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Abstract: The annual volume of waste generated in sub-Saharan Africa (SSA) increased from 81 million
tonnes to 174 million tonnes per year between 2012 and 2016 and is projected to reach 269 million
tonnes in 2030. In 2018, SSA’s municipal solid waste (MSW) collection coverage was estimated
at 44%. Concerned that the waste generation rate outweighs the collection pace, we conducted
a systematic review of studies on MSW collection to examine the current situation in the region
concerning the waste collection and coverage rates and to highlight the impediments to rapid progress
in waste collection using the lens of four cities. Findings reveal that, despite the involvement of
private waste collectors, collection and coverage rates are still below the desired 100% with backlogs
of uncollected waste in public spaces, especially in low-income neighbourhoods where coverage
remains abysmally low. This study fortifies the systematic discussion on MSW collection and coverage
rates by conducting a meta-analysis. The result of the analysis shows that the waste collection and
coverage rates are 65% and 67% in SSA, respectively. Aside from the paucity of data on waste
generation rate and characterisation, most available data are incongruent. The review further shows
that although several studies have been carried out on waste disposal, waste treatment and recycling
in SSA studies directly focused on MSW collection are still few, leaving room for more research in
this area. The review offers suggestions on how collection and coverage rates can be increased and
equally proposes a strategy for reducing scavenging activities in the region’s unsanitary landfills,
given its concomitant health impacts on the scavengers.

Keywords: municipal solid waste; waste collection rate; waste collection coverage; meta-analysis;

source segregation; circular economy

1. Introduction

Global waste generation, propelled by continuous urbanization, economic develop-
ment, and an increase in population was estimated at 2.01 billion tonnes per annum in
2016 [1]. This represents an increase of 54.62% from the generation rate of 1.3 billion
tonnes [2] per annum in 2012. Unarguably, the rate of waste generation varies across world
regions and individual countries, with the rise in per capita waste generation expected to
surge in developing nations during economic growth, coupled with high organic contents
in municipal solid waste (MSW) streams compared to that of developed nations [3]. Solid
waste in the environment, especially where it is openly burned, buried, or indiscriminately
dumped, impacts public health [4,5]. Consequently, the collection of MSW remains the most
critical aspect of waste management (WM) [6,7], which strains municipal budgets [8]. While
the MSW collection rate is estimated at 96% in high-income nations, most least-developed
countries (LDC) have a collection rate of about 39%, with low-middle income (LMI) nations
reaching about 51% [1].

Sub-Saharan Africa (SSA) is composed mainly of developing countries. Some critical
issues contend with sustainable WM in the region at all levels of government such as
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the lack of political will, the absence of an effective policy on WM, inadequate funding,
the lack of environmental education and awareness, a weak infrastructure, and limited
collection coverage, among others [9,10]. To ensure public health safety, waste should
not be left uncollected; unfortunately, this remains a persistent public health issue in
developing countries [5,11]. In many SSA cities, numerous cases of uncollected waste
have been documented. For example, uncollected waste in Cameroon, Central Africa,
is commonplace in public spaces [12,13]. In Ethiopia, Tassie et al. [14] also observed
incidences of uncollected waste in Addis Ababa. Similarly, in Johannesburg, South Africa,
piles of uncollected refuse littering some streets have been blamed on corruption and
administrative flaws of the municipal authorities [15]. This collection gap has paved the
way for scavenging activities on the region’s non-engineered landfill sites [16,17]. While
it is acknowledged that scavenging in developing nations contributes to the recovery of
materials for local recycling industries, the health problems associated with this activity
have also been widely researched [18,19]. These different cases of uncollected waste across
cities in the region represent a lost opportunity for providing clean recyclable materials to
local recycling industries, and this could be a reason for the proliferation of scavenging in
the region.

In SSA, MSW is disposed of primarily in uncontrolled landfills [20]. Since segre-
gation is not carried out at the source, organic waste is lumped with recyclables at the
dumpsite [21]. Over time, under anaerobic conditions, the organic waste undergoes decom-
position, resulting in the release of landfill gas (LFG) with methane (CH4) as the highest
component [22]. However, under controlled conditions, CH4 from the LFG could be har-
nessed for energy generation to meet the acute energy demand in the region, given the
high organic content of about 57% in the waste stream. This possibility has been shown in
Malaysia [22] where the organic fraction is 45%, lower than in many SSA countries. CH4
captured from some sanitary landfills is being converted to electricity to meet part of the
country’s energy demand, thereby limiting the use of carbon-intensive energy sources
given their attendant environmental and health impacts. Similarly, as shown in a study by
Aziz et al. [23], to continually explore the potential of waste as a resource, it is imperative
for relevant authorities in developing economies to consider investments in waste recy-
cling facilities to address the mounting volume of the non-biodegradable components in
MSW while equally seizing the opportunity of the high organic component to set up waste
composting facilities.

Despite the reported myriad of challenges with WM in the sub-Sahara, individual
cases of improvements in some countries show that these challenges can be overcome with
political will and the commitment to developing local solutions. For instance, the small
community of Moshi in Tanzania was able to maintain the status of a ‘top clean city’ through
the efficient collection of waste from its informal settlements, owing simply to the city
council’s commitment and residents” determination towards the success of the project [11].
In reviewing the literature on MSW collection in SSA cities, we observed that the articles
seldom addressed the topic of waste collection directly, compared to the literature on waste
disposal, waste treatment methods, and recycling. A similar situation has been reported
for low- and middle-income countries [8,24]. This study shows that the scant amount of
literature on MSW collection leaves room for more research in this area in SSA. Hence,
the article highlights the need for more scholarly work on MSW collection as a way of
using science to drive rapid progress in MSW collection in the region. The suggestions
offered for increasing the collection rate and coverage as well as the strategy proposed
for reducing scavenging activities in the interest of public health, if given the necessary
attention by concerned authorities, can be translated into policy statements targeted at
making a paradigm shift towards a more sustainable WM system in SSA countries.

2. Description of Study Areas

Ghana and Nigeria are located in West Africa within the SSA region, which comprises
48 countries. The region has an estimated population of 1.107 billion as of 2019 [25], and 34
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of these nations are classified as LDC or low-income countries (LI) [26]. SSA is also the most
undeveloped among the developing regions in the world, coupled with high infrastructure
inadequacy and a world GDP share of 2.23% as of 2014 [27]. The SSA cities examined in
this study are Accra and Kumasi in Ghana and Abuja and Lagos in Nigeria.

2.1. Accra and Kumasi

Accra is the capital of Ghana and the Greater Accra Region. It is Ghana’s largest city by
population [28]. The Accra Metropolitan Assembly’s (AMA) WM department is responsible
for environmental protection and the promotion of public health. One of its responsibilities
is to ensure the efficient collection of MSW in Accra [29]. Kumasi is the second-largest city
in Ghana. Like Accra, WM in Kumasi is coordinated by the city’s administrative office, the
Kumasi Metropolitan Assembly (KMA).

2.2. Abuja and Lagos

Abuja replaced Lagos as Nigeria’s Federal Capital Territory (FCT) in 1991 when
the capital was moved from Lagos. Abuja Environmental Development Board (AEDB)
coordinates WM in the city. Lagos, Africa’s largest city by population had a population
of 20 million in 2020 [30]. WM in Lagos is coordinated by the Lagos Waste Management
Authority (LAWMA), the city’s municipal waste authority.

