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Abstract: The potential and scale of cities enable economic growth and the improvement of citizens’
access to jobs, education, healthcare, culture, public utilities and services. Solid waste management
(SWM) is one of the key services provided by cities. Its operations are complex, very visible to the
general public, and impacted by strong financial, societal, and political constraints. Performances in
developing countries, however, are not positive. United Nations research shows urban collection
services covering no more than 39% of the population in low-income countries. Why are many cities
in developing countries not able to use their increasing wealth and scale for basic SWM services such
as city cleaning, collection, and sustainable landfilling? This paper provides a review of literature on
this question over the last decade. It shows that research is mostly on symptoms and has not led to
a deeper diagnosis of causes. Lack of resources, infrastructure, awareness, and institutional strength
are often pinpointed as causes but, in fact, they should be addressed as symptoms. These symptoms
should be designated as dependent variables in a complex causal network with systemic feedbacks,
hindering or neutralizing attempts to improve performances if not properly dealt with. Research
should concentrate more on assessing the relations between urbanization, urban processes, and urban
governance that shape the performance of urban solid waste management. System dynamics
modeling may provide new approaches for this diagnosis.

Keywords: solid waste management; cities; developing countries; symptoms; diagnosis; interventions;
governance; urban processes; waste collection; street cleaning; waste disposal; system dynamics

1. Introduction

The availability of proper management of municipal solid waste (MSW) is a blessing to citizens
around the world. In urban settings, it drastically helps to prevent diseases, to improve general
wellbeing, and to boost city attractiveness. The absence of urban services on solid waste management
(SWM) leads to costs of inaction that sum up to 5–10 times those of appropriate services [1]. Against this
backdrop, it is bitter to learn that in lower income countries, still 61% of the population has to live
without access to waste collection and 93% of all collected waste is disposed of in open and uncontrolled
dumpsites [2]. The social injustice of this situation is even more poignant when considering that
mostly the urban poor are exempted from services, whereas they are burdened with most of its
adverse effects [3].

In this literature review, the authors will show that research on SWM services in cities in developing
countries (CDCs) covers quite adequately the symptoms of this failing performance. At the same
time, diagnosing causes and designing suitable interventions seem to attract less scholarly attention.
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This review will provide a conceptual model to bridge this gap by relating urbanization to governance
and other urban processes that dominate the performance of SWM services in CDCs. The review
reveals that causal relations in this model are multi-dimensional, complex, and dynamic. The authors
postulate that root causes may be predominantly in deficient political, operational, and financial causal
trajectories. The authors propose to elaborate the conceptual model into a diagnosis tool that will
enhance analyzing and improving SWM services. The challenge in this elaboration will be to find
a versatile trade-off between needed holism, data availability, and practical usability.

Forecasts show that cities in developing countries will accommodate 93% of the world’s future
population growth. By 2030, 60% of the population of developing countries is expected to be urban [4,5].
This process of urbanization enables and challenges the provision of public urban services, such as
solid waste management. The enabling effect is a result of the economies of scale that are reached.
They have been the driving forces behind economic growth and the improvement of citizens’ access to
jobs and an array of public services [4–6]. In fact, urban growth provides public authorities with the
needed scale when trying to achieve progress on sustainable development goals [6–8]. Nevertheless,
urban authorities in developing countries are also challenged by this increase of their populations
which, in some cases, equals the yearly addition of a population of an entire city like Rotterdam
with 650,000 inhabitants. Often, this task is extra burdened with a number of drawbacks. Issues like
urban poverty, weak institutional capacities, limited budgets, inadequate infrastructure, corruption,
and increasing local responsibilities, add to a situation of sometimes uncontrollable urbanization and
sprawl [3–5,9]. In a number of cities, especially in Africa, this situation is out of control and prohibits
their socio-economic and sustainable development [6].

As said, waste collection services in low-income countries reaches no more than 39% of the
population. For lower-middle income countries a collection coverage of around 51% is mentioned
and for upper-middle income countries coverage is going up to 82% [1,2,10,11]. Cities perform better
than their homelands, with coverages of 48%, 71%, and 85%, respectively. Once waste is collected,
it has to be removed out of the cities and brought to proper treatment facilities. But, also for these
activities, developing countries show deficiencies. Excessive littering, illegal dumping, and burning
can be observed. Municipal treatment facilities in developing countries can mostly be characterized as
open dumps, lacking management and environmental protection [12–18].

Unmistakably, the global role of CDCs in housing future populations is pivotal. Nevertheless,
we can conclude that many of these cities are not (yet) able to use their scale and wealth for providing
good SWM services to all their residents. This paper acknowledges the Sisyphean character of this
role. It reviews recent literature on the development of SWM under dynamic urban circumstances in
developing countries, thereby considering all relevant urban processes (i.e., changing social, cultural,
economic, financial, political, institutional, legal, infrastructural, and other circumstances) and the
way they are affected by urban governance (i.e., the way governments control and interact with
stakeholders). The review uses the analogy of medical problem solving, using consecutive steps of
symptoms-assessment/diagnoses/intervention, in order to classify the literature’s subjects and methods.
In doing so, it concludes that the academic attention needs a shift towards improved understanding
of root causes and towards informed interventions. The central questions of this paper are therefore
phrased as follows.

1. Can we diagnose why many CDCs fail to provide good SWM services and, in doing so, can we
address crucial causes and urban processes affecting this failure?

2. Based on this, can we design a conceptual model that may serve as a framework to shape future
research in this field and as a tool to analyze feasible interventions as a part of urban governance?

The remaining part of this introduction will be dedicated to a first conceptualization. For this
purpose, the concept of SWM and its relation to urbanization, urban processes, and urban governance
need to be specified in more detail.
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SWM comprises the management of all activities, infrastructure, services, regulations, planning,
arrangements, contracts, organizational entities, etc., related to the production, collection, treatment,
and disposal of solid waste. Street cleaning should, together with waste collection, be regarded as part
of the priority activities of cities’ SWM services, as preventing direct human contact with waste and
averting clogged drainage and sewage systems are crucial in improving public health [19–21]. But also,
the abatement of wash off of plastics into rivers and marine environments and the need to improve the
general cleanliness and attractiveness of cities necessitate a 100% coverage of these services [1,12,22].
Over time, authorities in developed countries started including the disposal of waste in their responsibilities.
And, as a result of limited availability of disposal facilities and public concerns, the interest in recycling
was sparked [1]. Nowadays, we see that prevention, reduction, reuse, recycling, and circular economy
concepts have gained a priority position in policies around the world, and have led to a broad array of
industries involved in using waste as resources. For developing countries, this evolution is often still
in its infancy. Wilson et al. provide a historical overview of conceptual paradigms of managing waste
such as integrated waste management (IWM) and integrated sustainable waste management (ISWM) [23].
These authors claim that IWM is a developed-world concept that predominantly focuses on technical
aspects, whereas ISWM considers the wider context by including financial, social, and institutional aspects.
ISWM has been used widely when assessing SWM in developing countries [1,2,24]. Its holistic approach
has opened doors for a diversity of claims and discussions. These discussions left aside, the general
consensus is that ISWM is in need of deeper systems analysis and the use of dynamic modeling in order to
understand the reasons for lacking SWM performance [17,25,26]. This review considers this wider context
of ISWM in its relation to urban processes and governance but, at the same time, it will be restricted to the
basic chain of urban SWM services for city cleaning, waste collection, transport, and disposal, as this is
still paramount in most developing countries. The availability and sustainability of these physical services
and infrastructure of course needs to be underpinned with adequate policies and governance, and sound
organization and finances. The integrated system of this basic chain and its underpinning aspects will,
in this review, be referred to as the “SWM Backbone”.

