied to show the relationships between attitude, social
pressures, and perceived control over the act of recycling, as determinants of intention to recycle
as well as recycling behavior. It is envisaged that the results from this study would inform waste
management decision-making and highlight areas of possible intervention that would have the most
impact at household level to positively change behavior towards increased recycling. Knowing which
variables have a greater effect on recycling behavior can guide government and industry initiatives
and interventions towards implementation of the NEMWA and reaching separation at source targets.
Decision-making related to household recycling includes the structure, functioning, and placement of
recycling programs, the infrastructure requirements to support behavioral expectations, and the focus
of communication strategies and awareness programs.

Following on this short introduction, the rationale for selecting the TPB and a brief introduction
to the theoretical framework is provided in the literature section. The third section describes the
methodological approach, including a description of the questionnaire content, followed by the
statistical method in the fourth section. Section 5 presents the results and discussion and the sixth
section summarizes the main conclusions.

2. Literature

For decades researchers have been searching for variables that influence behavior and to identify
the variables affecting behavior the most. Published in the mid-1970s, some of the first studies
on recycling behavior include the effect of information and incentives on paper recycling amongst
resident university students [23], the effect of attitude and personality on recycling [24], the ascription
of recycling behavior to ideological and demographic variables [25], and the willingness to recycle
glass and paper [26]. Over the years, conflicting results were published, for example, Weigel (1977)
ascribed recycling to, amongst others, demographic variables [25], but later studies showed no direct
effect of demographic variables on behavior [27–30].

In the waste management domain popular theories that have been applied in an attempt to
explain recycling behavior include, amongst others, the Theory of Reasoned Action (TRA), the TPB,
and Schwartz’s (1977) Theory of Normative Conduct [31], to name a few. Over the years the TPB
has been used in many research fields to understand behavior [32]. Examples include human health
(refer to the 1996 Godin and Kok review of studies using the TPB in behavior related to health [33]),
water conservation [34], and waste recycling [35–38]. Thus, a wealth of empirical data supports and
contributes to the popularity of the TPB [39].

Critique against the TPB is also documented. One of the main criticisms of the TPB is that the
model finds it difficult to predict behavior that is not out of choice or preference, or that requires
resources and skills [40]. In addition, acknowledging that beliefs and attitudes are important; Boldero
(1995) concluded that the TPB is inadequate to explain recycling behavior [41]. Ajzen and Madden
(1986) noted that although a person can decide to act a certain way, the successful execution of the
behavior relies on external factors such as the availability of resources [42]. If barriers that prevent the
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action are removed, the action is also more likely to happen [43]. Despite being criticized [41,44], the
TPB is one of the most widely-used and most-supported theories to explain recycling behavior [45–48].

2.1. Theoretical Framework

Based on the concepts explained in Dulany’s Theory of Propositional Control, Ajzen and Fishbein
developed the TRA, the forerunner of the TPB, with the addition of predictions of specific intentions
and behavior [49]. The Theory of Propositional Control explains that behavior is not necessarily
strengthened by reward or discouraged by punishment [50,51]. Rather, “people form a conscious
intention [a] behavioral intention” to act a certain way [50,51] (p. 440). The behavioral intention (BI) is
determined by the beliefs that a specific behavior will have a desired outcome, the value attributed
to the outcome, the perception that a specific behavior will contribute to the outcome, the perception
of the correctness of the behavior, and perceptions of the degree to which the specific behavior is
expected [50]. In other words, people’s intentions depend on their motivation to comply with what
they believe is a desired action, what they feel is expected of them and “what they think they are
supposed to do” [50] (p. 440). Dulany’s theory of BI does not nullify the value of positive reinforcement,
but emphasizes the role of people’s beliefs [50].

According to the TRA, an intention to act is a precursor to the behavior related to the same
act [49]. In turn, attitude towards the behavior and social pressures (subjective norm) are determining
factors of the intention to perform a certain action [49]. Attitude is a personal factor which refers to a
person’s evaluation of the behavior. Subjective norm is a social factor which refers to the “perceived
social pressure” to comply with a certain behavior, where social pressure is defined as the perceptions,
beliefs, and judgments of other household members and community members related to recycling.
Both attitude and subjective norm are grounded in the belief systems of a person [42] (p. 454). While
subjective norms are the construct where the “influence of relevant others” are expressed [52], attitude
is a more personal construct—an expression of the “self” [31].

The TPB expand on the TRA by including perceived behavioral control (PBC), which is a reflection
of people’s beliefs or “confidence in their ability to perform” a certain action [42] (p. 457), as well
as an indication of the “available resources and opportunities” [42] (p. 459) (Figure 1). PBC has an
additional effect on people’s intention to act, which is independent of either attitude or subjective
norm [42]. Apart from the intention to act, the executing of a behavior is also dependent on a person’s
perception of the ability to perform the specific behavior—how easy or difficult it is to perform the
specific action. Thus, PBC exerts pressure on the intention to behave, but also independently on the
behavior itself [53].

To allow comparison with similar studies conducted in developed and developing countries,
and with guidance for phrasing of the construct statements of the TPB model [36,54,55], the TPB is
also used in this study to explain and help understand recycling behavior in urban households in
South Africa.

2.2. Research Question

This study addresses the following research question. Within the context of the status of
postconsumer recycling in South Africa, which interventions at household level would be the most
successful to encourage and maximize postconsumer recycling behavior in South Africa?

The subquestions interrogated in this paper are listed below.

• Which variables have the greater effect on recycling behavior (within the framework of the TPB)?
• Are the findings from the South African baseline study similar to the findings of international

studies of domestic waste recycling behavior to allow generalization and thus co-learning
across boundaries?
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2.3. Hypotheses

Figure 1 shows the TPB model as described in the theoretical framework (Section 2.1). The hypotheses
are defined as follows:

H1 A positive attitude towards recycling has a positive and direct effect on the intention to recycle.
H2 Subjective norm, i.e., the social pressures to recycle (the beliefs and the judgments) has a positive

and direct effect on the intention to recycle.

H3 Perceived behavioral control has a positive and direct effect on the intention to recycle.
H4 Intention to recycle has a positive and direct effect on recycling behavior.
H5 Perceived behavioral control has a positive and direct effect on recycling behavior.

 
Figure 1. The Theory of Planned Behavior (adapted from Azjen & Madden, 1986 [42]).

3. Method

3.1. Research Design

A quantitative research method was followed to apply the TPB to waste recycling behavior in
South Africa. A fixed form survey which allowed the selection of options was used to gather data from
a relatively large sample (n = 2004) within a short period of time [56,57]. A structured questionnaire
standardized the interview process and ensured that the same questions were posed in the same
way [57].

3.2. Sampling

A random probability sampling method was followed to obtain a representative sample of the
South African population in the large urban areas [56], i.e., metropolitan areas and cities with a
population size of 250,000 or more and included Cape Town, Johannesburg, Durban, East Rand,
Pretoria, Port Elizabeth, the Vaal area, East London, Pietermaritzburg, Bloemfontein, and Welkom
(Figure 2). For the standard random selection procedure starting points were selected at random and a
Kish-grid used to select individual respondents [58]. A large sample size of 2000 was chosen to reduce
the effect of sampling errors [56,59,60].
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Figure 2. Metropolitan areas and cities included in the study.

3.3. Questionnaire Design

Being part of a larger survey, one of the questionnaire sections made up the constructs of the
TPB. The TPB constructs contain statements which measured respondents’ behavior, intentions to
behave, attitudes, subjective norms, and perceived behavioral control. The sequence of questions can
influence survey results [60]. Therefore, the behavior questions preceded the attitude questions to
prevent alignment of the easier factual accounts of behavior to the aspirations acquired with answering
the attitude and other questions [60]. The starting point of items within a set, e.g., the attitude items,
was also rotated.

Where applicable, and similar to many other TPB studies [54], 7-point Likert-type rating scales [61]
and 7-point semantic differential scales were used. The statements were anchored on either side with
strongly agree/strongly disagree or, for example, with bad/good.

3.3.1. Theory of Planned Behavior Latent Variables

A summary of the items that made up each of the constructs of the TPB is provided below.

• Recycling behavior—seven items in total: recycling frequency (one item with seven options:
never, almost never, seldom, sometimes, often, almost always, always); taking responsibility for
recycling in the household (one item with four options: no one, not me/someone else, I am, I am
and sometimes someone else is); and, a qualitative measurement of recycling quantity (five items
with seven options: nothing, very little, some things, about half, most of everything, almost all,
everything) for five streams of recyclables with space to specify additional recyclables.

• Intention to recycle—seven items, four items testing the probability of recycling under various
circumstances and three items testing the probability of executing various recycling activities:
sorting; putting out recyclables for collection; and, taking recyclables to collection points (refer to
Table 3 for set of items).

• Attitude towards recycling—seven items starting with “For your household to recycle is” anchored
on either side with, e.g., bad/good (refer to Table 4 for set of items).

• Subjective norm—five items: two statements about motivation to comply and three items about
the perceptions of others (refer to Table 5 for set of items).

• Perceived behavioral control—six items: three items measure opportunity to recycle and three
items ability to recycle (refer to Table 6 for set of items).
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3.3.2. Testing of the Questionnaire

The draft questionnaire was tested in a pilot study to be able to sharpen the measuring instruments,
to identify ambiguities and questions which might cause uneasiness, and to ensure workability of
the data [56,60]. During the course of one day, tenants and shoppers in a shopping center were
approached and the purpose of the study explained. The volunteers were offered a paid-for hot drink
at a pre-arranged coffee shop where they could sit and relax while completing the questionnaire.

Fifty-nine individuals completed the pilot questionnaire on an anonymous basis. Each construct
(measuring tool) was tested statistically for consistency and reliability. After completion of the pilot
study the questionnaire was shortened to only include those questions that would add the most value.

3.3.3. Data Collection

Due to the nature, sample size, time frames, and geographical distribution of the proposed sample,
a professional survey company that was able to meet the survey requirements, was contracted to
include the questions in their annual survey. The interviews were conducted face-to-face at respondents’
homes. If a respondent refused to participate, the respondent was substituted using the same procedure
in another household. At no stage was or can the identity of the individual respondent be linked back
to the data.

The CSIR provided the wording of an accompanying briefing pamphlet which stated the purpose
of the study, how the information will be used, and on whose behalf the specific part of the survey
is conducted. The relevant contact details of the principle researcher and the CSIR Research Ethics
Committee member were provided. The first statement on the questionnaire was a tick box with
an acknowledgement from the participant that he/she received the pamphlet and was sufficiently
informed before answering the questions. Participation was on a voluntary basis without receiving
any rewards or incentives for taking part in the survey.

4. Statistical Method

4.1. Analysis

The TPB was tested by fitting a structural equation model (SEM) to the latent variables. First, each
of the constructs was examined for reliability (i.e., if similar results are likely to be obtained with a
retest) and unidimensionality (whether the items in a construct work together to measure one latent
trait). The Guttman’s lambda 6 (λ6) [62], as well as the criticized [63], but still widely used Cronbach
alpha (α) [64] and McDonald’s omega (ω) report reliability, and Revelle’s beta (β) report internal
consistency [65].

Thereafter, the mean score of the items within each construct was calculated in order to obtain a
summary score for each construct (measuring instrument). The next step was to test the effect(s) of
the constructs on recycling behavior. The objective of the statistical analysis was to test whether the
theoretical TPB model could be supported with a statistical significant model based on the collected
data. Structural equation modeling (SEM), using partial least squares path modeling (PLSPM) was
used. As a final check, classification and regression trees and random forests (results not shown) were
also used to confirm the predictive ability of the various constructs on recycling behavior. The package
R was used for the statistical analysis [66,67].

MS Excel was used for descriptive statistics (graphs, frequency tables, etc.), to describe averages
and for determining measures for variability and relationships between variables (correlation and
regression analyses).

4.1.1. Treatment of Inappropriate Answers

A small number of respondents gave “not applicable” or “do not know” answers which do not
form part of the 7-point scales. Of the 33 respondents that indicated they do not know how often their
households recycle, 29 respondents selected the “nothing” option in the statements that tested the
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quantity households recycle and their “do not know” option was subsequently changed to “never”.
The remaining four respondents’ “do not know” option for frequency of recycling was also scored to
match their recycling quantity scores. The 33 respondents represent 1.65% of the total sample group.
Given the large sample size (n = 2004), these adjustments should have no significant effect, even if
the modified scores are incorrect by more than 2 units. The occurrence of inappropriate answers to
other items was low and was thus treated as missing. The statistical methods make provision for such
instance by dropping those observations with missing values in the specific analyses affected by the
missing information, but retaining information of non-missing values in other analyses.

4.1.2. Assumption

It was assumed that if the respondent reports no recycling behavior in his/her household, then the
respondent do not recycle at home. However, some over-reporting of individual recycling behavior is
possible where the respondent do not recycle but someone else in the household does. This possibility
is captured in the responsibility item of the recycling behavior construct.

5. Results and Discussion

5.1. Sample Profile (Demographic Composition)

This study targeted a representative sample of households in the larger urban areas in South
Africa. A total of 2004 households in 11 large urban areas, including all metropolitan municipalities,
were interviewed. The demographic composition of the sample is provided in Appendix A, Table A1.
Table 1 shows the descriptive statistics for each of the constructs (the latent variables), i.e., the means,
as well as the values per percentiles. Tables 2–6 include descriptive statistics for each of the items per
construct. The results from each construct are discussed in detail in the sections to follow, concluding
with the TPB structural equation model (Tables 7–10).

Table 1. Descriptive statistics for the latent variables, mean scores, and percentiles (n = 2004).

Construct (Latent Variables) x
Percentiles

0.05 0.10 0.25 0.50 0.75 0.90 0.95

B (Recycling behavior) 1.44 1.00 1.00 1.00 1.00 1.14 2.86 3.57
IR (Intention to recycle) 3.76 1.00 1.43 2.57 3.86 4.86 5.71 6.29

A (Attitude) 3.86 1.45 2.00 2.96 3.86 4.71 5.67 6.00
SN (Subjective norm) 3.37 1.40 1.60 2.40 3.40 4.20 5.00 5.60

PBC (Perceived behavioral control) 3.30 1.17 1.67 2.33 3.33 4.00 5.00 5.50

Where 1 = the lowest possible score, and 7 = highest possible score.

5.2. Recycling Behavior

Of the total sample group (n = 2004), 540 of the respondents’ households (26.9%) reported recycling
behavior. The rest of the respondents (n = 1464; 73.1%) with a recycling behavior score of 1 (B = 1),
reported no recycling activity in their households. The 26.9% recycling households includes those who,
for example, reported very little recycling of one type of recyclable material only. Eighteen percent
(18.5%) show very little recycling activity, which is indicated with a recycling score of 2–3. Only 3.3% of
the respondents reported that their households often recycle about half or more of all their recyclables
(recycling scores greater than 4). The low mean recycling behavior score (x-bar =1.44) confirms the low
percentage of households in which recycling behavior is reported (Table 2).
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Table 2. Descriptive statistics for the recycling behavior measurement and the separate items that make
up the construct.

Item

Recycling Behavior
Average and per Item

Main
Components

x SD x SD

Recycling behavior (Average of all items below) 1.44 0.94
Recycling frequency 1.76 1.55 1.76 1.55

Taking responsibility for recycling in your household 1.44 0.89 1.44 0.89
Recycling quantities *: (Average of items below) - - 1.35 1.11

Paper 1.48 1.32 - -
Plastic 1.44 1.24 - -
Glass 1.41 1.17 - -
Metal 1.27 0.95 - -

Compost 1.27 1.06 - -

Where 1 represents no recycling activity and 7 represents the best possible mean value for recycling behavior.
* Qualitative measurement of recycling quantities (refer to Section 3.3.1).

The recycling behavior construct consists of three components: a “recycling frequency”-item;
a “taking responsibility for recycling in the household”-item; and a “recycling quantity”-item (Table 2).
Recycling quantity is measured by the average of the “quantities” reported to be recycled of each of
five recyclables (paper, plastic, glass, metal, and compost) reported as being recycled. A comparison
of the three main components that make up the recycling behavior construct shows that the average
for recycling frequency (x-bar = 1.76) is higher than for taking responsibility (x-bar = 1.44) and for
quantities recycled (x-bar = 1.35) (Table 2, main components). In addition, some respondents (3.4%)
indicated that their households sometimes recycle, but failed to indicate recycling quantities of any
recyclable materials. These 68 respondents form part of the 18.5% respondents that reported very
little recycling activity. The data thus suggest some over-reporting of recycling behavior which mainly
originates from the frequency item. Being one of seven items in the behavior construct, the effect of
the over-reporting of recycling frequency on recycling behavior is smaller than it would have been if
recycling frequency was the only item measured for recycling behavior.

The overall higher self-reporting for recycling frequency compared to recycling quantities is most
probably due to two reasons: firstly, it is easier to over-report recycling behavior on a “soft” frequency
measurement than on actual physical quantities of items recycled; and secondly, the frequency question
was asked first and thus before the reality check of the actual quantities. A possible third reason is
that there is no correlation between recycling frequency and recycling quantities. However, the data
show that the correlations are significant (p < 0.001) and of medium to high strength, depending on
the recyclable material [68], i.e., correlation factors between recycling frequency and the “quantity”
of paper, glass, metal, plastic, and compostables are 0.723, 0.648, 0.496, 0.671, and 0.467, respectively
(Appendix A, Table A2). It is noteworthy that paper recycling is probably the most-established in
South Africa, with the Ronnie bag collection system operating in many areas for more than 30 years.

Due to the random probability-sampling method the results for recycling behavior can be
extrapolated to the South African population in the larger urban areas of the country. Given that the
self-reported recycling behavior is expected to be higher than what it would be if measured [30,45],
the reported results may reflect an optimistic view of the domestic recycling situation in South Africa.
However, it should be noted that the purpose of the study was not to gather actual recycling-rate
data. Although self-reported, the recycling behavior results provide valuable insight into recycling
tendencies in South Africa at a given point in time—after the NEWWA came into effect but before
wide implementaton of separation of waste.

The domestic recycling reality, as indicated by the results of this South African study, is that, at the
time of the waste recycling survey (November 2010), the majority of South African households (73.1%)
in large urban areas did not recycle. Only a small fraction of urban households (3.3%) recycled most of
their household waste on a fairly frequent basis.
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5.3. Intention to Recycle

The majority of respondents either expressed no intention to recycle or low levels of intention
to recycle (x-bar = 3.76) (Table 3). The results suggest that respondents are more likely to recycle if
their recyclables are collected at curbside (x-bar = 4.21) than when they have to take recyclables to
collection points (x-bar = 3.42). The likelihood that respondents will recycle also decrease the further
the collection points are from their homes. The item that shows the lowest mean score (x-bar = 3.33) is
the one implying travelling to a collection point the furthest away.

Table 3. Descriptive statistics for the intention of respondents to recycle.

Item x SD

Intention to recycle (Average of items below) 3.76 1.54
The willingness or likelihood to recycle . . .
If curbside collection for recyclables in area 4.21 2.01

If to put recyclables out separately for curbside collection 3.92 1.91
If to sort your recyclable waste from rest of household waste 3.86 0.98

If have to take recyclables to a collection point in area close to house 3.81 1.91
If have to take recyclables to support a charity initiative 3.75 1.86

If to take recyclables to collection points 3.42 1.77
If have to take recyclables to a collection point further away from house 3.33 1.73

Where 1 = the option very unlikely or not willing at all (no intention), and 7 = the option very likely or very willing
(high level of intention).

It should be noted that the items are phrased to capture perceived distances, because a 2 km
distance is just around the corner for someone who can drive there, but for someone who has to
carry a bag of recyclables, it is a long distance. The role of the convenience factor in intention to
recycle is emphasized by the difference in mean scores of two of the items, namely “ . . . if curbside
collection for recyclables in area” (x-bar = 4.21) and “if to put recyclables out separately for curbside
collection” (x-bar = 3.92). The latter, through the use of the word “separately”, implies multiple sorting
of recyclables, which is not so explicitly expressed in the first item. The results thus suggest that people
would be more willing to recycle should they be serviced with a 2-bag system which is collected at
curbside, compared to multiseparation of recyclables.

The results suggest that the intention to recycle is overruled by the practical reality of being able
to recycle. The curbside collection item is the only item with a positive score (x-bar > 4.00) in the IR
construct. The majority of respondents feel negative about taking their recyclables to drop-off points
(x-bar < 4.00). The willingness to take recyclables to collection points decrease significantly the further
the perceived distance to the collection point is. Since the majority of the respondents reported that the
household does not have a motor vehicle in the household (Appendix A, Table A1), longer distances
to recycling points are problematic for household recycling behavior.

5.4. Attitude Towards Recycling

With the mean score for attitude towards recycling (x-bar = 3.86) being less than the neutral
point of 4.0 (Table 4), the majority of respondents has a negative attitude towards recycling. Only
four respondents in total chose the “do not know”-option and only on a single item, which suggest
that the respondents do have an attitude and that this attitude leans towards the negative, rather
than not having formed an attitude, yet. Due to the random sampling method the results can thus be
extrapolated to suggest the existence of an overall negative attitude towards recycling among South
African city dwellers.
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Table 4. Descriptive statistics for the attitude of respondents towards recycling.

Item x SD

Attitude (Average of items below) 3.86 1.34
For your household to recycle is . . .

Bad/good 4.12 1.60
Useless/useful 3.99 1.59

Unimportant/important 3.95 1.65
Awakens negative emotions/positive emotions 3.89 1.44

A waste of time/useful 3.82 1.64
Undesirable/desirable 3.76 1.67

A hassle/easy 3.48 1.58

Where 1 implicates a most negative attitude towards recycling, and 7 implicates a most positive attitude
towards recycling.

Within the attitude construct, the moral component as represented by the item “for your household
to recycle is bad/good”, shows the highest score (x-bar = 4.12) of all the attitude items. The “for your
household to recycle is a hassle/easy” item shows the lowest mean score (x-bar = 3.48), and could
be an indication of the influence of perceived convenience of recycling on householders’ attitude
towards recycling.

5.5. Social Pressure to Recycle (Subjective Norm)

The majority of respondents reported that they experience a lack of social pressure to recycle
(x-bar = 3.37) (Table 5). The two items, “most of the people important to you want you to recycle” and
“it is expected of you to recycle” show the lowest mean scores (x-bar = 2.96 and 3.27, respectively), and
could indeed be a true reflection of the situation in South Africa, given the small percentage (3.3%)
of respondents that reported that they engage in meaningful recycling (B > 4). Thus, extrapolated to
the South African population, the individuals among family, friends, neighbors, and other significant
people that would expect of others or exert pressure to recycle on others is part of a small group of
South Africans. Nonrecyclers do not recycle and therefore would not be able to either be a recycling
role-model or exert pressure to recycle in the manner that recyclers would be able to. In fact, someone
who recycles would fall outside the norm of this-is-how-things-are-done-around-here, which suggests
that the descriptive norm would not be pro-recycling. This is in line with the conclusion of Cialdini
and coworkers [69] (p. 231) that an intervention which focuses on the descriptive social norm will only
be successful in cases where the majority of people already conform to the desired behavior. If the
majority do not recycle, the person who recycles would rather be considered and feel the odd one out.
Minato (2012) also warns that the pressure through descriptive norms decline due to degrading social
networks [70].

Table 5. Descriptive statistics for the subjective norm variable.

Item x SD

Social pressure to recycle (Average of items below) 3.37 1.30
Your household does not want to recycle/wants to recycle 3.70 1.62

For your household to recycle is difficult/easy 3.55 1.55
Your municipality thinks it is important for your household to

recycle: strongly disagree/strongly agree 3.37 1.75

It is expected of your household to recycle: strongly
disagree/strongly agree 3.27 1.79

Most of the people important to you want you to recycle:
strongly disagree/strongly agree 2.96 1.67

Where 1 implicates a most negative attitude towards recycling, and 7 implicates a most positive attitude
towards recycling.
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Another angle from which to interpret the results is that one would suspect that the respondents
with high recycling behavior scores are represented by the high subjective norm scores, but with a
correlation of 0.49 this only suggest a relationship of medium strength (Appendix A, Table A3). A large
percentage of those respondents from reportedly recycling households also do not experience any
social pressure to recycle. Thus, it can be argued that the recyclers tap their motivation to recycle from
a source independent of what others expect of them. It can be speculated that injunctive norms (moral
values) could be a driver for recycling behavior, but because the questionnaire is weak on injunctive
norm items, this possibility should be further researched.

5.6. Perceived Control over the Act of Recycling

The average (x-bar = 3.30) of the perceived behavioral control measurement is less than the neutral
point (x-bar = 4.00). This result suggests that respondents do not feel that they have control over
their ability to recycle (Table 6). All items making up this construct scored less than the neutral point.
Albeit negative (x-bar < 4.00), the item “you know how to recycle” which represents a knowledge
component, has the highest average (x-bar = 3.81) of all the perceived behavioral control items. The item
“To recycle is difficult/easy” addressing the perceived difficulty to recycle and, also suggesting an
underlying knowledge component, has the second highest score (x-bar = 3.59). The data thus suggests
that, although the knowledge component of perceived behavioral control is not the main hurdle to
overcome to change people’s perceptions of their control over their ability to recycle, there is still a
lack of sufficient knowledge among the majority of South Africans.

Table 6. Descriptive statistics for respondents’ perceived behavioral control over recycling behavior.

Item x SD

Perceived control over the act of recycling
(Average of items below) 3.30 1.25

You know how to recycle false/true 3.81 1.65
To recycle is difficult/easy 3.59 1.58

The opportunities for you to recycle are none/plenty 3.49 1.56
There are recycling schemes in your area: strongly

disagree/strongly agree 3.01 1.74

The necessary resources and facilities are available that allow
you to recycle: strongly disagree/strongly agree 3.01 1.68

You are aware of recycling schemes in your area: strongly
disagree/ strongly agree 2.94 1.74

Where 1 implicates a most negative attitude towards recycling, and 7 implicates a most positive attitude
towards recycling.

The respondents perceived the opportunity to recycle (“The opportunities for you to recycle
are none/plenty”) less favorably (x-bar = 3.49) than the two knowledge items discussed above.
But, the availability of recycling scheme items (“There are recycling schemes in your area” and
“The necessary resources and facilities are available”; x-bar = 3.01 for both items) and the awareness
of recycling scheme item fared the worst (x-bar = 2.94). Respondents thus feel that they do not have
control over the act of recycling, especially in terms of where to recycle. Focused awareness-creation
initiatives on the location of recycling drop-off infrastructure are thus needed.

5.7. Testing the Theory of Planned Behavior Model

The behavior, intention to recycle and attitude constructs show excellent reliability and internal
consistency (Table 7). The reliability and internal consistency of the subjective norm and perceived
behavioral control constructs are good. Thus, it was decided to keep all the items of all constructs.
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Table 7. Reliability and internal consistency of the TPB constructs.

Construct Instrument Quality
Coefficients *

α λ6 β ωh ωlim ωt

B Excellent 0.965 0.965 0.944 0.883 0.906 0.974
IR Excellent 0.931 0.938 0.897 0.811 0.856 0.948
A Excellent 0.941 0.936 0.808 0.905 0.946 0.956

SN Good 0.853 0.839 0.760 0.719 0.809 0.888
PBC Good 0.873 0.884 0.711 0.720 0.772 0.932

* Where: α = Cronbach’s alpha, λ6 = Guttman’s lambda 6, β = Revelle’s beta, ωh = McDonald’s omega hierarchical,
ωlim = McDonald’s omega asymptotic, ωt = McDonald’s omega total.

The results of the SEM analysis show a good fit of the survey data to the TPB theoretical model
(Table 8).

Table 8. Goodness-of-fit statistics for the fitted SEM model.