3. Materials and Methods

To access a wide range of literature for this review, the following scientific databases
were explored using a combination of some keywords: ScienceDirect, Web of Science,
Springer Link and Google Scholar. Apart from government records, publications of interna-
tional organisations, and references to some unpublished materials with useful information,
the bulk of the articles reviewed in this paper were from peer-reviewed journals written in
English from 2010 to 2021. The search query, “municipal solid waste collection AND sub-
Saharan Africa” entered in the ScienceDirect database returned 632 results after they were
refined by year to the period under review. In the titles and abstracts of articles displayed
in the results, we looked for the combination of words such as waste collection, municipal
solid waste collection, municipal solid waste management, waste bin/receptacles, waste
segregation/separation/sorting or recycling. A second search query, “municipal solid
waste management AND sub-Saharan Africa” was again entered in the query box and it
was noticed that the first five results were the same set of materials as in the first query,
while the next 95 materials showed some similarities. Hence, we maintained the results of
the first query, given their proximity to the review discourse. We entered the first query
above on the SpringerLink database and retrieved 939 materials within the same review
window. Using the advanced search function, the Web of Science database was queried
with a combination of Booleans, truncation, and field tags viz, TS = (Africa* AND (waste
collection OR waste management)). The search returned 981 results for the study period.

To eliminate chances of missing relevant materials, we typed in the query “municipal
solid waste collection AND African cities” on Google Scholar, which returned 19,300 results
from various scientific databases after refining the results to the period under review. Since
most of the results from Google Scholar combined records from the other three above,
we mainly selected those considered relevant to our review. It is pertinent to note that
we consistently looked for the keywords listed above in all the databases. Then, we read
through the abstracts and conclusions to manually select pertinent and non-pertinent
materials. Our guiding keywords formed the basis of all articles selected for this review.
Additionally, while writing, we made references to all the databases when searching for
specific titles. Some pertinent materials which could not be accessed due to the paywall
barrier were magnanimously sent by their authors via the “request article” button on
ResearchGate—although some did not revert. Cumulatively, 100 peer-reviewed articles
published in English from 2010 to 2021 (Figure 1) were cited in this publication.
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Figure 1. Analysis of peer-reviewed articles and the number of articles that studied waste collection
as a topic. The articles that studied waste collection as a topic exclude articles that briefly discussed
waste collection under other titles and non-peer-reviewed articles that studied waste collection as a

topic.

3.1. Methodology for Meta-Analysis

Meta-analysis is a rigorous review usually employed to aggregate data from various
studies to obtain a reliable estimate of findings in previous studies [31,32]. In a meta-
analysis, the individual studies are usually assigned a weight, which is a function of the
sample size considered in such a study [33]. In this study, the population of the region
under investigation at the time of the data collection is used as the sample size. The
objective of the meta-analysis conducted in this study is to estimate waste collection and
coverage rates in selected SSA countries.

3.2. Selection Criteria for Included Studies in the Meta-Analysis

One important procedure in meta-analysis is defining appropriate inclusion and
exclusion criteria for the studies to be included in the analysis. This procedure helps
to ensure that only studies that are relevant to the analysis” objective are included. The
defined inclusion criteria include (1) studies that present waste collection and coverage
rates; (2) studies that highlight the location (i.e., city or country) associated with the
data; and (3) studies that focus on SSA countries. Similarly, the exclusion criteria entail
(1) studies that do not present quantitative data related to waste collection and coverage
rates, (2) studies with no full-text availability, and (3) studies written in other languages
apart from English. After this procedure, 12 studies out of the retrieved articles met these
criteria.

3.3. Data Extraction for Meta-Analysis

After the selection of the relevant articles, the papers were carefully read to extract the
necessary data for the analysis. From each shortlisted article, data relating to (1) the names
of the authors, (2) waste collection rate, (3) waste collection coverage rate, (4) year of data
collection, (5) region under investigation (i.e., city /country), (6) population of the region at
the time of the investigation, and (7) variability measures where available (i.e., standard
deviation and error). In a case where the variability measure is not reported in a study,
the standard error is estimated based on the guidelines provided by Borenstein et al. [34].
Tables 1 and 2 show the extracted data for waste collection and coverage rates, respectively.
While the data used for the collection rate are associated with the four SSA cities (i.e., Accra,
Kumasi, Lagos, and Abuja), the data used for the coverage rate are related to SSA countries
in general. This disparity is due to the unavailability of sufficient data in the four SSA
cities. This generally suggests that there is a low level of research related to waste collection
coverage rate in SSA cities.
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Table 1. Extracted data for waste collection rate meta-analysis.

Year of Data Population of City
References Collection Rate Standard Error . City at the Time of Country
Collection .
Data Collection
[35,36] 0.384 0.03303 2013 Abuja 2,168,000 Nigeria
[1,37] 0.1 0.0085 2015 Lagos 12,239,000 Nigeria
[37,38] 0.277 0.0129 2014 Lagos 11,856,000 Nigeria
[1,39] 0.83 0.0248 2015 Accra 2,290,000 Ghana
[39,40] 0.93 0.185 2006 Accra 1,893,000 Ghana
[40,41] 0.91 0.08 2006 Kumasi 1,628,000 Ghana
[42] 0.799 0.0286 2005 Accra 1,960,797 Ghana
[42] 0.799 0.0263 2010 Accra 2,317,583 Ghana
Table 2. Extracted data for waste coverage rate meta-analysis.
. Population of Cit
References Collection Standard Error Year of I?ata City Et the Time of ’ Country
Coverage Collection D .
ata Collection
[43,44] 0.4 0.0256 2009 Dar es Salam 3,659,000 Tanzania
[36,45] 0.42 0.0315 2016 Abuja 2,442,000 Nigeria
[43,46] 0.57 0.0366 2009 Bamako 1,825,000 Mali
[43,47] 0.63 0.0376 2009 Lusaka 1,643,000 Zambia
[37,48] 0.63 0.0131 2018 Lagos 13,463,000 Nigeria
[49] 0.7 0.0401 2007 Kumasi 1,300,000 Ghana
[43,50] 0.82 0.0366 2012 Maputo 1,098,000 Mali
[39,51] 0.9 0.0992 2018 Accra 2,439,000 Ghana
[3] 0.95 0.0065 2012 Lagos 11,127,000 Ghana

3.4. Effect Size and Summary Effect

In a meta-analysis, the effect size is the parameter of interest, which indicates each
study’s outcome or finding [52,53]. In this research, waste collection and coverage rates
are the effect sizes. The summary effect is a single estimate that combines the effect size of
multiple studies to provide an overall effect. If the included studies are equally precise, the
summary effect can be estimated as the weighted average of the effect sizes [33]. However,
the studies are not usually consistent due to the variability in the sample size and method
of data collection. Hence, weights are assigned to the studies based on their variability
measures and sample sizes. The weights of the studies and the summary effect at a specified
confidence interval (CI) were computed using a meta-analysis software known as Review
Manager 5.4 [54].