The supply of public services like SWM is strongly influenced by the rate of urbanization
and the quality of urban governance. Obeng-Odoom provides an overview of the history of
concepts on urban governance [27]. The concepts have shifted from urban planning towards urban
management and then on to urban governance. Where urban planning referred to traditional
political top–down implementation of urban programs, urban management focused on improving
the efficiency of urban services by introducing business methods. Urban governance emphasizes the
importance of social issues and the complementary roles of governmental, entrepreneurial, and civil
stakeholders [28]. Governance is then referred to as the system of interaction in the action space
of this network of stakeholders. Gradually, the notion has gained ground that urban governance
is a dynamic process that does not benefit from static checklist approaches often used in urban
planning. Harpham et al. referred to urbanization as the engine that propels a continuous change in
urban circumstances and processes and requires ongoing adaptation of its governance [29]. At the
same, this need for dynamism suffers from different types of inertia (infrastructural, organizational,
and social), keeping it from adequate adaptation to changing circumstances [30,31]. The need is felt for
solutions that do not just tweak or repair existing systems but, instead, transform them in order to deal
with inertia [31]. Bai et al. and Childers call for a shift from mapping output towards understanding
processes that enables cities to deal with cross-sectoral complexity, dynamics, and uncertainty [31,32].
Bai et al. advocate the use of a systems approach as it may hold a promise for improved understanding
and interventions [7]. Examples in the field of SWM are the use of financial incentives, the emergence of
consumer activism, and the introduction of extended producer responsibility [32]. This line of thought
overlaps with developments in urban ecology research. McPhearson et al. provide an overview on
how classical ecology (ecology in cities) was linked to social processes in concepts that consider the city
itself an ecological system (ecology of cities) [33]. The last ten years have shown a further broadening
of the use of this concept with other disciplines into holistic models (ecology for cities). For example,
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Wu appeals for developing system models for cities that integrate and cope with complexity, inertia,
dynamics, and feedback systems [34]. Where urban ecology tries to analyze by connecting more and
more detailed aspects of urban processes, academic developments around scaling city processes seem
to go the opposite way. Scaling investigates statistical relations between size, shape, and an array of
urban variables making this method valuable for forecasting [35,36].

Overlooking the above, we may define the relations between urbanization, urban processes, urban
governance, and SWM as presented in Figure 1. It places urban processes in the center. These processes
are powered by urbanization and controlled by urban governance (which, in itself, can also be looked at as
a process). The processes relevant to SWM, lead to a performance (output, outcome, and impact) of SWM
and this performance then feeds back as input for governance, thus adding to an overall dynamic system.
External variables, such as (inter) national developments with regard to policies, economics, and finance,
may have their influences on urbanization, processes, and governance and are included on the input-side
of the model. The relations between urbanization and processes and between urban governance and
processes are bidirectional representing that they are mutually influencing each other. Not represented in
this figure is the assumption that many urban processes are influencing each other. As this scheme relates
to the abstract level of processes and variables, also stakeholders and their roles are not included.
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Figure 1. Model of relations between, governance, urbanization, and urban processes in Solid Waste
Management (SWM).

2. Method and Analytical Framework

2.1. Literature Review

The aim of this review is to gain insight in the factors restraining CDCs from offering all of their
citizens, companies, and institutions access to good SWM services. The literature review therefore uses
the following scope:

• Only cities in low-income and middle-income countries (CDCs) are considered.
• Only larger cities (with more than 0.5 million inhabitants) are considered.
• Only MSW is considered. It includes waste from households, urban services (street sweeping,

park maintenance, market waste), and small shops, offices, institutions, schools, restaurants etc.,
with the latter only for as much as it is collected by the municipality. In an urban setting, it is the
most important type of waste because it is all around, it has the most detrimental effects and it is
the most visible type of waste.

• The review is restricted to the SWM Backbone of services and infrastructure as defined
above, including all technical, social, cultural, financial, organizational, legal, psychological,
and governance aspects that play a role in managing them. This restriction leaves out aspects
such as prevention, recycling, waste-to-energy, and circular economy.
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• As for journals, only peer reviewed academic journals are included.
• As for non-journal sources, only publications (reports, books etc.) are included when referred to

in multiple articles.
• Only publications from the last 10 years are considered. Earlier articles are not considered, unless

they appeared as interesting references in later publications (via backward snowballing).
• Only articles written in English are considered.

The review was performed in March 2019. The used keywords for the search were: city cleaning,
waste collection, cleanliness, waste management, solid waste management, model(s), public services,
coverage, supply chain, cities/urban/city, urbanization, developing countries. These keywords were
used separately and, if the resulting number of articles was too large, in combinations of up to four.

The resulting 1951 articles were scanned on usability based on their titles and, if needed for
more details, abstracts. Articles were excluded in case the titles referred to developed countries only,
to treatment options other than dumping/landfilling, to waste management in rural areas and small
islands, to operational optimizations like collection routes and site selection, and to circular economy
and health effects.

Publications on assessment methods such as environmental and social impact assessment, life cycle
analysis, life cycle costing, multi criteria decision making, and eco-efficiency analysis were excluded as
these methods are mostly prospective and are rarely used in diagnosing current or past performances.

Included were those articles referring to assessment methods such as benchmarking, (dynamic)
modeling and simulation, path analysis, material flow analysis, cashflow analysis, statistical analyses
of databases and expert interviews, and mixed methods case studies.

After this selection, 44 articles and reports remained and all of these were analyzed based on their
full text by using the same criteria mentioned above. In doing so, 39 articles and reports remained.
The references in these articles were snowballed and some of the articles were used to find usable new
articles citing them. Eventually, 47 publications were used as the corpus for this review.

2.2. Analytical Framework

This review maps the current research on causes of, and interventions for, failing urban SWM
services. It does so by categorizing the publications based on their position in the chain of analyses
needed to solve the problem. There are a number of conceptual frameworks defining a logical sequence
of problem solving as, for example, defined by:

• Heifetz et al. for adaptive leadership by using iterations of the observe–interpret–intervene cycle [37].
• John Boyd for military use by analyzing situations and developing strategies through his

observe–orient–decide–act (OODA) cycle [38].
• Van de Ven in formulating research problems through a sequence of situating, grounding,

diagnosing, and resolving the problem [39].
• Watkins et al. in assessing development needs using the chain identify–analyze–decide [40].

To enhance the clarity of this review, we reframe these problem-solving methods into the analogy
of a medical investigation of a patient by distinguishing the three most important stages being the
assessment of symptoms, the diagnosis of causes, and the formulation of interventions.

• Symptoms do not explain; they just signal. In the context of this research, they can be all those
signs, indications, facts, variables, and ratios that can be observed, measured, calculated, or in
any other way be directly or indirectly derived from the current or past performance of a system.
Examples for SWM include waste generation, collection coverage, deployed workforce and
equipment, efficiency ratios, facilities (number, quality, capacity), waste treatment characteristics,
financial data, involvement of third parties, availability of laws and policies, application of permits,
and enforcement.
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• Diagnosis uses knowledge, tests, or models to search for plausible root causes and establish the
most likely ones [41]. In the framework of this review, a root cause is defined as the most original
starting point of a sequence of effects. It can be an exogenous cause, coming from outside the
urban system, or endogenous cause, inflicted by urban system deficiencies (inability), or deliberate
decisions and actions by urban actors (neglect). In general, multiple causes can be expected.

• Interventions follow from diagnosis (except maybe in crisis situations) and should affect the most
important causes in order to have a lasting, effective, and efficient impact. Mechanisms that just
diminish the effect or initiate unwanted side effects, should be avoided.

Sometimes, inadequate problem-solving portrays symptoms as causes, and treats them as such.
A diagnosis must hone the problem with adequate tools in order to prevent this treating of symptoms.
Of course, in many cases, causes themselves can be regarded as symptoms of ever deeper lying
causes. Somewhere, the diagnosis has to stop. Rooney et al. postulate that the root is reached when
causes are specific, identifiable, controllable, and preventable [41]. Symptoms or causes can sometimes
feedback their influence into the system. This adds to the complexity, especially when these feedbacks
are time-delayed.