Model Fit Criteria
Observed

Value
Interpretation/Accepted

Levels [47,71]
Comment

GFI (Goodness-of-fit index) 0.990 0 (no fit)—1 (perfect fit);
values ≥ 0.95 suggest good fit Good fit of model

AGFI (Adjusted
goodness-of-fit index) 0.924 0 (no fit)—1 (perfect fit);

values ≥ 0.9 suggest good fit Good fit of model

RMSEA (Root-mean-square
error of approximation) 0.112 0 = perfect fit Good fit of model

Bentler–Bonnett NFI
(Normed fit index) 0.990 0 (no fit)—1 (perfect fit);

values ≥ 0.95 suggest good fit Good fit of model

Tucker–Lewis NNFI
(Non-normed fit index) 0.953 0 (no fit)—1 (perfect fit);

values ≥ 0.95 suggest good fit Good fit of model

The regression coefficients (βeta) are shown in Table 9. The proportion of variance explained for
IR and B is shown in Table 10 and Figure 3.

Table 9. Parameter estimates for applying the TPB.

Path
(Hypothesis)

Path Coefficients
(β-Value)

Std Error z-Value Pr (>|z|)
Result of Hypothesis

Hest

A → IR (H1) 0.275 0.029 9.628 0.000 Statistically significant
SN → IR (H2) 0.590 0.035 17.083 0.000 Statistically significant

PBC → IR (H3) −0.020 0.032 −0.610 0.542 Not significant
IR → B (H4) 0.131 0.014 9.589 0.000 Statistically significant

PBC → B (H5) 0.276 0.017 16.326 0.000 Statistically significant

Table 10. Model R2-values.

Variable Observed Variance Estimated Variance R2 Std. Error Coefficient

B 0.881 0.648 0.264 0.858
IR 2.379 1.275 0.464 0.732

The TPB explain 46.4% of the variance in intention to recycle and 26.4% of the variance in recycling
behavior (B) (Figure 3).

Fitting the TPB model to the survey data shows that the subjective norm (SN) (β = 0.590) has
greater influence than either attitude (A) (β = 0.275) or perceived behavioral control (β = 0.020) on
intention to recycle. The relatively strong and significant relationship (β = 0.590; p < 0.0001) between
subjective norm and intention to recycle supports H2. Overshadowed by the effect of subjective norm
on intention to recycle, attitude results in having a smaller (β = 0.275), though significant (p < 0.0001),
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effect on intention to recycle (H1). Perceived behavioral control shows an insignificant effect on
intention to recycle (β = −0.020; p = 0.54) and thus rejects H3. With R2 = 0.464, the three variables
attitude, subjective norm, and perceived behavioral control together account for 46.4% of the variance
in intention to recycle. Both intention to recycle and perceived behavioral control influence recycling
behavior, accounting for 26.4% of the variance in recycling behavior (R2 = 0.264). Perceived behavioral
control has a significant effect on recycling behavior (β = 0.276; p < 0.0001) (H5).

 

Attitude

Subjective Norm

Perceived 
Behavioural Control

Recycling Behaviour
R2 = 0.264

Intention to Recycle
R2 = 0.464

β = 0.275

β = 0.590

β = -0.020

β = 0.276

β = 0.131

Figure 3. Path diagram of the TPB fitted to the unstandardized/raw latent variables.

The results from this study suggest that perceived behavioral control carries more weight (H5)
than intention to recycle (H4) in explaining recycling behavior. Typically, in studies where the behavior
is likely to not only be affected by personal motivation, but also by other factors such as the availability
of resources and access to services, perceived behavioral control appears to have a greater influence on
intention [33]. This is in line with the argument that the effect of perceived behavioral control varies
with the availability of curbside recycling schemes [36].

The small influence of attitude on intention to recycle (β = 0.275) is in line with findings of
Martin et al. (2006) that a positive attitude towards recycling does not guarantee recycling behavior [72].
The attitude-behavior link proves to be strong where there is no “resources and cooperation”
needed [40]. The relatively weak link between attitude and intention to recycle, which was found in
this study, could thus be ascribed to ancillary variables and situational factors not accommodated or
explained through the TPB. Although A is not the variable with the strongest/largest effect, attitude
does contribute to the intention to recycle. Awareness-raising initiatives to improve people’s attitudes
towards recycling have a better chance for success should it include a moral component.

With the TPB explaining 26.4% of the variance in recycling behavior, the results from this
study compares well with the Armitage and Conner meta-analysis of 185 behavioral studies dated
pre-1998 [45]. The meta-analysis found that, on average, the TPB explained 27% of the variance in
behavior and 39% of the variance in intention to act [45].

Armitage and Conner (2001) point out that, over the years, researchers measured the IR construct
in different ways [45]. The IR construct is a measure of “how hard people are willing to try or how
much effort they would exert to perform the behavior” [43] (p. 181). Distinguishing between intentions
and self-predictions of behavior, it is argued that self-predictions (the likelihood to perform a behavior)
provide a better prediction of behavior than intentions [45]. The inclusion of likelihood to recycle
statements in the IR construct is a possible explanation for this study’s higher explanation value of
intention to recycle (46.4%) than Armitage and Conner’s meta-analysis average of 39% [45].
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Respondents show a higher probability that they intend to recycle than what their self-reported
behavior suggests. In the behavioral sciences this is one of the challenges of predicting behavior [40].
There are several external factors that influence the path between intention and action even though
the best intentions might exist. Examples may include a family crisis, or just forgetting to put out the
recyclables, or a breakdown of a motor vehicle which makes it impossible to take recyclables to the
drop-off center. The best intention might also be deliberately suppressed or ignored, for example due
to unfavorable weather conditions on recycling day. Thus, from a personal point of view a person may
be a recycler, but the actual recycling behavior may be absent.

Similar to what other studies showed [30,55,73], this study with 26.4% of the variance explained
by the TPB, suggests that there are other variables than those proposed in the TPB that appears to have
an effect on recycling behavior.

The importance of perceived behavioral control as the construct with the largest effect on recycling
behavior in the TPB model, confirms that people should feel in control of their ability to recycle. One
manner in which to promote a sense of control is through buy-in, e.g., through allowing communities
to co-design their recycling services, because a waste scheme that is acceptable and functional in one
area might not be suitable for another area [74]. Thus, through co-designing of recycling schemes,
the necessary buy-in and awareness of the recycling facilities can be created. Co-designing also
creates opportunity for established co-responsibility—a moral imperative (injunctive norm) which
has the potential to be more successful at creating social pressure than descriptive norms in a society
where recycling behavior is very low. Co-designing of a recycling scheme would also serve as a
direct communication of the importance of the communities’ participation in recycling and indicate
that the municipality/recycling company takes recycling seriously (descriptive norm). Another
advantage of co-designing of recycling schemes would be that potential leaders of the recycling
initiative in communities would be identified. These leaders could assist with future recycling related
communications and also through playing the part of much-needed role-models. In addition, recycling
needs to be reinforced as a normative behavior through, e.g., well-targeted recycling advertisements,
awareness creation, and the deliberate visibility of recycling bins.

6. Conclusions and Recommendations

The study shows that at a point in time, November 2010, before the NEMWA was widely
implemented, about a quarter (26.9%) of South Africa’s city dwellers engaged in some form of
recycling which include their paper and packaging waste as well as compostable garden and/or food
waste. Only 3.3% of the respondents reported that they recycle about half or more of their recyclables
on a frequent basis. While the TPB remains a useful model for examining the variables that affects
recycling behavior, the TPB explains 26.4% of the variance in recycling behavior and 46.4% of the
variance in intention to recycle. Compared to intention to recycle, which has a far smaller effect on
recycling behavior than expected, perceived behavioral control appears to be the most important
variable to explain recycling behavior. This confirms that there are other variables than those proposed
in the TPB that appears to play an important role in recycling behavior.

It is encouraging that respondents are positive about their intention to recycle should they have a
curbside collection for their recyclables, especially given the very low self-reported recycling score
and the negativity that is overwhelmingly present in all the variables. The results also suggest that a
less complicated and more convenient 2-bag waste collection system to accommodate the collection
of recyclables at curbside has the greatest potential to be supported and thus encourage household
recycling. The results strongly suggest that awareness raising that has the greatest chance to influence
recycling behavior positively, should contain a balanced mix of moral values (injunctive norms) and
information about available recycling schemes. However, raising awareness would be meaningless
without a positive contribution to householders’ perceived behavioral control over their ability to
recycle. One way to alleviate perceived behavioral control is through the provision of tailor-made
recycling schemes to fit communities’ particular needs. While co-designing of recycling schemes
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would be beneficial for creating buy-in, such schemes should continue to operate as designed to ensure
that the sense of having control over the act of recycling is obtained and maintained. For example,
even the best designed recycling scheme will not show the envisaged results if such a scheme is failing
or not well maintained.

The recommendation to policy-makers is to provide the most convenient and least complicated
curbside collection for recyclables, such as a 2-bag collection system. However, it is important to
acknowledge the need for diversity in designing recycling schemes, as well as the effect of continuity,
reliability, and maintenance of recycling schemes on recycling behavior. Thus, the challenge for
waste management is the ability to create an enabling environment in South Africa that would not
only encourage recycling behavior, but also ensure continuation of recycling behavior. In particular
recycling of the materials currently recycled in the lowest quantities, i.e., garden and food waste,
metals, and glass, would benefit from improved recycling facilities.

The implication of this research is that over time, as South Africans become more aware of
recycling, and recycling behavior thus would have shifted from the current baseline for recycling, that
the strategies to further improve recycling behavior needs to be adapted to the changed needs at the
particular point in time. It should also be acknowledged that South Africa is a country with much
diversity which complicates generalization. It can thus be dangerous to be prescriptive on the best
ways for improving recycling behavior without considering specific areas, its unique characteristics
due to its local set-up, and operating within its local constraints. Furthermore, some of the findings
need clarification which confirms the need for further research.
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Appendix A

Table A1. Demographic variables of the sample group (n = 2004).

Parameter
Sample Distribution

n %

Gender

Male 1002 50
Female 1002 50

Total 2004 100

Age (years)

16–17 69 3.4
18–19 85 4.2
20–24 271 13.5
25–29 215 10.7
30–34 222 11.1
35–39 256 12.8
40–44 205 10.2
45–49 176 8.8
50–54 133 6.6
55–59 95 4.7
60–64 103 5.1
65+ 173 8.6

Refused 1 0
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Table A1. Cont.

Parameter
Sample Distribution

n %

Population

Black 1338 67
White 290 14

Colored 255 13
Indian/Asian 121 6

Working status

Full-time 665 33.2
Part-time 233 11.6

Not working: Housewife 126 6.3
Student 199 9.9
Retired 232 11.6

Unemployed: Looking for work 481 24.0
Not looking for work 68 3.4

Education (formal)

No schooling 29 1.4
Some primary 113 5.6
Primary school 115 5.7

Some high school 725 36.2
Matric/Grade 12 678 33.8

Artisans certificate obtained 73 3.6
Technicon diploma/degree completed 148 7.4

University degree completed 87 4.3
Professional 15 0.7

Technical 15 0.7
Secretarial 2 0.1

Other 4 0.2

Type of dwelling

House/cluster house 1213 60.5
Flat 85 4.2

Matchbox/RDP 348 17.4
Hostel/compound/boarding house 16 0.8

Room in backyard 57 2.8
Shack 276 13.8
Other 9 0.5

Financial status (household income)

None 46 2.3
R1-<R2k 321 16.0

R2k-<R5k 434 21.7
R5k-<R10k 285 14.2
R10k-<R20k 175 8.7

R20k+ 148 7.4
Refused 564 28.1

Do not know 31 1.6

Motor vehicle in household

Yes 833 41.6
No 1171 58.4

Telephone in house (land line)

Yes 432 21.6
No 1572 78.4

122



Recycling 2018, 3, 43

Table A1. Cont.

Parameter
Sample Distribution

n %

Television set in household

Yes 1919 95.8
No 85 4.2

Radio set in household (in working order): 1 1207 60.2
2 300 15.0
3 83 4.1

None 414 20.7

Table A2. Correlation values between items making up the recycling behavior construct.

Items B Responsibility Frequency Paper Glass Metal Plastic Compost

B 1 - - - - - - -
Responsibility 0.815 1 - - - - - -

Frequency 0.882 0.829 1 - - - - -
Paper 0.833 0.651 0.723 1 - - - -
Glass 0.805 0.584 0.648 0.607 1 - - -
Metal 0.709 0.468 0.496 0.493 0.528 1 - -
Plastic 0.835 0.609 0.671 0.640 0.612 0.553 1 -

Compost 0.695 0.418 0.467 0.463 0.511 0.544 0.556 1

Table A3. Correlation values between latent variables.

Variables B IR A SN PBC

B 1 - - - -
IR 0.408 1 - - -
A 0.365 0.597 1 - -

SN 0.494 0.662 0.739 1 -
PBC 0.480 0.523 0.658 0.766 1
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Abstract: A small percentage of South Africans regularly recycle most of their recyclables, which was
only 4% and 7.2% in 2010 and 2015, respectively. This empirical quantitative study, the first study
on this scale in South Africa, aimed to ascertain the reasons why people do not recycle. This paper
reports the results from a survey conducted among a representative sample of 2004 respondents in
eleven of South Africa’s large urban areas. Each respondent selected three main reasons why people
do not recycle from ten possible options as well as the one main reason. The results show that (i)
insufficient space, (ii) no time, (iii) dirty and untidiness associated with recycling, (iv) lack of recycling
knowledge, and (v) inconvenient recycling facilities are perceived as the main reasons why people
do not recycle. Non-recycling households (74% of the respondents) give high priority to time and
knowledge. Low recyclers—those that sporadically recycle few items—and young South Africans
give high priority to services (inconvenient facilities and no curbside collection). Lack of knowledge
is an important factor for people from dense settlements as well as the unemployed looking for work.
Improved recycling services such as regular curbside collections have the potential to overcome
time and space barriers. Recycling services as well as recycling knowledge will have to improve
to encourage the youth, the unemployed, and those living in informal areas to recycle and realize
the opportunities locked in the waste sector. The perceptions of respondents from non-recycling
households differ from those from recycling households. The larger representation of non-recyclers
in developing countries emphasize the importance of understanding local evidence when comparing
and implementing results from developed countries. The learning from this study could also assist
other developing countries to encourage household participation in recycling initiatives.

Keywords: quantitative survey; empirical study; developing country; household recycling behavior;
reasons; barriers

1. Introduction

The waste management hierarchy has been adopted into South African waste legislation [1] as a
means to support sustainable development. However, in 2011, an estimated 90% of all waste generated
was still being disposed of in landfills [2]. Diverting recyclables from landfills is a worldwide concern
in the drive towards a circular economy that strives to keep resources in use for as long as possible
through reuse, recycling, and recovery [3–5]. South Africa has successfully grown a recycling economy
over the past three decades [6]. In South Africa, about half of all post-consumer packaging waste was
recycled in 2012 [7]. However, as is the case in most developing countries, the contribution of the
active informal sector is acknowledged in achieving the encouraging recycling figures [8,9]. Growing
the circular economy provides opportunities to improve the livelihoods and working conditions of
waste pickers as well as to improve the methods used to collect materials for recycling [10]. The South
African National Waste Management Strategy (NWMS) set targets for diversion of 25% of recyclables
from landfills by 2016 [11], but, due to a lack of accurate waste data, there is no evidence suggesting
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that these targets were met. Agenda 2063, which is the 50-year strategic socio-economic transformation
framework for Africa, set diversion targets for Africa [12]. The NWMS is in the process of being
updated in line with the Agenda 2063 target of 50% diversion of waste from landfill by 2023 [12] and a
target of 50% of households separating waste at source by 2023 [13]. For such ambitious targets to be
reached, separation of recyclables at source becomes essential. In addition, separation at a household
level is an opportunity to improve the quality of the recyclables as well as the working conditions of
the informal sector.

Caution should be taken when comparing results from earlier studies when participation in
recycling initiatives were mostly voluntary with results from later studies where curbside collection
of “multiple materials” were more likely to be the norm [14] (p. 106). In South Africa, to date,
household participation in recycling is still voluntary either by taking recyclables to buy-back or
drop-off centers [15] or via street collection where such a recycling scheme is available. This voluntary
household recycling resulted in 4.0% of South Africans living in the large urban areas recycling their
paper and packaging on a regular basis in 2010 [16]. Although there was a decrease in the percentage
households that do not recycle—from 74.0% in 2010 to 66.6% in 2015—only 7.2% of South African urban
households reported in 2015 that they are dedicated recycling households, i.e., regularly recycling
more than half of their recyclable waste [16].

This paper reports results from an empirical study conducted in 2010 on the reasons why
households living in large urban areas think South Africans do not recycle. This study on a national
level is a first for South Africa. The objective of this study is to ascertain the reasons why South
Africans do not recycle, i.e., the barriers to recycling that they experience or perceive to experience.
The results from this study will assist decision makers in the waste sector by pointing out possible
interventions to encourage household participation in recycling initiatives to reach targets in line with
national and African policy objectives.

2. Literature on Barriers to Household Recycling

Schultz and co-workers grouped variables having an effect on recycling behavior into personal and
situational factors when they reviewed published empirical studies on recycling behavior [14]. Personal
factors include attitude towards and beliefs about the environment, knowledge about recycling, taking
responsibility, locus of control, and demographic variables (age, gender, income, education, etc.) [14].
Situational factors include the antecedents (e.g., collection method, goal-setting, normative factors,
removing of any barriers, prompting) and consequence variables (e.g., rewards, feedback) [14].

Barr differentiated between environmental values, situational variables (which include the
behavioral context such as recycling facilities and services, the socio-demographic variables such
as age, gender, education, and income, and the knowledge and experience variables) and psychological
factors (taking responsibility, altruism, intrinsic motivation, social norm, and self- efficacy or perceived
behavioral control, which encompass time, space, and convenience among others) [17]. Results
from Barr’s study in the United Kingdom showed that a combination of two psychological factors
(perceptions of convenience and acceptance of recycling as a social norm) and two situational factors
(curbside collection for recyclables and knowledge of recycling services) are the most likely to increase
both intention to recycle and recycling behavior [17].

Godfrey et al. grouped factors with the potential to influence recycling behavior into
socio-demographic factors (e.g., age, gender, level of education), recycling facilities and services
(also called the behavioral factors), and psychological factors (e.g., values, attitudes) [18].

The examples above show how the clustering of variables that affect recycling behavior differs
between studies. For the purpose of this study, reasons for non-recycling obtained from the published
literature are grouped into four main issues known as: situational factors at a household level,
situational (knowledge), situational factors related to recycling facilities and services, and psychological
factors (Table 1).
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Table 1. Variables or factors affecting recycling behavior.

Issues or Factors Published Research Findings

Situational factors at a household level

It takes time to recycle [19–26]

There is an issue of time associated with recycling especially when having to
take recyclable materials to a drop-off site. People with more time is more likely
to take recyclables to drop-off facilities. Working people have less time to
recycle than retired individuals.

Insufficient storage space for
recyclables [19–21,23,24,26–28]

Storage space both inside and outside homes becomes a logistical issue. Larger
gardens provide more space for storing recycling bins and bags while
apartment buildings mostly have a limited space for storing recyclables.

Unpleasant odors, the feeling of
untidiness recycling [19,21,23,24]

Possibilities of unpleasant odors and feelings of untidiness is associated with
recycling. Perceptions exist that only clean materials can be recycled.

Situational (knowledge)

Not enough awareness or knowledge
about recycling and recycling

initiatives [17,20,24,25,27,29–31]

Knowledge of the recycling program, awareness of the location of recycling
facilities, and knowing how to and knowing what materials are recyclable is
needed. Well targeted communications, door-to-door promotions, regular
information and feedback including “how to” messages is needed to improve
recycling. The visibility of recycling bins reminds people to put recyclables out.

Situational factors related to recycling facilities and services

Perceptions of recycling
(in)convenience [17,20,24,26,32–35]

Collection of recyclables is perceived as the most convenient (“least-effort”)
method for recycling and long distances to recycling centers discourage
recycling. Simultaneously, binary sorting of waste is preferred to multi-sorting.
Recycling schemes do not consider household preferences. Perceptions that it is
inconvenient and requires effort to recycle [12,19,21] can be cancelled out by
access to good recycling facilities.

Curbside collection [17,19,24–26,36]

Curbside collection motivates and encourages recycling. Preference for and
higher participation rates obtained in collection schemes than in drop-off
schemes, e.g., in Scotland, and in the Czech Republic. Curbside schemes
counter the time it takes to recycle.

Lack of services/facilities [17,20,26,35]

Access to good recycling facilities encourages recycling behavior. A good
recycling service is reliable, convenient, and easy to use. Improving recycling
schemes to suit household preferences has greater potential to positively
change householders’ recycling behavior than either incentives or penalties.

Psychological factors

Sense of responsibility [19,29,37]

Both non-recyclers and recyclers feel that recycling is a local authority
responsibility.
Household waste recycling is everybody’s responsibility. Recyclers show a
stronger sense of responsibility—attitudes of “duty”—towards recycling than
non-recyclers. Feelings of responsibility is not influenced by the type of facility.
It helps to foster recycling behavior if someone in the household constantly
reminds everyone to recycle.

Disinterest/cannot be bothered
[20,22,25]

Disinterest to recycle is a barrier to recycling and reported, amongst others, in
London, Glasgow and Falkirk and Malaysia.

Doubts about whether it would make
a difference [25,29,38]

Non-recyclers think it would not make a difference whether they recycle or not.
Knowing a household’s recycling contribution makes a difference in the bigger
scheme of waste management and encourages recycling behavior. Individuals
who feel indifferent to recycling are unlikely to recycle. The challenge is to
replace indifference with concern.

3. Materials and Methods

3.1. Research Design

This paper ascertains the reasons why South Africans do not recycle. A descriptive quantitative
research approach [39] with a fixed form survey [40] was followed. Recycling behavior of the household
is obtained from self-reporting on questions relating to frequency, number of materials recycled, and a
qualitative measurement of quantities recycled. The initial list of reasons why people do not recycle
were obtained from literature (refer to Table 1).
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3.2. Sampling Method and Data Collection

Ipsos was contracted to include a set of recycling behavior questions in their annual household
survey. Using a standard random probability selection procedure, the survey targeted a representative
sample of 2000 households in the large cities. Starting points were selected at random and a kish-grid
was used to select individual respondents [41]. Due to the survey instrument and representative
sample, the results can be generalized to the population [42].

3.3. Questionnaire Design

This study considered methods followed in previous studies. While some previous studies
allowed respondents to formulate their own perceived barriers to recycling [28,43], others tested
several situational and psychological variables, which are thought to have an effect on recycling
behavior [17]. In another UK study, respondents indicated three reasons why they recycle or do not
recycle and the reasons “ranked according to their popularity to allow comparisons to be made” [24]
(p. 64). Kaciak and Kushner followed a qualitative approach to determine barriers to recycling by
using open-ended questions such as: “in your opinion, why do you think others don’t recycle?” [44].

Due to the envisaged sample size of 2000 respondents, the national quantitative survey followed
the example of Barr et al. by providing 10 possible pre-selected reasons for non-recycling to choose
from [17]. Following Kaciak and Kushner’s example [44], the question “what would you say are the
reasons why people do not recycle?” was phrased in an impersonal manner. First, to prevent a desirability
bias which could be caused by feelings of guilt of non-recycling households and, second, to provide
respondents that recycle the opportunity to also convey their perceptions about why they think
non-recyclers do not recycle. It can be argued that those respondents that recycled at the time of the
study would have noted difficulties with recycling they experience from day-to-day as well as the
barriers they think others might experience.

The 10 reasons to include was selected as follows: First, a list of possible reasons for non-recycling
was compiled from a review of international literature [17,21,28,45–47]. Second, a qualitative pre-study
with open-ended questions was conducted [39] to identify gaps in the international literature, to test
for relevance, and to adjust phrasing where appropriate for South African circumstances. Third, a set of
10 factors was tested in a pilot study (n = 59) where respondents could tick any number of statements
with which they agree and circle the most important ones. The results from the pilot study were
difficult to analyze because some respondents ticked all 10 options and others ticked one only. This
learning was taken forward and the main study was adapted accordingly.

Each respondent was presented with a “show card” on which the 10 possible reasons why people
do not recycle were listed. The respondents had the opportunity to study the options before selecting
the three main reasons [24] and indicating the most important reason from the selected three reasons.
The order of the factors was rotated on the “show card” to ensure that the order of the statements does
not bias the response. The structured format of the question with options allows for uniformity in
responses from a large sample size within a short period of time [48].

Recycling behavior of the household is calculated from self-reporting on questions relating
to frequency, number of materials recycled, and a qualitative measurement of quantities recycled
(Appendix A). Demographic information was obtained from the questions included in the standard
Ipsos questionnaire.

3.4. Data Collection

Face-to-face interviews were conducted in November 2010 at the homes of the respondents.
Respondents that refused to participate in the study were substituted using the same probability
selection procedure. The participants in the study received a briefing pamphlet, which stated the
purpose of the study, how the information will be used, on whose behalf the survey is conducted, and
contact details where further information could be obtained. The participants also received assurance
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that they would stay anonymous. The data was captured in a manner that could not be linked back to
the individual respondent.

3.5. Analyses

Each household’s recycling behavior for paper and packaging waste is calculated by averaging
the frequency of recycling (one variable) and how much of each of four recyclable materials, namely
paper, plastic, glass, and metal (four variables), is recycled. The households are then grouped into
clusters based on their recycling behavior [26,49]. One group comprises the households that reported
no recycling behavior (B = 1). The recycling households (B > 1) are further grouped into three
groups, according to their various levels of reported recycling behavior. Borrowing from both Thomas
and co-workers’ description of high, medium, and low recyclers [49] and Martin and co-workers’
description of full (recycle five materials including plastic, paper, glass, cans, and cardboard), casual
(recycle 1 to 4 materials), and non-recyclers (recycle no items) [26], for this study, the terms with
definitions are adopted as follows:

• High recycling households with dedicated recycling activity: often or more regularly recycle
more than half of their recyclables, i.e., behavior score greater than 4, up to and including 7, and
selected to conform with results previously reported [16],

• Medium recycling households with casual recycling activity: the group between the sporadic and
dedicated recycling households, i.e., behavior score of 2 to 4,

• Low recycling households with sporadic recycling activity: seldom or almost never recycle very
little of one recyclable material only, i.e., behavior score greater than 1 but smaller than 2, and

• Non-recycling households with no recycling activity: never recycle i.e., behavior score of 1.

For the purpose of this paper, the segmentation into groups diverts from the Thomas et al.
example [49] by also differentiating between the non-recyclers (B = 1) and the low (sporadic) recyclers.
These two groups were analyzed separately because the large number of non-recycling households
would overshadow the responses from the sporadic-recyclers. The author’s classification also differs
from the Martin et al. example [26] by splitting off a group called the sporadic recyclers (the households
that almost never/seldom recycle very little/some of one material) from the casual recyclers (those
households that recycle more materials and more frequently than the casual recyclers but less than the
dedicated recyclers).

Using MS Excel, the total number of times each reason for non-recycling was selected was
calculated and expressed as a percentage of the total number of reasons mentioned. First, the total
number of times an item was selected as the one most important reason was expressed as a percentage
of the total number of responses. Second, each of the three most important reasons selected was
totaled and each statement expressed as a percentage of the total number of reasons mentioned. These
calculations were repeated for the total sample group (n = 2004) as well as for each of the sub-groups
as described above. According to the popularity of each selected reason, i.e., times selected, the factors
were ranked [24] (p. 64).

3.6. Research Ethics

The impersonal phrasing of the question “what would you say are the reasons why people do not
recycle?” has value in an ethical sense by not putting the respondents in a position where they feel
guilty about their personal recycling behavior. It can also be argued that respondents would be more
willing to share information and share it accurately with less desirability bias when a question is posed
in a more impersonal manner. However, a more direct question: “why don’t you recycle?” would have
allowed a more confident comparison. Due to the impersonal phrasing of the question, interpretation
of the results should thus be done with caution by keeping in mind that the results portrayed are the
perceptions of the respective groups about the “people” and not their perceptions or knowledge about
the specific group within which they are placed.
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3.7. Assumptions

The assumption is made that the respondent as an individual (i) is an accurate proxy for his/her
household’s recycling behavior and (ii) answered the question from the perspective of someone with
the specific recycling behavior.