3.5. Heterogeneity and Sub-Group Analysis

Heterogeneity refers to the degree of variability between the studies included in the
meta-analysis. It may arise due to differences in the sample size, method of data collection
and analysis, and other factors that may affect the effect size [34]. Usually, the I2 statistic is
used to measure the level of heterogeneity in a meta-analysis. An I2 value of 25% or less
indicates that the heterogeneity level is low, while a value between 25-75% is considered
moderate. The heterogeneity is considered high when 12 is greater than 75% [55]. A possible
cause of heterogeneity should be investigated when the 12 is high. One of the ways of
investigating the cause is to conduct a sub-group analysis, which involves dividing the
studies included in the meta-analysis into different groups based on a criterion that may
affect the effect size. Careful attention needs to be paid to how the studies are divided into
groups, as inappropriate criteria may lead to misleading interpretations [33]. In this study,
the country where the effect size is estimated is used as a criterion for dividing the studies
into groups. This is in agreement with previous studies with similar contexts [33,56,57].



Waste 2023, 1

394

4. Results and Discussion
4.1. MSW Generation, Composition, and Collection in SSA

Some studies in SSA have published data on waste generation and collection in se-
lected countries, either from municipal records or generated through field studies. For
example, Miezah et al. [58] generated field data on Ghana’s waste composition and gen-
eration rate. However, there appears to be a paucity of current and regularly updated
data on the aggregate collection coverage of MSW in the entire region, leaving a noticeable
gap open. However, after extensive research on the global waste situation, Kaza et al. [1]
reported an average collection coverage of 44% for the region. This figure could be higher
than 50% in middle- to high-income areas owing to good access roads, high-income level,
and willingness to pay. Since collection coverage refers to the number of households (ex-
pressed as a percentage) with access to MSW collection service [11], the collection coverage
average of 44% implies that waste from 56% of households in SSA could have been lost
to the waste stream through indiscriminate dumping, which could accumulate in water
bodies and cause blockage to drainage systems [10,59]. This raises concerns about public
health [60].

In 2012, waste generation in SSA was estimated at an aggregate of 81 million tonnes
per year (Figure 2) by cumulating data obtained from SSA countries [61]. This figure more
than doubled to 174 million tonnes per year in 2016 compared to 2012 [1], which means
that per capita waste generation has been rising. Of the total waste volume generated in
2012 in SSA from the data provided by Scarlat et al. [61], it can be deduced that a collection
rate of 44.3% was achieved for that year. The waste collection rate is the proportion of
waste collected for disposal from the volume of waste generated [40]. It is essential to
note that although Scarlat et al. [61] estimated that SSA MSW generation would rise to an
estimated 172.47 million tonnes per year in 2025, interestingly, this figure had already risen
to 174 million tonnes as of 2016 as reported by Kaza et al. [1]. This indicates that estimates
of the MSW generation rate might exceed projections for SSA countries, thus calling for
urgency on the part of authorities to adopt sustainable WM strategies without further delay.
The reported collection coverage of 44% in 2018 (Figure 3) raises a red flag on the region’s
need to improve the coverage of collection services, as this is still a far cry from the ideal
figure of 100% [11]. The MSW in SSA is composed mainly of organics at an average of 57%,
comparable to 50% of organics in South Asia [2]. The high organic fraction in the municipal
waste stream could be utilized as a waste-to-energy (WTE) option when subjected to further
biological treatment [62]. The organics could cushion the region’s energy demand or, if
co-digested with poultry waste, be used for producing clean energy [63]. The anaerobic
digestion of the organic content can contribute to a significant reduction in global warming,
as shown in a study on China [64] (something considered desirable for the environment).
One challenge with AD, however, is ensuring that the organic fraction is properly separated
before being fed into the digester to avoid interference with the biological process in the
digester [22]. Hence, a good MSW separation scheme should be in place to separately
collect organic waste to maximize the opportunity of this environmentally friendly WTE
technology. Unfortunately, the current co-mingling of organic waste with other fractions in
SSA impedes these possibilities. Bearing in mind that 2030 is less than a decade away, it has
become imperative for SSA countries to take decisive steps towards achieving a sustainable
solid WM system.

4.2. Generation, Composition, and Collection of MSW in Accra and Kumasi, Ghana

Ghana'’s average waste generation rate is 0.51 kg/capita per day [1]. Based on a field
study carried out by Miezah et al. [58] in 2015, the waste generation rate in Ghana was
estimated at 0.47 kg/capita per day. The annual volume of waste collected in Ghana in 2012
was estimated at 377,000 tonnes of the 444,000 tonnes generated for that year [61]. This
translates to an 85% collection rate in 2012. In 2013, Oduro-Kwarteng and Van Dijk [40] had
earlier reported a range between 0.35 and 0.75 kg/capita per day as the national household
waste generation rate. Though the data from 2013 show some variation compared to the
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2015 figure above, the lower value of 0.35 kg/capita per day shows that per capita waste
generation in Ghana has been on the rise compared to the situation in 2015. As is typical of
developing countries, the organic content of the MSW generated in Ghana comprises 61%
organic components, followed by 14% plastics [21]. The data on waste generation rates
and their corresponding characteristics are limited and not regularly updated [42,65], as is
commonly reported about many least-developed countries. As of the time of writing this
review, recent research articles did not report the status of the aggregate collection rate in
Ghana; hence, we could not compare the above figures with the situation from 2019 to 2021.
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Figure 2. Waste generation in SSA [1,61]. This figure was developed from data published by the cited
authors.

Waste collection coverage
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Figure 3. SSA waste collection coverage [1]. Permission to use this figure is granted under the
Creative Commons Attribution 3.0 IGO license (CC BY 3.0 IGO). Reference is cited in the bibliography
as advised under the ‘Attribution” condition.

4.2.1. Accra Metropolis

Accra’s data on waste generation rates are discordant because waste audit reports
were unavailable for more than two decades [42]. Following an extensive literature search,
the most recent data on waste generation rate from the waste department in Accra found in
the peer-reviewed literature is that reported by Sarfo-Mensah et al. [66]. The report states
that the environmental protection agency in Accra documented 2800 tonnes per day in
2014 with 2200 tonnes being collected. This implies a collection rate of about 79% (this
is in close range with the collection rate of 85% calculated from the 2012 waste collection
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data provided by Scarlat et al. [61]), although this study also noted that about 30% to
50% are never collected. This casts doubt on the correctness of the figures reported by
the environmental agency. Kaza et al. [1] reported an 83% collection rate for Accra while
Oduro-Kwarteng and Van Dijk [40] arrived at a much higher collection rate estimate of 93%.
A different survey in 2015 [58] showed a value of 1552 tonnes per day and noted that the
generation rate was higher in high-class income areas and lowest in low-class income areas.
Two studies [42,67] published five years apart seem to agree on waste composition data in
Accra. These studies reported 60% for organics while another study [58] published 63%.
Interestingly, the figure of 48.8% for organics published in 2017 [68] differs widely. This
could mean that waste data are not periodically updated. There are interesting statistics on
waste collection coverage for Accra. For example, Frazier [69] reported a collection coverage
of 70%; Wilson et al. [43] published a collection coverage of 67%; UNEP [3] documented
80% coverage for Accra. It is pertinent to add that MSW collection coverage improved
owing to the engagement of public-private partnerships (PPP), which became necessary
because of the increase in waste volume resulting from Accra’s population growth.