This format enables us to analyze where and how a publication contributes to solving the problem,
and it synchronizes well with the system relations presented in Figure 1, as now presented in Figure 2.

Sustainability 2019, 11, x FOR PEER REVIEW  6 of 32 

 

deliberate decisions and actions by urban actors (neglect). In general, multiple causes can be 
expected. 

• Interventions follow from diagnosis (except maybe in crisis situations) and should affect the 
most important causes in order to have a lasting, effective, and efficient impact. Mechanisms 
that just diminish the effect or initiate unwanted side effects, should be avoided. 

Sometimes, inadequate problem-solving portrays symptoms as causes, and treats them as such. 
A diagnosis must hone the problem with adequate tools in order to prevent this treating of 
symptoms. Of course, in many cases, causes themselves can be regarded as symptoms of ever deeper 
lying causes. Somewhere, the diagnosis has to stop. Rooney et al. postulate that the root is reached 
when causes are specific, identifiable, controllable, and preventable [41]. Symptoms or causes can 
sometimes feedback their influence into the system. This adds to the complexity, especially when 
these feedbacks are time-delayed. 

This format enables us to analyze where and how a publication contributes to solving the 
problem, and it synchronizes well with the system relations presented in Figure 1, as now presented 
in Figure 2. 

 

Figure 2. Analytical framework. 

It shows that symptoms primarily overlap with the output-part of the system on the right, 
whereas diagnosis covers both the input and processes on the left and in the middle. Interventions 
can be seen as part of the territory of urban governance which, as stated before, can be qualified as a 
process in itself. 

All individual 47 publications, selected in this literature review, were assessed by: 

• categorizing their arguments as related to “symptoms”, “diagnosis” or “interventions”; 
• thereby, evaluating whether symptoms are portrayed as causes; 
• and assessing whether claims are shouldered by evidence by referring to literature or the 

publication’s results. 

In case a single publication holds arguments in multiple categories, it will be dealt with in all 
these categories. In case a publication’s argument does not refer to one of the three categories, it will 
be categorized as “data/tools”. This may, for example, be the case when a claim pertains to the 
development of a specific assessment method. 

Under “diagnosis”, relevant causes and processes, as reported in the publications, will be 
synthesized separately for a cluster of processes by drafting up illustrative causal-loop-diagrams 
(CLDs) as, for example, described by Morecroft [42]. It will be shown that drawing up such individual 
CLDs may be a stepping stone towards deriving a more integrated and holistic system-description. 
  

Figure 2. Analytical framework.

It shows that symptoms primarily overlap with the output-part of the system on the right, whereas
diagnosis covers both the input and processes on the left and in the middle. Interventions can be
seen as part of the territory of urban governance which, as stated before, can be qualified as a process
in itself.

All individual 47 publications, selected in this literature review, were assessed by:

• categorizing their arguments as related to “symptoms”, “diagnosis” or “interventions”;
• thereby, evaluating whether symptoms are portrayed as causes;
• and assessing whether claims are shouldered by evidence by referring to literature or the

publication’s results.

In case a single publication holds arguments in multiple categories, it will be dealt with in all
these categories. In case a publication’s argument does not refer to one of the three categories, it will
be categorized as “data/tools”. This may, for example, be the case when a claim pertains to the
development of a specific assessment method.

Under “diagnosis”, relevant causes and processes, as reported in the publications, will be
synthesized separately for a cluster of processes by drafting up illustrative causal-loop-diagrams
(CLDs) as, for example, described by Morecroft [42]. It will be shown that drawing up such individual
CLDs may be a stepping stone towards deriving a more integrated and holistic system-description.
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3. Results

3.1. Overview

The summary of the literature review is provided in Appendix A. It shows that, during the last
10 years, the number of publications, matching the scope, keywords, and exclusion-criteria of this
literature review, has grown towards 5–10 per year. Forty percent (19) of all selected publications can
be characterized as reviews, cross-sectionally aggregating study results. These publications relate to
one specific aspect or to regional or global benchmarking studies. Sixty percent (28 publications) cover
a specific country or city. Thirty publications cover aspects in specific cities, countries, and continents.
Most of these pertain to Asia (16) and Africa (11), as presented in Scheme 1. Only 3 publications relate
to Latin America, whereas no relevant publications cover (middle-income) countries in Eastern Europe.
These numbers may adequately reflect these continents developmental status and size. Publications
for Asia were mostly on India (5), and for Africa, the interest was most on Kenya (3). Both continents
show a similar variety in research subjects.
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Only 5 references comprised books, reports, and dissertations. The other 42 publications were
found in scientific journals of which 15 were in “Waste Management” and 4 in “Waste Management
and Research”. The remaining 23 were found in 17 other journals.

Appendix A also summarizes the categorization as described in the analytical framework. Texts in
Appendix A, that are written in red, refer to claims that are not substantiated by (empirical) evidence.
Numerically, the results of this analysis are presented in Scheme 2.
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The result seems to indicate that most research in this field focuses on symptoms, rather than on
making a diagnosis and finding the right interventions. This holds even more when non-evidenced
claims are left out. With 39 documents having substantiated claims on symptoms, 23 documents
having them on diagnosis and 9 documents producing them on interventions, the question arises why
researchers dwell so much on effects, while less on causes and least on remedies. Possible explanations
will be dealt with under Discussion.
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3.2. Symptoms

The 39 publications with substantiated claims on symptoms are in many regards in unison;
the SWM situation in most developing world cities is grave. These claims are underpinned by scores
of case studies and public data.

Waste problems are strongly related to the amount of generated waste. Every person produces
waste, and even more when incomes rise. Population growth in cities is high and sometimes an annual
8% is reported, as in the case of Kathmandu [16]. Data on per capita waste generation (WG) tend to
vary strongly, especially for developing countries where the availability of well-defined and trusted
data is poor. WG data ranging from 0.25 to 1.0 kg per capita per day can be found. A broad
consensus seems to be available with regard to the relation between WG and income levels, expressed
in GDP (gross domestic product), GNI (gross national income), or HDI (Human Development Index).
Xu et al. use path analysis to show that these may be correlated but not based on causality [43].
Education level and family size seem to be the most important independent variables. Nonetheless,
economic growth (EG) is a firm indicator of growth in WG [2].

Serving city-populations with adequate collection services is difficult (Appendix A). The percentage
of un-serviced households in low- and middle-income countries, as reported in the reviewed
publications, shows a very broad range of 5%–88%. Kaza et al. report that this percentage goes down
when countries and cities develop [2], whereas other researchers report increasing percentages of
un-serviced households for Nairobi and Dar es Salaam [44,45].

When being collected, the next challenge is to dispose it off in an environmentally sound manner.
This seems to be an even tougher job as most of the reported percentages of unmanaged disposal of
waste, via littering, burning, and dumping (albeit in designated dumpsites) range between 60% and
100% (Appendix A).

The effects are worrying. Uncollected waste adds to an overall poor sanitation in many cities [46].
Estimates show that about 20% of all waste is directly littered in the streets [16]. In Kathmandu, 3% of
waste is being burned inside urban areas [47] and a high percentage of collected waste is being dumped
elsewhere inside the city. Haregu et al. report that 50% of the households in Mombasa routinely burn
their waste [44]. Litter leads to blockage of drainage and choking of sewerage causing sewage water
to flood the streets [1,2,10]. The impact on health and safety is most severe with children, women,
waste-workers and, in general, the poorest inhabitants being the ones harmed most [1]. Secondary
effects are the emission of greenhouse gases [2], the runoff of waste with rainwater to rivers and
estuaries causing marine plastic littering [12], the invitation to patronage, corruption, and crime [48],
and the loss of overall urban attractiveness leading to low interest of investors and tourists [1].

