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Waste characterisation in Stellenbosch Local
Municipality, South Africa

This article demonstrates how household solid waste (HSW) generation patterns differ in neighbourhoods
of the same town by determining the composition of the residual portion of the HSW stream in 2017 in
Stellenbosch. HSW was collected from 10 pre-identified suburbs out of a total of 48. These chosen suburbs
and their 17 830 households were representative of all the HSW from all households in the catchment area
of the Devon Valley Landfill Site. A separation at source programme was in place in nine of the suburbs.
The confidence level and level of precision were set at 95% and 8%, respectively. A total of 1543 bags of
HSW were collected with a total mass of 5748.01 kg and an uncompacted volume of 84.87 m?. The samples
were sorted into 7 main and 18 final fractions. The main contributor to the total waste stream was organic
waste by weight (35%) and plastic wrap and packaging by uncompacted volume (32%). The average HSW
generation was 0.68 kg/capita/day. Households with access to a separation at source programme tended
to have lower levels of highly recyclable materials in their samples. Roll-out of a separation programme is
recommended for all 48 suburbs in the study area to save landfill airspace. Correlation analysis showed
that household size influenced three of the seven main waste fractions, and household income five of the
seven. No statistically significant results were obtained relating to household density and waste generation.
Statistically significant results were obtained through an analysis of variance for all waste fractions, excluding
organics, when considering household income, indicating that both household size and income could be
explanatory socio-economic factors for variations seen. Other variables, such as human behaviour, could
potentially also contribute to the differences and should be further explored.

Significance:

e The availability of reliable waste composition data is not only a contribution to the solid waste
management field, but also to any related fields interested in beneficiating or recovering waste. These
data are often unavailable, but form the basis for decision-making processes when addressing solid
waste (and related) challenges.

Introduction

Solid waste management is a significant concern globally.! In particular, local municipalities need to account
for increasing volumes of municipal solid waste annually, which is typically sent to landfill.2 In many countries,
substantial deficiencies exist in waste collection and disposal systems which are often coupled with inappropriate
locations for processing and disposal facilities.® In the South African context, waste can be defined as any substance
that the generator has no further use of and is thus considered surplus, rejected, discarded, and abandoned or
disposed of.* Waste is continuously generated by a wide range of activities and the rate of waste generation is largely
related to population dynamics, income, education and urbanisation.® As a result, many municipalities are faced with
mounting pressure to deal with an ever-increasing municipal solid waste stream and a lack of space to dispose of
this waste. In Stellenbosch, South Africa, for instance, the municipal landfill ran out of space in 2009, which resulted
in the construction of a third cell at the landfill site so as to extend the lifespan of the facility.> However, by 2019, this
third cell had also run out of space and diversion plans commenced whereby all municipal solid waste is transported
to a landfill site located 40 km from Stellenbosch, within another municipality (De Wet J, Manager: Environmental
Sustainability at Stellenbosch University Facilities Management, personal communication, 13 June 2021).

Detailed knowledge of the composition of the waste entering landfills can assist in the determination of priority waste
and the identification of appropriate interventions to assist in diversions from landfill sites. However, one of the major
stumbling blocks for waste managers is often the lack of reliable data on the composition of various waste streams.5®
Waste characterisation studies enable relevant data pertaining to this composition to be gathered to assist decision-
makers to identify the constraints on and opportunities for managing their streams.® Dependable waste characterisation
data are crucial to decision-making processes™, which can be hamstrung when these data are lacking'. Optimal
methods of collecting and freighting household solid waste (HSW), recovering materials and appropriate ‘end-of-life’
methods rely heavily on the characteristics of particular waste streams.” Thus, many HSW characterisation studies
have been done in diverse geographical, environmental, political and climatic settings throughout the world.'>-'6
Notably, there have been relatively few waste characterisation studies conducted in South African municipalities.'
For instance, in 2012, only 17 of South Africa’s 284 municipalities had conducted waste characterisation studies."
Of these studies, several issues arise, such as the lack of standardised methodologies and sample sizes, differing
waste characterisation categories and the low number of samples.!” Furthermore, these studies mostly exist within
the ‘grey’ literature and typically focus on municipal-level analysis where different income groups are often not
considered.!” As HSW generation and composition are affected by geography, income and access to separation
at source programmes, suburb-level analysis is crucial to evaluate the efficacy of certain inteventions (such as
separation at source) and differences in waste composition between areas. Published research regarding waste
characterisation in the South African context includes food waste'®, quantification of informally disposed waste?",
waste characterisation methodologies', management of mechanical biological waste??, characterisation of waste
at higher education institutions®?, and the difference in waste generation and composition between formal and
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informal areas®. Few studies have focused on sub-municipal level and the
composition of HSW at a suburb level as well as understanding the socio-
economic factors that influence HSW composition.