4.2.2. Kumasi Metropolis

Owusu-Sekyere et al. [70], relying on data from the KMA forecasted waste generation
in Accra for 2013 as 591,016 tonnes (we summed up figures from January to December
2013) using monthly waste volume values from 2005 to 2010. Since the waste generation
per capita per day is derived by dividing the waste generated per year by the population
of the reference year [71], we determined the per capita value for 2013 as 0.32 kg/capita
per day using the official population figure of Kumasi metropolis in 2013, which was
1,827,014 according to Ghana Statistical Service [72]. This is in proximity with Ghana’s
waste generation estimates of 0.35 to 0.75 kg/capita per day as reported by one study [40].
The subsequent year, 2014 showed an increase to an average of 0.75 kg/capita per day [58].
Waste characterisation studies carried out in Kumasi show that the organic component
for low- and middle-income communities, respectively, is 59.15% and 65.68% [73]. These
figures are not too distant from the organic waste composition of 61% reported earlier for
Ghana as a whole.

4.3. Generation, Composition, and Collection of MSW in Abuja and Lagos, Nigeria

Estimates of MSW generation rates in Nigeria have been reported by various au-
thors [60,74], but based on our literature review the most current data on Nigeria’s MSW
generation rate appears to be that reported by Kaza et al. [1] as 0.51 kg/capita per day
adjusted to the 2016 population level. Nnaji [75] published data of 0.49 kg/capita per day
in 2015, while Oyebode [60] reported a generation rate of 0.43 kg/capita per day in 2018.
One would have thought that the national per capita waste generation should be higher
in 2018 compared to 2015 since, as noted by Vij [76], urbanization has a direct impact on
per capita waste generation, which must have occurred between 2015 and 2018—but again,
this could reflect the incongruency in data records. Considering this likely influence, the
value of 0.51 kg accurately depicts Nigeria's current waste generation rate. Some authors
of articles that reported generation rates before 2010 consistently referred to a particular
author’s data for over a decade. This again highlights that waste data in the sub-Sahara are
not regularly updated to reflect current realities, a trend similar to Ghana, as shown earlier.
The composition of MSW in Nigeria is mainly organic, between 60% to 80% [60]. The high
organic content in Nigeria is consistent with data reported earlier for SSA. The records of
the MSW collection in Nigeria are disparate. It is estimated that only 20-30% of the over
32 million tonnes of annually generated waste are collected [77], while another study [78]
reported a collection of 20% to 80%. An older record by Ogwueleka published in 2009 as
cited in [75] documented uncollected waste of 30% to 60% before the period under review.



Waste 2023, 1

397

4.3.1. Abuja

In 2010, the waste generation rate in Abuja was estimated at 67,000 tonnes per year [79].
As of 2011, it had increased to 70,000 tonnes per year [80]. The figures for waste generation
in Abuja show some disparities. One study [35] reported a generation rate of 0.67 kg/capita
per day, while data published in 2015 showed 0.57 kg/capita per day [75]. Two years later,
Kadafa [45] documented a range of 0.5 to 1.5 kg/capita per day. There could be reasons
for Kadafa’s range of figures including the season of the year, the research technique
adopted, or the time of data collection [75]. Like other cities in SSA or the urban areas of
other developing countries, the per capita waste generation increases with urbanization
compared to the rates in rural areas [71]. That effect will increase, with urbanization rates
in Africa and Asia projected to reach 64% by 2050 [81]. The composition of MSW in Abuja
falls within the range for other cities considered in this review, which is between 52% to
60% organic, followed by plastics at 6.2% (Abuja Environmental Protection Board (AEPB),
2012 as cited in [82]), a trend also observed in the two Ghanaian cities. The MSW collection
coverage in Abuja is reported to be insufficient relative to the city’s population [83]. In the
same vein, the collection rate is low. For example, according to Anyaegbunam [35], the
AEPB can potentially collect up to 5000 metric tonnes of waste daily in an ideal situation,
but only 1918 metric tonnes (38.4%) are collected, leaving 61.6% uncollected.

4.3.2. Lagos

The MSW waste generation in Africa’s most populous city [84] has been rising. The
generation rate was reported as 9000 tonnes per day (0.5 kg/capita per day) in 2014 [78,80].
In the same year, a study [85] published a different value of 0.95 kg/capita per day which
lies outside the estimated range of 0.5 to 0.8 kg/capita per day for SSA countries [82]. Data
published in 2018 estimated 12,000 metric tonnes per day (0.72 kg/capita per day) with
a projection to 20,000 metric tonnes per day in 2020 using the estimated population of
30.2 million (LAWMA, 2012 as cited in [48]). Comparing the waste generation per day in
2014 and 2018 shows a 33.3% increase within four years compared to a projected 66.7%
surge in the two years from 2018 to 2020. The waste generation rate in Lagos has assumed
an alarming scale and calls for increased attention from the municipal authorities. As
expected, the organic component of waste generated in Lagos is much higher than other
components at 56% [86], although two other studies [48,87] published slightly varied data
at 53%. Plastics usually trail behind, as shown in previous figures for other cities, except
as reported by Oladepo and Rafiu [86] where the paper fraction came next at 12% with
plastics at 10%. However, usually the trend for Ghana and Nigeria shows plastics as
the second highest component of MSW. Only a few authors have reported on collection
coverage for Lagos within the period under review. We found an article that published
63% collection coverage, mainly in the medium- to high-income areas with better road
access, leaving the hinterland poorly serviced [48], a common trend in the sub-Sahara.
A low collection rate has also been reported for Lagos. For example, between 2007 and
2013 an estimated 77.76 million tonnes of waste was generated with only 27.7% collected,
leaving 72.3% uncollected across the metropolis (LAWMA, 2014 cited in [38]). Like Abuja’s
values, this figure falls below the estimated collection rate of 44.3% for SSA cities [61]. A
similar situation is reported for Nigeria where Adeniran et al. [77] noted that from the over
32 million tonnes of MSW generated nationally, only a meagre 20% to 30% is collected.
Notably, the collection rate reported for Lagos in 2018 was 10% [1], which is the lowest we
found in the literature. It should be added that, in 2018, Lagos residents feared an epidemic
outbreak owing to mounting heaps of uncollected MSW across the city. This was due to the
lack of capacity by Visionscape (a foreign waste management company contracted by the
Lagos state government) to collect waste across the city, resulting in backlogs over a long
period in various parts of the city [88] (Figure 4).
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Figure 4. Uncollected waste lining a road median in Lagos. Retrieved from [88]. Used with permission.

4.4. Methods of MSW Collection in Ghana and Nigeria

The literature shows that the common methods of waste collection employed in the
examined cities are house-to-house (or door-to-door) and communal (or central) waste
collection systems [48,51,80]. These authors also highlighted some of the challenges with
these methods in the study areas. The door-to-door waste collection entails the pickup of
MSW fractions (sorted waste) at access points from individual dwellings in a locality [89].
In Italy, a study shows, that with more public awareness, door-to-door collection can
spur the motivation for waste separation at the source. Thus, the chances of collecting
more recyclables are increased [90]. This environmentally friendly approach is captured in
the EU waste framework directive (Directive 2008/98/EC). However, the question arises
whether this best practice forms part of the ideology of door-to-door collection in SSA.
In the communal or central collection system, an area is chosen within a neighbourhood
for the placement of waste collection bins. The people from that locality drop their waste
for routine pickup by a waste collection company [91,92]. This method is also called the
drop-off system. The communal collection is used in a broad sense. The system in Germany
(Figure 5) is one variation of the communal method where waste bins are placed at a
designated collection point close to apartment buildings [93]. This can also be seen in
Maputo, Mozambique, Africa and Bahrain, in the Middle East [43]. It provides a higher
service level than the use of communal bins (Figure 6) in the informal settlements of
Ghana [43]. The following sections will examine the application of these collection methods
and their associated challenges in the SSA focus areas.
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Figure 5. A central collection point, near apartments, Berlin, Germany. Author’s field photo.
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Figure 6. Overfilled communal bin, Accra, Ghana. Retrieved from [94]. Used with permission.