Wilson et al. show in their report that the overall cost of not-managing waste (also referred to
as “cost of inaction”, mostly relating to health-related costs) may be well over 5–10 times the costs of
proper SWM operations [1]. Nevertheless, CDCs seem to be struggling for finding sufficient budgets
as evidenced by many reports on lacking finances. Kaza et al. show that municipalities in low-income
and middle-income countries spend 19% and 11% respectively of their budget on SWM, whereas cities
in high-income countries spend an average of 4% [2]. Data on cost recovery through SWM-fees charged
on individual households are few [2]. Most of the money is supplied by the general municipal and
national budgets. Kaza et al.’s review also indicates that lack of finance seems to be almost twinned
with lack of governance.

The complexity often seems to be overwhelming both for political as for civic leaders [3,19,49].
In response to this convolution, the paths of decentralization and privatization are often followed, but
not always with success [44,50–53].

Lack of infrastructure is depicted as a negative symptom in several ways. Firstly, because urban
sprawl and informal settlements lead to town-quarters, inaccessible to collection vehicles, secondly
because of overall poor road and traffic conditions [54–56], and thirdly because of the near absence of
essential SWM-infrastructure such as waste transfer-stations [2,57,58].
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The informal sector is highly involved in waste management in developing countries. Haregu et al.
report 2000 informal workers in Nairobi [44], Kafeel estimates 100,000 for Delhi [59], and India as a whole
shows a workforce of some 1.7 million urban poor in this sector [53]. Their role is frequently appreciated
for its prevention of public spending on waste collection and treatment [1,17,60], although this role also
has its downsides on, for example, improper waste handling, working circumstances, and child labor,
as reported by [18,61]. Kazuva et al. observe that informal sector players are only interested in collection
and recycling as long as high market prices are available [45]. This affects the continuity of their services.

Similar to the way the role of the informal sector is presented as both positive and negative,
it is also done for other aspects of solid waste and SWM. These aspects are population growth (as it
also provides a good labor market) and the organic contents of the waste (as it is both the source of
infectious diseases as a potential source of compost production) [58,62].

Many of the publications, listed under “symptoms” in Appendix A, claim or suggest that lack
of money, knowledge, experience, awareness, coordination, policies, governance, infrastructure,
and equipment are the cause of failing SWM. Nevertheless, within the analytical framework of this
review, these explanations should be categorized as symptoms, on the output side of the relations
model in Figure 1, because they are the result of other, underlying causes.

3.3. Diagnosis

The 23 publications that dig deeper are able to reveal some of the underlying causes, although the
researchers themselves do not claim to have reached the root. Also, their work is mostly limited to
one or few aspects. Only Guerrero et al. have tried to pinpoint the relative importance of multiple
aspects affecting the quality and efficiency of SWM systems by using a combination of case studies and
interviews [57]. Political leaders’ commitment and infrastructure quality are the prevailing aspects;
more than, for example, the legal framework and policies or the availability of local service providers.

External variables (on the input side of the model in Figure 1) like the economy, international
environmental policies, and the introduction of decentralization, receive little attention in diagnostic
studies. Of course, the relation with GHG emissions is often referred to [1,2,58]. In causal terms,
this last relation mostly works just in one direction as global warming is only for a small percentage
influenced by failing SWM. Also, the relation between SWM and marine plastics is often mentioned.
This causal relation is stronger and works reciprocal, as shown quantitatively by Lebreton et al. [12].

These external variables may affect both directly and indirectly (via governance) urban processes,
for example, through their effect on the contents and implementation of SWM policies. In that case,
these relations may be plotted in a causal loop as presented in Figure 3.
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All other publications relate to governance and processes as presented in the “processes” part in
the model of Figure 1.

Governance and political processes were investigated in a number of studies. Using Matland’s
ambiguity/conflict model, Yang et al. conclude that the governance of SWM can be categorized as
“symbolic implementation” indicating the occurrence of conflicting interests along with vagueness on
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aims and means [63]. Under these circumstances, governance has to provide clear frameworks and
has to showcase effectiveness. Kaza et al. confirm the need for strong governance and sustainable
finances and typify them as crucial and necessary conditions [2]. Also, Nidugala et al. show
how a combination of strong political and organizational commitment, rigid change management,
and extensive communication campaigns were able to turn Indore into one of the most successful
SWM cities in India [64]. Strength of governance should not be equated with autocracy. According
to Nzalalemba et al., autocracies often lead to top–down decisions, to neglect of interests of the
urban poor in SWM-decisions and to tendencies to introduce western SWM-systems that propagate
social injustice [3]. Bjerkli revealed how abuse of power may bread nepotism and disrupt needed
development of urban SWM-knowledge and experience through political appointments of staff [48].
On the opposite side, Kazuva et al. argue that government responses to SWM challenges are often too
weak and inadequate and, in this neglect, may worsen the situation over a longer period of time [45].
Cetrulo et al. claim that political interference in operational and judicial issues, tend to be detrimental,
as not always SWM interests are served [52]. They also argue that, having policies is good, but not
sufficient. If not combined with budgets and adequate training, the issuing of policies is senseless.
All aspects considering, the authors derive the causal loop diagram given in Figure 4.
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Social and economic processes in this field, tend to focus mostly on the role of the private sector and
informal sector. Scheinberg highlights the important role of the informal sector [17]. The author infers
that unfairly low dumpsite tariffs, the startup of municipal recycling activities, and the introduction of
Western SWM-concepts impede or even threaten this role. Sandhu et al. come to a similar conclusion
for the situation in Amritsar (India) [53], and Haregu et al. conclude that the operation of separate
waste collection challenges informal recycling activities [44]. According to the literature review of Ma
et al., the same holds for privatization of public services through public–private partnerships [18].

Chauhan et al. use structural modeling to conclude that the success of the recycling industry
is mainly limited by availability of labor force, availability of capital, high investments, and high
transport costs [65]. The availability of input material, low quality of products, competition, landfilling
costs, and red tape are less important. These factors seem to favor the private sector over informal
sector when cities’ economies develop. And in general, it may explain the higher recycling rates in
low-income countries when comparing them to middle-income countries [1]. Developing economies
seem to lower the chances of the informal sector, leading first to a decrease in recycling rates, later
followed by an increase when municipal recycling and private companies (often formalized, former
informal sector players) take over.
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Ma et al. reviewed the way participation in collection and recycling is enhanced by providing
a dense and convenient network of services. Also, higher income and education raises willingness to
pay and participate [18].

The following causal diagram in Figure 5 provides an attempt by the authors to describe
these relations.
Sustainability 2019, 11, x FOR PEER REVIEW  12 of 32 

 

 
Figure 5. Illustrative causal loop diagram on social and economic aspects. 

Operational and financial processes are analyzed by Kinobe et al., using interviews in a case 
study on Kampala [55,56]. According to their findings, inadequacies such as the needed removal of 
illegal dumping and the manual loading of waste into trucks deteriorate the efficient deployment of 
collection vehicles. They also show how limited budgets lead to investments in too small trucks and 
how lack of knowledge leads to improper routing of collection trucks. This “nesting” of multiple 
inefficiencies eventually leads to a vicious circle, destroying available budgets. 

Aleluia et al. mention the absence transfer stations as being one of the major causes for high 
collection costs [58]. Other authors observed this same absence [2,25]. Aleluia et al. also underline the 
missed opportunity in many Asian cities by not using the high organic contents of waste for recycling 
[58]. Wilson et al. analyze that operating single operator models (for example, only public or only 
private collectors) are in general not capable of reaching the poorer parts of towns [66]. Da Silva 
shares this conclusion and does so based on system dynamics modeling of business-as-usual 
scenarios for Curitiba (Brazil) [67]. The continuation and expansion of regular collection and disposal, 
lead to strong increases in overall costs and needed investments in landfills. He further concludes 
that fluctuating market prices for recycling products limit the success of recycling options. Sufian et 
al. used system dynamics modeling for the city of Dhaka [68]. They analyzed the (negative) way 
insufficient and delayed municipal budget allocation affects the ability to collect the growing amount 
of waste and how collection and treatment compete for available budgets. Kafeel used system 
dynamics modeling to analyze the financial interaction of growing waste volumes with the 
introduction of recycling facilities in Delhi, to conclude that these facilities are able to generate 
sufficient revenues for their operations [59]. For Bangkok, Sukholthaman used system dynamics 
modeling to infer that policies on separate collection may well be able to drastically reduce the need 
for new landfills and will lead to a reduction of overall spending [69]. 