4. Results and Discussion

The demographic representation of the sample is shown in Appendix B.

4.1. Recycling Behaviour

The results show that 26.0% of South African households living in large urban areas recycle
varying quantities of materials at varying intervals while 74.0% of households never recycle (Table 2).
Additionally, 4.0% of the respondents come from high recycling households with a dedicated recycling
behavior. The respondents from households with medium or casual recycling activity comprise 14.2%
of the total sample and those with low or sporadic recycling activity comprise 7.8% of households
tested. The majority (74.0%) of the respondents represents households not recycling any of their
household waste (non-recycling households). These sub-groups are used to portray the results in the
following sections.

Table 2. Descriptive statistics for the total sample and sub-categories.

Respondents from
Sample
Size (n)

Percentage of
Sample (%)

Recycling Behavior
Score (B) *

x-Bar

All households 2004 100% 1–7 1.46
High recycling households

(dedicated recycling activity) 81 4.0% 5–7 5.11

Medium recycling households
(casual recycling activity) 284 14.2% 2–4 2.89

Low recycling households
(sporadic recycling activity) 157 7.8% >1–<2 1.48

Non-recycling households (no
recycling activity) 1482 74.0% 1 1

* for paper and packaging recyclables where 7 = best possible score for recycling activity and 1 = no recycling activity.

In the bottom group of recycling households—the low or sporadic recyclers—the behavior score
band of between 1 and 2 is very narrow in comparison with the dedicated recyclers (5 to 7). This is
because of the relatively small percentage of households that separate their recyclables in South Africa
in comparison with many developed countries. For example, both the UK studies reported much
higher percentages of recycling households [26,49] when compared to this South African study.

4.2. Perceived Barriers to Recycling—All Respondents

Results from the selected (i) one most important reason, and (ii) three main reasons why people
do not recycle are discussed below.

(i) The One Most Important Reason

From 10 options, 28.1% of the respondents selected no time (ranked first) as the one most important
reason why people do not recycle, followed by a lack of knowledge (14.0%, ranked second), insufficient
space (12.5%, ranked third), facilities inconvenient (10.4%, ranked fourth) and not responsible (8.6%,
ranked fifth) (Table 3). These five factors attracted almost three quarters (73.6%) of the responses.
These results, drawn from a large percentage of the respondents, suggest that a combination of these
five factors is required to enable households to recycle. The high percentage of respondents selecting
no time as compared to the other factors shows that, although there are several barriers that could
possibly prevent household recycling, the perception is that recycling is a time consuming activity.
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This finding is not unique to this study, which suggests that factors deterring household recycling
behavior are not country specific. In Bangladesh, where 25.6% of the respondents indicated that they
recycle sporadically or more often despite not having a convenient recycling scheme, lack of time
(38.49%) and no space in the home (37.2%) are the main reasons for not recycling [50]. A Malaysian
study found that inadequate facilities (30.9% of the respondents), followed by inconvenience/no time
(25.2%), lack of information (10.8%), too much effort needed (10.3%), and not interested (9.4%) are the
main reason why people in Penang do not recycle [51].

Table 3. Perceptions why people do not recycle—order of priority (rank) of the one most
important reason.

Reasons Why People Do Not Recycle:
The One Most Important Reason

All Respondents
(n = 2004)

Respondents from
Recycling Households

(n = 522)

Respondents from
Non-Recycling Households

(n = 1482)

% Rank * % Rank * % Rank *

They do not have the time to recycle
(no time) 28.1 1 24.3 1 29.4 1

They do not know what can and what
cannot be recycled (lack of knowledge) 14.0 2 13.4 3 14.2 2

They lack space to keep the recyclables
(insufficient space) 12.5 3 14.4 2 11.8 3

Recycling facilities are inconvenient
(facilities inconvenient) 10.4 4 9.8 4 10.6 4

They are not responsible for recycling
in their households (not responsible) 8.6 5 8.6 5 8.6 5

Keeping the materials until it is
recycled is dirty and untidy

(dirty and untidiness)
7.8 6 6.7 6 8.2 6

They do not have a curbside collection
service for recyclables
(no curbside service)

5.4 7 6.3 8 5.1 7

They think it will not make a
difference whether they recycle or not

(it makes no difference)
5.1 8 6.5 7 4.7 8

They cannot be bothered
(not bothered) 4.8 9 5.9 9 4.4 9

Recycling services does not exist
(no service) 3.3 10 4.0 10 3.0 10

Total percentage represented by the
factors ranked 1 to 5 73.6 1–5 70.5 1–5 74.6 1–5

* Ranked from 1 to 10 including from the highest to the lowest percentage of respondents selecting each option.

The low percentage (3.3%, ranked 10th) of respondents selecting no service suggests that recycling
services exist, but this does not ignore the fact that recycling facilities are perceived to be inconvenient
(facilities inconvenient, ranked fifth) or is not the kind of service respondents would prefer (e.g., no
curbside collection, ranked seventh).

Due to the high percentage (74.0%, Table 2) of non-recycling households in South Africa, the results
are dominated by perceptions originating from non-recycling households. However, the results
show that the same five reasons were selected the most by the respondents from both recycling and
non-recycling households. However, respondents from recycling households give higher priority
to insufficient space (with 14.4% ranked second following no time 24.3%, ranked first) than to lack
of knowledge (13.4%, ranked third). This could imply that recycling households already have the
knowledge that enable them to recycle, but the space the recyclables take up and the time it takes to
recycle is something they are confronted with on an ongoing daily basis.

133



Recycling 2018, 3, 41

(ii) The Three Main Reasons

The results from the three main reasons (Table 4) show that the three situational factors at
household level, which includes no space, no time, and dirty and untidy, are the main reasons why
people do not recycle. The priority given to these three factors suggest that in-house barriers carry
much weight when it comes to the recycling of household waste. Lack of knowledge of what can and
cannot be recycled and inconvenient recycling facilities are also important reasons why people do not
recycle. The results from the quantitative national survey suggest that factors that would assist with
in-house management of separation at the source combined with the necessary knowledge and a
convenient recycling facility would encourage household recycling. This finding is in line with the
findings of international studies where lack of space [28], no time [23], dirty and unhygienic [43],
lack of knowledge [27,29], and inconvenient recycling facilities [26,35] were identified as barriers to
household recycling.

Table 4. Perceptions why people do not recycle—order of priority (rank) of the three main reasons.

Reasons Why People Do Not
Recycle: Select the Three Main
Reasons from the 10 Options

All Respondents
Total Sample Group

(n = 2004)

Respondents from
Recycling Households

(n = 522)

Respondents from
Non-Recycling Households

(n = 1482)

% ** Rank * % ** Rank * % ** Rank *

They lack space to keep the recyclables
(insufficient space) 15.0 1 14.6 1 15.1 1

They do not have the time to recycle
(no time) 14.9 2 14.2 2 15.1 1

Keeping the materials until it is
recycled is dirty and untidy

(dirty and untidy)
12.4 3 11.6 4 12.7 3

They do not know what can and what
cannot be recycled (lack of knowledge) 12.3 4 11.8 3 12.5 4

Recycling facilities are inconvenient
(facilities inconvenient) 10.8 5 10.8 5 10.8 5

They think it will not make a
difference whether they recycle or not

(makes no difference)
8.0 6 9.4 6 7.6 7

They do not have a curbside collection
service for recyclables

(no curbside collection)
7.9 7 7.8 7 7.9 6

They are not responsible for recycling
in their households (not responsible) 7.0 8 6.5 9 7.2 8

They cannot be bothered
(not bothered) 6.9 9 7.6 8 6.7 9

Recycling services do not exist
(no service) 4.8 10 5.7 10 4.4 10

Total responses represented by the
factors ranked 1 to 5 65.4 1–5 63.0 1–5 66.2 1–5

* Ranked from 1 to 10 from the highest to the lowest percentage of responses for each option. ** The three selected
reasons totalled and expressed as a percentage of the total responses (three per respondent).

The combined effect of the three main reasons (Table 4) has a moderating or tempering effect
on the results and shows which factors, apart from the most important reason (Table 3), contribute
to why households do not recycle. Thus, the results from the selected three main reasons show
which reasons, apart from the one which dominates, act as important barriers to household recycling.
The small difference between the highest and lowest percentages (15% − 4.8% = 10.2%) could also be
an indication that these 10 statements are all relevant and valid reasons why people do not recycle and
that barriers to recycling could be context-specific.
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Considering the responses from the total sample group, insufficient space attracted 15% of the
responses (ranked first), followed by no time (14.9%, ranked second), dirty and untidy (12.4%, ranked
third), lack of knowledge (12.3%, ranked fourth) and facilities inconvenient (10.8%, ranked fifth).

Similar to the results from the one most important reason, the results from both the recycling and
non-recycling households show the same five factors as the main reasons why people do not recycle
but with slight variation in ranking order. The main difference is that lack of knowledge (11.8%, ranked
third) appears to be a more important factor among recycling households than dirty and untidy (11.6%,
ranked fourth) but only marginally.

A comparison between the results from the one most important reason and the three main reasons
shows that: dirty and untidy, ranked sixth in selecting the one most important reason, moved to third
place when the three main reasons are considered. Not responsible (ranked fifth) as one of the top five
reasons why people do not recycle moved to eighth place. In both, not bothered (6.9%) and no service
(4.8%) are selected the least (ranked 9th and 10th, respectively) except for recycling households who
acknowledge more so than non-recycling households that somewhat of a “bother” is needed (with
7.6% of the respondents selecting this factor, ranked eighth).

The five reasons receiving highest priority in this study are similar to Perrin and Barton’s finding that
inconvenience/no time, inconvenient or inadequate recycling facilities, storage/handling problems and
lack of information were, in the absence of a curbside recycling scheme, the main reasons why people do
not recycle [24]. Perrin and Barton conclude that convenience encompass several factors such as recycling
scheme design, the level of knowledge a household needs to be able to participate in a recycling scheme,
and the in-house handling of the recyclables [24]. All these convenience “barriers can be overcome with
the introduction of a curbside recycling scheme which suits local circumstances” [24] (p. 65).

Personal responsibility normally motivates people to recycle more [52]. However, the data
suggests that a sense of responsibility has a low priority among respondents from both recycling and
non-recycling households in South Africa and, thus, is unlikely to be strong enough to overshadow
the in-house difficulties as well as the difficulties experienced with services at this point in time in
household recycling behavior in South Africa.

4.3. Perceived Barriers to Recycling—Recycling Households

Results from the separate analysis of the three sub-groups (high/dedicated, medium/casual, and
low/sporadic) representing the recycling households bring nuances to the foreground, which would
otherwise have been lost. Differentiating between the various levels of recycling households, results
from the selected (i) one most important reason why people do not recycle and (ii) the three main
reasons are shown and discussed below.

(i) The One Most Important Reason

The results show no time as having priority by all sub-groups as the one most important reason
why people do not recycle (Table 5). The main differences between the sub-groups are that low recycling
households give higher priority to lack of knowledge (ranked second) and facilities inconvenient (ranked
third) than both the medium and high recycling households (ranked third and fourth, respectively).
Sufficient space moves to the fifth ranked position among the low recycling households, likely because
they recycle so sporadically that space to keep recyclables is outweighed by the other more pressing
factors, which hamper recycling behavior such as no time, lack of knowledge, facilities inconvenient, and
not responsible. Insufficient space also shares the fifth ranked place with it makes no difference and no
curbside service.
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Table 5. Comparing perceptions why people do not recycle across varying recycling levels—order of
priority (rank) of the one most important reason.

Reasons Why People Do Not
Recycle: The One Most

Important Reason

Respondents From

All Recycling
Households

(n = 522)

High Recycling
Households

(n = 81)

Medium Recycling
Households

(n = 284)

Low Recycling
Households

(n = 157)

% Rank * % Rank * % Rank * % Rank *

No time 24.3 1 25.9 1 23.2 1 25.5 1
Insufficient space 14.4 2 21.0 2 15.9 2 8.3 5

Lack of knowledge 13.4 3 13.6 3 14.1 3 12.1 2
Facilities inconvenient 9.8 4 7.4 4 9.9 4 10.8 3

Not responsible 8.6 5 7.4 4 8.8 5 8.9 4
Dirty and untidy 6.7 6 6.2 7 7.0 6 6.4 9

It makes no difference 6.5 7 7.4 4 5.3 9 8.3 5
No curbside service 6.3 8 3.7 8 6.0 7 8.3 5

Not bothered 5.9 9 3.7 8 5.6 8 7.6 8
No service 4.0 10 3.7 8 4.2 10 3.8 10

* Ranked from 1 to 10 from the highest to the lowest percentage of responses for each option.

These results suggest that, apart from the time and knowledge needed to be able to recycle,
households’ understanding of the difference their recycling efforts can make and that they need to
take responsibility for recycling are important factors to trigger or encourage household recycling.
In addition, a curbside collection for recyclables or any other equally convenient recycling facility has
the potential to motivate households that never or sporadically recycle to start to recycle or to recycle
more regularly. The results also suggest that respondents from high and medium recycling households
ascribe lower priority (rank) to no curbside service, which could be an indication that these respondents
perceive their recycling facilities to be more convenient than the low recycling households.

(ii) The Three Main Reasons

Facilities inconvenient received a higher priority among the low recycling households (12.3%,
ranked fourth) compared to both the medium (10.7%, ranked fifth) and high recycling households
(8.2%, ranked eighth) (Table 6). Similarly, no curbside service received a higher priority among the low
recycling households (9.8%, ranked fifth) compared to both the medium (7.4%, ranked seventh) and
the high recycling households (5.4%, ranked ninth). Although ranked ninth, no service attracted 6.6% of
the responses from the low recycling households. In total, the service/facility related factors received
28.7% of the total responses from the low recycling households compared to 17.3% from the high
recycling households. The large difference in priority between the low and high recycling households
of the service/facility factors is in line with findings from UK studies, which suggest that low recyclers
are more likely to report problems related to recycling services [49] and high recyclers are more satisfied
with their recycling schemes [26]. These findings suggest that an improved recycling service is one of
the major interventions needed to improve recycling behavior in South Africa. Several international
studies highlight the importance of convenient recycling facilities especially for the low-recycling and
non-recycling households [43,53]. However, it is not only access to a curbside recycling service but also
awareness of other recycling facilities and especially the perceptions held of the convenience of these
facilities that determine people’s recycling behavior [17,54]. The reliability of a curbside scheme is
important and especially the “lower-participating recyclers” prefer a weekly collection service, which
could be a convenience preference or an indication of lack of space to store recyclables for longer
periods [26] (p. 380).

While services received higher priority among the low recycling households, the results show that
the combination of three factors known as insufficient space, no time, and dirty and untidiness attracted
44.1%, 42.1%, and 35.2% of the responses from the high, medium, and low recycling households,
respectively. Thus, these in-house convenience factors appear to be more of an issue among the
high recycling households. It is suggested that, as the low recycling households start to recycle
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more regularly and at higher volumes, these in-house convenience factors will also become more of
an issue and might overshadow other relevant barriers, which is seen in the results from the high
recycling households.

Table 6. Comparing perceptions why people do not recycle across varying recycling levels—order of
priority (rank) of the three main reasons why people do not recycle.

Reasons Why People Do Not
Recycle: Select the Three Main
Reasons from the 10 Options

Responses from Respondents Representing

All Recycling
Households

(n = 522)

High Recycling
Households

(n = 81)

Medium Recycling
Households

(n = 284)

Low Recycling
Households

(n = 157)

% ** Rank * % ** Rank * % ** Rank * % ** Rank *

Insufficient space 14.6 1 14.8 2 15.4 1 13.2 1
No time 14.2 2 16.1 1 14.3 2 12.9 2
Lack of knowledge 11.8 3 12.3 4 11.0 4 12.9 2
Dirty and untidy 11.6 4 13.2 3 12.4 3 9.1 6
Facilities inconvenient 10.8 5 8.2 8 10.7 5 12.3 4
It makes no difference 9.4 6 8.6 6 9.7 6 9.1 6
No curbside service 7.8 7 5.4 9 7.4 7 9.8 5
Not bothered 7.6 8 9.1 5 7.1 8 7.9 8
Not responsible 6.5 9 8.6 6 6.1 9 6.2 10
No service 5.7 10 3.7 10 5.9 10 6.6 9

* Ranked from 1 to 10 from the highest to the lowest percentage of responses for each option. ** The three selected
reasons totalled and expressed as a percentage of the total responses (three per respondent).

Lack of knowledge attracted responses as follows: low recycling households, 12.9% (ranked
second), medium recycling households, 11.0% (ranked fourth), and high recycling households, 12.3%
(ranked fourth). Although there is a difference in the ranking which indicates priority, the percentage
responses are similar and show that a lack of knowledge is perceived as an important reason why
people do not recycle by all recycling sub-groups. This is in line with findings by Clarke and
Maantay [55] who recorded the lack of knowledge of what is recyclable in both areas with low
and high participation in recycling initiatives and, thus, suggests that both recycling and non-recycling
households perceive a lack of knowledge as a barrier to recycling.

With not bothered (9.1%) ranked fifth, and not responsible and it makes no difference sharing the
sixth rank (8.6%), the high recycling households appear to be very aware that being bothered,
taking responsibility for recycling in the household, and an understanding that every household
can contribute is needed to activate and improve recycling behavior. It makes no difference is ranked
sixth by sub-groups. Although not among the first five, this factor (it makes no difference) attracted more
than 9% of all the recycling household responses. Perceptions that a household’s recycling does not
make a difference has the potential to be turned around with well-targeted communications to improve
recycling behavior. The difference in the results between the recycling household sub-groups shows
how people’s perceptions could change once they become involved in and have more experience in
household recycling.

What stands out in the comparison between the sub-groups is the small difference of seven
percentage points (13.2% − 6.2% = 7.0%) between the responses of the lowest and the highest
ranked factors of the low recycling households when compared to more than 12 percentage points
(16.1% − 3.7% = 12.4%) of the high recycling households. The group of medium recyclers is in-between
the high and low recycling households with 9.5 percentage points (15.4% – 5.9% = 9.5%). This suggests
that low recycling households find all 10 options more relevant as barriers to their recycling behavior
and more so than the high recycling households. It also suggests that dedicated recycling households
have managed to overcome these barriers that still prevent low recycling households to recycle more
and do not perceive these as barriers to household recycling anymore.
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4.4. Demographic Variables and Perceived Barriers to Recycling

Considering the socio-demographics variables (Tables A1–A9 in Appendix C), analysis of the
selected three main reasons why people do not recycle show that the same five factors known as no
time, insufficient space, dirty and untidiness, lack of knowledge, and facilities inconvenient are selected the
most. However, these five factors are not always in the same order of priority as the responses from
the total sample group (as shown in Table 4) and there are a few exceptions where one of these five
is replaced by another factor. While the data suggest that there is no major difference in perceptions
about the reasons why people do not recycle, the largest deviations from the all respondents’ order of
priority are highlighted below.

• Age (Table A1): The respondents older than 60 appear to be, after no time, more concerned
about the dirty and untidiness (ranked second) and lack of knowledge (ranked third), and less
about insufficient space (ranked fourth). The age group 16–19 is more concerned about facilities
inconvenient (ranked third) and less about the dirty and untidiness (ranked fifth).

• Gender (Table A2): The male respondents appear to be slightly more concerned about insufficient
space (ranked first) and female respondents appear to be more concerned about the time and
knowledge factors (ranked second and third, respectively).

• Type of dwelling (Table A3): The respondents living in flats are less concerned about insufficient
space and no time (ranked third and fifth, respectively) and give higher priority to lack of knowledge
(ranked first), dirty and untidiness (ranked second), and facilities inconvenient (ranked fourth).
Those living in informal housing structures (squatter huts or shacks) also give higher priority
to lack of knowledge (ranked second, after insufficient space, ranked first). The data suggests that
those living in hostels, hotels, boarding houses, and compounds might not share the same
perceptions as the majority, but the sample sizes of these groups are too small to be able to make
meaningful deductions.

• Area type (urban formal and urban informal) (Table A4): Although these two groups share the
same reasons among the five with the highest priority, the respondents from the urban informal
areas appear to be more concerned about insufficient space (ranked first) and lack of knowledge
(ranked second) and less about no time (ranked fourth) as reasons why people do not recycle.

• Employment status (Table A5): Lack of knowledge has higher priority among those working
part-time (ranked second), the unemployed looking for work (ranked second), the housewives
(ranked third), and the retired (ranked third). The unemployed not looking for work is more
concerned about the facilities inconvenient factor (ranked third).

• Level of education (Table A6): The respondents without any schooling selected reasons why
people do not recycle which, apart from the first three (insufficient space, no time, and lack of
knowledge) differ from the order of priority of all the respondents. Not bothered and it makes
no difference (both ranked fourth) have higher priority among those without any schooling.
Among those with some primary schooling, not responsible has a higher priority (ranked fifth).
Respondents with a completed diploma or degree ascribed less importance to lack of knowledge
(ranked sixth) and gave higher priority to a curbside service (ranked fourth).

• Marital status (Table A7): The respondents that are single give higher priority to lack of knowledge
(ranked third). Lack of knowledge is also a concern among those living together (ranked first).
The widowed give higher priority to no curbside service (ranked fifth) while, among the divorced,
both facilities inconvenient and no curbside service have higher priority (ranked second and fifth,
respectively). Among the respondents that are separated, no time (ranked eighth) appears to be
less of an issue, but they are more concerned about it makes no difference (ranked third). Whether
the latter could be ascribed to a temporarily cynical outlook was not tested.

• Ethnic group (Table A8): Concern about the level of convenience appears to be the main difference
between ethnic groups. The Indian/Asian and colored respondents give higher priority to the
factor facilities inconvenient, (ranked second and fourth, respectively) while, among WHITE people,
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no curbside service has a higher priority (ranked third). Being a representative sample, BLACK
respondents makes up the largest percentage and thus dominate the order of priority of all
the respondents.

• Occupation group (Table A9): The perception among those with a professional occupation is
that lack of knowledge and not bothered are major factors that prevent people from recycling (both
ranked third). Among the executives and managers, lack of knowledge appears to be less of an issue
(ranked sixth) but facilities inconvenient and no curbside service have higher priority (ranked third
and fourth, respectively). The semi-skilled are more concerned about makes no difference (ranked
fifth). Among the unskilled respondents, on the ranking list, lack of knowledge shares the first place
with no time. The factor not responsible also has higher priority (ranked fifth). The self-employed
perceive insufficient space as less of a concern (ranked seventh) while dirty and untidy (ranked first)
and no curbside service has higher priority (ranked fourth).

Given the rate of urbanization, the priority of lack of knowledge among those living in flats, informal
housing structures, and in informal areas is an important finding. In addition, the data suggest that not
bothered and it makes no difference as well as not responsible are factors that need attention among the
unschooled and those with some primary school education. Oke and Kruijsen emphasize the need
for the right kind of information [56], i.e., why it is important to recycle and why households should
recycle in addition to the what, how, when, and where messages. The challenge would be to find
alternative ways of communicating with the illiterate to get these messages across.

The no time factor is ranked the highest among the respondents working full-time and part-time.
Kaciak and Kushner highlights the fact that inconvenience is a major barrier to recycling and that it
has the ability to override the best personal intentions to recycle [44]. Therefore, in the absence of a
street collection service and given the importance of time, the location and maintenance of recycling
centers are crucial to encourage continued household recycling.

5. Conclusions and Recommendations

No time stands out as the one most important reason why people do not recycle, but analysis of
the selected three most important reasons of the quantitative survey results show that (i) insufficient
space, (ii) no time, (iii) the dirty and untidiness associated with recycling, (iv) lack of knowledge, and (v)
inconvenient recycling facilities are the main reasons why people do not recycle. Being a representative
sample of the South African urban population, the large percentage of non-recycling households
dominates the results. Improved and more convenient services such as regular curbside collections
might encourage low recyclers to recycle more while improved services could also be a solution for
both the time and space problem that households currently either experience or envision to experience
should they recycle.

The uniqueness of this study lies in the sample being representative of the South African
population residing in large urban areas. Although desirability bias in answering the behavioral
questions is possible, the chance of overrepresentation of recycling households is small in relation to
compulsory postal or on-line surveys that focus on recycling behavior.

In the South African urban setting, household recycling is mostly voluntary and is even more so
in rural areas. This empirical study highlights reasons why people do not recycle, which are useful for
decision-making in South Africa. The fact that the findings of this study are in line with the findings
from similar international studies underscores the value of this research for other countries especially
developing countries that want to improve recycling participation.

The implication for developing countries is that recycling services as well as communications
towards more knowledge will have to improve to get the buy-in from a larger percentage of the
population to start recycling or to recycle more than they currently do. Knowledge about what
is recyclable and the convenience of recycling facilities are important factors among the youth,
the unemployed, and those in the informal urban areas. Thus, the waste sector has great potential
to play a role towards job creation and poverty alleviation through recycling initiatives among the

139



Recycling 2018, 3, 41

youth and the unemployed and especially in the informal urban areas. Communications for the
semi-skilled and unskilled as well as the unschooled and semi-schooled should focus on why it is
important to recycle —that recycling can make a difference—and why it is important to care and to
take responsibility for recycling.

Equality in waste recycling services is still something to strive for in South Africa. Until such
time that all households have access to recycling services of comparable convenience, it is and will
remain difficult to compare recycling behavior among South Africans, between South Africa and
other developing countries, and between South Africa and countries with mature recycling services.
Since caution should be taken to compare results between studies with varying recycling scheme
maturity [14], caution should also be taken to implement results and conclusions from developed
countries and results in developing countries.

It is recommended that this quantitative study is repeated in 2020 to ascertain any change in
recycling behavior and to also expand the survey to include rural towns to determine whether similar
perceptions about why people from South Africa do not recycle exist in the smaller centra. Expanding
the list of factors would be an improvement to the survey. However, there is a trade-off between
functionality and length of the list of factors to choose from.
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Appendix A

Questionnaire

Thinking of your household, would you say that
your household recycles the recyclable materials
from your household waste?

1. Never 1
2. Almost never 2
3. Seldom 3
4. Sometimes 4
5. Often 5
6. Almost always 6
7. Always 7
8. Don’t know (do not read out)

For Each of the Recyclable Materials, Choose the Statement that Best Describes How Much Your

Household Recycles

Statements of How Much Is Recycled
Recyclable Material

Paper Glass Metal Plastic

My household recycles nothing 1 1 1 1
My household recycles very little of what can be recycled 2 2 2 2
My household recycles some things that can be recycled 3 3 3 3

My household recycles about half of everything that can be recycled 4 4 4 4
My household recycles most of everything that can be recycled 5 5 5 5

My household recycles almost all of what can be recycled 6 6 6 6
My household recycles everything that can be recycled 7 7 7 7

140



Recycling 2018, 3, 41

Which of the Following Would You Say Are the Reasons Why People Do Not Recycle and Which One Is

the Most Important Reason Why People Do Not Recycle? (Choose the 3 Most Important Reasons and

Mark in Order of Importance with One Being the Most Important Reason.)

One Mention Per Number Only 1st 2nd 3rd
1. They do not have the time
2. They are not responsible for recycling in their households
3. They do not know what can and what cannot be recycled
4. Recycling facilities are inconvenient
5. They lack space to keep the recyclables
6. Keeping the materials until it is recycled is dirty and untidy
7. They think that it will not make a difference whether they recycle or not
8. They cannot be bothered
9. Recycling services are poor or do not exist
10. They do not have a pavement collection service for recyclables

Note: order of options 1 to 10 is rotated on show cards.

Appendix B

Demographic composition of the sample:

Age: 16–19 y 7.6%, 20–29 y 24.2%, 30–39 y 23.9%, 40–49 y 19.0%, 50–59 y 11.3%, >60 y 13.7%.