4.4.1. Ghana

Accra and Kumasi’s collection methods described above are fraught with some chal-
lenges. For example, Boateng et al. [95] reported a low-cost recovery from the communal
collection system, which led to the introduction of a ‘pay-as-you-dump’ (PAYD) cost re-
covery mechanism, which was successful in the collection system. Unfortunately, as his
report indicated, those who could not afford either of the collection services took to il-
legal dumping, a common trend in the sub-Sahara. However, the study further noted
that some community members were willing to pay for either of the methods provided
collection is regular, timely, and the appropriate waste collection bins are provided for
waste storage. Another issue with communal collection points is the recurring spillover of
waste from the skip containers arising from a delayed pickup, usually blamed on faulty
collection vehicles [66,96,97]. To substantiate this, we extracted the picture of a skip con-
tainer in Accra with overflowing waste (Figure 6). In consonance with the findings of
Boateng et al. [95] about people’s willingness to pay for either PAYD or door-to-door
collection, Owusu et al. [98] showed in a Kumasi survey that a higher percentage of the
respondents preferred door-to-door collection, followed by PAYD, which, according to
him may be due to the timely collection by the waste collection company or the fact that
they can afford collection and dumping fees under the PAYD system. In a similar survey,
residents were willing to pay a higher collection fee provided collection is consistent and
efficient [99].

4.4.2. Nigeria

Ghana and Nigeria have similar challenges with the two prevalent waste collection
methods. In Lagos, an article [48] affirmed that the door-to-door collection by the assigned
agent is insufficient in coverage, with hinterland Lagos sparsely covered for well-known
reasons, including a poor road network to some areas and low cost recovery from people in
such locations, among others. Opoko and Oluwatayo [100] and Ojolowo and Wahaba [38]
highlighted the issues with irregular door-to-door collection in separate field surveys as the
non-provision of communal skip bins in some highly populated low-income areas, as well
as demands for waste collection payments when services were not rendered. These ineffi-
ciencies push some residents to illegal dumping and open waste burning to rid their homes
of accumulated waste, which can potentially harm their health. Chidiebere et al. [101]
pointed out another problem as the insufficient capacity of the waste collection agencies
to cope with the rising waste volume, which consistently results in a backlog of uncol-
lected waste, especially in the low-income areas of Lagos. This situation is corroborated
by Adedara [102] in a study carried out in Lagos where it was noted that Alimosho, the
largest local government in Lagos by population, had heaps of refuse in street corners,
drains, road medians, and some public spaces—a clear indication that the problem persists.
In Abuja, cases of irregular collection, inadequate provision of receptacles for commu-
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nal or door-to-door collection, and insufficient coverage, among others, have also been
reported [83,103,104]. In a field survey, Kadafa [45] noted that non-gated communities out-
side the Abuja metropolis had neighbourhood open waste dumps as communal collection
points. In contrast, the municipal waste collection agency provided gated communities with
communal waste bins. This social stratification speaks volumes about the waste authority’s
attitude to sustainable solid WM. Similar to Ghana, the collection of waste in Lagos and
Abuja via the two methods are not in separate fractions that would allow the recovery
of recyclable materials. Kadafa [45] also discovered that in Abuja the municipal waste
authority initially collected healthcare waste in separate containers but at the dumpsite,
they lumped them together with biodegradable and non-biodegradable waste materials,
which can constitute a threat to public health, as already established in this article. Moreso,
this defeats the environmental benefits of waste segregation at the source. Unfortunately, a
similar scenario occurred in Accra where domestic waste was mixed with healthcare waste
at the disposal site [105]. This practice, no doubt, portends hazards of injury or disease to
scavengers as they scout the site for recyclables, not knowing that such waste materials
require special handling [106].

4.5. Private Sector Involvement in MSW Collection—Ghana and Nigeria

Both countries, from the cities examined, engaged the services of the private sector
in MSW collection as the municipal waste collection authorities/departments became
overwhelmed with escalating waste volume. In Kumasi and Accra, MSW is collected
mainly by private companies engaged in a PPP arrangement with the municipal govern-
ment [107,108]. The waste department only takes care of street sweeping and the collection
of bulk wastes [109]. A field study in Kumasi carried out by Awunyo-Vitor et al. [110] con-
cluded that, despite PPP arrangements being in force, piles of refuse were still a common
sight in Kumasi. However, according to Oteng-Ababio [111] and Oduro-Kwarteng and
Dijk [40], since the introduction of the PPP franchise in Accra and Kumasi, there has been
a significant increase in collection coverage (which is higher than the estimated average
for SSA countries as shown in Figure 7). On the contrary, Oduro-Appiah et al. [112] are
concerned that a collection coverage of 75% in Accra is still a far cry from the desired 100%
after the involvement of the PPP arrangement in MSW collection for over 20 years. In
Lagos, the private sector participation (PSP) operators and LAWMA share waste collection
responsibilities. As in Ghana, the municipal waste collection authority attends to cleaning
and waste collection from common city areas, such as highways, major roads, and the like.
The PSP operators are assigned to non-public areas, mainly residential premises [48]. In
Abuja, the city’s environmental board, AEDP, is the main collector of MSW [35,80] with
additional services by PSP operators [83,113]. In Lagos and Abuja, waste is collected either
once or twice a week, and sometimes twice monthly [114-116]. According to a publica-
tion [99], waste from communal waste bins in Accra could be collected up to eight times
a day, depending on when they are full. In Lagos, PSP operators do a weekly collection.
Irrespective of improvements in collection coverage in Ghana following the involvement of
the private sector, there are still complaints of poor service while cases of illegal dumping
continue. The waste collection in Lagos by the private waste collectors suffered a setback
in 2018 when the government of Lagos state terminated the contracts of PSP operators and
replaced them with a foreign waste collection company—the company was overwhelmed
by the city’s waste volume, which resulted in backlogs of uncollected waste under their
watch, as reported earlier in this article. In the case of Abuja, we found that, in addition to
complaints of poor service delivery, the city appears to be struggling to meet the average
collection coverage for SSA, despite the intervention of private waste collectors.
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Figure 7. Collection coverage estimates in the four SSA cities [3,45,48,49]. The estimate for Lagos was
derived by calculating the average of figures published by [3,48] given their wide disparity and the
fact that they were published in the same year.