Merging these results into one causal diagram may lead to the set up presented in Figure 6. 

Figure 5. Illustrative causal loop diagram on social and economic aspects.

Operational and financial processes are analyzed by Kinobe et al., using interviews in a case study
on Kampala [55,56]. According to their findings, inadequacies such as the needed removal of illegal
dumping and the manual loading of waste into trucks deteriorate the efficient deployment of collection
vehicles. They also show how limited budgets lead to investments in too small trucks and how lack of
knowledge leads to improper routing of collection trucks. This “nesting” of multiple inefficiencies
eventually leads to a vicious circle, destroying available budgets.

Aleluia et al. mention the absence transfer stations as being one of the major causes for high
collection costs [58]. Other authors observed this same absence [2,25]. Aleluia et al. also underline
the missed opportunity in many Asian cities by not using the high organic contents of waste for
recycling [58]. Wilson et al. analyze that operating single operator models (for example, only public or
only private collectors) are in general not capable of reaching the poorer parts of towns [66]. Da Silva
shares this conclusion and does so based on system dynamics modeling of business-as-usual scenarios
for Curitiba (Brazil) [67]. The continuation and expansion of regular collection and disposal, lead
to strong increases in overall costs and needed investments in landfills. He further concludes that
fluctuating market prices for recycling products limit the success of recycling options. Sufian et al. used
system dynamics modeling for the city of Dhaka [68]. They analyzed the (negative) way insufficient
and delayed municipal budget allocation affects the ability to collect the growing amount of waste and
how collection and treatment compete for available budgets. Kafeel used system dynamics modeling
to analyze the financial interaction of growing waste volumes with the introduction of recycling
facilities in Delhi, to conclude that these facilities are able to generate sufficient revenues for their
operations [59]. For Bangkok, Sukholthaman used system dynamics modeling to infer that policies on
separate collection may well be able to drastically reduce the need for new landfills and will lead to
a reduction of overall spending [69].

Merging these results into one causal diagram may lead to the set up presented in Figure 6.
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Nzalalemba et al. bring an organizational/psychological aspect in play when narrating the
immense task resting on the shoulders of municipal authorities, having to accomplish this task with
little knowledge and under brutal circumstances as in the Congo. As an effect, authorities can be
overwhelmed by this responsibility, leading them to lethargy and so causing further damage [3].
In causal terms, this may look like sketched in Figure 7.
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3.4. Interventions

As stated before, interventions fall within the domain of governance in the model presented
in Figure 1.

With regard to socio-economic interventions, Sandhu et al. and Scheinberg both propose to
intervene by enhancing the informal sector and integrate their roles in overall urban SWM [17,53].

On the side of political, institutional, and legal interventions, Nzalalemba et al. table to implement
a legally enforceable right on clean living circumstances in order to provide equitable access to city
cleaning and waste collection [3]. Nidugala et al. claim that a combination of a firm strategy and strong
political and operational leadership will work [64]. Yang et al. claim that symbolic implementation of
policies calls for economic incentives, display of governance effectiveness, and the promotion of social
acceptance and social control [63].

Suggested interventions relating to finance and operations relate to the implementation of
treatment options [59,67], awareness, and separate collection [69] in order to achieve sustainable
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budgets. Wilson et al. encourage to use mixed operator models in order to be able to service also the
shanty parts of towns [66]. In addition, they call for strong client organizations within the authorities
in order to manage private service operators.

3.5. Data/Tools

The review of Kaza et al. provides the most comprehensive global dataset on SWM [2]. Aleluia et al. do
so for Asian countries and cities and they propose a model to categorize them based on GDP and organic
waste contents [58]. Aparcana reviews the different options to formalize informal sector players in urban
SWM [61] and Kinobe et al. assess a number of collection models in developing countries [56].

Assessment methods are reviewed in a number of publications. Chang et al. reviewed 14 methods and
concluded that systems engineering should be incorporated in these methods [26]. Marshall et al. reject
fragmented assessment methods and call for more integration, for more emphasis on social aspects, and for
the use of methods on complex adaptive systems [19]. Lohri et al. also reviewed 14 methods and postulate
that there is a need for more dedicated methods that include the use of mass balances [50]. On the other side,
there are Zurbrügg et al. who call for simpler methods that fit the low availability of data in developing
countries [70]. The review by Allesch et al. also calls for simpler assessments which should, on the other
hand, be more holistic [71].

Recent years have shown a substantial interest in a benchmark method called “Wasteaware”.
This method, developed under endorsement of UN-Habitat, enables to score the performance of cities
along a set of 12 indicators [1]. It has led to a substantial database of benchmarks for cities around the
world. The indicators can be categorized as symptoms within the definition of this paper.

4. Discussion

Most of the reviewed publications relate to symptoms, located on the output-side of the scheme
in Figure 1, and less to diagnosis and interventions. There is, of course, a logical explanation
for this imbalance as diagnosis and interventions need to be preceded by research of symptoms.
This notwithstanding, it looks like the academic field lacks the impetus to use the knowledge on
symptoms for a deeper understanding of the causes of failing SWM services. It may be because research
in this discipline lacks a clear distinction between symptoms and underlying causes, as pointed
at the end of the “Symptoms” paragraph above. Another reason may be that diagnosing such
a problem is deemed too complex. Hoornweg et al., Kaza et al., Marshall et al., Wilson et al.,
and Zurbrügg et al. [1,2,10,19,20] and some 15 other publications claim, or at least suggest, that this
complexity can only be diagnosed through holistic approaches. Nevertheless, no such diagnostic
approaches were found. A last possible reason could be that the most cited publications in this field are
from renowned institutions as the World Bank [2,10], UN Habitat [11], and UNEP/ISWA (United Nations
Environmental Programme and International Solid Waste Association) [1]. These documents have
become the reference guides and entry points for many researchers. Their comprehensiveness,
status, and the certitude of their claims may give the impression that all is known that needs to be
known. References to these documents tend to parrot the arguments and may be the reason to stop
further research.

Wasteaware has become a standard for benchmarking cities’ performances on SWM around the
world. It is a valuable method to map symptoms but a number of authors (mis)use it as a method
for diagnosis, simply by mirroring the defaults (for example: lack of money) into idle advises on
interventions (same example: more money is needed). The other pitfall of Wasteaware may be that its
specific choice of indicators is mainstreaming, not only the position on this matter among practitioners,
but also in research. This may, for example, be the case for the importance that is given to the indicator
“inclusivity” and the role of the informal sector. This could have invoked the considerable percentage of
literature that deals with this aspect. On the other hand, achieving financial sustainability by generating
stable revenues, is less pronounced in Wasteaware, and so we see in the literature. Diagnosis-research
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on the reasons for low availability of money is fully absent, although many publications on symptoms
have called it one of the pivotal factors.

All diagnostic research taken together; one can state that it is far from being comprehensive.
Literature on processes relating to street cleaning seem to be fully absent. And, as for finance,
there is little to no attention for urban processes relating to variables such as traffic intensity, street
quality, available knowledge and experience, public willingness to participate, workers’ salaries and
motivations, prices for equipment and fuels, and access to financing facilities.