Gender: male 50%, female 50%.

Type of dwelling: house/townhouse 60.5%, flat 4.2%, matchbox/RDP 17.4%, hostel 0.6%,
hotel/boarding house <0.1%, compound 0.2%, room in backyard 2.8%, squatter hut/shack 13.8%,
other 0.5%.

Area type: urban formal 84.0%, urban informal 15.9%, no answer/refused 0.1%.

Employment status: working full-time 33.2%, working part-time 11.6%, housewife 6.3%, student 9.9%,
retired 11.6%, unemployed looking for work 24.0%, unemployed not looking for work 3.4%.

Education: no schooling 1.4%, some primary schooling 5.6%, primary school completed 5.7%, some
high school 36.2%, Grade 12 33.8%, Artisans certificate completed 3.6%, diploma/degree completed
13.2%, other 0.3%.

Marital status: single 44.8%, married 36.5%, living together 8.8%, widowed 6.8%, divorced 2.2%,
separated 0.9%.

Population: Black 66.8%, White 14.5%, Colored 12.7%, Indian/Asian 6.0%.

Occupation group: professional 2.5%, executive/managerial 3.8%, clerical/sales 12.0%, tradesman
7.1%, semi-skilled 8.4%, unskilled 6.9%, self-employed 2.2%, refused 1.8%, not answered
(housewife/student/retired/unemployed) 55.2%.
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Abstract: India is currently facing a mounting challenge related to municipal waste management, due
to an increasing urban population, and their high consumption lifestyles. India also has the world’s
highest number of young people in the 10–24 years age group. The study applied the theory of
planned behaviour (TPB) model to predict school students’ recycling intentions in Delhi, the capital of
India and one of the highest producers of municipal solid wastes in the country. Data were collected
from a school in New Delhi and the sample size consisted of 272 students from 9th and 10th grades.
The TPB model explained 56% of the variance in the students’ intentions to recycling. The predictor
‘subjective norm’ appeared to have the strongest impact on the students’ recycling intentions, followed
by ‘attitude’ and ‘perceived behavioural control’. It indicated that social factors are driving the Indian
youth’s recycling intentions. It is important that the policymakers promote recycling as a social trend
in India and provide adequate facilities to the public so that they can participate in recycling activities
without facing difficulties. Schools also have a role in increasing students’ awareness of recycling and
motivating them to participate in household waste management practices.

Keywords: recycling; intentions; youth; India; theory of planned behaviour

1. Introduction

Recycling of ever-increasing urban waste has become a priority for sustainable environmental
management and planning activities in both developed and developing countries. According to an
estimate, the total generation of municipal solid waste (MSW) is expected to reach around 2.2 billion
tonnes per annum globally by 2025 [1]. Waste generation has a strong linkage to production and
consumption patterns in our societies. The current trend shows that the MSW-generation per capita
has been growing steadily in the low and middle-income countries, whereas it has been gradually
stabilising in the developed economies [2]. Unmanaged urban wastes affect biogeochemical cycles
from local to global scales and hazardous wastes are particularly dangerous to the living organisms
including humans [3–5]. Inadequate management of MSW has become a global concern that affects
the quality of life in urban areas in many countries especially in the developing nations [6,7].

India currently produces much lower amount of MSW per day compared with the U.S. and China;
however, it is among the top 10 MSW-generating countries due to its large size of urban population
and their increasing adoption of high consumption lifestyles [8]. Current MSW-generation in India
is about 170,000 tonnes per day (i.e., 62 million tonnes annually) and with an annual growth rate of
5% it is projected to reach about 436 million tonnes per year by 2050 [9]. The growth in urban waste
generation is strongly linked with the growth in urban population as it has been projected that almost
50% of India’s population will be residing in urban areas by 2050 from the present 31% urban dwellers
in the country [9]. However, existing MSW-management systems in India are inefficient as 75–90% of
the waste generated in urban areas is disposed of in open dumping sites, which affects public health,
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the quality of air, water, and soil, and the economy [10–14]. Therefore, it goes without saying that the
development of an efficient and widely implemented urban waste management system in India is
significant as it can provide economic benefits, conserve scarce resources, and decrease the quantities
of waste ending at landfills [2,13].

A considerable number of studies have investigated waste management practices in various
Indian cities [5,6,12,15]. The recycling of MSW is a tradition in many urban areas in India that involves
both formal and informal sectors [13,16]. In the dominating informal waste recycling sector in India,
waste pickers collect recyclables, segregate and transfer them to scrap dealers, which thereafter arrive at
different enterprises for further processing such as recycling [16]. However, the quantity of recyclable
materials in wastes is smaller in India than that of in developed countries. Wastes in the community
bins in India mainly consist of organic materials, scrap papers and plastic materials [17].

In the recent years, Government of India (GoI) has introduced a wide range of policies to address
the issues of urban waste management in the country. The latest policy prescription titled ‘Solid
Waste Management Rules’ was introduced in 2016 that replaced the erstwhile ‘Municipal Solid Wastes
(Management and Handling) Rules’ that came into being in 2000. Similarly, a new policy instrument
called ‘Plastic Waste Management Rules’ emerged in 2016, replacing an earlier set of regulations
on plastic waste management that was in place since 2011. Besides these measures, a completely
new regulatory instrument called ‘E-waste (Management) Rules’ also appeared in 2015. Although
the Ministry of Environment, Forests and Climate Change (under the GoI) is the nodal agency
for implementing and monitoring these regulatory measures, their achievements have remained
limited [13]. Additionally, the Prime Minister of India, Mr. Narendra Modi, initiated a ‘Swachh Bharat
Abhiyan (SBA)’ or ‘Clean India Mission’ in 2014—the largest nationwide campaign to drive cleanliness
in India by involving millions of government employees, the public, school and college students,
and civil society organisations. The SBA has both urban and rural missions, and the urban mission
known as the ‘Swachh Bharat Urban’ has prescribed guidelines for involving community members in
urban waste management practices [18]. That is to say that the success of these programmes requires
an active participation of citizens, local governments, and private entrepreneurs [14]. At present,
almost no segregation of garbage takes place at source in India and the residents always dispose of
garbage improperly [19]. The role of households is particularly important in the Indian context as
“it will be nearly impossible for the civic body to provide better surroundings if residents do not
make an effort to deposit waste into the bins and stop the practice of throwing garbage onto the road”
Joseph [20].

1.1. Social Aspects in Recycling

Urban waste management and recycling practices are not simply technical matters and the
technocrats do not entirely regulate them. According to Srivastava et al. [21], “a waste management
programme that ignores the social aspects is doomed to failure”. A number of studies appeared
during the past two decades where scholars identified and explained the socio-psychological and
situational factors influencing households’ recycling behaviours [22]. However, research on social
dimensions of MSW is still not expansive and therefore, it is crucial that researchers investigate
the management of MSW from a social point of view [23]. In India, urban residents have to
take on the majority of the responsibilities for segregating their household wastes and bringing
them to community bins from where municipalities and private entrepreneurs will collect them for
recycling and other uses [14]. Moving towards a recovery-centric approach of waste management
(i.e., the 3R principles: Reuse, recycle, and reduce) from the current disposal-centric approaches requires
partnership among the government, private sector, and citizens [14,16,24]. Citizens’ participation in
waste management could make it a decentralised and cost-efficient approach [14], and there is a need
for civil society organizations and educational institutes to be actively involved in raising awareness of
waste management among the masses in India [25].
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Positive public opinion and their active participation are central to the long-term success of
MSW-management program in the developing countries [26–28]. Therefore, waste management
policies in many of these countries have tried to promote people-centric approaches in recycling [29].
In the industrialised countries, waste management and recycling are highly sophisticated. In these
countries, recycling related studies mainly focus on technical applications such as design and
innovation, policy and economic analysis, and explore socio-psychological influences on individuals’
recycling behaviours. Recycling research in developing countries, on the contrary, has not been much
oriented towards understanding the influences of indirect factors on individuals’ recycling attitudes
and behaviours [30]. However, a recent study by Ma and Hipel [23] has pointed out that social
dimension studies in MSW-management have been increasing in the developing countries particularly
in the Asian countries because of their high population density and rapid urbanization associated with
fast economic growth, which have made MSW-management a daunting task for the local civic bodies
in these countries.

1.2. Public Attitudes to Recycling in the Developing Countries

Among the studies related to public attitudes and behaviours concerning recycling in the
developing countries, Bolaane [29] found from a study in Gaborone (Botswana) that the households’
general awareness of recycling did not translate into actual recycling behaviours due to lack of financial
incentives and absence of visible recycling facilities. In another study from Surabaya (Indonesia),
Dhokhikah et al. [31] reported that the respondents did not sort and recycle household solid wastes
due to lack of time, absence of tradition in separation of waste at source, shortage in collection facilities,
inadequate knowledge, and apathy towards recycling as it lacks incentives. Similar attitudes to
recycling were also observed among the urban residents of Hat Yai (Thailand), Mekelle (Ethiopia), Dar
es Salaam (Tanzania), Putrajaya (Malaysia), and some other Indonesian cities [26,32–35]. In China,
Xiao et al. [28] explored public willingness to participate in waste management practices in the city of
Xiamen and they found that the residents’ environmental knowledge and social motivation had the
strongest positive effects on their willingness to participate in waste management activities.

A few studies have also explored public attitudes to recycling in different Indian cities. In this
regard, Kumar and Nandini [36] found that most of the residents in Bengaluru, the third most populous
city in India, were unaware of solid waste management, and they were disposing of their waste into
open spaces. However, the authors reported that most of those respondents were willing to segregate
their wastes into different bins if the local civic bodies provided such bins to them. A lack of awareness
of solid waste management was also evident among the residents of both Kumbakonam, a small
town in the state of Tamil Nadu [37] and Jalandhar, a medium-sized city in the state of Punjab [38].
The authors found that the residents of those two cities were disposing of their household wastes
into open dumping sites, although many of them were aware of the potential health hazards arising
from such a practice. Jayasubramanian et al. [39] reported that a considerable number of the residents
in Coimbatore, the second largest city in the state of Tamil Nadu, were recycling their household
wastes as they were aware of its benefits. However, the residents informed that the lack of time and
inadequate waste disposal facilities in their vicinities were the main obstacles against recycling. There
was only one study to our knowledge, which investigated school students’ perceptions and attitudes
regarding household waste management in India and reported that the school students in Thrissur city
in the state of Kerala were aware of solid waste related issues and they demonstrated their willingness
to participate in household waste management practices [40].

1.3. Importance of the Youth Participation in Recycling in India

Although the above studies shed light on the public perceptions and attitudes concerning solid
waste management in India, they are by no means exhaustive. India has the world’s highest number
of people in the 10–24 years age group (ca. 242 million) [41]. According to the Census data of 2011,
the country is expected to have about 34% share of youth (15–24 years) in the total population by
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2020 from 19% in 2011 [42]. Therefore, the importance of youth-engagement in civic activities has
started receiving greater attention in the Indian society and policies than ever before. There has been a
major shift in the way societies now perceive the role of young people in India due to the realization
that they are the most important section of the population and the country’s future growth will be
determined by the size of its youth and their ability to bring positive changes to the society [41].
However, no study has so far investigated the socio-psychological factors driving young citizens’ such
as school students’ recycling intentions in the Indian context. In this regard, recycling intention can be
defined as “an individual’s self-commitment to engage in recycling behaviours” [43]. Consumption
of electronic gadgets (e.g., mobile phones and computers) and fashionable items (e.g., clothing, bags,
and accessories) has been growing rapidly among the youth in Indian cities and this trend is likely to
continue in the future as urban households become wealthy. Students should be aware of the problems
related to unmanaged urban wastes so that they can participate in waste management practices and
become responsible citizens. They can also influence others, particularly the adults, who will follow
sustainable waste management behaviours at home and thus can bring much desired behavioural
changes to the Indian society related to waste management. The present study from this perspective
aims to explain Indian students’ recycling intentions by applying the framework of the Theory of
Planned Behaviour (TPB) developed by Azjen [44], which is a widely applied socio-psychological
theory explaining individuals’ behavioural intentions.

1.4. The Theory of Planned Behaviour and Recycling Intention

The TPB is an extension of the Theory of Reasoned Action [45] and the TPB model comprises three
independent variables—attitude (Attitude), subjective norm (SN), and perceived behavioural control
(PBC), which together act as the predictor of a wide range of intentions (Intention, the dependent
variable) [46]. According to the TPB model, an individual’s intention to perform a given behaviour
is determined by the positive evaluation of the behaviour (i.e., Attitude: e.g., recycling is useful,
recycling is good, etc.), perceived social pressure (i.e., SN) from others who are important to them
(e.g., family, friends, and colleagues) to behave (or not) in a certain manner (e.g., waste separation
at source, bringing household wastes into community bins, etc.) and their motivations to comply
with those views, and perceived ease of performing that behaviour (i.e., PBC; e.g., how difficult it is
to perform recycling behaviour, how confident an individual is about performing waste separation
behaviour, etc.) [47]. The TPB framework has been applied in several studies for explaining individuals’
recycling intentions and behaviours. Among the most recent studies, Stoeva and Alriksson’s [48]
explored university students’ waste separation intentions in Sweden and Bulgaria and reported that
Attitude was the strongest predictor of the Swedish students’ waste-separation intentions, whereas
both Attitude and PBC were the most significant predictors of the Bulgarian students’ intentions
to separate household wastes. In another study, Pikturnienė and Bäumle [49] investigated public
intentions for recycling in three Lithuanian cities and found only Attitude having statistically significant
positive effect on the recycling intentions. In fact, Attitude appeared to be the most significant predictor
of recycling intentions in several studies [50–54]. However, in some studies, PBC emerged as the
most significant predictor of recycling intention. For example, PBC was the strongest predictor of
recycling intention among the residents of Hong Kong [55], Australia [56], and Turkey [57]. There is
also an instance where none of the TPB predictors had any effect on individuals’ recycling intentions
and additional factors such as ‘moral obligation’, ‘past behaviour’ and ‘inconvenience’ predicted
individuals’ recycling intentions in the Netherlands [58].

Traditionally, SN has appeared as the weakest predictor of intention in the TPB framework [46]
and it was evident in many of the above-mentioned studies on recycling intentions. However, as an
exception, SN emerged as the strongest predictor of university students’ recycling intentions in
Hong Kong [47]. Nevertheless, there are some examples in other contexts where SN emerged as the
strongest predictor of school students’ intentions to use bioenergy in India [59], Taiwanese citizens’
intentions to visit green hotels [60], and Chinese entrepreneurs’ intentions to adopt cleaner production
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technologies [61]. There is hardly any study, which has applied the TPB framework to investigate
recycling intentions among the urban masses in India although there are some studies, which applied
the TPB framework to explain Indian consumers’ intentions to purchase green and environmentally
sustainable products [62–65]. In those studies, the effects of both Attitude and PBC on individuals’
purchase intentions of green products appeared to be statistically significant, whereas the effect of
SN was inconsistent (i.e., either significant or insignificant). Therefore, it is evident from the above
studies that though Attitude, PBC and SN were useful in explaining individuals’ recycling and other
pro-environmental intentions, their effects have been varying, which could be the result of different
personal, contextual, and situational factors affecting individuals’ pro-environmental intentions.

1.5. Objectives and Hypotheses

The present study was conducted in Delhi, the capital of India, the second most populous city
in the country and the second largest megacity in the world [66,67]. MSW-generation in Delhi has
been increasing at an alarming rate. It has increased from 8370 tonnes per day during 2014–2015
to 9260 tonnes per day during 2015–2016, i.e., almost 11% increase in one year [68]. It has been
estimated to reach up to 18,000 tonnes per day by 2021 [69]. Door to door waste collection system
exists in all the urban local bodies under the five municipal authorities in Delhi and the predominant
waste management practice carried out in the city is landfills in four designated sites. A recent
study by Singh et al. [70] has found that the landfills in Delhi are the major sources of emission of
greenhouse gases, particularly the methane and therefore, there is an urgent need for better segregation
of household organic wastes and to establish scientifically planned sanitary landfill sites. The first
measure clearly requires the residents to be aware of MSW related issues and have positive attitudes
to participating in waste management and recycling practices.

The present study is particularly relevant as it investigated the socio-psychological factors
determining students’ recycling intentions in Delhi by applying the standard TPB framework.
In addition, the study explored students’ awareness of recycling including the analysis of the effects
of some of the demographical variables on the TPB constructs and students’ perceptions of learning
possibilities of recycling. Based on these findings, the study recommended some measures for
developing students’ awareness of and positive intentions to recycling. The main hypotheses of
the study were as follows:

H1: Students’ attitude (Attitude) to recycling significantly influences their intentions (Intention) of recycling.

H2: Subjective Norm (SN) significantly influences students’ intentions (Intention) of recycling.

H3: Perceived Behavioural Control (PBC) significantly influences students’ intentions (Intention) of recycling.

2. Materials and Methods

2.1. Data Collection

The present study was conducted as part of an international survey related to exploring recycling
intentions among the youths in China, Greece and India. In Greece, the survey was conducted
among university students. However, school students participated in the Chinese and Indian
surveys. The findings from the Chinese and Greek surveys will be reported separately elsewhere.
The main reason for not producing a comparative study with the data from these three countries
was that the researchers aimed to present a detailed analysis of the social dimensions and policy
frameworks concerning MSW-management from each country and relate them to the country-specific
findings. The Indian data came from a high school based in New Delhi. A local collaborator
contacted the Principal of the school for obtaining necessary permission for conducting the survey.
The questionnaires were distributed to the students by the local collaborator and a class teacher was
responsible for supervising the survey. Prior to distributing the questionnaires, the students were

155



Recycling 2018, 3, 38

informed about the purpose of the survey and the use of the survey data. They were also assured
of anonymity and confidentiality. The respondents spent an average twenty minutes for completing
the survey and their participation was voluntary. After the survey, the local collaborator collected
the questionnaires and performed an initial data entry in a statistical software package. The local
collaborator sent the processed data to the researchers who conducted further analysis and interpreted
the results.

2.2. Design of the Survey Instrument

The Indian and Chinese version of the survey instrument differed from the Greek version of
the instrument in some respects. The Indian version of the survey instrument consisted of questions
concerning students’ demographic profiles and awareness of recycling, a seven-point Likert-type scale
with fourteen items related to the TPB constructs, and questions regarding the students’ perceptions of
the possibilities to learn about recycling. There were also some questions, which asked the students to
present their free comments on both recycling and the survey instrument. The survey instrument was
developed in English, as the Indian school followed English as its medium of instructions. Therefore,
there was no need for a back translation. The survey instrument can be obtained from the author
upon request.

The seven-point Likert-type scale for the TPB constructs ranged from ‘strongly disagree’ to
‘strongly agree’ with a coding value from 1 to 7, respectively where the middle point was ‘neither
agree nor disagree’, which was given a coding value of 4. Each of the TPB constructs had multiple
statement-like items following the recommendation by Ajzen [44]. The constructs Intention, PBC
and SN consisted of a few items from a study by Wan et al. [47]. Specifically, the construct Attitude
consisted of five items that aimed to capture the students’ evaluation of recycling, SN included three
items that measured the students’ perceptions of the social responses to their decisions about recycling,
PBC contained three items that evaluated the students’ perceived ease of practicing recycling, and the
dependent variable Intention had three items that explored the students’ planned behaviour towards
recycling. In this type of coding, higher scores on the constructs indicated the students’ stronger
attitudes to recycling, greater perceptions of social pressure for recycling, higher perceived control
over recycling, and stronger intentions to practice recycling. It should be noted that the items under
the construct Attitude were formulated to measure students’ attitudes to the relevance of recycling in
a broader environmental context. They were somewhat different from the definition of the construct
Attitude given by Ajzen [44]. A similar approach can also be found in the study by Wan et al. [47],
which used an item ‘Waste separation can create a better community environment’ to formulate the
construct Attitude. Two experts from India assessed the content validity of the questionnaire. A pilot
test of the questionnaire was also carried out among a small group of students in a Delhi-based
school, which helped to improve the clarity of some of the questions related to measuring the students’
awareness of recycling.

2.3. Sample Characteristics, Data Screening and Measurement Model

About 306 students participated in the survey. However, only 272 students (ca. 88%) completed
the questionnaires in all aspects with an equal number of male and female participants. The mean age
of the students was 14.48 years (SD = 0.66). A reliability check of the TPB constructs was performed
to evaluate the internal consistencies of the items corresponding to each latent construct. At first,
Cronbach’s alpha (α) values for all the TPB constructs appeared to be less than 0.7, which showed lack
of internal consistency [71,72]. To improve the reliability, indicator variables AT5 under Attitude, SN3
under SN, PBC3 under PBC, and IN1 under Intention were removed from the analysis. This procedure
raised the ‘α’ values for both Attitude and SN above 0.7 besides improving the ‘α’ values of the other
two constructs although they remained below 0.7 (Table 1). The skewness and kurtosis value of the
indicator variables was below ±3 and ±10, respectively as recommended by Kline [73].
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Table 1. Theory of planned behaviour (TPB) constructs and their corresponding measurement items.

TPB Constructs Cronbach’s Alpha (α) Measurement Items

Intention (IN)
(M = 10.87; SD = 1.94) 0.44

IN2. I plan to take actions regarding recycling my
recyclables regularly *
IN3. I plan to take actions regarding recycling my
recyclables every day for the next month

Attitude (AT)
(M = 24.75; SD = 3.50) 0.72

AT1. Recycling can reduce the threat of global climate
change
AT2. Recycling can reduce the amount of waste that we
produce
AT3. Recycling can conserve natural resources
AT4. Recycling can prevent pollution by reducing the need
to collect new raw materials

Subjective Norm (SN)
(M = 9.78; SD = 2.56) 0.78

SN1. My friends expect me to recycle my recyclables *
SN2. My classmates expect me to recycle my recyclables *

Perceived Behavioural
Control (PBC)

(M = 11.49; SD = 2.14)

0.54
PBC1. I know what items can be recycled *
PBC2. I know where to take my recyclables for recycling *

* source: Wan et al. [47].

The next step in the data analysis was to perform a structural equation modelling (SEM) using the
maximum likelihood method to test the relationships between the predictors Attitude, SN, and PBC
with the dependent variable Intention. SEM has two parts—the first one is constructing a measurement
model or performing a confirmatory factor analysis (CFA), which assesses the validity and reliability of
the measurement constructs while the second one is building a structural model, which determines the
causal relationships among latent variables [74,75]. The goodness of fit of a CFA model is evaluated
based on multiple indicators such as Chi-square normalised by degrees of freedom (χ2/df), goodness
off fit index (GFI), adjusted goodness of fit index (AGFI), comparative fit index (CFI), Tucker–Lewis
index (TLI), and root mean square error of approximation (RMSEA). Normally, model fit is considered
good (Table 2) when indices are ≥0.90, χ2/df is between 2 and 5, and RMSEA is ≤0.08 [76–78]. The CFA
model in this study showed an acceptable model fit (χ2 = 82.42, χ2/df = 2.75, GFI = 0.94, AGFI = 0.89,
CFI = 0.90, TLI = 0.85, RMSEA = 0.08).

Table 2. The acceptable level of fit indices for the measurement model.

Fit Indices Norm *

χ2/df 2–5
RMSEA <0.08

GFI >0.9
AGFI >0.8
CFI >0.9
TLI >0.9

* source: Bagozzi and Yi [78]. RMSEA: Root mean square error of approximation; GFI: Goodness of fit index; AGFI:
Adjusted goodness of fit index; CFI: Comparative fit index; TLI: Tucker−Lewis index.

The reliability and convergent validity of the CFA model were checked by the values of average
variance extracted (AVE) and composite reliability (CR) scores. According to Fornell and Larcker [79],
the AVE and CR values should be more than 0.5 and 0.7, respectively although an AVE value, which is
less than 0.05 for a construct is also acceptable if the CR value of that construct is more than 0.6. In this
study, the AVE value of only SN was above 0.5 and the CR values of Attitude and SN were 0.7 (Table 3).
Therefore, the results of the present study should be treated with some caution. Discriminant validity
was ensured by comparing the value of square root of AVE of each construct with the correlation value
of each construct. The square root of AVE of each construct was higher than its correlation’s value
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(Table 4), which ensured discriminant validity [80]. All the quantitative analyses were performed by
the IBM SPSS Statistics 23 and IBM SPSS Amos 23 software packages.

Table 3. Composite reliability (CR) and average variance extracted (AVE) of the TPB predictors in the
CFA model.

Constructs CR AVE

Intention 0.44 0.28
Attitude 0.73 0.41

SN 0.80 0.65
PBC 0.57 0.40

Table 4. Effects of the demographic variables on the TPB constructs and their correlations.

Constructs

One-Way ANOVA Test
(p-Values)

Correlation Matrix

Gender Age Intention Attitude SN PBC

Intention 0.03 * 0.00 ** 0.53
Attitude 0.47 0.58 0.18 ** 0.64

SN 0.10 0.000 *** 0.40 ** 0.03 0.82
PBC 0.43 0.00 ** 0.25 ** 0.22 ** 21 ** 0.63

Note: The bold diagonal values in italics represent the square root of AVE; * p < 0.05; ** p < 0.01; *** p < 0.001.

3. Results

3.1. Students’ Awareness of Recycling

All the respondents informed that they had heard of recycling and their main information
sources were textbooks, newspapers and teachers. Students’ understanding of recycling was evaluated
with a multiple-option question and almost all the students correctly selected the option that stated,
“Recycling is a process of converting waste materials into reusable objects”. The students were also
asked to identify the recyclable materials from a list of items. About 75% of them selected paper, 47%
selected biodegradable materials, 46% selected plastic and glass, 38% selected metal, 17% selected
wood, 16% selected electronics, and 10% selected textile. In addition, the students were asked to
identify the universal recycling symbol from a list of four images referring to the symbols of the United
Nations, recycling, waste disposal, and compostable (Figure 1). It appeared that almost all the students
were able to recognise the recycling symbol.

   
(a) (b) (c) (d) 

Figure 1. Symbols: (a) United Nations; (b) recycling; (c) waste disposal; and (d) compostable.

3.2. Test of the TPB Constructs and Their Correlations

One-Way ANOVA tests were conducted to determine whether the demographic variables had any
significant effects on the TPB constructs (Table 4). It emerged that ‘gender’ had statistically significant
effect on the students’ recycling intentions. The male students appeared to be more positive than
their female peers towards related to their recycling intentions although the effect size was small
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(Cohen’s d = 0.27). In terms of ‘age’, students in the age group of 13–14 years demonstrated greater
positive intentions, stronger social pressure, and higher perceived control over behaviour concerning
recycling than the students in the age group of 14–15 years. The effect size appeared to be small as
Cohen’s d values ranged between 0.33 and 0.46. A Pearson’s correlation test was performed to explore
the relationships among the TPB constructs and the results showed some statistically significant and
positive correlations among all the constructs except between SN and Attitude though the strengths of
such relationships were weak (Table 4).

3.3. Structural Model of the Students’ Intentions to Recycle and Hypothesis Testing

The hypothesised TPB model was statistically significant (p < 0.001) and showed an acceptable fit
to the data (χ2 = 82.42, χ2/df = 2.75, GFI = 0.94, AGFI = 0.89, CFI = 0.90, TLI = 0.85, RMSEA = 0.08).
It explained about 56% of the variance (R2 = 0.56) in the students’ intentions to recycle (Figure 2).
It appeared that the predictor SN had the strongest and statistically significant positive effect (β = 0.64,
SE = 0.08, t = 5.49, p < 0.001) on the students’ intentions of recycling. Attitude had the second highest
effect on Intention (β = 0.21, SE = 0.11, t = 1.85, p > 0.05) followed by PBC (β = 0.17, SE = 0.11, t = 1.35,
p > 0.05), although their effects were insignificant. All the factor loadings on the latent constructs were
above 0.50. Among the three hypotheses, only H2 appeared to be acceptable as SN had a statistically
significantly effect on Intention, whereas, the other two hypotheses (H1 and H3) were rejected due to
their insignificant relationships with Intention.