4.5.1. MSW Storage Receptacles—Ghana and Nigeria

The source separation of solid waste, in line with best practices targeted at environ-
mental protection, including the recovery of quality recyclables, segregation of organics,
and reduction of MSW is imperative [117-119]. Therefore, waste storage receptacles at
the point of generation should enable the collection of MSW in separate fractions. In
Ghana, polythene bags, wheeled plastic bins, baskets, paper boxes, metal containers, old
plastic buckets, sacks, and others are commonly used for MSW storage before collec-
tion [94,120,121]. Sometimes PPP operators in Ghana give free plastic bins to customers
during door-to-door collection [95]. This could be to encourage more sorting towards
their next pickup. In other cases, for example in Kumasi, the PPP operators distribute
120-litre plastic bins to households for a fee [109]. Similar types of receptacles are used in
Lagos [115] and Abuja [45,80], but in Lagos the wheeled bins are only given to property
owners who pay the state’s land use charge [122]. The land use charge is a levy imposed
on landed property owners in the city [123]. People residing in properties whose landlords
are either non-resident in the property they live in or do not pay the levy resort to self-help,
which in many cases results in indiscriminate dumping. In addition to the non-separation
widely reported for door-to-door collection, wastes were also co-mingled at the skip bins
in Ghana [21]. Common problems in all four cities examined are the non-segregation of
waste fractions either at the door-to-door collection points or at the communal bins, and
the persistent spillover of refuse around the collection bins due to delayed pickup. The
co-mingling of waste fractions is not beneficial to the environment and will not facilitate
the shift to a circular economy [119].

4.5.2. MSW Waste Collection Vehicles in Ghana and Nigeria

When municipal authorities and private waste collectors choose their waste collection
vehicles, they should consider waste density. It varies depending on location, the season
of the year, or the type of storage receptacle [8]. We found that a common type of vehicle
utilized for door-to-door collection of MSW across the four cities is the compactor truck, in
addition to others such as tipping trucks, roll-on-roll-off trucks, rear loaders, and tricycles,
among others [48]. During our review, we did not find an article that discussed the
technical requirements for the selection of collection vehicles. Instead, issues such as
inadequate vehicle fleet or foul odour from obviously decaying biodegradable waste were
dominant in papers [38,116,124]. An additional grave concern is the incessant breakdown of
collection vehicles due to overloading and sometimes due to poorly surfaced or dilapidated
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roads [125]. Overloading occurs when the mass of the transported waste is greater than the
truck’s maximal payload [8]. Vehicle breakdowns remain a daunting challenge coupled
with the appalling state of the roads. The engagement of PPP /PSP operators in the cities
examined has, no doubt, alleviated the burden of the municipal authorities in waste
collection. Nevertheless, the cities are still faced with lingering collection challenges.

4.6. Waste Collection in the Context of a Circular Economy (CE)

According to the Ellen MacArthur Foundation [126], the circular economy (CE), driven
by design, promotes the transition from the current linear model of take-make—dispose
towards keeping materials in use for as long as possible to reduce the pressure on virgin
raw materials, eliminating waste and pollution, and regenerating nature. As developed
economies move more intently in the direction of a circular economy (CE), it is imperative
for SSA countries to also make a shift in this direction. In this section, we examine how a bet-
ter understanding of the CE concept can help waste management authorities/departments
in SSA countries improve their waste collection systems by taking a cue from the CE drive
in Europe and adapting the approaches to local situations. In 2015, the EU presented its
policy statement on transitioning to a CE with a review of its waste legislation. It focused
on improving the separate collection of waste from households in its bid to increase reuse
and recycling among member states while reducing the pressure on finite virgin materials.
A critical statement from the document reads, “there will be no circular economy without
good waste separation”. In the document, the EU expressly emphasized the critical need to
separate organic waste from other fractions to ensure a clean collection of recyclables so
that recycling industries do not incur increased costs in their operations. It summarised
that waste separation could be adapted to local situations in big and small cities [119]. By
implication, this could mean that small cities do not need to copy what big cities do directly,
but it is necessary to look for ways to improve separate collections within the limits of
their size and financial capacity. In the same vein, cities in SSA would have to practice
the separate collection of waste in ways locally possible to begin the shift to a CE so that
they can increase landfill diversion rate and keep secondary raw materials in circulation.
Among other benefits, the regular separate collection of recyclable fractions at the point
of generation helps to ensure that local recycling industries have a continuous supply of
clean secondary raw materials for their operations, while at the same time reducing the
volume of waste disposed of in landfills as shown in a study by Bashir et al. [127]. If this
is backed up with an effective waste policy as in the EU, it would no doubt contribute to
stemming the tide of indiscriminate dumping in SSA. Non-recyclable waste fractions could
be converted to energy with some materials also recovered using incineration as a WTE
technology [128]. Although a major issue with incineration is the potential to cause air
pollution [76,129], this does not eliminate its potential benefits in energy generation. For ex-
ample, an empirical study in Palestine [130] showed that incineration generated the highest
amount of electricity compared to other WTE technologies. The study further suggested
that the combination of AD with incineration will produce more energy with the least
damage to the environment. Some other potential benefits of using MSW as a feedstock for
energy generation and biofertilizer production, and how these processes contribute to the
achievement of some of the sustainable development goals (SDGs) have been thoroughly
discussed by Yong et al. [131]. It is essential to add that the state of MSW management
in SSA provides a plethora of opportunities for investments in WTE technologies since
the raw materials are readily available. These options should therefore be explored by
concerned authorities in the region in the shift towards a CE. However, as presented in a
study by Yong et al. [22] and Cudjoe [64] in Malaysia and China, respectively, it is essential
to carry out an appraisal of the economic viability and environmental implications of
various WTE options to decide on which is most viable within a locality as this would
guide investors in making an investment choice. As earlier noted, in SSA, organics are
co-mingled with other fractions. This is not desirable if the target is high-quality recycling,
and it will not attract recycling companies for business since it will increase their operations



Waste 2023, 1

403

costs. We reported earlier that there were instances in Ghana and Nigeria where healthcare
wastes initially separated at source were co-mingled at the disposal site. This does not
align with the CE concept, hence, according to Seyring et al. [90] the separate collection
of recyclables at the point of generation is desired. Our take-home observation in the EU
document is the commitment of the member states demonstrated through political will,
national enforcement, and public awareness. For example, in 2015 Germany made the
separate collection of organics a national obligation, although implementation has not
been rapid [118]. Policymakers in SSA countries can take a cue from this and enact locally
appropriate waste policies targeted at capturing waste resources from the source rather
than losing them to the waste stream as it is now. A strong political will and an effective
implementation mechanism should follow this. Central and Eastern Europe were assumed
to be behind in waste collection, but a field survey established that some cities in those
areas emerged as excellent in the separate collection of MSW [90]. Hence, with political
will, policies are formulated based on EU guidelines, while public cooperation is sought
through public awareness. In SSA, past field studies in Lagos and Accra have established
that people are willing to segregate their waste at home and in the office if they are taught
how [102,132]. Increased awareness and public education will foster participation in waste
separation, even in informal markets [21]. Based on the findings of Gyimah et al. [133],
some people indicated a readiness to participate in waste segregation but were demotivated
owing to the unavailability of recycling plants to process the waste. This brings another
challenge to the fore in SSA: what to do with segregated recyclables when the volume
becomes high in the face of an insufficient supply of waste processing companies. There is
a need to open the market for local and foreign waste materials processing investments.
Given the willingness to be involved in waste separation, as established in this article, the
drive towards a CE, in addition to the points raised earlier, can also be achieved via the
encouragement of active participation through continuous public awareness. However,
caution should be taken to ensure that strategies adopted are tailored towards what is
locally possible rather than the direct importation of systems used abroad.