System dynamics modeling is used by 4 authors in their analyses. Most of them are only on
financial/operational processes. Some publications reveal the existence of balancing feedbacks (as also
represented in the causal loop diagrams). The inertia often referred to in governance concepts, is not
covered in these publications. Inertia may indeed come from balancing feedbacks, but also from delays
and slow processes. Only one reference to this effect was mentioned in relation to needed growth of
public budgets [68], whereas one would expect it to play an important role in governance and many
other processes.

Although there’s a strong appeal for holistic approaches, publications on diagnosis seem to go the
reductionist path of analyzing well defined, single aspects. This holistic call and reductionist reality do
not necessarily have to be contradictive. Reductionist research of isolated phenomena may well be the
key to fill in a holistic framework and prevent it from rendering hollow. System dynamics modeling
may have good cards, not only when it comes to describing a diversity of (urban) processes, but also
when working on integrating different processes into a multidimensional framework. Morecroft shows
its versatility in this regard [42].

Integrating isolated CLDs into consolidated ones, can be done through the connection of variables,
such as SWM performance, as illustrated in Figure 8 for the CLDs described above.
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Drawing up causal loops, combining them in a network, and translating them into stock/flow-
diagrams may well be the most usable method for further analyzing the field of urban SWM.
The following three examples may illustrate this.
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• Multiple authors observe that the absence of transfer stations leads to high collection costs [2,25,58].
The exact relation is not revealed but, obviously, when cities are growing in population, density,
traffic, and scale, the time a collection vehicle needs to go from its collection-route towards the
dumpsite and back increases exponentially. If transfer stations are available, the effect could be
that one truck can do 3 or 4 routes per day instead of one, increasing the collection capacity with
the same factor.

• Haregu et al. observed that the number of un-serviced households in Nairobi went down from
90% to 20% in the 1970s but, after this good result, it went up again towards 30% in 2010 and
35% in 2016 [44]. This effect may well be described by SDM, for example, by modeling the
accelerating rates of urbanization, urban poverty, and economic growth. Their combined effect on
waste growth, sprawl, and traffic may have been so strong that it could not be met by politicians,
strategies, budgets, management, investments, and the slow processes they are working in.
If, in such a case, the experience on, for example, coping strategies for logistical challenges is
lacking, deterioration is accelerated.

• Also, the differences in recycling rates between low, middle, and high-income countries,
as described by Wilson et al. [1], may be convincingly described by SDM as the result of
the dwindling role of the IS when public authorities and private parties step up and the improving
economy is drawing away workers from informal occupations.

5. Conclusions

Based on this literature review, we can conclude that more research is needed on diagnosing
failing SWM services in CDCs in order to enable improved interventions. The research field needs more
holistic approaches; able to cope with the complexity and dynamics of urban circumstances. There is,
however, no sign of any developments in this direction. The way forward could lay in applying system
dynamics modeling to describe relevant urban processes, relate them to urban governance and their
effect on SWM performance, and merge these relations in one overarching model.

We presented a first framework for these relations. The further elaboration of this model needs
the combined input of many researchers from different backgrounds. The challenge may be in finding
the right tradeoff between complexity, data-availability, usability for further research, and simplicity,
needed for its use as a tool in urban management.
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review work, discussing ideas, and supervising the writing of this paper.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.



Sustainability 2019, 11, 6977 16 of 31

Appendix A

Table A1. Schematic analytical review.

Ref. Year Geography Symptoms Diagnosis Intervention Data/Tools

[68] 2007 Dhaka (Bangladesh)
• PDR
• 2006: PG 3.5%, WG 0.7 kcd, USH 40%

• SDM
• Lack of finance used as input.
• Deploying more trucks does not match

waste growth.
• Increasing collection shifts bottleneck

to treatment.

[46] 2008 Accra (Ghana)

• PDR
• 2005: PG 6%, WG 0.4 kcd, USH 50%
• Poor sanitation. PS has not delivered.

• Regulatory framework and governance
must be reinforced.

[14] 2009 India, 59 cities.

• LR, PDR, FI, Q/I, SA
• Infrastructure/equipment insufficient.
• Littering leads to choking drains.
• SWM takes 5%–10% of city budget.
• Lack in civic awareness.
• WG 0.2 and 0.62 kcd (collected waste).
• Disposal in uncontrolled dumpsites

almost 100%.

• An action plan must be adopted.

[11] 2010 Global, 20 developed
and developing cities

• LR, CSs, PDR, BM, PFD
• Indicators on WG, USH, UT,

and governance.
• Urban waste quantities grow uncontrolled

due to population, wealth,
industrial activities.

• Pinpoints strong relation SWM with health,
poverty, urban water, and GHG emissions.

• Introduces
ISWM framework.

• Provides best practices,
general political,
and practical guidelines
and best practices.

[16] 2010 Kathmandu (Nepal)

• PDR, LR, SA.
• 2001: PG 7.9%
• 2005: WG 0.66 kcd or 0.5 only related

to households.
• Hazardous waste contents are rising.
• Street littering is almost 20% of

generated waste.
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Table A1. Cont.

Ref. Year Geography Symptoms Diagnosis Intervention Data/Tools

[17] 2011 Global, 20 developed
and developing cities.

• LR, CSs, PDR, BM, PFD
• Preparatory study for [11].

• LR, CS
• Introducing Western concepts decreases the

impact of local informal actors.
• Disposal is not fairly priced and this reduces

chances for informal recycling.

• LR, FI, CS
• Enhancing informal recycling may

contribute to decrease dumping.

[26] 2011 n.a.

• SLR
• Review of 14 models and

tools for systems analysis.
• Call for emphasis on

models that allow
integration of system
engineering
and assessments.

[62] 2012 Abuja (Nigeria)

• Q/I
• 2007: PG 2.9%, some areas 20%–30%
• Barriers/weaknesses: insufficient equipment,

poorly trained workers, low public
education, weak legal framework,
and limited funding.

• Opportunities: vast population, emergence
of small industries, large proportion of
organics in waste, existing IS.

• Strengthen legal framework,
strategies and governance.

• Initiate training program.
• Promote liberalization.

[24] 2012 Global, 20 developed
and developing cities

• LR, CSs, PDR, BM, PFD
• Follow-up study to [11]
• Middle-Income countries show 1%0–30%

USH and low-income countries 40%–55%.
• Low-Income countries show 50% of UD
• Limited budgets

• Refrain from dedicated, technical,
Western solutions

• Clear vision, strong
determination, and social
inclusivity are needed.

• Affordability lies at 1%–2%
of household income.

[70] 2012 Gianyar (Indonesia)

• Often, social mobilization is lacking.
• Institutions are weak and cost recovery

is low.

• Refrain from dedicated, technical,
Western solutions.

• Q/I, PDR
• Simple “checklist” style

questionnaire to promote
success of
individual projects.
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Table A1. Cont.

Ref. Year Geography Symptoms Diagnosis Intervention Data/Tools

[10] 2012 Global

• LR, CSs, PDR, BM, PFD
• MSW growing faster than urbanization.
• SWM most important urban service.
• Tremendous health and economy aspects.
• GHG emissions.
• Improving SWM is a prerequisite for urban

ability in other areas.
• Urban waste generation is twice that in

rural areas.

[19] 2013 Global

• (S)LR
• Public health is main driver in

developing countries.
• Get the waste out of the cities is the priority.
• Unplanned settlements are not

“serviceable”.
• Public and political awareness is low.
• Weak governance, corruption.
• Waste work is of low standing.
• Under-funding due to low revenues

and mismanagement.
• 20%–50% of municipal budget is spent on

SWM with this being sufficient for services
for no more than 50% of population.

• No priority for international donors and
development banks.

• Root cause is unplanned growth causing
extreme challenges on land use and
infrastructure, in combination with
extremely slow and inefficient
institutional structures.

• (S)LR
• Fragmentation of

assessment methods is
not helpful.

• Integrated systems analyses
is needed on all
relevant aspects.

• Emphasis is put on
social aspects.