Figure 2. Structural model of the students’ intentions to recycling (N = 272). The bold straight arrow
from Subjective Norm to Intention shows statistically significant relationship.

3.4. Learning Possibility about Recycling and Students’ Feedback

About 92% of the students informed that they could learn more about recycling from their school.
When the students were asked about the ways they could learn more about recycling, nearly 75%
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of them selected ‘visiting a recycling facility’, 62% selected ‘teachers’, 41% selected ‘self-studying’
and 29% selected both ‘watching videos’ and ‘participating in debates’. About 74% of the students
provided their free comments related to recycling and the survey procedure. Their comments reflected
that they were interested to know more about recycling, as they appeared to be aware of its importance.
There were comments from the students such as: “Recycling will make our country clean from waste
material; recycling will make the world cleaner and greener; there are not many recycling bins in
our county and therefore, some strict action should be taken regarding recycling of waste materials;
a little amount of knowledge about recycling is not sufficient and therefore, schools need to take their
students to recycling facilities for better understanding of the subject; and I believe that our natural
resources are depleting at a faster rate than thought before and thus we must recycle everything as
much as possible.”

In addition, the students showed positive attitudes towards the survey as they thought that such
a survey would enhance their awareness of recycling. Their comments were as follows: “This survey is
quite inspiring and would promote the practice of recycling among young people; through the survey
I am able to express my views on recycling; it has helped all the students to raise their awareness of
recycling; some information on recycling should be provided by each school so that students can learn
about it; the survey informed us about recycling, which we did not know beforehand; the survey was
very useful as from our school we do not get much encouragement towards engaging in recycling; I will
learn more about recycling by visiting a recycling facility; and being a nature lover, such environment
related surveys are always appreciated by me but recycling facilities are very uncommon in India,
which is a matter of concern.”

4. Discussion and Conclusions

4.1. Synthesis of the Major Findings

The study investigated the socio-psychological determinants of school students’ recycling
intentions in India by applying the standard TPB framework. It also explored students’ awareness of
recycling and brought to the fore the educational aspects related to this issue. The findings of this study
can be regarded as first-hand information on young citizens’ recycling intentions. Results showed that
almost all the students were aware of the concept of recycling. However, many did not perceive that
plastic, metal, glass, wood, electronics and textile materials could be recycled. It also appeared that
almost half of the students assumed biodegradable materials as recyclables.

The TPB model was able to capture a substantial variance in the students’ recycling intentions,
and thus the predictive utility of the model corresponded to a few earlier studies on this topic [47,49,55].
The emergence of SN as the most significant predictor of the students’ recycling intentions contradicted
the findings of most of the earlier studies where SN appeared to be the weakest among the TPB
predictors although Wan et al. [47,55] found that SN had a significant role in determining individuals’
recycling intentions in Hong Kong. The positive effect of PBC on recycling intentions corresponded
to the findings of some earlier studies [55–57]. The insignificant effect of Attitude on the students’
intentions of recycling was exceptional considering many studies reported Attitude as the strongest
predictor of individuals’ recycling intentions. However, this exception perhaps appeared due to the
formulation of some of the items under the construct Attitude, which was somewhat different from
the definition of Attitude given by Azjen [44].

These findings indicated that the social pressure would be driving Indian students’ recycling
intentions followed by their attitudes to recycling and their perceived ease of carrying out recycling
activities. Jain et al. [81] have reported that since a collectivist culture prevails in India, SN tends to
have a greater impact on intention than Attitude, and this could hold true in this study. The study
found that the demographic variables had statistically significant effects on some of the TPB constructs
although such effects were weak. The study by Oztekin et al. [57] found a gender difference in the
Turkish university students’ attitudes to recycling where female students were more positive than their
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male peers. However, the present study found an opposite result among the school students’ attitudes
to recycling in India. Overall, the school students demonstrated positive intentions and attitudes
towards recycling and they were confident about their ability to participate in recycling activities.
To some extent, these results corresponded to the study by Lucy et al. [40].

4.2. Implications and Recommendations

The study revealed that the students had some ambiguities about the materials that are recyclables.
Such a lack of conceptual clarity about recyclable materials among the students can affect urban waste
management program and make it costly for the municipalities. There is a high probability that due
to this lack of knowledge among the youth, the segregation of wastes at source will be carried out
improperly by them that will ultimately affect government’s efforts towards urban waste management.
Therefore, there is a clear need of raising awareness of recycling and recyclable materials among
the youth in India. Wan et al. [55] have suggested that public authorities should position “recycling
as a social trend and promote it in the society through encouraging messages from the celebrity
personalities and showing the percentage or frequency of the local population performing recycling”.
It can be a relevant approach in the context of recycling, as Abrahamese and Steg [82] perceived that
“socially desirable behaviours could be achieved in issues related to resource conservation by means
of social influences, learning and comparison”. Wan et al. [55] have also suggested that promoting
recycling behaviour as a socially desirable trend instead of highlighting its benefits could be an effective
strategy. It is evident that without increasing the knowledge of the benefits of recycling and improving
individuals’ waste separation abilities, socially desirable behaviours will be difficult to achieve in
the context of urban waste management in India. Moreover, when it comes to developing students’
recycling behaviours, schools can play an important role. Schools can initiate various environmental
activities in their local communities involving students and residents, as the respondents in this study
also suggested, which can enhance their awareness of waste separation and motivate them to take
required practical actions both at the household and community levels [54]. There are already a few
policies and initiatives existing in India related to urban waste management and therefore, it is the
responsibility of the citizens, both young and old, to come forward and help implementing those
policies successfully throughout the country.

4.3. Limitations and Future Research Needs

There were some limitations in the study, which are required to be addressed in the future research.
The researchers collected data from only one school in Delhi and therefore, the sample cannot be
considered a truly representative sample. Future studies should recruit a large sample of students
from various Indian cities to improve the representativeness of the study as well as the generalizability
of its findings. Moreover, besides school students, university students should be included in the future
studies, as this will provide a comprehensive picture of the socio-psychological factors determining
Indian youth’s recycling intentions. Future studies could also explore the socio-psychological factors
that affect recycling intentions of both the youth and adults to understand their similarities and
differences across the two age groups, which could be useful in building relevant hypotheses. Apart
from recycling intentions, past recycling behaviours should also be studied to observe possible gaps
between intentions and behaviours. A number of studies also added constructs such as ‘personal
norm’, ‘awareness of consequences’, ‘environmental knowledge’, ‘past behaviour’, ‘self-identity’,
and ‘situation factors’ to the extended TPB frameworks to explain individuals recycling intentions,
which appeared to be relevant [54,55,57,83–85]. Therefore, future studies could use such extended
TPB models to predict young citizens’ recycling intentions and behaviours in India. Future studies
could also investigate how economic rewards (i.e., payment for recyclables) could influence young
generation’s intentions towards recycling as the lack of financial incentives was identified in many of
the previous studies as one of the factors that affected individuals’ recycling intentions.
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4.4. Conclusions

In conclusion, it can be said that the TPB model was able to explain school students’ intentions of
recycling in the Indian context. All the predictors appeared to have positive effects on the students’
intentions of recycling and the relevance of the TPB model in explaining students’ intentions was
apparent. SN appeared to be the strongest predictor of the Indian students’ recycling intentions.
Students’ participation in recycling can be significantly enhanced by developing their positive attitudes
to recycling, setting a social trend in recycling and making it easier for them to participate in recycling
by providing better facilities. It appeared that the students were aware of the concept of recycling,
although they lacked clarity about the recyclable materials. Students were also interested in receiving
more information on recycling from their school. In addition, they recognised the need for having better
waste separation facilities in their households and communities. The selection of the school students
appeared to be relevant for this study because of the magnitude of the proportion of youth in India’s
population and their importance in addressing the mounting solid waste management problems in the
country. The study was one of a kind in the Indian context, and thus could provide future directions in
research on the social dimensions particularly on the behavioural aspects in recycling in India. Since
India is a highly diverse country in terms of social and cultural settings, there is a need to take into
consideration those driving factors while exploring young people’s attitudes and behaviours related
to recycling.
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Abstract: Bottom ash is the major by-product of waste incineration and can contain trace elements
(As, Cd, Co, Cu, Cr, Mo, Ni, Pb, and Zn) with concentrations up to thousands of mg·k−1. In this study,
a combination of different extractions and leaching tests (i.e., CH3COOH and ammonium-EDTA
(Ethylenediaminetetraacetic acid) extractions and pHstat leaching tests) was used to investigate
the potential release of trace elements from bottom ash samples derived from hazardous waste
incineration plants. Although large variations have been found in the release of trace elements by
different extractions, in general, the highest concentrations of most trace elements (except As and Mo)
were released with the CH3COOH extraction, whereas the release of As and Mo was highest with
the ammonium-EDTA extraction. Kinetics of element release upon acidification based on a pHstat

leaching test at pH 4 could be related to the solid-phase speciation of some selected trace elements.
The relatively high-potential mobility and elevated total concentrations of some trace elements imply
a threat to the environment if these bottom ashes are not treated properly. Results of the present
study may be useful to develop potential treatment strategies to remove contaminants and eventually
recover metals from bottom ash.

Keywords: bottom ash; hazardous waste; kinetic release; potential mobility; trace elements;
waste management

1. Introduction

When society moves towards more sustainable material cycles, recovery of metals from industrial
waste can be an opportunity to turn waste into a valuable resource. It is estimated that numerous
metals will be consumed in less than 50 years (Zn) or 100 years (Co, Cu, Ni, Mo, and Pb) if current
rates of extraction are maintained [1]. However, sustainable reserves of these metals will remain for the
future if they are recovered and the remaining reserves are used more efficiently [2]. Waste containing
significant amounts of trace elements offers a potential for the recovery of these elements, since trace
elements in anthropogenic matrices are often more labile compared to natural matrices (e.g., ores,
rocks) [3]. Generally, the term “major elements” is used for elements which have concentrations greater
than 1% and term “trace elements” has been used in geochemistry for chemical elements that occur in
the Earth’s crust in amounts less than 0.1% (1000 mg·k−1) [4]. In this study, the term “trace elements”
is used to indicate particularly the elements As, Cd, Cr, Co, Cu, Mo, Ni, Pb, and Zn while the term
“major element” is used to indicate the following elements: Al, Ca, Fe, K, Mg, P, S, and Si.

Waste incineration has been a preferred alternative in solid waste management since landfilling
became more difficult to site due to high costs, diminishing land availability, and stricter regulations [5].
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The bottom ashes (BAs) from waste incineration are often treated to recover the metals or they are
reused in the cement and concrete industries to produce road construction materials in Europe and
developed countries [6,7]. However, without any pretreatment, the residues which contain high
amounts of leachable potentially toxic elements are also classified as hazardous wastes [8].

One of the key factors when evaluating the risks related to the management (e.g., disposal/reuse)
of solid waste regarding environmental health and safety is the release of pollutants to the receiving
environment. Co-disposal of different kinds of waste without knowing their leaching characteristics
may pose a threat to environment, for example, the disposal of ash in an acidic environment
increased the leaching of heavy metals and contaminated the ground water at the disposal site [9].
For this reason, leaching/extraction tests are commonly applied because they provide information
about the potential release of constituents from solid materials to the liquid phase [10]. There are
several extraction/leaching tests for solid materials, each with different purposes and implications.
Among these tests, an ammonium-EDTA (ethylenediaminetetraacetic acid) extraction is usually used
to determine the potential mobility of trace elements in soils and sediments as a consequence of
complexation. Different types of EDTA (EDTA free acid, sodium-EDTA, and ammonium-EDTA) are
used as extraction solutions [11]. Acetic acid (CH3COOH) in different concentrations (0.43 mol·L−1 or
0.11 mol·L−1) is often used to determine the fraction of elements in a soil or sediment that is susceptible
to changes in acidity of the environment (e.g., through acid rain) [12]. Beside acetic acid, nitric acid is
currently employed in pH-dependence or pHstat tests to analyze the leachability of an element under
acidic conditions since acetic acid is a weak acid that may form complexes.

For the sake of harmonization, ammonium-EDTA 0.05 mol·L−1 and CH3COOH 0.43 mol·L−1

were selected as extraction solutions by the Standards Measurement and Testing (SM&T) Program to
indicate respectively the “mobilizable/potentially available fractions” or the “acid extractable fractions”
of elements in sediments and soils [13]. Since the release of trace elements from soils, sediments and
waste materials is strongly influenced by pH, different types of tests are available to assess the release
of elements due to changes in pH. While single extractions (e.g., the extraction with CH3COOH) allow
estimating element release at a single pH value, which is determined by the reagent and by the acid
neutralizing capacity of the sample, pHstat leaching tests allow investigating element release at a
pre-defined pH value. In the standard pHstat test [14], the release of trace elements is only assessed
at one moment in time (after 48 h), which does not allow addressing the kinetics of the release of
elements [14]. Hence, a detailed batch leaching test where the pH is kept at a preset value by using an
automatic titration over time in conjunction with the analysis of the leachates at various times allows
determining the release kinetics of elements due to changes in pH. This kind of test provides a more
detailed assessment of time-dependent leaching behavior of trace elements.

Element leaching from BA has been the subject of many studies in different countries. An overview
of some selected papers dealing with trace element leaching from BA which are relevant for the present
study is provided in Table 1. It was found that leaching of trace elements from BA is pH-dependent and
affected by accelerated ageing [15–17]. In developing countries, BA is sometimes treated differently
from what is stipulated in legislation. For instance, some hazardous waste incinerators leave the BA
covered at a dump site next to the plants (e.g., Ghana [18] and Vietnam). As for most developing
countries, rapid industrial development has led to an increase in the generation of various types of
industrial waste in Vietnam in recent years. However, data on the composition of BA from hazardous
waste incinerators in Vietnam, as well as the potential release of trace elements from these materials
are rather scarce, even though such studies provide essential information to select the most sustainable
management options for this kind of waste, and eventually also contribute to the protection of
the environment.
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Table 1. Total concentrations (dry weight basis) of major and trace elements, mineral composition,
organic carbon content (OC), and pH, and of studied BA compared to other studies.
Average ± standard deviation of 2 replicates.

Type of
Bottom

Ash Unit

This Study [19] [20] [21] [22] [18]

Hazardous Waste
Incinerators Industrial

Wastes

Municipal
Solid Waste
Incinerators

(MSWI)

Coal, Peat
and Forest
Residues

Hospital
Medical
Waste

Incinerators
Element AS1 * AS2 **

Al % 6.06 ± 0.33 2.90 ± 0.12 - 6.4 1.22
As mg·kg−1 7 ± 1 77 ± 75 21.4 21 3.9
Ca % 1.91 ± 0.02 3.85 ± 0.18 6.26 9.7 -
Cd mg·kg−1 1 ± 0.03 2 ± 0.1 <0.3 14 <3.0 7.54
Co mg·kg−1 928 ± 23 63 ± 11 7.8 67 2.9
Cr mg·kg−1 573 ± 45 804 ± 185 50.6 1158 10.9 99.30
Cu mg·kg−1 1126 ± 196 818 ± 188 33.5 7743 16.9
Fe % 3.92 ± 0.15 23.82 ± 3.53 - 8.9 0.84
K mg·kg−1 3800 ± 200 2400 ± 2 2910 9000 -

Mg mg·kg−1 1900 ± 6 7900 ± 617 5850 15,000 -
Mn mg·kg−1 377 ± 3 3597 ± 259 1450 1000 425.0
Mo mg·kg−1 278 ± 7 42 ± 1 1.1 99 <1.0
Ni mg·kg−1 1373 ± 77 233 ± 22 24.3 356 6.3
P mg·kg−1 2000 ± 47 1000 ± 41 3430 4000 -

Pb mg·kg−1 63 ± 4 817 ± 85 5.1 1022 <3.0 143.80
S mg·kg−1 1130 ± 56 3820 ± 348 1580 4950 59.4

Zn mg·kg−1 930 ± 2 1461 ± 291 340 7732 256.0 16,417.69
OC % 3.24 ± 0.01 0.95 ± 0.04 - <0.5
pH 8.64 ± 0.05 9.40 ± 0.70 -

Calcite % 1.0 3.6 - 0.5
Corundum % 6.9 - - 4.5
Hematite % - 7.2 - 1.9
Magnetite % 3.1 13.1 - 4.2

Mullite % 1.9 - -
Quartz % 10.3 7.8 31.4
Rutile % - 2.6 0.8

* = BA sample 1; ** = BA sample 2.

In the present study, BA samples that were previously partly characterized using chemical,
mineralogical, and physical approaches [19] were further studied through a complementary
extraction/leaching approach with focus on the potential release of trace elements under influence
of acidification and complexation. Single extraction with ammonium-EDTA (0.05 mol·L−1) and
CH3COOH (0.43 mol·L−1), which are commonly applied to soils and sediments, were performed.
The results of the single extractions were compared with the release of elements during pHstat titration
leaching at pH 4. This pH was chosen since it represents the worst-case scenario when the samples
would become exposed to acidification at the disposal site (e.g., acid rain conditions, mixing with other
acid wastes, etc.). The comparability of different extractions and leaching tests is determined by the
main characteristics of the tests (the chemical reagent used, the duration of the tests, the liquid/solid
(L/S) ratio). The tests used in this study are all conventional batch tests in which the leaching solution
is not renewed, and the mixing is performed over a relatively short time period (hours to days) with
the aim of reaching equilibrium conditions. The comparison of potential mobility of trace elements by
different and extractions is not completely straightforward since operational conditions and reagents
are different. The estimation of the potential trace elements’ mobility is thus operationally defined by
the extracting agents used [23].

The aim of the study is to investigate the usefulness of a different extraction/leaching approach
focusing on the potential release of trace elements from BAs from hazardous waste incinerators under
influence of acidification and complexation. The kinetic of release of the various elements under acidic
conditions is also discussed and related to the solid-phase composition of the BA. It is not the purpose
of the present paper to investigate the metal recycling from BA, since this would also require a detailed
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economic and technological assessment. However, strategies for disposal or recycling of solid waste
are also often based on the understanding of the leaching behavior of these materials [10]. In this study,
the information deduced from the different methods was compared and evaluated. Results of the
present study are helpful for the first steps in the evaluation the potential treatment strategies for these
BAs. Results from extraction methods applied in the present study might be indicative for evaluation
of options for metal recovery. Additionally, the investigation of release kinetics of trace elements under
acidic conditions by a detailed batch leaching test is helpful to gain a better understanding of acid
neutralization capacity as well as the solid-phase composition of the BA. Since this is just the first
estimation for the usefulness of the CH3COOH and ammonium-EDTA extraction, we use standardized
conditions, using more diluted extraction agents and high liquid/solid (L/S) ratios instead of severe
conditions with more concentrated agents and low L/S ratios. Moreover, mild extraction conditions
are used since the chemical consumption should be minimized during BA washing for multiple
reasons. Several studies have dealt with bottom ash from municipal solid waste incineration; however,
bottom ash from hazardous waste incineration has not been the subject of many studies before.
This paper will improve our understanding of the release of trace elements under different external
factors that BAs may encounter during their processing or management. Extraction and leaching
methods applied in the present study are standardized tests that have been developed for soils and
sediments. Developing novel extractions for waste materials is not the purpose of the present study.
However, the approach used in this study is useful to evaluate the fraction of metals that can be leached
out from BA, in view of metal recovery and treated BA disposal/use. This approach is necessary for
the development of appropriate waste management options, especially in countries facing inefficient
waste and waste water treatment technologies, resulting in residual waste materials with considerable
concentrations of valuable elements.

2. Materials and Methods

2.1. Material Characterization

The BA samples in the present study were collected from two hazardous waste incinerators in
Ho Chi Minh City, South Vietnam. At the time of sampling, source material from the plant from
which sample AS1 was collected included sludge from the waste water treatment of textile and
printing ink production factories, and chemical containers. The general input for the incineration
facility where AS2 was collected was sludge from waste water treatment of a textile dying factory,
cloths containing chemical and lubricants, and out of date chemicals. After sampling, the BA materials
were stored in plastic bags and brought to KU Leuven, Belgium for further treatment and laboratory
analysis. More details about sampling and sample pretreatment and the determination of chemical and
mineralogical composition of the samples can be found elsewhere [19]. In general, the composition of
BA varies greatly and depends on the input material and the applied incineration technology. The BA
samples in the present study were collected from two-stage incinerators having a quite low combustion
temperature (550–650 ◦C) which can influence the complete burning of organic matter and the forming
of metal oxides. Moreover, inputs of hazardous waste incinerators vary widely depending on the type
of plants.

Some general characteristics (pH, total elemental concentrations, organic carbon content and
mineralogical components) of these samples compared to other studies are summarized in Table 1.
The fraction >2 mm determined by sieving was 12% for both samples. Mineralogical characterization
was carried out by X-ray diffraction (XRD). According to XRD results, the studied BAs were mainly
composed of oxides and Ca-, and Si-minerals. Magnetite (Fe3O4), quartz (SiO2), and calcite (CaCO3)
were found in both samples. Corundum (Al2O3) and mullite (Al6Si2O13) were detected in sample
AS1 and hematite (Fe2O3) and rutile (TiO2) were found in sample AS2 (Table 1). Total element
concentrations in these samples were compared to the composition of other BA from different
sources including industrial wastes, MSWI, coal, peat and forest residues, and hospital medical
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waste incinerators. Both samples were characterized by a low concentration of Ca and P compared to
the composition of other BA. Iron concentration in AS2 was much higher compared to its concentration
in AS1 and other BA (Table 1). The total element concentrations of some trace elements in the two BA
samples were compared to the Flemish limit values for recycling of granular material in construction
applications to evaluate whether the studied BAs would be suitable for being used in construction
applications. Results indicated that Cu (sample AS1 and AS2), Ni (sample AS1) and Zn (sample AS2)
exceeded the Flemish limit values for recycling of granular material in construction applications [24].
Moreover, according to the Vietnamese National Technical Regulation on Hazardous Waste Thresholds,
As and Pb (sample AS2) exceeded the limit values [25]. This might raise concerns regarding the
potential hazard of using this BA as a construction material if no pretreatment is applied.

2.2. Extractions/Leaching Test

Extractions and leaching test were performed at room temperature (20 ◦C). The ammonium-EDTA
extraction followed the protocol of the Standards, Measurement and Testing (SM&T) Program [26].
Ammonium-EDTA 0.05 mol·L−1 solution was added to the dry sample with a liquid/solid (L/S)
ratio of 10 (L·kg−1). The suspension was shaken for 1 h in a reciprocal shaker, centrifuged (3500 rpm,
10 min), decanted and filtered (0.45 μm, Chromafil® PET-45/25, Macherey, Düren, Germany). The acid
extractable fraction (generally considered to consist of exchangeable elements and elements bound to
carbonates) was also based on the procedure described by the SM&T programme using an extraction
with CH3COOH 0.43 mol·L−1 [27]. The CH3COOH 0.43 mol·L−1 solution was added to the dry
sample to obtain a liquid/solid (L/S) ratio of 40 (L·kg−1). The suspension was shaken for 16 h in
a reciprocal shaker, centrifuged (3500 rpm, 10 min), decanted off and filtered (0.45 μm, Chromafil®

PET-45/25, Macherey, Düren, Germany). After extraction, the pH of the extracts was measured with a
pH Hamilton single-pore electrode.

The pHstat leaching test was carried out employing an automatic multititration system
(Titro-Wico Multititrator, Wittenfield and Cornelius, Bochum, Germany). 80 g of dried sample was put
in an Erlenmeyer flask together with 800 mL of Milli–Q water (L/S ratio = 10 L·kg−1). Element release
was measured at regular time intervals (0, 1, 3, 6, 12, 24, 48, 72 and 96 h). Bottom ash samples were first
shaken for 30 min at the natural BA-pH (without acid addition) before the effective pHstat- experiment
was started. A sample of 5 mL of the suspension was taken over a filter (0.45 μm, Chromafil®

PET-45/25, Macherey-Nagel GmbH & Co. KG, Düren Germany) by means of a syringe attached to
a flexible tube at regular time intervals. This pHstat test corresponds to the CEN/TS 14997 test [14],
except that the leachate is not only sampled after 48 h, but at regular time intervals. Moreover, in the
present study, the pHstat tests were only performed at pH 4. The objective of this test was to examine
the kinetic release of trace elements under acidic conditions, while the pH of the suspension (bottom
ash suspended in water) is kept at a constant value (pH = 4) by continuous titration with HNO3

(1 mol·L−1). Due to the variety of processes occurring at landfills or open dumps such as sulfide
oxidation, microbial activity, acidic deposition and reaction with atmospheric CO2, the pH of ash in
landfills may drop to a value as low as 3 to 5 [28]. Hence pH 4 was chosen to address a worst-case
scenario of acidification.

2.3. Analysis and Quality Control

Single extractions with ammonium-EDTA 0.05 mol·L−1 and CH3COOH 0.43 mol·L−1 were done
in duplicate and the results are presented as a mean value. Blank solutions were also inserted in each
batch of extractions. A certified reference material (BCR 483) was also analyzed for quality control
(Table 2).
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Table 2. Comparison of the results of the ammonium-EDTA 0.05 mol·L−1 extraction and CH3COOH
0.43 mol·L−1 extraction of BCR 483 (average ± standard deviation of 2 replicates) and certified values.

Element
Ammonium-EDTA

0.05 mol·L−1

(This Work)

Ammonium-EDTA
0.05 mol·L−1

(Certified Values)

Acetic Acid
0.43 mol·L−1

(This work)

Acetic Acid
0.43 mol·L−1

(Certified Values)

Cd 20.7 ± 0.7 20.4 ± 1.3 19.6 ± 0.5 18.3 ± 0.6
Cr 37.6 ± 9.8 28.6 ± 2.6 26.3 ± 1.6 18.7 ± 1.0
Cu 192 ± 7 215 ± 11 38.2 ± 1.2 33.5 ± 1.6
Ni 24.2 ± 1.4 28.7 ± 1.7 25.5 ± 1.5 25.8 ± 1.0
Pb 189 ± 17 229 ± 8 1.9 ± 0.2 3.1 ± 0.25
Zn 529 ± 16 612 ± 19 659 ± 34 620 ± 24

The extracts/leachates were acidified immediately after the experiments, with concentrated
HNO3 to bring the pH < 2. The EDTA extracts were kept at 4 ◦C and not acidified prior to analysis
to prevent precipitation of EDTA salts at low pH. Elemental concentrations (Al, Ca, Fe, K, Mg,
P, S, As, Cd, Co, Cr, Cu, Mn, Mo, Ni, Pb and Zn) were measured by ICP-OES (Varian 720-ES).
A Varian 720-ES instrument supplied with double-pass glass cyclonic spray chamber, concentric glass
nebulizer SeaSpray and “extended high solids” torch was used. Solutions were introduced into the
spectrometer using the Varian SPS3 sample preparation system. Calibration solutions were prepared
from certified multi-element ICP standard stock solutions and from Plasma HIQU (High Quality)
single element solutions from CHEM-LAB (Belgium). Blanks were also included in the calibration.
All solutions were prepared from 18 MΩ·cm−3 ultra-pure water supplied from Millipore system and
stabilized with ultra-pure nitric acid (CHEM-LAB). Sensitivity, linear dynamic range, and freedom
from spectral interferences were taken into consideration during wavelength selection for each element.
Each measurement was carried out with three replicates.

3. Results

In this study, although results and discussion mainly focus on trace elements (As, Cd, Co, Cr, Cu,
Ni, Mo, Pb, and Zn), major elements (Al, Ca, Fe, K, Mg, P, S, and Si) are sometimes mentioned because
of their relevance for interpretation of release mechanisms of elements of interest.