Informal Efforts towards a Circular Economy—Ghana and Nigeria

Proponents of the circular economy (CE) model view waste as an essential resource
that powers economic development. Hence, as an important material for the production
process, it should be exploited in preference to the extraction of virgin materials [134]. Waste
pickers in landfills in SSA are driven by survival [135] but are also informally engaged
in re-circulating discarded waste resources for supply to local recycling industries [136].
The scavengers take advantage of the collection gap created through the inefficient col-
lection of MSW by municipal governments that rely mainly on non-engineered landfill
disposals. In Ghana and Nigeria, scavenging is common at many dumpsites [49,137]. Some
articles [138-140] have reported on the public health hazards associated with scavenging in
West African cities, but equally highlighted the contribution of the pickers to the recovery
of materials for reuse as well as the supply of materials to local recycling industries, which
is in favour of the CE model. In both countries, there are active repair markets for imported
E-waste—mostly from the EU—such as mobile phones, TVs, old fridges, and car waste
sold as spare parts, among others. Although there is a thriving market for shipped func-
tioning equipment, some materials are damaged beyond repair. These constitute another
source of waste and amplify the waste burden in SSA. Especially problematic is the content
of hazardous materials in some of these products [141,142]. Even though some E-waste
products are damaged beyond repair, useful parts are recovered for the repair of other
devices; this contributes to the circulation of secondary raw materials and promotes CE.
The quest for survival and the scarcity of jobs mainly drive some unskilled people in
developing countries to scavenge at dumpsites [18]. However, it is important to note that
these activities indicate that SSA may be well-positioned to begin the shift to a circular
economy while it improves on efforts to close the gap in MSW collection, especially in
low-income neighbourhoods.
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4.7. Result of the Meta-Analysis

This section presents the result of the meta-analysis conducted in this study. As
highlighted earlier, the meta-analysis was conducted to obtain an overall assessment of
waste collection and coverage rates in sub-Saharan African countries. The subsequent
sections discuss the results of the analysis.

4.7.1. Waste Collection Rate

Figure 8 shows the forest plot of waste collection rate in the sub-Sahara African coun-
tries generated using the meta-analysis software. A forest plot is often used to denote the
result of a meta-analysis graphically. The plot consists of two parts. The first part denotes
the included studies, their effect sizes (i.e., collection rate), standard errors, standardized
weights given to each study, and their corresponding values at a 95% confidence interval.
The other part graphically shows each study’s weight, which is represented by the red
square. The horizontal line at the centre of the column shows the confidence interval
of the weight assigned to each study. For instance, the effect size of the first study in
Figure 8 is 0.384, with an upper and lower value of 0.32 and 0.45, respectively, at a 95%
confidence interval. The standard error (SE) and the weight of the study are 0.03303 and
10.2%, respectively. The summary effect is represented by the centre of the black diamond,
and its 95% confidence interval is denoted by the widths. Quantitatively, the summary
effect of waste collection rate in the selected sub-Saharan African countries is 0.65 (i.e., 65%)
with a confidence interval of 0.43-0.87. This implies that the waste collection rate in SSA
countries is low and less than the desired 100%. The summary effect suggests that there is
a significant need for improvement in waste collection practices and policies to reduce the
negative environmental and health impacts of uncollected waste.
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Test for overall effect: Z=5.84 (P < 0.00001)
Figure 8. Forest plot of waste collection rate in the selected SSA countries [1,35,38,40,42,66].

Furthermore, the I12 (100%) shows that there is high heterogeneity in the effect sizes
of the included studies. Although the random effect model, which caters for variability
among the studies, was used for the analysis, a sub-group analysis using the data collection
region was conducted to further investigate the heterogeneity. As shown in Figure 9, the
summary effect of waste collection in Nigeria is 0.25 (i.e., 25%), while that of Ghana is 0.81
(81%). This shows that the criterion (location of data collection) used for the sub-group
analysis is significant for determining the source of heterogeneity, as confirmed by the 12
(98%) of the test for the sub-group difference.



Waste 2023, 1

405

Study or Subgroup Collection rate SE Weight

Collection rate

IV, Random, 95% CI

Collection rate
IV, Random, 95% CI

2.1.1 Sub-group analysis -Nigeria

Anyaegbunam 2013 0.384 0.03303 10.2% 0.38 [0.32, 0.45] P

Kaza (2) et al. 2018 0.1 0.0085 10.3% 0.10[0.08, 0.12] »

Ojolowo & Wahab 2017 0277 0.0129 10.3% 0.28 [0.25, 0.30] »

Subtotal (95% CI) 30.9% 0.25 [0.10, 0.40] R
Heterogeneity: Tau? = 0.02; Chi? = 177.79, df = 2 (P < 0.00001); I> = 99%

Test for overall effect: Z = 3.20 (P = 0.001)

2.1.2 Sub-group analysis - Ghana

Kaza et al. 2018 0.83 0.0248 10.3% 0.83 [0.78, 0.88] £
Oduro-Kwarteng & Van Dijk (2) 2013 0.93 0.185 8.1% 0.93 [0.57, 1.29] .
Oduro-Kwarteng & Van Dijk 2013 0.91 0.08 9.8% 0.91 [0.75, 1.07] — -
Oteng-Ababio (2) 2014 0.799 0.0286 10.3% 0.80 [0.74, 0.86] -
Oteng-Ababio (3) 2014 0.799 0.0263 10.3% 0.80[0.75, 0.85] e
Oteng-Ababio 2014 0.8 0.031 10.2% 0.80 [0.74, 0.86] o
Sarfo-Mensah et al. 2019 0.79 0.0272 10.3% 0.79 [0.74, 0.84] -
Subtotal (95% CI) 69.1% 0.81 [0.78, 0.83] )
Heterogeneity: Tau? = 0.00; Chi* = 3.57, df =6 (P = 0.73); I’ = 0%

Test for overall effect: Z = 66.96 (P < 0.00001)

Total (95% CI) 100.0% 0.65 [0.43, 0.87] ’
Heterogeneity: Tau? = 0.12; Chiz = 2323.05, df = 9 (P < 0.00001); I> = 100% & t t t

Test for overall effect; Z = 5.84 (P < 0.00001)
Test for subaroup differences: Chi? = 49.23, df = 1 (P < 0.00001), 1 = 98.0%

Figure 9. Forest plot of sub-group analysis of waste collection rate based on country [1,35,38,40,42,66].

4.7.2. Waste Collection Coverage Rate

The result of the waste collection coverage rate in SSA countries is represented in
Figure 10. The Figure shows the studies included in the meta-analysis, their effect sizes
(i.e., coverage rate), standard errors, 95% confidence interval of the effect sizes, and the
assigned weights to the studies both numerically and graphically. For instance, the effect
size reported in the last study [3] shown in Figure 10 was 0.95, and its 95% confidence
interval was found to be 0.94-0.96. Its standard error and assigned weights are 0.0065 and
11.4%. As revealed by the black diamond in Figure 10, the summary effect is 0.67 (i.e., 67%)
with a 95% confidence interval of 0.50-0.83. This means that the meta-analysis of previous
studies estimated the waste coverage rate in SSA countries to be 67%. The 95% confidence
interval of the summary effect shows that the true value of the waste coverage rate in SSA
countries is likely to fall within 50-83%.
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Figure 10. Forest plot of waste coverage rate in the selected SSA countries [3,43,45,48,49,51].