• Integration will always lead
to tradeoffs.

• Complex adaptive systems
may be well fit to analyse.

[57] 2013 36 cities in
developing countries

• (S)LR, Q/I, PDR, FI, CS
• WG: between 0.25 and 1.1 kcd. No clear

relation with GDP.
• Lack of money, equipment, organization,

knowledge, motivation, legal framework.
• Just a few cities use transfer stations.
• Collection takes 80%–95% of SWM budget.
• 21 cities have some kind of

composting activity.
• 22 cities report open burning inside city.
• Almost all cities use UD.

• (S)LR, Q/I
• Qualitative overview of factors that may

influence the performance of waste services.

• Financial support national
government may be solution.
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Table A1. Cont.

Ref. Year Geography Symptoms Diagnosis Intervention Data/Tools

[21] 2014 Global, 5 developed
and developing cities

• LCSs, PDR, BM, PFD
• Follow-up study to [11].
• Lack of data in developing countries.
• For cities in low- and middle-income

countries: WG between 0.6 and 1.2 kcd, USH
between 5 % and 67%, and UD between 5%
and 100%. Cost recovery between 40% and
70%.

[43] 2014 Xiamen Island
(China)

• LR, PA, Q/I, SA
• Annual growth in waste production 6%

(1979–2011).
• WG is strongly influenced by whether or not

dining at home, family size,
and employment rate, and not so much
by income.

[20] 2014 Developing countries

• (S)LR
• Review of 14

assessment methods.
• Assessment methods need

to be more dedicated and
based on mass balances.

[50] 2014 Bahir Dar (Ethiopia)

• LR, Q/I, MFA
• PG at 6.6%
• WG: 0.7 kcd of which only 0.25

from households.
• UM at 33% (2010).
• PPP was chosen because the city did not

know what to do.
• General lack of insight and understanding of

all SWM costs in developing countries.
• Financial sustainability in Bahir Dar

hampered by 50% cost recovery by fees.

• Waste collection is very inefficient.
• Improve fee collection and

other revenues.
• Reduce operational costs.
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Table A1. Cont.

Ref. Year Geography Symptoms Diagnosis Intervention Data/Tools

[71] 2014 n.a.

• (S)LR
• Review of 13

assessment methods.
• Assessment methods need

to be simpler and
more holistic.

[48] 2015 Addis Ababa
(Ethiopia)

• Q/I
• PG at 3.8%
• Formal collection is low and UD high.
• Well organized IS.
• Planning does not lead to implementation.

• Q/I
• Nepotism in politics implements large scale

discontinuities in management and blocks
building up knowledge.

[15] 2015 52 cities in India

• LR, PDR
• Lack of financial resources, institutional

strength, and planning are most
limiting factors.

• WG: between 0.2 and 0.8 kcd.
• USH: average 30%.
• 6%–7% of collected waste is composed. Rest

is landfilled.

[56] 2015 Kampala (Uganda)

• LR, PDR, Q/I, SA
• PG at 3.7%. Population doubles from night

to day (2002).
• USH 60%, UD 100% open burning at

dumpsite (2011).
• Outsourcing to private sector did not

improve situation.
• 35 private service providers with little

regulatory framework. Privatization prone
to corruption.

• 227 dumpsites.
• 500 waste pickers at main dumpsite.
• Absence of planning and

structured maintenance.

• Q/I
• Removing littered waste is not done because

it brings down the overall efficiency.
• Manual loading at collection sites vastly

reduces truck efficiencies.

• Q/I
• Provides assessment of

collection models.
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Ref. Year Geography Symptoms Diagnosis Intervention Data/Tools

[55] 2015 Kampala (Uganda)

• PDR, FI, Q/I
• WG: 0.6 kcd (2011)
• Inefficiencies in collection lead to 60% longer

collection routes and 67% more needed trips.

• PDR, FI
• Trucks are too small and routing is

not optimized.

[51] 2015 Makassar (Indonesia)

• FI, Q/I
• USH: 88%. UD: 100%.
• Insufficient budget, management,

and employees.

• Communities should play
a stronger role.

• Traditional approaches are
unsuccessful; non-conventional
approaches must be used.

• Focus must be on organic waste.
• Authorities must promote

community-based recycling.

[72] 2015 Global

• (S)LR, PDR
• Data availability in developing countries

is poor.
• WG varies between 0.32 and 1 in ow-and

middle-income countries.
• WG is related to GDP but with a very

wide spread.
• WG data is generally contaminated by

omitting collection coverage.
• City authorities concentrate on high

density areas.
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Ref. Year Geography Symptoms Diagnosis Intervention Data/Tools

[1] 2015 Global

• LR, PDR
• The poorest cannot pay proper services.
• Public health still major driving in

developing countries.
• Strong nexus between littering and blockage

of drains and sewage canals.
• Full and dangerous dumpsites.
• Strong effect on climate change through CO2

and CH4 emissions.
• Costs of inaction are 5–10 times costs of

sound SWM operations.
• Outsourcing and offshoring means

exporting developed-world production
waste to arise in developing countries.

• In the case of plastics and WEEE, also
consumption waste tends to end up in
developing countries.

• Low-Income countries: USH 64% and UD at
65%.

• Middle-Income countries: USH 36%, UD
32%.

• Situation seems to improve in cities with
incomes above $2500 per capita per year.

• Recycling rates seem to go from 18% to 25%
to 13% to 35% in low-, lower-middle,
upper-middle and high-income countries.

• Ensure access to SWM services
for all.

• Improve institutions and planning.
• Involve communities in collection.
• Find affordable financing.

• Policy document with
global agenda.

• Handbook with
lessons learned.

• Promotion of
circular economy.

[59] 2015 Delhi (India)

• SDM, LR
• WG: 0.5 kcd, USH: 25%, of which almost

20% collected by wastepickers.
• 80–100,000 wastepickers active: 15

kg/picker/day.
• WG will increase at 4.28% per year due to

urbanization and economic growth.

• SDM
• If planned treatment options are introduced,

revenues may balance operational expenses.

• SDM
• Implement planned

treatment options.
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Ref. Year Geography Symptoms Diagnosis Intervention Data/Tools

[25] 2015
Latin-American and
Asian countries and
Baltic states

• LR, PDR
• Average WG in Lat-Am countries: 0.93 kcd.
• UD Brazil: 60% (2013).
• Insufficient funding is the main issue but....

In Lat-Am countries only 65% of
municipality charge adequate fees.

• Poor infrastructure and equipment.
• Lack of knowledge and professional staff.
• Poor legislation and enforcement.
• Lack of new technologies.
• Low involvement of informal and formal PS.

• Good governance should
be introduced.

• Inclusion of IS is key.

[18] 2016 Global

• (S)LR
• Children/women, especially poor people, are

most vulnerable to effects of poor SWM.
• Social injustice of poor people living near/on

waste dumps.
• Nimby is everywhere.

• (S)LR
• PPP and IS inclusion may be

competitive models.
• IS inclusion has its upsides (cost reduction,

more recycling, more jobs) and downsides
(inappropriate waste handling).

• Participation in recycling is enhanced by
providing convenient services (nearby, good
quality).

• Higher income and education raises
willingness to pay and participate.

[3] 2016 Kinshasa (DR Congo)

• (S)LR
• Dumping is mostly close to poor parts

of cities.
• Children and waste workers are the

most vulnerable.
• No coordination among authorities.

• (S)LR
• Top-down decision-making enable

authorities to leave out the interests of
poor residents.

• City authorities are overwhelmed in
situations of unmanaged growth and
lacking budgets.

• Eurocentric approaches do not work in
Africa and propagate social and
environmental injustice.

• (S)LR
• Poor people should be given a legal

right on decent living conditions.
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[58] 2016 Developing countries
in Asia

• LR, PDR
• Strong nexus SWM with GHG emissions.
• WG: ranges from 0.25 to 1.0 kcd.
• WG data are highly affected by

MSW definition.
• Organic fractions are high with 50%–80%

and reflect high moisture content and high
specific weight.