3.1. Single Extractions

The results of ammonium-EDTA and CH3COOH 0.43 mol·L−1 extractions for the studied BA
samples are displayed in Table 3. Extractability is expressed in percent of an element extracted with
ammonium-EDTA and CH3COOH extraction relative to its total concentration in the (solid) sample.
Ammonium-EDTA extraction was used to determine the potential mobility of trace elements as a
consequence of complexation and used as an estimation of the “pool” of a specific element that can
deliver elements from the solid phase to the solution [13]. Moreover, it can also give a rough indication
on the bioavailability of some trace elements and it is sometimes used to assess the availability of trace
elements to plants [29,30].

Among the examined trace elements, Cd (in AS1) and Pb (in AS2) showed the highest EDTA
extractability (27 and 31% of the total content in the samples, respectively) while EDTA extractability
of some other trace elements such as Co (3%), Ni (2–3%), Cr (0.2–0.6%) and Mo (10%) is rather similar
despite of their difference in total concentrations in both samples (Table 3).
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Table 3. Extractability (as% of total concentration) of elements from ammonium-EDTA and acetic
acid extractions.

Element AS1 (%) AS2 (%)

Major elements

EDTA CH3COOH EDTA CH3COOH

Al 0.2 4 1 20
Ca 87 100 45 87
Fe 1 7 0.1 2
K 5 10 8 19

Mg 25 47 7 50
Mn 9 23 1 11
P 13 13 5 12
S 98 100 36 37

Trace elements

As 14 < 6 2 < 0.5
Cd 27 65 < 3 < 3
Co 3 17 3 25
Cr 0.6 3 0.2 4
Cu 22 33 11 29
Mo 10 6 10 < 0.9
Ni 2 15 3 27
Pb 9 < 1 31 42
Zn 20 43 6 29

Although Cd reached the highest extractability in AS1, its concentration in the EDTA extract
was below limit of quantification (LOQ) in AS2. Arsenic also had a low EDTA-extractable fraction
(2%) in sample AS2, but in sample AS1, 14% of the total As concentration was extracted. Similar to
As and Cd, Zn also displayed a higher extractability in sample AS1 (20%) compared to sample AS2
(6%). Results of As and Cd were in accordance with Ca and S, since both Ca and S reached a high
extractability in AS1 (87–98%), and a slightly lower extractability in AS2 (36–45%). A study of ash
from coal combustion, Nugteren (2008) [31] reported that As, Cd, and Mo are belonging to the group
of elements which are associated with calcium oxides and sulfates. However, FEG-EPMA analyses of
the bottom ash samples indicated that Mo (in AS1) was related to Fe-bearing phases, while As and Cd
could not be observed during solid-phase characterization with FEG-EPMA [19]. The extractability of
Cu (AS1 and AS2) and Pb (AS2) was quite high compared to other trace elements. The high EDTA
extractability of Cu and Pb (respectively 22% (in AS1) and 31% (in AS2) of their total content in the
samples) might be explained by the high complexation constants for these two elements with EDTA
(log K = 17.8 and 18.3, respectively) [12].

The concentrations of elements extracted with CH3COOH varied between the two BA. Besides Cd
(in AS1) and Pb (in AS2), Zn and Cu showed a high extractability (29–65% of their total concentration).
In contrast, Cr, As and Mo display a low extractability (≤6%). It should be mentioned that Pb and Cu
are characterized by a higher stability for mononuclear monoligand and biligand complex systems
with CH3COOH compared to other metals [32,33]. However, the high extractability of Cd, Pb, Zn,
and Cu can be a combination of both high stability of the acetate complexes and the drop of pH during
extractions. In both samples, Co and Ni were released in similar amounts (15–17% for AS1 and 25–27%
for AS2, respectively) possibly because they originate from the same host phases, namely Fe-alloys or
Fe-oxides [19].

For both single extractions, Ca and S (in AS1) showed the highest extractability among the
examined elements. Ca and S in AS1 were totally extracted during the CH3COOH 0.43 mol·L−1

extraction. In general, major cations present in the solid samples may be one of the factors affecting trace
element extraction efficiency due to their competition to form complex compounds with EDTA [34].
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The dissolution of calcite can consume EDTA in calcareous soils, lowering the extraction efficiency
for trace elements [35]. In the present study, important amount of Ca (87%) was extracted with
ammonium-EDTA (Table 3), possibly affecting the extraction efficiency of the reagent.

3.2. Acid Neutralization Capacity (ANC) and Trace Element Release at pH 4

The ANCpH4, 96 h (i.e., the amount of acid added to maintain a pH of 4 until 96 h after the start of
the pHstat titration) of sample AS2 (936 mmol·kg−1), was nearly double to the ANCpH4, 96h of sample
AS1 (510 mmol·kg−1). The higher amount of calcite as determined by XRD in sample AS2 (3.2%)
most likely explains the difference in ANC between both samples. Although the pH change during
the extraction with CH3COOH 0.43 mol·L−1 might provide an indication of the ANC of the two
BA samples, the difference in the final pH of the CH3COOH extracts was not that high (final pH
of 3.26 and 3.44 for AS1 and AS2 respectively). The initial pH of the CH3COOH solution was 3.02.
The reason for this small difference in pH, despite the important difference in ANC, might be the
short duration of the CH3COOH extraction test (16 h) in which the slow buffering reactions are not
fully considered [36]. Hence, pHstat leaching tests, performed for a longer period (96 h in the present
study) likely allow a better estimation of ANC from BA samples. It should also be mentioned that
weathering of BA (natural or artificial) is responsible for increasing the buffering capacity of the BA [15].
Several studies have shown that leaching for several metals appears to be less important than from
fresh BA after weathering [37,38]. However, a study about the carbonation (artificial weathering) of
BA from municipal solid waste incinerator, Van Gerven et al. (2005) [39] reported an increase in the
leaching of Cr and a constant leaching of Mo and Sb after carbonation of BA. Therefore, ANC of a
BA is very important and should be better estimation to investigate the release of trace metal upon
external addition of H+.

The evolution of ANC and the release of Ca with time in both samples during pHstat leaching are
displayed in Figure 1.

Figure 1. Evolution of ANC and Ca during pHstat leaching test (pH 4).
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We performed XRD phase analysis on residual BAs after pHstat leaching (at pH = 4) to assess
leaching related to changes in major solid phases. XRD phase analysis on the residual BAs after the
pHstat leaching (at pH = 4) showed that some peaks of calcite (CaCO3) decreased in intensity (Figure 2).
This suggests that main mineral phases in the BAs were stable at pH 4, except small change was
observed for calcite. Possibly, the dissolution of other mineral phases was too small to be detected by
the XRD technique.

Figure 2. XRD patterns of original sample and sample after the pHstat test (pH = 4, sample AS2).

In the following section, leachability refers to the concentration in the final leachate (after 96 h)
expressed in percent of an element leached relative to its total concentration in the (solid) sample
(Table 4) except for Mo in sample AS2 since its concentration in the leachates decreased to values below
the LOQ from 3 h onward. For the latter, the concentration in the leachate after 1 h was used.

In both BA samples, despite the high total concentration, Al Fe, and P exhibit very low leachability
(<0.5%) compared to other major elements, such as Ca, K, Mg, Mn, and S (>2%). This suggests
that no significant dissolution of Al-Fe-P containing minerals occurred during the pHstat leaching
test. Release of some selected major and trace elements during pHstat leaching are displayed in
Figures 3 and 4. Cadmium concentrations in the leachates from both samples were below LOQ likely
due to the low total Cd-concentrations (≤1.5 mg·kg−1).

Table 4. Leachability (as% of total concentration) of elements in the pHstat test (after 96 h or, except for
Mo in sample AS2, after 1 h).

Heading AS1 (%) AS2 (%)

Major Elements

Al 0.1 0.4
Ca 45 34
Fe 0.3 0.02
K 5 7
Mg 14 14
Mn 5 2
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Table 4. Cont.

Heading AS1 (%) AS2 (%)

P 0.03 0.04
S 54 22

Trace Elements

As <1 <1
Cd <6 <3
Co 3 6
Cr 0.04 0.02
Cu 3 2
Mo 1 0.3
Ni 3 6
Pb <0.2 1
Zn 9 3

 

Figure 3. Release of major elements and some selected trace elements from AS1 during pHstat leaching
(at pH 4).
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Figure 4. Release of major elements and some selected trace elements from AS2 as a function of time
during pHstat leaching (at pH 4).

In the leachate of sample AS1, As and Pb were below LOQs while released Cr concentration was
very low (0.04% or 0.3 mg·kg−1 was released at pH 4). The leachability of Co, Cu, Mo, and Ni varied
between 1–3%. The highest leachability was observed for Zn (9%).

In sample AS2, most of trace elements were only detected in the leachates after 1 h except
Cr, Mo and Zn which were already released immediately from the start of the experiment.
Arsenic concentrations in the leachate varied just around LOQ while Mo was released at the
beginning of the pHstat experiment, but the concentration decreased below LOQ after 3 h of leaching.
Nickel exhibits the highest leachability (8%), while other trace elements such as Co, Cu, Pb and Zn
show a moderate leachability (1–6%). Chromium exhibited a low leachability (0.02%) despite its high
total concentration (804 mg·kg−1). This indicates that most of the trace elements in the BAs do not
occur in readily soluble forms, even if the external pH is lowered to a value of 4.
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4. Discussion

4.1. Potential Release of Trace Elements Based on Different Extractions/Leaching Test

The results after 48 h of pHstat leaching in this study corresponds to the standard pHstat test
CEN/TS 14997 test [14] at pH 4. Therefore, comparing the release of trace elements by the CH3COOH
extraction, ammonium-EDTA extraction and after 48 h of pHstat leaching provides information on
the potential release of trace elements in BA samples based on standardized extraction/leaching tests.
The release of some selected trace elements from CH3COOH 0.43 mol·L−1 and ammonium-EDTA
0.05 mol·L−1 extraction compared to the amount of these trace elements extracted with pHstat leaching
test (determined with 48 h) is displayed in Figure 5.

Figure 5. Release of Cu-Co-Mo (in AS1) and Pb (in AS2) after acetic acid 0.43 mol·L−1 and
ammonium-EDTA 0.05 mol·L−1 extraction compared to the amount of these trace elements released by
the pHstat leaching test (after 48 h).

Most of trace elements showed the highest extractability with CH3COOH, while As and Mo
were most effectively extracted with ammonium-EDTA. The high amount of trace elements (except
As and Mo) that were extracted by CH3COOH can be explained by the low pH (pH = 3.26–3.44)
of the CH3COOH extract. Acidification has a pronounced effect on the release of trace elements
from the studied BAs. Removal or recovery of trace elements from ash by acid leaching has been
studied to find out the most effective leaching agent [24,40,41]. However, this recycling option suffers
from some drawbacks such as the use of large amounts of acid due to the high ANC of ashes and
the generation of wastewater. The more important extraction of As and Mo by ammonium-EDTA
compared to CH3COOH extraction and pHstat leaching at pH 4 is related to the fact that they may occur
as oxyanions which are known to be leached more under alkaline conditions than in acidic conditions.
The pH of the CH3COOH extract is 3.26 (AS1) and 3.44 (AS2), whereas the pH of the solution of the
pHstat leaching test was continuously kept at 4. Contrarily, the pH of the ammonium-EDTA extract is
neutral to slightly alkaline with values of 7.59 (AS1) and 7.98 (AS2). Some trace elements such as Cd,
Cu, Ni, Pb, and Zn can form complexes with dissolved organic carbon (DOC) which may enhance
the leaching of these elements. Increased Cu leaching from MSWI bottom ash by DOC complexation
was observed by [42,43]. Cu in AS1 exhibited a slightly higher mobility at alkaline pH values (9–11)
compared to neutral pH, which can be related to the fact that Cu forms organometal complexes with
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dissolved organic matter in the leachates of sample AS1 at high pH [19]. Unfortunately, data of DOC
in the leachates are not available; hence, the possible effects of complexation with DOC could not be
evaluated in the present study.

The relatively high-potential mobility of Cu, Pb and Mo deduced from the ammonium-EDTA
extraction, in combination with elevated total concentrations of Cu and Mo (in AS1) and Pb (in AS2)
indicate a higher possibility of recovery of these metals from the BA. Up to 250 mg Cu/kg and 27 mg
Mo/kg (in AS1) and 251 mg Pb/kg (in AS2) were released by the ammonium-EDTA extraction.

Removal of contaminants from ashes by washing with chelating agents (e.g., citrate buffer,
EDTA or oxalate buffers) has been suggested since chelating agents can remove significant amounts
of contaminants present in mobile forms in the outer layer of the ash particles [22]. Pre-washing
with water, increasing the concentration of EDTA and increasing the extraction time even increase
the extractability [41]. A high extractability of Cu (100%), Pb (94%) and Zn (40%) was observed
from the fly ash with pre-water washing followed by a 24 h extraction with EDTA 0.1 mol·L−1

(end pH 8.2 and L/S 5.0 L·kg−1) [41]. However, it is worth noting here that results for fly ash
are not directly transferable to the BA samples in this work due to the differences in particle size,
chemical composition, and mineralogy. Extraction efficiency obtained in the present study can probably
be improved, by increasing the concentration of the EDTA solution, adapting the extraction time,
L/S ratio, temperature, etc. It was not the purpose of the present study to investigate the optimal
condition for maximal element recovery from the BA samples. However, the result show that the
extractions used in the present study can be used for a relatively cheap and fast screening of the
potential of element recovery from waste materials.

4.2. Kinetics of Trace Element Release during Leaching Test at pH 4

Understanding the kinetics of trace elements release is important for predicting the environmental
risks associated with these elements over time. Kinetic leaching experiments performed on solid
materials have shown that element leaching can be described by two steps, representing a fast release
process followed by a slow process [44]. In this study, time-dependent leaching behavior of trace
elements could be divided into three types (Figure 6), considering fast and slow release processes.

Type 1 includes elements which are released slowly, and steady state is not reached (e.g., Co and
Ni in both samples, as well as Cu in AS2 and Zn in AS1). This type of element release is related
to the desorption of elements that are strongly bound to solid phases or to the slow dissolution of
solid phases. Similar leaching patterns of Co and Ni from both samples support the hypothesis that
they might come from the same host phase or that they are retained by similar binding mechanisms.
Compositional analysis by EPMA-EDS indicated that Fe, Co, and Ni co-existed in the analyzed spots
in sample AS1 [19]. The slow release of Ni and Co is most likely due to the fact that Ni and Co are
occluded in stable phases such as Fe-alloys and Fe-oxides and thus showed a slow mobilization under
acidic environmental conditions. Similar time-dependent leaching patterns of Fe, Co, and Ni (Figure 3)
from sample AS1 support this hypothesis. Although the Fe content of sample AS2 was much higher
(24%) compared to that of sample AS1 (4%), it should be mentioned here that the total concentration
of Co and Ni in AS2 is not that high (63 mg Co/kg and 233 mg Ni/kg), and Ni and Co did not show
a release pattern similar to Fe in sample AS2. In sample AS1, Zn occurs in Si-rich phases which
might be related to quartz, mullite or amorphous phases [19]. The release pattern of Zn during the
pHstat leaching test in this study (Figure 3) is quite similar to the release of Zn from glass phases as
observed by [45]. Moreover, quartz and mullite are known as stable phases under neutral and mildly
acid conditions while Zn was observed to leach up to 9% in pHstat leaching test (Table 4). Therefore,
Zn might be associated with amorphous or poorly crystalline phases, which are more easily dissolved
than stable phases.
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Figure 6. Release of Fe (AS1), P (AS1), S (AS2) and some selected trace elements illustrating three
different types of time-dependent leaching behavior during pHstat leaching (at pH 4). Co and Ni
concentrations were multiplied by a factor of 2 for a better visualization.

Release of elements according to “type 2” is characterized by an initial release at the beginning
of the pHstat leaching test, followed by a decrease in dissolved concentrations over time. This type
of release is related to precipitation reactions or re-adsorption onto solid phases (e.g., Cr and P in
both samples). This is the case for example when elements forming oxyanions (e.g., chromate) are
re-adsorbed on positively charged reactive surfaces at acidic pH. This phenomenon could not be
assessed in the single extraction test (e.g., CH3COOH extraction) due to the short duration of the
extraction and the fact that only the final leachate was analyzed.

The last type of leaching pattern (“type 3”) is related to elements which are released rapidly,
and steady state seems to be reached after more or less 6 h (e.g., Cu–Mo in AS1 and Zn in AS2).
Mo was also observed in Fe-rich phases in sample AS1 by FEG-EPMA; however, its leachability
was higher compared to other elements associated with Fe-rich phases. The release kinetics of Mo
(AS1) during pHstat leaching is also faster than Co and Ni (Figure 3) suggesting that this element
might not be incorporated into crystalline phases but is distributed on the surface of Fe-rich phases.
Although Zn-bearing phases were not identified by XRD and FEG-EPMA in sample AS2 [19],
the release behavior of Zn during pHstat leaching was similar to S (Figure 6), suggesting that Zn
may also exist in S-rich phases or that Zn and S are bound to a solid phase in a similar way.
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It can be deduced from the pHstat test that release mechanism of elements from BA are probably
related to the surface processes on the solid material such as desorption and re-adsorption, or to
solubility of mineral phases. When pH is lower, desorption happens since the presence of hydrogen
ions displaces metals that bound on the solid surfaces [46]. Precipitation or re-adsorption onto solid
phases is observed for some elements which form oxyanions such as Cr and P. It was concluded
by [47] that solid solution formation is frequently believed to be a controlling mechanism for oxyanion
leaching, for example for Cr (VI) in MSWI bottom ash.

5. Conclusions

In the present study, two BA samples characterized by a different mineralogical and
chemical composition and with a different ANC were investigated applying some standardized
extractions/leaching tests (CH3COOH extraction, ammonium-EDTA extraction, and pHstat leaching
test). A high extractability of trace elements (except As and Mo) was observed in the CH3COOH
extraction which also resulted in the lowest pH among the experiments. pHstat leaching allows
investigating the kinetics of element release under acidic conditions and can be linked to the solid-phase
characteristics of some selected trace elements. Nickel and Co are occluded in stable phases such
as Fe-alloys and Fe-oxides while Zn might be associated with amorphous or poorly crystalline
phases. Moreover, Zn may also exist in S-rich phases. Based on the results obtained in this study,
some preliminary treatment to remove trace elements (e.g., by washing) or immobilize trace elements
from the ash should be applied to the studied BAs before landfilling. This is necessary to avoid
contamination of the environment, both as consequence of the high total concentrations and because
of the relatively high mobility (as deduced from single extractions) of Cu-Mo (in AS1) and Pb (in AS2).
Additionally, the potential recovery of some metals should be explored. The extractions and leaching
tests applied in this study, which are generally used for preliminary screening in assessment of
elemental mobility, could also be used for a first estimate of the potential recovery of valuable
elements from waste materials. The approach used in this study is helpful for the development
of appropriate waste management options, especially in countries facing inefficient waste and waste
water treatment technologies, resulting in residual waste materials with considerable concentrations of
valuable elements.
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Abstract: The present study focused on the combustion of four types of briquettes made from paper
and cardboard waste produced in Ouagadougou (Burkina Faso). Rotary and tubular kilns were
used to study the combustion. The combustion mean temperatures, nitrogen, phosphorus and
potassium (NPK) content in the ash and heavy metals content in the ash and the flue gas were
analyzed. The combustion steady phase mean temperatures ranged from 950 ◦C to 750 ◦C were
obtained according to briquettes type. The temperature favored the transfer of the heavy metal in
the flue gas comparatively to the ash mainly for Hg, Cd and Pb. The Pb, Hg and Mn content in flue
gas and the ash are higher than their content in the parent wood used for paper production due to
the additive during the manufacturing process. The results showed a high content of heavy metal in
flue gas produced by combustion of briquette made with office paper and in the ash for the briquette
made of corrugated cardboard. Furthermore, the low heavy metal contain in the ash allow their use
for soil amendment. However, ash contained a low proportion of NPK (less than 2%) which does not
allow their usage as fertilizer alone.

Keywords: briquettes; ash; nitrogen-phosphorus-potassium; heavy metals

1. Introduction

More than two billion people around the world do not have access to modern energy.
In Burkina Faso, most of the energy needs are provided by wood (more than 80%). The consequence is
an increasing scarcity of wood, hence the need to find other sources of energy. This fully justifies the
importance of energy recovery from waste, especially paper and cardboard waste. Indeed, the typology
of waste from the city of Ouagadougou, the biggest city of Burkina Faso, reveals that paper/cardboard
accounts for 10% of waste, which is more than 20,000 tonnes per year according to the work of Tezanou
et al. [1]. This quantity can be valorized energetically or recycled. According to the life cycle analysis
conducted by Karna et al. [2], the energy recovery of paper waste contributes less to global warming
than recycling. However, the study conducted by Merrild et al. [3] showed that a high-performance
recycling process is more beneficial than energy recovery. In the case of Burkina Faso, energy recovery
is possible because of the absence of a suitable recycling system. Indeed, a little fraction of waste
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composed of metal, hard plastic and bottles (made of glass or plastic) are recycled by the informal sector.
The waste paper and cardboard ends in the landfills. Thus, waste paper and cardboard can be used as
fuels in the form of briquettes as proposed in our previous study [4]. The environmental advantages of
replacing wood or fuel oil with paper/cardboard briquettes are important (reducing deforestation,
reducing the global warming associated with the use of fuel oil, etc.). In addition to recovering the
energy released by the combustion of the briquettes, the ashes obtained can also be used to amend
the soil. Note that, these ash quantities can achieve 28% of the mass of the raw paper and cardboard
waste [5]. The ash may be used to return nutrients to the soil, thus closing the nutrient cycle and
enhancing soil fertility [6,7]. However, the burning of waste paper and cardboard briquettes presents
major challenges. Indeed, depending on their nature and their uses, waste paper and cardboard are
soiled. In general, the waste paper and cardboard present physical impurities such as staples, sand,
plastics, inks... But also chemical and toxic matters as heavy metals [8,9]. The heavy metals are also
present in the biomass as a micronutrient [10]. These heavy metals may be present in the paper at the
end of the manufacturing process. The chemical additives and ink used during the manufacturing
process and the usage of the paper and cardboard are probable sources of heavy metals. Indeed,
colorants and other additive used to improved paper color and quality content zinc, cadmium, lead
and chromium [11]. The ink is composed up to 30% of pigment which contents many types of heavy
metals according to its formulation [12–14]. Thus, during the combustion process the heavy metals can
be found in the bottom ash, the fly ash and the flue gas [15]. Heavy metals could cause air, water and
soil pollution according to Kovacs et al. [15]. As a result, the combustion and valorization of residual
ash are subject to multiple regulations, mainly on the content of heavy metals. The main heavy metals
targeted are cadmium (Cd), arsenic (As), lead (Pb) and Zinc (Zn), [16,17]. This imposes the need for
the evaluation of energy performances and environmental impacts with a view to energy recovery of
briquettes and ash. For this purpose, the ash compositions of many type of biomass were determined
by Jenkins et al. [8]. These authors found a great composition variation of biomass ash; furthermore,
the manufacturing process could impact the proportion and the composition of ash coming from
biomass like paper and cardboard waste.

Waste paper and cardboard are considered for briquetting process by many studies but there
is a need to study a possible environmental risk through the heavy metal emission, in the flue gas
and ash, produced during the combustion of the briquettes. During the present work, a study of the
energy and environmental performance of the combustion of briquettes was carried out. Four types of
briquettes obtained in our previous study were used in this study [4]. The study consisted in analyzing
the temperature fields, heavy metals in the flue gas and in the ash during the combustion of the four
types of briquettes. The possibility of using ash as an amendment to soil was also studied.

2. Materials and Methods

2.1. Characteristics of Briquettes

The paper and cardboard were collected directly in the waste produced in the city of
Ouagadougou. The briquettes were produced and characterized in the laboratory during our previous
work [4]. The characteristics of the briquettes based on waste paper/cardboard used are summarized
in the Table 1. The concerned characteristics are the density, the higher heating value (HHV) and the
moisture content of the briquettes.

Table 1. Characteristics of briquettes used in this study [4].

Briquette Density (kg/m3) HHV (MJ/kg) Moisture Content (%)

Type 1 (corrugated cardboard) 486 15.83 7.5
Type 2 (office paper) 550 14.10 5.7

Type 3 (mixture of paper waste) 490 15.22 5.1
Type 4 (mixture of paper and green waste) 430 15.54 6.4
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2.2. Study of Combustion

The study of briquette combustion was conducted using two devices in order to analyze the
temperature fields and the heavy metals content in the flues gas and ash.

2.2.1. Analysis of Temperature Fields

The device shown in Figure 1 was used for the study of the combustion of briquettes. The rotary kiln
is a cylinder slightly inclined with a diameter of 88 cm and 108 cm of length. The refractory and insulation
material of 4 cm and 5.6 cm of thickness respectively were placed in the rotary kiln. The flue gases
were evacuated through a chimney of 8 m of length. The rotary kiln allowed the study of temperature
fields during the combustion of briquettes. Two kilograms (2 kg) of briquettes were weighed and then
arranged on a horizontal grid as shown in Figure 1. Five thermocouples were placed along a metal
rod for temperature measurement. The thermocouples of type K were used for this purpose. The first
thermocouple was placed close to the kiln gate and the four other thermocouples are regularly placed at
10 cm in order to cover the briquette bed formed on the grate. The measured temperatures were collected
by a data logger connected to a computer. Inflammation of the fuel charge was done at the front of the
oven (outward). Thus, the flame propagates from the front to the inside of the oven.

Figure 1. Experimental device of the briquettes combustion. (A) Schematic Diagram of the device;
(B) Arrangement of briquettes in the rotary kiln.

The established phase (or homogeneous) of the combustion is the main concern of the present
study. The combustion is called in the established phase when all the reaction intermediates are
released and are in the oxidation phase: this is the part of the combustion where we have the maximum
of chemical reactions that occur. This step is characterized by the stabilization of the temperatures in the
oven. The duration of the established phase of the combustion was estimated by considering the time
spent between the beginning and the end of the combustion indicated by the rise of the temperature
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and the drop of the temperature respectively. In addition, the temperature of the established phase of
the combustion was determined based on the temperature fields. Three tests were carried out for each
type of briquette. The ash from each test was collected and weighed. The ash samples were digested
according the method described by ISO 16968 [18] and the heavy metals content were determined by
ICP-MS. The determination of nitrogen was done by mineralized the samples with H2SO4. The nitrogen
content in the ash was determined by the Kjeldahl method. For the phosphorus content determination,
NaHCO3 and the formed phosphate ions were treated with an ascorbic acid. The phosphorus (P2O5)
content was determined by dosing the emitted blue color with a spectrophotometer at 660 nm of
wavelengths as described by Olsen et al. [19]. For the potassium (K2O) content determination, the ash
sample was digested according to the method describe by the Part 2 of standard ISO 16967 [20].
Then the potassium content was determined by flame emission spectroscopy at a wavelength of
766.5 nm. The heavy metal (i) content in the ash (HMash)i is given by the Equation (1).

(HMash)i = 100
MashCi,ash

Msample
(1)

Mash, Ci,ash and Msample are respectively the masse of collected ash in kg, the concentration of the
heavy metal determined in the ash sample in mg per kg and the masse of the briquette sample in kg.

2.2.2. Flue Gas Analysis

The tubular kiln was used for the study of the fumes resulting from the combustion of the
briquettes (Figure 2). A test bench has been created for this purpose. The tubular kiln of 88 cm
represents the central part of the bench. A quart reactor of 120 cm long and 7 cm of internal diameter
was placed inside the tubular kiln. The reactor temperature can be set up to a maximum of 1250 ◦C.
The air flow was fixed by a digital control box (Brooks Microprocessor Control & Read Out Unit
Models 0154) connected to a Brooks flow meter of type 5850E. Mass samples of 500 mg are weighed
and placed inside the preheated oven at the set temperature. The air flow was set at 1.07 liter/min.
The combustion takes place in a few minutes. The flue gases were bubbled to a bottle containing
250 mL of solution of 5% of HNO3. The resulted ash from the combustion was weighed after each trial.