This paper presents the results of a waste characterisation study
undertaken in 2017 in the Stellenbosch Local Municipality, Western Cape
Province, South Africa (Figure 1). Although several investigations have
identified the need for effective waste management in the Stellenbosch
context?”-*%, to date none has focused solely on waste characterisation
of the HSW stream. The purpose of this study was to demonstrate how
HSW generation and composition (destined for landfill) differ among
suburban areas (suburbs) and to investigate the possible socio-economic
explanatory variables for any differences in waste characteristics.
The findings of a 2017 study are presented but, notably, the investigation
concentrated on the contents of HSW destined for landfill and excluded all
HSW already separated at source for further beneficiation.

Waste characterisation

A review of several waste characterisation studies reveals that the single
factor most influencing the nature of waste characterisation studies and
their findings, is the methodological framework of the study. To date, no
single or specific research method nor set of research methods have
been accorded the status of an internationally standardised approach
to conducting HSW characterisations.®' Thus, an array of generally
accepted methods are found in the literature. Each method has been
developed and applied in the absence of a single recognised approach
and each has been employed in endeavours to remedy the same obstacle,
namely the lack of data concerning the composition of HSW,810.11.3233

Investigations by Edjabou et al.™', Ozcan et al.'?, Emery et al."®, Al-Khatib
et al3" and Monavari et al.** have identified two sets of factors that
potentially influence waste characterisation, namely seasonal effects and
socio-economic factors (particularly household size and income). Thus,
seasons can have pronounced effects on the composition of waste and
the rates of disposal.'™ In particular the organic waste fraction is often
influenced most by seasonal dynamics.'? Additionally, seasonal variations
can significantly affect the moisture content of waste streams (dry and
rainy seasons), which in turn affects the weight of these streams."!

Regarding economic factors, strong correlations often exist between
income level and the consumption of goods and services. There is also
ample evidence from extant research confirming that the rates at which
waste is generated in city environments are generally higher than those
in rural areas, as a consequence of both higher living standards and
higher levels of economic activity in cities.®!

Not only do the volumes of waste generated differ among income groups
in particular settings, but the relative contributions of the different waste
fractions to overall waste streams also vary significantly. Relatively
little organic waste is typically generated by the low-income segments
of communities in comparison to their medium- and high-income
counterparts.™ 2 Owing to economic circumstances, members of low-
income households are likely to consume most of the organic materials
they either grow or purchase for consumption and thus discard relatively
little. Other fractions, such as waste in the form of paper and cardboard, are
also generated at considerably higher rates in high- and medium-income
areas than in low-income areas as a consequence of the formers’ greater
purchasing power, higher levels of consumption of pre-packaged foods and
other products as well as their significantly higher levels of participation in
activities which entail the use and consumption of paper. However, some
studies have found no significant correlation or relationship between waste
quantities and household income.3* These findings point to income not
being the only determinant of levels of daily consumption and that higher
incomes may be invested or spent in ways that do not influence the rates
at which waste is generated. Typically, waste characterisation studies are
conducted in four phases — (1) sample size and method determination,
(2) sample collection, (3) sorting and (4) analysis.