• USH: 10%–80% (country data, 2013)
• Vietnam: larger cities perform better than

smaller ones.
• Only in China, waste incineration is

widely used.
• UD: 45%–85%.
• High impact of informal recycling.

• LR
• Absence of transfer stations leads to

high costs.
• Disregarding the potential of organic waste

leaves the cities with the responsibility to
invest in larger landfills.

• Interventions should not disrupt
existing practices of the IS.

• Financial incentive schemes should
be adopted.

• CS
• A matrix is used to

categorize cities with regard
to their GDP and the
organic content of
their waste.

[69] 2016 Bangkok (Thailand)

• LR
• More than 500 wastepickers doing 50–150

kg/day.
• 3 transfer stations deployed and waste

is landfilled.

• SDM, LR, Q/I, FI
• Source separation will effectively reduce

need of new landfill and may reduce
overall costs.

• SDM, LR, Q/I, FI
• Enhance separate collection.

[53] 2017 Amritsar (India)

• (S)LR, Q/I
• India: 1.7 mln informal workers in SWM

collecting 15%–20% of waste
• Amritsar: USH: 50% and UD: 100% close

to city.

• (S)LR, Q/I
• Privatization is in competition with activities

of the IS and may reduce overall
recycling rates.

• (S)LR, Q/I,
• Integration of IS must

be considered.

[44] 2017 Nairobi, Mombasa
(Kenya)

• LR, PDR, Q/I
• By 2030, 50% urbanization in Kenya.
• Risks of lacking services on hospital waste.
• Nairobi: USH went down from 90% in 1970s

to 20%, to 30% in 2010 and 35% in 2016. UD
is 100%. 2000 informal workers.

• Mombasa: USH is 32%.
• 20%–50% of waste is routinely burned.
• Percieved rates of SWM related health risks

at 60%–70% of households.
• Unsafe and unhealthy handling by

informal workers.
• Patronage, corruption and crime, related to

SWM, are common in both cities.

• Q/I
• Source separation competes with IS.
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[66] 2017 28 CDCs

• CS
• Many operator models (public, PPP) exist

and often also mixed, but no strong relation
to performance on service quality.

• Spread in effectivity of fee collection.

• CS
• Mixed models and the inclusion of micro

service providers seem to enable cities to
reach more household, also in slums.

• CS
• A strong client organization, within

an autonomous department of the
city is the most effective.

[54] 2017 Kisumu (Kenya)

• LR, Q/I, PDR
• 60% informal settlement
• PG: 2.8%, USH: 80%, UD 100%. Open

burning generally used.
• Limited funds, poor infrastructure and

equipment, poor public attitude and
absent enforcement.

• Separate collection containers introduced
but not used.

• Poor accessibility and non-payment of fees
leads to exclusion of services.

• Collection once per week.

• Gather more and better data,
and monitor.

• Provision community waste bins in
residential areas.

• Prioritize investments and training.
• Adopt more recycling.
• Implement awareness

and education.
• Strengthen enforcement.
• Involve private collectors.

[64] 2017 Indore (India)

• CS
• Success depends on rigid change

management, extensive communication
campaigns ,and very strong political and
organizational commitment.

• CS
• Combine the right persons and

a strong strategy.

[61] 2017 20 CDCs

• LR, CS
• IS regularly comes with very poor and

unhealthy working and living conditions,
child labor.

• LR, CS
• IS-involvement reduces costs, enhances

recycling and creates jobs.

• LR, CS
• An overview of approaches

for formalization of the IS is
presented including actions
to remove barriers.

[2] 2018 Global

• LR, CSs, PDR, BM, PFD
• By 2050, waste growth will be doubling PG.
• 10%–20% of budgets spent on MSW
• Low-income countries: USH went down

from 88% (2012) to 61% (2017). Their cities
do 52%.

• Still 90% of all waste is openly
dumped/burned.

• SWM produces 5% of GHG emissions.
• Almost general absence of transfer stations

in developing countries.

• CS
• Strong governance and improving financial

basis are crucial.

• LR, CSs, PDR, BM, PFD
• Provides most extensive

dataset on WG, USH, UD,
finance etc.
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[52] 2018 Brazil

• LR, PDR
• Implementation of policies is not sufficient.
• Effectiveness of policies is neutralized if

available budgets, training and awareness
are not improved.

• Political interventions are not productive.

[49] 2018 Botswana

• PDR
• Comprehensive framework of laws, policies,

and guidelines available but implementation
is poor.

• Lack of data, knowledge, planning,
and coordination

[47] 2018 Kathmandu (Nepal)

• LR, FI, Q/I, SA, CS
• WG: 0.48 kcd
• USH: 13%
• 3% of MSW is burned in streets and

on dumps.

• Increase waste collection
and segregation.

• Ban open burning and
stringent enforcement.

• Systematic disposal practices.
• Awareness campaigns.

[63] 2018 China

• LR, PDR
• Policy implementation is hampered by

conflict and vagueness.

• LR, PDR
• Under these conditions,

implementation can be improved
through economic incentives,
displaying policy effectiveness,
and promoting social acceptance
and social control.

[67] 2018 Curitiba (Brazil)

• SDM, Q/I, PDR
• BaU scenarios lead to strong increases in

costs and needed investments in landfills.
• Fluctuating market prices for recycling

products limit the success of
recycling options.

• SDM, Q/I, PDR
• Investments in recycling and

public awareness financially
outperform BaU.
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[45] 2018 Dar es Salaam
(Tanzania)

• LR, DPR
• 70% of city live in slums and

under-serviced settlements.
• High PG, political interference.
• USH went from 42% (1988) to 60% (2014).
• UD is 100%
• IS focuses on waste-items with high market

value only.

• LR, DPR, BM
• Government responses are generally to

weak and inadequate to deal with increased
waste levels.

• Invest in recycling
• PS involvement is needed.
• Waste to energy options

are feasible.

[65] 2018 India

• LR, Q/I, SM
• Success of the recycling industry is mainly

limited by availability of labor force,
availability of capital, high investments,
and high transport costs.

• Availability input material, low quality of
products, competition, landfilling costs, red
tape are less important.

[60] 2019 Gujranwala
(Pakistan)

• LR, BM, PDR
• Pakistan: PG is 1.6% but urbanization rate is

3.0%.
• Gujranwala: 4.8 million inhabitants.
• USH: 57%, UD: 100%
• IS collects 6% of waste.
• Lack of finance, infrastructure

and governance.

• Technical solutions from Europe do not
work in Pakistan.

• Waste tax system is needed
including PAYT schemes.

• Introduce community based
SWM models.

• Awareness campaigns have to
be implemented.

• Establish a specialized company.
• Involve PS.

[12] 2019 Global

• LR, PDR
• 89% of mismanaged plastic waste

(MPW)origins from 10% of landmass being
urban areas.

• Manila, Cairo, and Kolkata are
main contributors.

• 25% of this waste in coastal areas enters the
ocean. This is 10% of total MPW.

• LR, PDR
• Improved SWM may drastically reduce

input of MPW in oceans.

SDM: system dynamics modeling ; PG: population growth per year; WG: per capita waste generation; USH: un-serviced households as % of population; UD: unmanaged disposal (open
dumping); Kcd: kilogram waste/capita/day; (S)LR: (systematic) literature review; PDR: public data research; FI: field investigations; Q/I: questionnaires and interviews; SA: sample
analyses; IS: informal sector; CS: case study; B/D/T: book/Dissertation/Thesis; BM: benchmarking; PFD: process flow diagram; SM: structural modeling ; PA: path analysis; WEEE: waste
electrical and electronic equipment; BaU: business as usual; PS: private sector; PAYT: pay as you throw; n.a.: not applicable.
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