Figure 2. Experimental device for the briquettes combustion in a tubular furnace: (1) Flowmeter;
(2) Quart reactor; (3) Tubular kiln; (4) Solution of 5% HNO3.

For each type of briquette three combustion tests were performed to ensure better reliability of
the results. The ash fractions (Ash) obtained in the tubular and rotary kiln devices were calculated on
wet basis by the Equation (2).

Ash = 100
Mash

Msample
(2)

The bubbling in the acid solution of the flue gas at the outlet of the reactor was carried out
in order to trap the heavy metals. The analysis of the contents of these metals was carried out by
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ICP-MS. The following heavy metals were analyzed: Arsenic (As), Cadmium (Cd), Mercury (Hg),
Lead (Pb) and Manganese (Mn). This study was conducted to simulate the combustion under the
temperature obtained during the combustion in the rotary kiln. The heavy metal (i) content in the flue
gas

(
HMf lue gas

)
i

is given by the Equation (3).

(
HMf lue gas

)
i
= 100

VsolutionCi,solution

Msample
(3)

Vsolution and Ci,solution are respectively the volume of the acid solution in liters and the concentration of
the heavy metal determined in the solution in mg per liter.

3. Results and Discussion

3.1. Temperature Fields and Ash Fractions

The temperature fields during the combustion of the four types of briquettes were shown in the
Figure 3.

Figure 3. Cont.
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Figure 3. Temperature variation versus time for: (A) Type 1 briquettes (corrugated cardboard); (B) Type
2 briquettes (office paper); (C) Type 3 briquettes (mixture of paper waste); (D) Type 4 briquettes
(mixture of paper and green waste).

Only the thermocouple temperatures T2, T3 and T4 were represented. Indeed, these thermocouples
were placed above the solid bed. This was not the case of T1 which was placed in combustion initiation
zone and T5 which was placed at the combustion end zone. The temperature rises were shifted
chronologically from T2 to T4 (Figure 3); this is explained by the fact that the propagation of the flame
was done along the solid bed from outside to inside the furnace. The rise of temperatures characterized
the phase 1 of the combustion which represents the phase of the initiation (Figure 3A). The established
phase of the combustion is also observed on the temperature fields during the combustion of each
type of briquette (Phase 2). The temperature drop characterizes the end of combustion (Phase 3).
The average temperature of the established phase of the combustion and the duration of the combustion
obtained during the combustion are given by the Table 2. The results showed a better combustion for
the briquette of Type 1 made of corrugated cardboard for which the highest mean temperature was
recorded. This result is predictable because briquettes made of corrugated cardboard have the highest
calorific value, 15.83 MJ/kg. After briquettes made of corrugated cardboard, come the briquettes
of Type 3 (mixture of papers) and Type 4 (mixture with green waste) which had the same mean
temperature since their HHV are similar (15.22 MJ/kg and 15.54 MJ/kg respectively).
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Table 2. Summary of combustion times and average temperatures of the established phase
of combustion.

Briquette Type Type 1 Type 2 Type 3 Type 4

Combustion time (min) 10.5 11.0 18.5 12.5
Temperature (◦C) 950 750 800 800

The briquettes which produced the lowest mean temperature are the briquettes made from
office paper. This fact is also predictable because office papers have the lowest HHV (14.10 MJ/kg).
Furthermore, the briquettes made of corrugated cardboard burned quickly than the other briquettes.
The high cellulose content of cardboard is the base of the rapid degradation since cellulose degrades
rapidly and at low temperature according to Sorum et al. [5]. The duration of the combustion was quite
the same for briquettes of Types 1, 2 and 4. The duration of the combustion was higher for briquettes
of Type 3 (18 min) comparatively to other briquettes. This can be explained by the fact that the papers
in the category “commercial printing paper” were composed of additives giving them a more flame
retardant character than the others.

The ash fractions produced by the combustion in the rotary and tubular furnace were analyzed
in the present work (Figure 4). In general, the ash proportions were almost the same regardless
of the device used (rotary kiln for large-scale tests and tubular kiln for small-scale tests). The ash
content varied from 10% to 16%, which will lead to a large production of ash during the combustion
of briquettes in industrial plants. The ash content obtained for the paper/cardboard are higher than
those obtained for the raw wood.

Figure 4. Ash fraction in the rotary kiln (RK) and the tubular kiln (TK).

This fact can be explained by paper manufacturing process which reduces considerably the
lignin and hemicellulose content of the biomass and added the mineral matters to enhance the paper
properties. However, the ashes content are lower than those obtained by Sorum et al. [5] since a part of
the ashes may be evaporated or entrained by the flowing flue gas during the combustion as mentioned
by Jenkins et al. [8]. The fly ash was not accounted in the present study contrary to the protocol
followed for the ash content determination. In addition, the differences in the ash content are also due
to the heterogeneities of the waste paper/cardboard.
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3.2. Heavy Metals in the Flue Gas and Ash

The heavy metals content (reported to a kg of fuel) in the flue gas emitted in the tubular furnace
and in the collected ash in the rotary kiln were presented in the Table 3. The heavy metals content
in the ash (reported to a kg of ash) were presented in Table 4. The tests in the tubular furnace were
carried out at the average temperatures obtained in the rotary kiln, thus the obtained results were
compared. Indeed, the combustion temperature and the fuel moister content are the most influencing
factors of the heavy metal emission during the biomass combustion [21,22]. According to Wei et al. [22]
the importance of the moisture content is due to its impact on combustion temperature.

Due to the high temperature of the combustion (750 ◦C to 950 ◦C), the heavy metal contained in
the raw paper waste were predominantly transferred into the flue gas than into the ash as shown in
the Table 3. According to Kovacs et al. [15], high percent of the heavy metals may be content in the
flue gas even at relatively low temperature of 250 ◦C. Indeed, the temperature increases the heavy
metal content in flue gas at the expense of ash [21]. The low volatilization temperature of heavy metal,
particularly Hg, Cd and Pb, explained their large content in the flue gas comparatively to the bottom
ash as shown in the literature [21,23]. However, the Mn was more present in the ash than in the flue
gas. The low volatility of Mn explained this fact as it was confirmed by Yanjun et al. [21].

Table 3. Heavy metals contained in the flue gas and in the bottom ashes in mgmetal/kgfuel.

Briquettes As Cd Hg Mn Pb

In the flue gas
Type 1 2.58 0.82 7.07 68.32 42.78
Type 2 7.83 1.32 6.01 205.01 53.58
Type 3 2.09 0.97 6.16 74.96 38.93
Type 4 2.92 0.84 5.31 87.62 37.97

In the bottom ashes
Type 1 1.78 0.22 0.20 91.32 15.24
Type 2 1.73 0.14 0.36 77.85 5.25
Type 3 1.06 0.14 0.26 76.44 12.60
Type 4 0.92 0.25 0.75 90.96 10.73

The briquette of type 2, made of office paper, had the higher emission of heavy metal comparatively
to the others type of briquettes since its combustion produced a highest mass of heavy metal which were
concentrated in the flue gas. This fact may be explained by the presence of considerable heavy metals
in the office paper due to the use of this type of paper for printing and writing. However, the mercury
and cadmium emission were similar for all type of briquettes. Otherwise, the differences between the
emissions of heavy metal in the flue gas were low for the other types of briquettes. For the ash, the heavy
metal content was higher for the briquette of type 1, made of corrugated cardboard, comparatively to the
other type of briquettes (Tables 3 and 4). Even though the highest temperature was achieved during the
combustion of briquette of type 1, their high moisture content may favor the concentration of heavy metal
in the collected ash. According to Yanjun et al. [21], the moisture content reduces the transfer of heavy
metal in the flue gas. In addition, the low ash content of the briquette of Type 1 (Figure 3) increased the
concentration of heavy metal in the ash (Table 4).

Note that the Pb, Hg and Mn contents in the flue gas and collected ash were higher than that
reported in the raw biomass by the literature [15,24]. In contrast, the Cd and As content were similar
to those reported in the raw biomass by Kovacs et al. [15]. Thus, the excess of Pb, Hg and Mn may be
resulted to the impurity of waste paper mainly the ink and the additives of the paper manufacturing
process. The heavy metal content in the ash is also important for analyzing their impact on soil quality
since ash could be used to amend the soil. In this purpose, the toxicity of heavy metals in the ashes
should be evaluated before considering any use as fertilizer. These heavy metals are indeed taken
into account in the definition of standards for the spreading of mineral fertilizer on agricultural land.
Note that, the heavy metals content obtained in the present study are largely lower than those found
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in the municipal waste by Xiao et al. [25]. In addition, the contents of heavy metals were compared to
the limit values reported in the law of Burkina Faso [26] and in the Australian standard [27] as shown
by Table 4.

Table 4. The heavy metals content in the ash and the limit value in heavy metals for application of ash
in soil (mgmetal/kgash).

Heavy Metals As Cd Hg Mn Pb

Heavy metals content in ash
Type 1 (corrugated cardboard) 16.08 2.02 1.80 825.28 137.69

Type 2 (office paper) 11.21 0.93 2.35 505.80 34.13
Type 3 (mixture of paper waste) 6.65 0.89 1.61 478.80 78.96

Type 4 (mixture of paper and green waste) 5.86 1.56 4.80 579.45 68.37
Limit value of heavy metals

Law of Burkina Faso [26] - 40 25 - 1200
Narodoslawsky and Obernberger, [27] 20 10 - - 500

For all the heavy metals analyzed, the ash obtained for all briquettes types can be used for soil
amendment since the heavy metal content were under the limits values given by Table 4. However,
the agronomic value must be determined by considering the fertilizing substances (NPK) content in
the ash. This issue was addressed in the next section.

3.3. Ash Proportion and NPK Content

The ash could be valorized in the fields to amend soils, as said previously. The value of ash
as fertilizer is mainly evaluated through it content of NPK. Thus, the contents of NPK have been
determined and given in Table 5. The obtained fractions of NPK are comparable to those obtained
for waste paper by other authors [8]. However, the obtained fractions of NPK are considerably lower
than those obtained for the ash coming from the most biomass species as shown in the literature [8].
The manufacturing process of the paper may reduce the NPK fractions since these fractions are lower
than those obtained for the parent wood used for paper production.

Table 5. NPK contents in the ash and minimum content of NPK for the ash qualification to fertilizers.

NPK Type 1 Type 2 Type 3 Type 4 Minimum Content [28]

N (%) 0.003 0.010 0.003 0.011 1
P2O5 (%) 0.136 0.179 0.090 0.224 2
K2O (%) 0.494 1.198 0.353 1.408 5

N+P2O5 + K2O 0.633 1.387 0.446 1.644 7

The standard NF U 42 001 [28] gave the minimum levels of nitrogen, phosphorus and potassium
(NPK) to qualify ash as fertilizer. The NPK contents obtained for the four types of briquettes were
below the minimum value required by the standard NF U 42001, [28]. Thus, ash collected cannot be
standardized as fertilizer according to the standard. However, in the context of a use in co-composting,
the mixture of ash with other elements, may allow to obtain a product whose fertilizer standardization
is possible.

4. Conclusions

Briquettes made of waste paper produced in Ouagadougou were combusted in the present work.
The temperature variation, the heavy metal in the flue gas and the produced ash and NPK content in the
produced ash were studied in the present work. The combustion of the briquette made of corrugated
cardboard achieved the highest mean temperature of 950 ◦C and lowest duration of 10.5 min during
the established phase of the combustion. The lowest mean temperature of the established phase was
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achieved for the combustion of briquettes of type 2 due to their low HHV. The highest combustion
time was obtained for the combustion of briquettes made of the mixture of all paper waste due to
flame retardant which may be present in the mixture of waste paper and cardboard. The combustion
produced considerable residual ash which proportion varied from 11% to 16% of the raw briquettes
mass. The analysis of the ash and the flue gas shown that large proportions of the heavy metal were
transferred predominantly in the flue gas than in the ash. In addition, the manufacturing process and
the usage of paper had increased some heavy metal content (Pb, Hg and Mn) comparatively to the
parent wood. The heavy metal contents in the ash were under the limit content fixed by the standard in
the context of soils amendment. Thus, the ash obtained after the briquettes combustion can be used to
amend soils. For this purpose, the ash may be mixed with other element in order to improve fertilizer
content since the ash fraction of NPK are lower than the minimum required by the standard.
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Abstract: Inappropriate treatment and disposal of waste containing biohazardous materials occurs
especially in developing countries and can lead to adverse effects on public and occupational health
and safety, as well as on the environment. For the treatment of biohazardous waste, microwave
irradiation is an emerging tool. It is a misbelief that microwave devices cannot be used for inactivation
of solid biohazardous waste; however, the inactivation process, and especially the moisture content,
has to be strictly controlled, particularly if water is required to be added to the process. Appropriate
control allows also inactivation of waste containing inhomogeneous compositions of material with
low fluid/moisture content. Where appropriate, especially where control of transport of waste cannot
be guaranteed, the waste should be inactivated directly at the place of generation, preferably with
a closed waste collection system. In waste containing sufficient moisture, there are direct useful
applications, for example the treatment of sewage sludge or human feces. A number of examples of
microwave applications with impacts for developing countries are presented in this review. In respect
to energy costs and environmental aspects, microwave devices have clear advantages in comparison
to autoclaves.

Keywords: microwave; inactivation; disinfection; biohazardous waste; healthcare waste; sludge;
carbon footprint; developing countries

1. Introduction

In developing countries, a relatively low number of research facilities or commercial companies
are working with microorganisms in higher biosafety level (BSL) containments, and thus a large
part of biohazardous waste is generated in hospitals. Sewage sludge is also one potential source of
biohazardous waste and its treatment has considerable interest for these countries [1].

Usually 5–90% of hospital waste is general waste (similar to household waste) and about 10% is
classified as biohazardous [2,3]. Other types of dangerous wastes are toxic and radioactive. Segregation
of waste prior to decontamination and/or disposal could be an important factor to save costs, which
is especially relevant for low-income countries. The transport from waste generating facilities to
the disposal site bears considerable risks [4], but in reality, also uncontrolled transport ways within
facilities or hospitals from the site of generation to the treatment site should not be disregarded.
The final disposal of untreated contaminated material on the ground should be avoided and may lead
especially in developing countries to adverse impacts [5].

A variety of waste treatment technologies are available, and there is not one which is optimal
for every need. Relevant factors for using a specific technology including environmental impacts are
compiled in the “United Nations Environment Programme (UNEP) compendium of technologies for
treatment/destruction of healthcare waste” [2], which gives an excellent introduction into this topic.

From a variety of different technologies to treat biohazardous waste, microwave irradiation is
emerging and may especially be helpful to solve specific issues in developing countries [6]. However, in
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peer-reviewed literature, only limited information about these topics is available and sometimes not all
necessary aspects for appropriate use of microwave technology are taken into account. In this review,
the aforementioned aspects are highlighted in the context of whether microwave technologies could be
an alternative tool for improving the management and treatment of biohazardous waste with a focus
on developing countries.

2. Treatment Technologies and Challenges

There are four basic processes for the treatment of biohazardous components in waste (i.e., thermal,
chemical, irradiative, and biological). From the thermal processes, incineration and autoclave treatment
are most widely used; however, microwave irradiation is an emerging tool.

Inappropriate treatment and final disposal of wastes containing biohazardous materials buries
especially in developing countries a variety of issues potentially leading to adverse impacts to public
and occupational health and safety, as well as to the environment [5]. Accepted treatment options and
processes are listed for example by the German Robert Koch Institute [7].

Not unexpectedly, there are differences in the management of healthcare waste especially between
low, middle, and high-income countries [8]. When the content of waste containers was observed in a
hospital in El Salvador, 61% of biohazardous waste was actually common waste, suggesting that the
staff was possibly unaware of the requirements or just neglected them [9].

Waste management practices in three government hospitals of Agra, India indicated also a
lack of knowledge and awareness regarding legislations on bio-medical waste management [10].
Other examples of suboptimal waste management practices are presented by Nandwani [11] and
Zhang et al. [12].

Inappropriate transport is also a major challenge. Biosafety guidelines demand that transport of
inactivated biohazardous material outside the facility is forbidden if not using specific precautions.
Though healthcare facilities are usually exempted from these guidelines, the hospital management
should nevertheless consider the risk [3]. In order to avoid infections of humans and environmental
contamination, a disinfection system minimizing the risk should be used. A good example (for a
microwave device) is a closed waste collection system with different container volumes in which the
material is subsequently inactivated (Figure 1, with kind permission of Meteka, Judenburg, Austria).
Such technology is especially useful for developing countries where appropriate control of transport
of waste cannot be guaranteed.

In respect to microwave technologies, Tonuci et al. [13] showed that if the operational conditions
of the equipment are not adequately controlled, the inactivation treatment is probably ineffective.
Clearly, operational conditions are the most important factor and without tight control of parameters,
especially moisture, a complete inactivation can never be guaranteed with microwave technologies.
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Figure 1. Example for closed waste disinfection system.

3. Microwave: A Variety of Applications

The main benefit of microwave energy is the direct delivery of energy to microwave-absorbing
materials. As long as a material contains dipolar molecules (i.e., water), a complete heating of samples
from outside and inside is guaranteed. Issues such as long heating periods, thermal gradients, and
energy loss to the environment can thus be minimized [14]. Disinfection with microwave irradiation
occurs mainly through the combination of moisture and (low) heat. In contrast to microwaves, the
heat for autoclaves is generated outside of the waste material, and thus the material to be treated is
heated starting from the surface [2]. Every type of material is inactivated; however, to be on the safe
side, extended inactivation times should be used for waste with a large volume. A schematic drawing
of the two principles is shown in Figure 2.
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Figure 2. Heat generation in microwaves.

The majority knows microwave ovens just as a tool for cooking at home. It is not widely known,
but even at home, microwave radiation can be used for microbial inactivation. When treating kitchen
sponges, scrubbing pads, and syringes with microwaves at 100 percent power level, the total bacterial
count can be reduced by more that 99 percent within 1 to 2 min, and complete inactivation can be
achieved over longer exposures [15].

In recent years, microwave technologies proved to be a very attractive alternative for industrial
conventional processing methods, and found an astonishing number of applications in different
areas. In respect of processing food or beverages, one of its applications is drying of green tea [16].
However, main applications for food or beverages are inactivation of microorganisms, for example in
or on peanut butter [17], beef [18], or catfish filet [19].

Regarding therapeutic products, microwaves are useful for freeze-thaw treatment of injectable
drugs [20] or hold potential for vaccine production [21]. Microwave assisted extraction is a possibility
for fragrance production [22], and became a popular method for extracting natural products and active
ingredients from plants [23,24]. Another potential application of microwaves could be the preparation
of safe drinking water [25].

4. Efficiency of Microwaves for Treating Biohazardous Waste

The destruction of all microbial life—sterilization—is usually not required for inactivation of
healthcare waste [26], whereas disinfection—the prevention of any potential for transmission—is
regarded as sufficient.

For many years, there seem to be no doubt that microwave systems are able to destroy pathogens.
Already in the 1960s of the last century, suspensions of E. coli and Bacillus subtilis spores were exposed
to a conventional microwave at 2450 MHz and approximately a 6-log cycle reduction in viability was
encountered for both microorganisms [27]. Another early study supporting the efficient inactivation of
microorganisms with “ordinary” microwaves was conducted by Souhrada [28]. Hoffman et al. [29]
already used a more sophisticated microwave system with a self-generated steam decontamination
cycle for inactivation of bacteria.

It became clear that the operational conditions have to be strictly controlled for microwave
inactivation of microorganisms. Pre-sterilized public healthcare wastes, which were inoculated with
5 × 105 vegetative E. coli bacteria and then treated with a microwave device [13] showed that not
only radiation exposure time and power per waste mass unit were important for the percentage of
inactivation of the microorganisms, but also the incoming waste moisture had an significant influence.
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If properly controlled, the misbelieving that microwave systems cannot be used for inactivation
of solid biohazardous waste is thus contradicted. However, the inactivation process, and especially the
moisture content has to be strictly controlled.

5. Advanced Microwave Technologies

In principal there are two system designs for advanced microwave technologies: batch processes
and semi-continuous microwave systems [3]. The Sanitec waste disposal system is an example for
continuous microwave technology including a shredding system [30]. This system is intended rather
for the treatment of large amounts of biomedical waste, which inherently leads to collection of the
waste at sites where it is generated, transport, and inactivation at one single site. For smaller amounts
of waste, other microwave technologies combined with shredding are available as well [31]. Among the
commercial suppliers is the company Bertin.

The Meteka batch microwave technology guarantees a controlled even heating of waste including
also inhomogeneous compositions of material [32,33]. The environmental performance of this system
is proven through environmental product declarations (EPDs). The microwave device automatically
adds water and controls moisture air, and heats up and inactivates the waste. Table 1 gives a short
summary of major advantages and disadvantages of conventional and sophisticated microwave
technologies [34].

Table 1. Advantages/disadvantages of conventional and sophisticated microwave technologies.

Conventional (“Household”)
Microwave

Sophisticated Microwave
(Controlled Heat and Moisture)

Cost for device Low High
Energy consumption Low Low
Water consumption None Low

Control of inactivation process Difficult Very good

6. Comparison of Technologies for Treatment of Biohazardous Waste

For decontamination of infectious waste autoclaves are widely used. However, these devices
have the disadvantage that they have a high energy consumption and a long runtime per disinfection
cycle. Due to the operating conditions—overpressure and high temperatures—autoclaves demand
more technical handling, have a high service requirement, and a comparatively limited durability.

Another widely used option is disposal and/or incineration of special waste. However, this option
requires transport, mainly on the road. The transport risks are directly related to the operation safety
of the dangerous goods transport enterprises and can be mathematically calculated [4]. The validity of
the calculation was proven in a case analysis of five dangerous goods transport enterprises in the Inner
Mongolia Autonomous Region.

The pros and cons of different waste treatment technologies must thus be objectively analyzed.
An analysis on technologies such as autoclave, microwave, chemical disinfection, combustion, and
disposal on the ground was carried out by Diaz et al. [5]. One large study comparing technologies
was also conducted in China. From 272 modern, high-standard, centralized medical waste disposal
facilities there were about 50% non-incineration treatment facilities, including the technologies of high
temperature steam, chemical disinfection, and microwave [35], and every technology was found to
have its advantages and disadvantages.

In a study in Istanbul, Turkey, it was concluded that the method of choice for the healthcare
waste for this city would be incineration [36]. However, another study in the same country led to
different results. When five different healthcare waste treatment/disposal alternatives including
incineration, microwaving, autoclaving on-site, autoclaving off-site, and landfill were evaluated, the
off-site autoclaving was found to be the most appropriate solution for the specific requirements [37].
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A systematic approach for analyzing all factors including costs can be found in the UNEP
compendium of technologies for treatment/destruction of healthcare waste [2]. The UNEP compendium
advises to calculate scores from all aspects of environmental and occupational safety, operation costs,
capacities, volume reduction, efficacy of inactivation, and installation requirements. In this study, costs
stated for autoclaves were calculated to be between 0.14 and 0.33 USD/kg and for batch microwaves
about 0.13 USD/kg.

Depending on the type of analysis, cost calculations do not always deliver the same result.
Soares et al. [38] conducted a systematic approach for analyzing costs of small generators of healthcare
waste for three disinfection techniques (microwave, autoclave, and lime) followed by transportation
and landfilling using a life-cycle assessment. Microwaving had the lowest environmental impact
(12.64 Pt) followed by autoclaving (48.46 Pt). Cost analyses revealed values of USD 0.12/kg for
microwaves and USD 1.10/kg autoclaves. The conclusion was that microwave disinfection had the
best eco-efficiency performance. It has to be noted that an ordinary household microwave was used for
the inactivation experiments. As these microwave instruments are relatively cheap, but lack options for
controlling the efficacy (heat and moisture), the costs need a recalculation in case advanced microwave
technologies would be applied (prices starting at about USD 20,000 for smaller units).

With regard to the many differences in technologies and features of commercially available
devices, a fair price comparison is hardly possible. Clearly, a comparison of costs of microwaves and
autoclaves cannot simply be reduced to the price of the device. However, in respect of energy costs
and additional costs such as maintenance there is a clear difference. An example was calculated for
150 kg of a typical mixture of solid biohazardous waste per day using a Medister 160 microwave device
with 6.5 kW power input [34]. Inactivation of 150 kg waste needs approximately 12 runs with 60 L
containers. The overall energy consumption is 40.9 kWh/day. In comparison, a typical autoclave with
110 L chamber volume and 17 kW power input has an overall energy consumption of 142.4 kWh/day.
With a price example of 0.2 €/kWh, the cost save accumulates to an astonishing 20 €/day. In addition,
the environmental factor should not be neglected. Based on a daily operation, the difference in energy
consumption would be 37,000 kWh yearly. Assuming 0.583 kg CO2 (International Energy Agency
2014) for one kWh the reduction of carbon foot print is 21.6 tons CO2/year.

7. Examples for Use of Microwaves in Developing Countries

Microwaves hold great potential to treat biohazardous waste and may especially be helpful to
solve specific issues with waste in developing countries [6]. Challenges and consequences of poor
sanitation, especially in developing economies, demand the exploration of new sustainable sanitation
technologies [1]. The treatment of sewage sludge is one of the widely discussed applications.

7.1. Sewage Sludge

The treatment of sewage sludge is a widely discussed application of microwave technologies and
has generated considerable interest in developing countries. Sewage is an organic-rich resource that is
typically high in moisture (up to 97%), making it a suitable candidate for microwave irradiation [1],
without needing advanced technologies.

Not all studies opt for microwave technologies. When solid waste landfill leachate and sewage
sludge samples were inactivated with different technologies and tested for several spores, microwaving
was ineffective against the spores of E. bieneusi and E. intestinalis [39]. In addition, when a range
of ultrasonication and microwave pretreatments in thickened sewage sludges were examined, the
improvements for microwave pretreated sludge were relatively small [40].

In contrast to these studies, effective inactivation of Gram-negative microorganisms was achieved
by microwaves in municipal secondary sludge [41]. Other positive effects for the treatment of sludge
were observed as well [42,43]. When microwave treatment of fecal sludge from toilets in the slums
of Nairobi, Kenya was studied [44], it was demonstrated that the microwave technology efficiently

202



Recycling 2018, 3, 34

inactivated E. coli and Ascaris lumbricoides eggs, and it was concluded that the technology can be
applied under real field conditions.

Similarly, treatment of human feces with microwave radiation showed efficient pathogen
eradiation performances of six log units or more within a high range of microwave powers. In addition,
enhanced moisture removal and volume reduction was achieved. The product was suggested to be
used also as compost [45]. Microwaving human fecal sludge represents a thermally effective approach
that not only destroys pathogens, but also eradicates the foul odor associated with human fecal sludge,
improves de-waterability and heavy metals recovery, and reduces emissions [1].

Microwave pretreatment also significantly improved the dehydration and hydrogen production
of sludge subjected to anaerobic digestion [46]. Furthermore, this study may provide theoretical
and experimental basis for the development of a continuous microwave sludge-conditioning system.
Microwave-H2O2 pretreatment on concentrated sludge anaerobic digestion showed in a study in China
that a mixture of activated sludge and pretreated sludge at mass ratio of 1:1 was efficient for enhancing
anaerobic digestion and methane production [47]. In a study in India, microwave irradiation has been
used to disintegrate sludge biomass by de-agglomerating it with an ultra-sonicator and a net profit of
2.67 USD/t was calculated for this procedure [48].

Microwaves in combination with other methods hold also potential for the reduction of antibiotic
resistant bacteria and antibiotic resistance genes during sludge treatment [49].