Due to the high heterogeneity (12 = 99%) in the effect sizes of the studies, sub-group
analysis was conducted to investigate the source of the heterogeneity. The result of the
sub-group analysis is presented in Figure 11, and it shows that the summary effects of
waste collection coverage rate in Nigeria, Ghana, and other countries are 67, 78, and
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60%, respectively. This shows that the coverage rate is not statistically different across
the three groups as their coverage rate is similar. This is also confirmed by the test for
sub-group difference, as the 12 is 0%. Summarily, the waste collection coverage rate in
SSA countries is less than the ideal 100%, and it is important to explore potential solutions
to improve waste management services availability and accessibility in SSA countries.
Potential solutions include (1) investment in waste management infrastructure such as
waste treatment facilities, recycling plants, and waste transfer stations; (2) encouraging
more public-private partnerships to increase investment in waste management services;
and (3) encouraging research and development in waste management technologies that are
suitable for the African context.

Coverage rate Coverage rate
Study or Subgroup Coverage rate SE Weight 1V, Random, 95% CI IV, Random, 95% CI
1.1.1 Sub-group analysis - Nigeria
Kadafa 2017 0.42 0.0315 11.3% 0.42 [0.36, 0.48] b
Olukanni & Oresanya 2018 0.63 0.0131 11.4% 0.63 [0.60, 0.66] »
UNEP 2018 0.95 0.0065 11.4% 0.95 [0.94, 0.96] w
Subtotal (95% CI) 34.1% 0.67 [0.38, 0.95] -

Heterogeneity: Tau? = 0.06; Chiz = 691.15, df = 2 (P < 0.00001); 12 = 100%
Test for overall effect: Z = 4.61 (P < 0.00001)

1.1.2 Sub-group analysis - Ghana
QOduro-Appiah et al. 2019

Oteng-Ababio 2011
Subtotal (95% CI)

Heterogeneity: Tau? = 0.01; Chi2=3.49,df=1 (P =0.08); I?7=71%
Test for overall effect: Z =7.96 (P < 0.00001)

1.1.3 Sub-group analysis - Other countries

Wilson (1) et al. 2017
Wilson (2) et al. 2017
Wilson (3) et al. 2017
Wilson et al. 2017
Subtotal (95% CI)

Heterogeneity: Tau? = 0.03; Chi? = 93.05, df = 3 (P < 0.00001); I? = 97%
Test for overall effect: Z = 6.46 (P < 0.00001)

Total (95% CI)

0.9 0.0992 9.9% 0.90 [0.71, 1.09] ——
0.7 0.0401 11.1% 0.70 [0.62, 0.78] B3
21.0% 0.78 [0.59, 0.97] -

0.82 0.0366 11.2% 0.82 [0.75, 0.89] =
0.4 0.0256 11.3% 0.40 [0.35, 0.45] =
0.63 0.0376 11.2% 0.63 [0.56, 0.70] =
0.57 0.0366 11.2% 0.57 [0.50, 0.64] =
44.9% 0.60 [0.42, 0.79]

100.0% 0.67 [0.50, 0.83]

Heterogeneity: Tau? = 0.06; Chi* = 1114.28, df = 8 (P < 0.00001); 12 = 99% T T T J
Test for overall effect: Z = 7.90 (P < 0.00001) : '
Test for subaroup differences: Chiz = 1.70, df = 2 (P = 0.43), I? = 0%

Figure 11. Forest plot of sub-group analysis of waste coverage rate based on country [3,43,45,48,49,51].

5. Conclusions and Recommendations

The review reveals that cities in SSA are currently overwhelmed by lingering backlogs
of uncollected waste, with collection rate and coverage still below 100%, despite the
involvement of private waste collectors in MSW collection. The meta-analysis result
indicates that waste collection and coverage rates are both below 70% in SSA. While several
studies have explored the various aspects of waste treatment methods and recycling, only a
handful have directly addressed the urgent need to increase the collection rate and coverage
of MSW in low-income neighbourhoods with poor sanitary conditions. Hence, there is a
pressing need for more research and concerted efforts towards improving WM services
availability and accessibility in SSA countries. In some SSA cities, there are instances where
waste segregation at source has been practised, but unfortunately, the unavailability or
inadequate supply of waste treatment technology for processing the collected waste defeats
the purpose of the segregation since the collected waste eventually ends up in the region’s
mostly un-engineered landfills.

Given the current situation, as a first step, it has become inevitable for countries in
SSA to further open up the market of waste collection by enacting a waste policy that
allows direct investments in waste treatment technology, which should also licence waste
processing companies to collect MSW needed for their plants directly from residential and
commercial premises. This would increase competition in MSW collection in the high-,
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medium-, and low-income neighbourhoods and ultimately result in the quick mop-up of
waste backlogs with the overall impact of increasing collection rate and coverage above
current levels. It is essential to note, however, that the involvement of waste processing
companies in improving the efficiency of the collection system has its associated challenges.
One challenge might be the inadequacy of current data on the volume of waste generated
by households and commercial premises, which the waste processing companies need to
forecast the supply of materials to their processing plants, including planning for personnel
and facilities for efficient collection. Where this is not addressed before investing in
the market, waste materials supply could fall below what is required for the plants to
function at full capacity, thereby affecting the sustainability of the business in the long
run. Moreover, the possibility of existing private waste collectors feeling threatened by the
entry of competitors cannot be ruled out. This may result in the refusal of older market
players to share relevant information with the new entrants at the initial stage. In the
interest of public health, the process of upgrading major landfills in the region to the
status of “controlled landfills” where a material recovery facility (MRF) is built should
be given urgent consideration by municipal governments. Scavengers can be shielded
from the potential health hazards associated with their activities by engaging them in the
sorting of recyclables in the MRF and then paying them in proportion to the weight of
materials sorted, which is the same thing that happens when they sell scavenged materials
to local recycling industries. An empirical case that demonstrates this possibility is the
revamping of the “Awotan” dumpsite in Ibadan, South-Western Nigeria to the status of
a “controlled landfill” where former open dump scavengers now sort about 50 tonnes of
recyclables daily in the newly built MRF located at the landfill site [143]. Although it is
expected that scavengers would express worries that their means of livelihood is now being
threatened with this strategy, as the case was when scavengers were told to vacate the
“Awotan dumpsite”, their fears could be allayed by ensuring they are co-opted into the
new plan at the MRF so that they can continue to earn money while benefiting from safer
working conditions.

While more research on MSW collection in SSA is needed, given how critical it is in
achieving a sustainable WM system, further research efforts can be focused on monitoring
the progress made towards increasing the collection rate and coverage beyond current
levels through studies that quantitatively compare the before and after scenarios following
the introduction of an intervention in this area. In such studies, research studies should
seek to measure the impact of increased competition in the collection system in low-
income neighbourhoods where the figures of collection rate and coverage are abysmally
low compared to the middle- and high-income areas of the city. Moreso, it would be
worthwhile to also quantify the impact of upgrading an open dumpsite to a controlled
landfill on scavenging activities within a catchment area as a way of assessing how the
government’s efforts in this direction are improving public health while ensuring income
security for former scavengers and gradually reducing scavenging in SSA. Another aspect
aimed at promoting the CE would be to measure the impact of continuous grassroots
awareness campaigns targeted at waste reduction and reuse in high-, medium-, and low-
income neighbourhoods on the volume of waste generated and disposed of over some
time. Specifically, areas with presently low collection coverage should be chosen for this
study and checked over two years to compare the results, before and after. A study like
this might serve as an insight into how to reduce the waste disposed of in landfills.
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