7.2. Healthcare Waste

The most widely used application of microwave irradiation is in the field of healthcare waste.
Unfortunately, most economically developing countries suffer a variety of constraints to adequately
manage healthcare wastes. Usually, only a few individuals in the staff of a healthcare facility are
familiar with a proper waste management program [5]. How to perform an assessment of healthcare
waste disposal alternatives including microwaves was illustrated for example with a case study in
Shanghai [50]. It has to be decided case by case how to best meet the local biohazardous waste
management requirements while minimizing the impact on the environment and public health.

Not unexpectedly, a major constraint is equipment itself. For example, when waste management
practices in three government hospitals in Agra, India were studied, it was revealed that none of
these hospitals were equipped with higher technological options such as incinerator, autoclave, and
microwave. Furthermore, facilities to treat liquid waste generated inside the hospital [10] were
not available.

There are number of successful practical uses of microwave technologies in developing countries.
When studying 272 modern, high standard, centralized medical waste disposal facilities operating in
various cities in China, the application of non-incineration technologies including microwaves was
recommended [35]. Soares et al. [38] pointed at two different profiles of waste generators: (i) hospitals,
which produce large quantities of healthcare waste; and (ii) small establishments, such as clinics,
pharmacies, and other sources that generate dispersed quantities of healthcare waste and are scattered
throughout the city. The microwave disinfection presented the best eco-efficiency performance of
several studied technologies for small generators of healthcare waste. In Thailand, the influence of
microwave irradiation in addition to conductive heating was studied for inactivation of 15 different
C. difficile spores in aqueous suspension, and microwave proved as a simple and time-efficient tool to
inactivate the spores [51].

Oliveira et al. [52] inoculated pre-sterilized public healthcare wastes from the region of Ribeirão
Preto, Brazil with spores of Bacillus atrophaeus and inactivated the samples with microwave irradiation.
The influence of waste moisture, presence of surfactant, power per unit mass of waste, and radiation
exposure time was investigated. Microwave irradiation was successful and optimal conditions for
inactivation of the B. atrophaeus spores in typical healthcare waste were demonstrated. Previously, in a
similar study in Ribeirão Preto, Escherichia coli in vegetative form were processed in microwaves [13].
Under the operational conditions of the equipment employed in this study, the process of inactivation
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was ineffective, because the exposure time to radiation average power of approximately was probably
inadequate—again pointing to control the inactivation conditions.

Further future potential applications of microwave technologies with impact for developing
countries could be in the destruction of dioxins in the froth product after flotation of hospital solid
waste incinerator fly ash [53].

8. Conclusions

Microwave irradiation is without doubt an effective tool for inactivation of solid biohazardous
waste. However, the inactivation process, and especially the moisture content is not always strictly
controlled. In the future only sophisticated microwave technologies allowing appropriate control
of heat and fluid/moisture content should be utilized for treatment of in-homogenous solid waste.
Otherwise, complete inactivation of biohazardous waste cannot be guaranteed. If following this
recommendation, microwave technologies having benefits in contrast to autoclaves would be more
widely accepted. Another major current challenge is that biohazardous waste is often generated at
many different places within one facility and then transported to the place of inactivation. Because the
transport bears risks, biohazardous waste should be preferably inactivated either directly at the place
where it is generated or transported in appropriate closed systems. Decentralized inactivation by
the relatively simple microwave technology would be especially useful for developing countries
where appropriate control of transport of waste is sometimes a challenge. Finally, the aspect of
costs should also not be neglected. In comparison to the more widely used autoclave technologies,
microwave irradiation is a possibility to save energy costs and has the underlying effect of a reduced
carbon footprint.
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Abstract: There is lack of uniform nomenclature for healthcare waste (HCW) globally, which could
undermine efforts to develop and implement appropriate policies relating to healthcare waste
management (HCWM) in developing countries. This study sought to understand the terminologies
used to describe HCW, including their definitions, categories, classification, and how they align
with those that are provided by the World Health Organization (WHO)’s global manual for
HCWM from healthcare facilities. The study first identified terms from the existing literature;
then, it conceptually mapped the literature, and identified gaps and areas of further inquiry.
Six electronic databases—EBSCOhost, Open Access, ProQuest, PubMed, Web of Science, and Google
Scholar were used to search for literature. A total of 112 studies were included in the study.
Despite having various nomenclature for HCW globally that align with those provided by
the WHO manual, the use of varying nomenclature could create confusion among healthcare
workers in the quest of managing HCW properly, especially in low and middle-income countries
(LMICs). Further studies must be conducted to determine how these terminologies are interpreted
and implemented in practice by healthcare workers. This will help to understand how their
implementation aligns with the recommendations provided by the WHO manual.

Keywords: healthcare waste; healthcare workers; health sector; scoping review; WHO

1. Introduction

Healthcare activities such as operative and diagnostic procedures that involve administering
injections, medications, drips, and surgery improve the health and quality of life of individuals [1].
However, the healthcare waste (HCW) that is generated during these healthcare activities could have
adverse effects on both the people and the environment if it is poorly managed [2,3]. The literature
regarding healthcare waste management (HCWM) shows that large volumes of HCW is generated
from healthcare facilities globally [4], and it is poorly managed, especially in low and middle-income
countries (LMICs) [5]. The main factors attributed to poor HCWM practices in LMICs include: lack of
financial investment and clear policies to manage HCW by most governments [3–6], low levels of
knowledge by healthcare staff on how to handle HCW properly [7,8], poor segregation practices
among healthcare workers [9], and inappropriate transport for transporting HCW, which is driven
by untrained drivers who are also not registered to handle HCW [10]. More so, there are inadequate
technologies for treating HCW [11–14]; as a result, HCW is often illegally dumped, openly burnt,
and buried in poorly managed dumpsites [10–17].

Poor management of HCW exposes healthcare workers, waste handlers, and the community
members to toxins, injuries, and infections [2]. For example, in a study conducted in Tripoli,
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Libya, it was found that exposure to HCW among waste handlers caused 5% of them to develop
hepatitis B virus, and 0.3% had hepatitis C virus [18]. Exposure to HCW can cause tuberculosis
(TB) infections [19], and damage the respiratory, nervous, and reproductive systems of the patients,
family members, caregivers, and the public. HCW has mutagenic, teratogenic, and carcinogenic
effects [20]. Exposure to HCW can also cause diseases such as diarrhea, leptospirosis, typhoid, cholera,
and HIV [21]. The disposal of HCW into unprotected dumpsites promotes scavenging for reusable
items for reselling. For example, one study in India revealed that, in almost 10% of the healthcare
facilities in the country, more than 30% of the three to six billion injections that were administered
every year were done with used equipment [22]. Similarly, in 2009, 240 people in the state of Gujarat
in India contracted hepatitis B, because medical care was delivered with previously used syringes that
were acquired through the black market [23].

While the environmental and health impacts of HCW have been well documented, having
an operationalised nomenclature ‘terminology’ for HCW is important. The World Health Organization
(WHO), in its global manual for healthcare waste management, provides guidelines for all of the issues
relating to the proper management of HCW from healthcare settings. The manual uses the nomenclature
‘healthcare waste’ to mean all of the waste that is generated as a result of healthcare activities, and further
classifies HCW into non-hazardous and hazardous waste [2]. Despite having a global manual, different
nomenclatures are used to describe HCW by various authors from high-income countries (HICs) and
LMICs. For example, some have used ‘medical waste’ [10,12,18,19,21,23,24], ‘biomedical waste’ [1,3],
‘hazardous waste’ [20,25], ‘hospital waste’ [6,11,13], or ‘yellow bag waste’ [26,27]. Consequently, a study
on HCWM practices in healthcare facilities in Botswana [16] found that the use of the nomenclature
‘clinical waste’ to mean HCW confused healthcare workers and the public. Both the healthcare workers
and ordinary people correctly defined clinical waste as any waste from healthcare facilities, but failed
to consider that HCW is further categorized as non-hazardous and hazardous waste. Failure to classify
HCW into these categories resulted in the improper segregation of HCW [16]. In other contexts such
as clinical practice, the consistence use of specific nomenclature in describing suicidal behavior is
critical for case development among healthcare providers [28]. Furthermore, it is argued that consistent
and specific nomenclature allows for appropriate diagnosis, treatment, and the subsequent creation
of public policy [29]. Similarly, considering that HCWM practices involve cognitive behavior with
a triadic relationship which involves peoples’ perceptions, feelings, and actions, one can argue that
using various nomenclatures to describe HCW could be confusing to waste generators and handlers,
thereby affecting the HCWM practices. Despite having various nomenclatures to describe HCW,
is not clear how they align with the definitions that are provided by the WHO’s manual on HCWM.
Furthermore, there is no scoping review that describes, defines, and characterizes HCW in comparison
with the provisions made by the WHO manual.

This scoping review endeavors to determine the common nomenclatures for HCW from HICs and
LMICs, including their definition, classification, and categorization in comparison to those provided
by the WHO global manual for HCWM. This scoping review will answer three specific research
questions: (1) What are the various nomenclatures that are used to describe HCW in HICs and LMICs?
(2) To what extent do such nomenclatures align with the provisions made by the WHO manual on
HCWM? (3) What are the gaps that exists in the literature? Findings of the review will add scientific
knowledge to the body of literature on HCWM, and will help determine any inconsistencies that exist
that will help make recommendations aimed at improving HCWM by healthcare workers and other
policy implementers, especially in LMICs.

2. Methods

Unlike systematic reviews that aim at combining, summarizing, and synthesizing the findings of
particular research [30], scoping reviews are conducted for the purpose of mapping the key concepts
underpinning a research area, and the main sources and types of evidence that are available [31–33].
Scoping reviews can be undertaken as standalone projects in their own right, especially where an area
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is complex or has previously not been reviewed comprehensively [30]. This scoping review was
conducted because to our knowledge, no such study has been conducted to explore and map the
nomenclature that is used to describe, define, and categorize HCW in HICs and LMICs, in comparison
with those provided in the WHO manual for HCW. Both deductive and inductive approaches
were applied when conducting this review. First, search terms from the literature were identified.
Secondly, the search terms that were identified in the literature were used to search for literature from
various databases. Thirdly, the relevant literature was reviewed and selected, and finally, all of the
selected literature was mapped.

2.1. Identifying Search Terms

We used an iterative process to conduct the searches. First, the WHO manual was read in order
to derive the first term ‘healthcare waste’ for the search. The term healthcare waste was used to
search and conduct a broad but rapid review of the literature. In order to identify the terms used by
ordinary people, policy-makers, and stakeholders, news stories from the 20 newspapers retrieved
from the South African print media database were searched. The search was limited to the South
African print media, because it was the only available database for news stories within the university
at the time of research. The characteristics of the newspapers are summarized in Supplementary
Table S1. The various searches yielded the following terms: “healthcare waste”, “medical waste”,
“clinical waste”, “biomedical waste”, and “hospital waste”.

2.2. Literature Search

The initial search was conducted in September 2015 by two student assessors (LH and SM) under
the supervision of (OA). Six electronic databases: EBSCOhost, Open Access, ProQuest, PubMed,
Web of Science, and Google Scholar were used (see Supplementary Table S2 for the table of all of the
databases that were used in the study). These databases were those available at the University of
KwaZulu-Natal, Durban, South Africa. We chose both gray and peer-reviewed literature in order to
have a broader coverage of the literature. From the initial search, the results were 9735, and too broad.
To limit the search, we developed an inclusion criteria to include: (1) only full texts of both grey and
peer-reviewed literature that were available through the library at the University of KwaZulu-Natal,
(2) literature published from 1990 to 2015, because this period had the highest hits, (3) only English
literature, and (4) literature with key search terms in their title and/or their abstracts.

2.3. Review and Selection of Literature

After applying the inclusion criteria, 8468 studies were excluded, and 1267 remained.
Thereafter, the two assessors (LH and SM) worked together to develop a set of explicit exclusion
criteria. The exclusion criteria were applied independently by the two assessors, who met regularly to
compare the assessments and resolve discrepancies. The criteria were applied as follows. Studies were
removed if they: (1) were duplicates and (2) did not define, categorize, and classify HCW in their full
texts. After applying the exclusion criteria, 107 duplicates were removed, and 1157 studies remained.
A total of 1045 studies that did not define, categorize, or classify HCW in their full text were excluded.
The remaining 112 studies (see supplementary table of all included studies Table S3) that met the
criteria were mapped as summarized in the PRISMA flow chart in Figure 1.
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Figure 1. PRISMA flowchart of study selection process.

3. Results

The findings were coded using a coding framework which include the source of literature, country
source, disciplines, topics covered, methods used and the common terminologies used all the details
are discussed below (see the coding framework Supplementary Table S4).

3.1. Characteristics of the Mapped Literature

Source of literature: The majority of the studies N = 100 (89.3%), in this scoping review
were published in journals, and 12 (10.7%) were student dissertations. There were more studies
N = 100 (89.28%) from LMICs than from HICs N = 12 (10.71%). The studies from LMICs are divided
into regions. For example, the Asian countries included: Bangladesh, China, India, Lao Republic,
Malaysia, Pakistan, Philippines, Romania, Thailand, Kingdom of Bahrain, Nepal, Vietnam, Taiwan.
African countries include, Algeria, Botswana, Egypt, Ethiopia, Ghana, Libya, Nigeria, Tanzania, and
Zimbabwe. The Middle East countries included: the kingdom of Buhrain, Iran, Jordan, and Palestine;
further, there was Brazil from South America and Turkey from Europe (Turkey). The minority of the
studies from HICs were from Croatia, Japan, the United Kingdom, Greece, Portugal, the United States
of America, and Italy. All of these are summarized in Table 1.

210



Recycling 2018, 3, 51

Table 1. A summary table for all low and middle-income countries (LMICs) and high-income countries
(HICs) with various terminologies used.

Region Country Terminology Reference
Number of

Studies
(N = 112)

Percentage

Asia

Bangladesh
Hospital waste

Healthcare waste
Medical waste

Akter et al., 1999,
Alam and Hossain 2013,
Rahman and Ali, 2000,

Patwary et al., 2009

4 3.57

China Biomedical waste
Clinical waste

Chen et al., 2013,
Chung and Lo 2003, Tam, 1996 3 2.67

India Biomedical waste
Hazardous waste

Chitnis et al., 2005,
Nema et al., 2011,

Ujwala, et al., 2012,
Naik et al., 2012, Babu et al., 2009,
Aravindan and Vasumathi, 2015,

Bansal et al., 2013,
Bhatt et al., 2013,

Imtiaz, et al., 2014,
Chaithra and Sadashivamurthy, 2014,

Chaurasia et al., 2014,
Chethana et al., 2014,

Chowdhary and Slathia, 2014,
Gupta et al., 2009, Sumi, 2010,

Singh et al., 2014,
Sehgal et al., 2015,
Sanjeev et al., 2014,
Rathod et al., 2012,
Rajor et al., 2012,

Prakash et al., 2015, Patil, 2015,
Nayak, and Nayak, 2014,

Kapoor et al., 2014,
Komilis et al., 2012

25 22.32

Lao
republic Hospital waste Saad, 2013 1 0.89

Malaysia Healthcare waste Shanmugasundaram, Soulalay and
Chettiyappan, 2012 1 0.89

Pakistan Clinical waste Ibrahim, 2005, Hossain et al., 2012 2 1.78

Philippines Biomedical waste

Ali, H.A. 2000, Ibrahim, Z.B. 2005,
Hossain, et al., 2012,
Ambali et al., 2013,

Abdullah, et al., 2013,
Chitralekha and Agrawal, 2010,

Cruz et al., 2014.

6 5.35

Japan Biomedical waste Miyazaki and Une 2005 1 0.89

Thailand Healthcare waste Ananth et al., 2010,
Manowan, 2009 2 1.78

Nepal Hazardous
Healthcare waste Sapkota et al., 2014 1 0.89

Vietnam Healthcare waste Phengxay et al., 2005 1 0.89

Taiwan Biomedical,
Medical waste

Liao and Ho, 2014,
Cheng et al., 2009 2 1.78

Africa

Algeria Healthcare waste Bendjoudi et al., 2009 1 0.89

Botswana
Clinical waste

Biomedical waste
Healthcare waste

Kang’ethe, 2008, Kudoma, 2013,
Mbongwe et al., 2008,
Mmereki et al., 2008,
Mmereki et al., 2017

5 4.46

Cameroon Clinical waste Mochungong, 2011,
Manga et al., 2011 2 1.78

Egypt Hospital waste
Biomedical waste

El-Salam, 2010,
Soliman and Ahmed, 2007 2 1.78
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Table 1. Cont.

Ethiopia Healthcare waste
Haylamicheal, et al., 2011,

Tesfahun et al. 2014,
Tadesse and Kumie, 2014

3 2.67

Ghana Healthcare waste Abor, 2013, Asante et al., 2014 2 1.78

Libya Healthcare waste Sawalem et al., 2009 1 0.89

Nigeria
Biomedical waste

Hospital waste
Healthcare waste

Turaki, 2015, Chima et al., 2014,
Joshua et al., 2014, Longe, 2012,

Ngwuluka et al., 2009, Abor, 2007,
Maseko, 2014

7 6.25

South
Africa

Medical waste
Healthcare waste

Gabela and Knight, 2010,
Maseko, 2014,

Nemathaga et al., 2008
3 2.67

Tanzania Hospital waste Nemathaga et al., 2008 1 0.89

Zimbabwe Medical waste Mziray, 2009,
Taru and Kuvarega, 2005 2 1.89

Middle
East

Kingdom of
Bahrain

Healthcare waste
Hospital waste

Askarian et al., 2010,
Mesdaghinia, 2009,

Mohamed et al., 2009
3 2.67

Iran

Healthcare waste
Medical waste
Hospital waste

Infectious waste

Askarian et al., 2010,
Bazrafshan et al., 2014,

Taghipour and Mosaferi, 2009,
Sabour et al., 2007,
Oroei et al., 2014

5 4.46

Jordan Medical waste
Abu-Awwad 2008,

Al-Khatib et al., 2011,
Qdais et al., 2007

3 2.67

Palestine Healthcare waste
Hospital waste

Al-khatib et al., 2009,
Eleyan et al., 2013,

Maroufi, and Javadi, 2012
3 2.67

American

Brazil
Hospital

Biomedical waste
Medical waste

Ferreira et al., 2003,
Paiz et al., 2014,
Silva et al., 2005

3 2.67

San
Salvador Healthcare waste Johnson et al., 2013 1 0.89

Mexico Medical waste Spence, 2000 1 0.89

United
States of
America

Healthcare waste Klangsin, 1994 1 0.89

European

Turkey Medical waste
Hospital waste

Akbolat and Saglam, 2011,
Eker et al., 2010,

Uysal and Tinmaz, 2004,
Altin et al., 2003

4 3.57

Croatia Hazardous medical
waste Marinković et al., 2008 1 0.89

United
Kingdom

Hazardous waste
Healthcare waste

Clinical waste
Medical waste

Blenkharn, 2006,
Akpieyi et al., 2015, Moritz, 1995,

Pudussery, 2010
4 3.57

Greece Hospital waste
Medical waste

Tsakona et al., 2007,
Graikos et al., 2010 2 1.89

Portugal Medical waste Botelho, 2012 1 0.89

Italy Medical waste Giacchetta and Marchetti, 2013 1 0.89

Romania Medical waste Bulucea et al., 2008 1 0.89
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3.2. Disciplines Represented by the Various Studies

The 112 studies were from science-related disciplines ranging from administrative science and
policy to process engineering. The studies covered various topics for example, 44 (39.3%) covered
HCWM practices, 14 (12.5%) discussed the knowledge and attitudes of healthcare staff about HCWM,
13 (11.6%) addressed the segregation and quantification of HCW, 12 (10.7%) presented the risks
associated with HCWM, 11 (9.8%) focused on HCW treatment and disposal options, nine (8.0%)
reviewed existing policies on HCWM, and nine (8.0%) addressed models for HCWM. The majority
22 (19.6%) of the studies were cross-sectional studies followed by 16 mixed methods (14.3%),
13 literature reviews (11.6%), 13 quantitative surveys (11.6%), 11 case studies (9.8%), eight qualitative
studies (7.1%), six experiments (5.4%), five document analyses (4.5%), two commentaries (1.8%) and
three systematic reviews (2.8%).

3.3. The Common Terminologies Used to Describe Healthcare Waste by Various Countries

The WHO manual uses the term ‘healthcare waste’ to describe all of the waste resulting from
healthcare activities. The common terminologies used by HICs are medical waste (4.46%), healthcare
waste, and hospital waste (1.78% each), followed by clinical, biomedical, and hazardous waste, at 0.89%
each. In the LMICs, biomedical waste was found to be the common terminology used with 32.14%,
followed by healthcare waste (24.10%), medical waste (13.39%), hospital waste (10.71%), clinical waste
(6.25%), and hazardous healthcare waste (2.67%), as summarized in Table 2.

Table 2. The common terminologies used by LMICs and HICs to describe healthcare waste.

Country Focus Common Terminology Number of Studies Total Percentage

High-Income Countries

Medical Waste 5 4.46
Healthcare Waste 2 1.78
Hospital Waste 2 1.78
Clinical Waste 1 0.89

Biomedical Waste 1 0.89
Hazardous Waste 1 0.89

(89.28)

Low and Middle-Income
Countries

Biomedical Waste 36 32.14
Healthcare Waste 27 24.10

Medical Waste 15 13.39
Hospital Waste 12 10.71
Clinical Waste 7 6.25

Hazardous Healthcare
Waste 3 2.67

Total 112 100

3.4. Categorization of Healthcare Waste

The WHO manual categorizes HCW into non-hazardous and hazardous waste. All of the
categories presented by the eligible studies from LMICs conformed to the WHO’s categories despite
using terminologies such as biohazardous or pathological waste to mean all of the waste that is capable
of transmitting microbes, and non-biohazardous/non-pathological waste as waste that does not pose
harm upon contact, as presented in Table 3.

On the other hand, the HICs categorizes all waste into five groups/classes using letters of the
alphabet. These groups are Group A waste, which is all waste with human tissue including blood,
animal carcasses, tissue from veterinary centers, hospitals, and laboratories. Group B waste consists
of all discarded syringes needles, cartridges, broken glass, and any other contaminated disposable
sharp instruments. Group C waste includes all microbiological cultures and all potentially infected
waste from pathology departments such as clinical or research laboratories and post-mortem rooms.
Group D waste are all of the pharmaceutical products and chemical wastes. Group E waste includes all
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of the items that are used to dispose of urine, feces, body secretions, and excretions, as summarized in
Table 4. Despite using letters of the alphabet to categorize HCW, the description of the HCW as well as
the examples that are provided under each category align with those provided by the WHO manual.

Table 3. Classification of healthcare waste by low and middle-income countries.

Classification of Healthcare Waste Examples of Waste

1. Biohazardous/Pathological Waste

Infectious waste

Waste suspected to contain pathogens
e.g., laboratory cultures; waste from isolation wards;
tissues (swabs), materials, or equipment that have been
in contact with infected patients; excreta

Pathological waste Human tissues or fluids
e.g., body parts; blood and other body fluids; fetuses

Sharp waste
This is sharp waste
e.g., needles; infusion sets; scalpels; knives; blades;
broken glass

Pharmaceutical waste

Waste containing pharmaceuticals
e.g., pharmaceuticals that are expired or no longer
needed; items contaminated by or containing
pharmaceuticals (bottles, boxes)

Genotoxic waste
Waste containing substances with genotoxic properties
e.g., waste containing cytostatic drugs (often used in
cancer therapy); genotoxic chemicals

Chemical waste
Waste containing chemical substances
e.g., laboratory reagents; film developer; disinfectants
that are expired or no longer needed; solvents

Radioactive waste

Waste containing radioactive substances
e.g., unused liquids from radiotherapy or laboratory
research; contaminated glassware, packages, or
absorbent paper; urine and excreta from patients treated
or tested with unsealed radionuclides; sealed sources

2. Non-biohazardous/non pathological waste Paper, plastic, cans, leftover food

Table 4. Classification of healthcare waste by high-income countries.

Classification of Healthcare Waste Examples

Group A

All waste contaminated with human tissue, including
blood, animal carcasses, tissue from veterinary
centers, hospitals, and laboratories, including soiled
surgical dressing, swabs, and other soiled waste from
treatment areas

Group B All discarded syringe needles, cartridges, broken
glass, and any disposable sharp instruments

Group C
All microbiological cultures and all waste from
pathology departments such as clinical or research
laboratories and post-mortem rooms

Group D All pharmaceutical products and chemical wastes
e.g., all discarded medicines, cytotoxic drugs

Group E
All items that are used to dispose of urine, feces, body
secretions, and excretions e.g., incontinence pads,
disposable bedpans, urine containers
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4. Discussion

The majority of the studies were from LMICs, which shows that HCWM is more of a concern
in LMICs [2–26,30]. In order to address the issue of HCWM, the 112 studies in this review used
various methods ranging from case studies to systematic reviews. The studies are spread across
different disciplines, with the largest number coming from the public health discipline, followed by
environmental engineering, environmental health, environmental management, waste management
engineering, and lastly, community medicine. These findings show that HCW is a multidisciplinary
issue [22,31] that has implications for the well-being of the people and the environment.

This review has also found that both HICs and LMICs use different terminologies to describe
HCW, although the definition, categorization, and classification align with those provided by the
WHO manual [2]. It is not clear why the use of nomenclature vary in countries, and yet, there is only
one global manual. More so, the adverse consequences of the improper management of HCW have
been documented extensively [2,18–23], and using different nomenclatures to describe HCW is one of
the factors contributing to the improper segregation practices of HCW among healthcare workers [4].
For example, a study in Botswana on HCWM current practices in healthcare facilities [16] found that
the term ‘clinical waste’ is known to mean all of the waste that is generated from healthcare facilities.
Due to this definition, most healthcare workers and the general public ended up not segregating HCW
into non-hazardous and hazardous waste. The health workers disposed of all of the unsegregated
HCW into red bags. The consequence of this practice was the unnecessary use and wasting of red bags,
and the overloading of resources needed for the transportation and storage of HCW. Although this
particular study cannot be generalized, more of such studies are yet to be found. Varied nomenclatures
could also cause confusion when it comes to developing HCWM policies by policy-makers, and can
affect the practices of HCWM by healthcare workers who are generators and handlers of HCW. More
importantly, a lesson learnt from Mbongwe’s study is the need to have a standard nomenclature to
describe, define, categorize, and classify HCW.

Conclusion and Recommendations

Considering that all of the nomenclatures that are used by various authors from HICs and
LMICs are different, but align with those provided by the WHO manual, there is a need to adopt
the terminology used by the manual. A uniform nomenclature could be beneficial for the healthcare
workers who are HCW generators and handlers. A standard nomenclature could also be beneficial to
policy-makers for designing HCWM policies that monitor appropriate HCWM practices.

5. Strengths and Limitations

The primary strength of this scoping review is its ability to answer all of the research questions
with the use of transparent methods to conduct the review. Limitations to this scoping review are that
only six databases were used to search for literature given the limited resources (at the University
of KwaZulu-Natal). Furthermore, only 20 South African print media were used to identify search
terms, because these were the only ones available at the time of the research. The search only used
five key search terms (HCW, medical waste, clinical waste, biomedical waste, and hospital waste),
because these are the most dominant terminologies found in the literature. Lastly, the review did not
cover literature from 2016 onwards due to limited resources at the time of research.

6. Areas for Future Research

This scoping review did not explore the extent to which the WHO’s guidelines have been adopted
and implemented in practice by various countries. Such studies should be conducted to provide more
insights into HCW and its management. More importantly, this review did not include literature
from 2016 onwards. More studies should be conducted and include literature from 2016 onwards.
This review did not explore search terms that are used in other media venues besides the ones from
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the South African print media. Other studies should be conducted to include search terms from other
media venues to help yield more insights into the study on HCWM.

Supplementary Materials: The following are available online at http://www.mdpi.com/2313-4321/3/4/51/s1,
Table S1: Characteristics of newspaper covered in the analysis; Table S2: Table showing databases used in the
study; Table S3: A list of all references analysed for the scoping review. Table S4: Coding framework used for the
studies included in the scoping review.
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