Determination of sample size and methods phase

The sampling phase of a HSW characterisation study has two distinct steps:
first, the sample size is determined and, second, the sampling methods
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to be used are identified."** Studies typically adopt different sampling
protocols and use different sample sizes. For instance, Monavari et al.**
sampled one bag for every 563 households and Gomez et al."* sampled
one bag in every 347 households. In contrast, Dangi et al."* sampled one
bag in 84 households while Ezeudu et al.'® sampled one bag for every
64 households in the population. A review of 18 waste characterisation
methodologies based on physical sampling revealed that there is not a
singular method appropriate for the determination of appropriate sample
size and number of samples.® The range of recommendations clearly
shows the differences in sampling employed by various researchers. These
differences are because characterisation studies are often constrained by
time and financial resources, with data collection and sorting often being
prohibitively expensive, especially in developing countries.

Sample collection phase

The collection of samples in HSW characterisation studies is crucial to
the success of a study and it can significantly influence the reliability of
the findings produced.®2%%" The ways in which HSW is transported in
developing countries ranges widely from rickshaws, animal-drawn carts,
wheelbarrows and hand trolleys to motorcycles, tractors, trucks and
compactors.® Relevant collection-related factors to be considered are
whether samples are compacted or uncompacted during collection, how
regularly collections are done and the methods used to select households.*

Sorting phase

The waste materials in each sample are then physically separated into
predetermined fractions.?* The number of fractions chosen is primarily
determined by time, budget and human resources available to the
researcher. Equally influential is the objective of each study.'? Various
sorting categories were reported in 19 HSW characterisation studies
conducted between 2001 and 2019 (Table 1). The numbers range from
five named fractions used by Ezeudu et al.”® to the 167 main and sub-
fractions sorted by Gu et al.*' The 12 most frequently used waste fractions
were: plastics, metals, paper, organic waste, glass, other, textiles, garden
waste, household hazardous waste, cardboard, electronic waste, and
sanitary waste. This again clearly denotes the vast difference in methods
employed for waste characterisation studies.

Data analysis phase

The crucial issue in conducting waste characterisation studies is to
determine the overall composition of waste samples. The usual solution
is simple interpolation of the data from an individual waste fraction over
the entire population." Correlation and regression analyses are standard
techniques for further examining the data, particularly to uncover causal
relationships between waste generation and causal variables such as
household income, size and density.%%%74! Another statistical technique
used in waste characterisation studies is analysis of variance (ANOVA)
applied to determine whether deviations about the mean distributions of
compositions of waste can be attributed to the geographical origins of
particular samples.®'

Study area

The Stellenbosch Local Municipality (WC024) is one of five local
municipalities which fall within the boundaries of the Cape Winelands
District Municipality (CWDM) of the Western Cape Province of
South Africa. Stellenbosch Local Municipality has jurisdiction over an area
of only 831 km?, with a total population of 155 728 people who reside in
43 420 households.*>* It houses 19.78% of the total population of the
Cape Winelands District Municipalityon only 3.87% of the total area under
its jurisdiction. From these statistics, it is evident that the area which falls
under the Stellenbosch Local Municipality is the most densely populated
in the overall district (186.40 people/km?). In 2018, income inequality
levels were the highest in Stellenbosch when compared to neighbouring
municipalities within the Cape Winelands District Municipality as well
as within the greater Western Cape, with a Gini coefficient of 0.60.%
The Stellenbosch Local Municipality provides a weekly refuse removal
service to 87% of the population —the highest collection rate in the district.*?

Volume 118
Special issue: Waste as a Resource


https://doi.org/10.17159/sajs.2022/12795
https://www.sajs.co.za/

Waste characterisation in Stellenbosch

Q) Page 3 of 12
Table 1:  Frequency of including various sorting fractions of household solid waste in several waste characterisation studies
Fractions included (v') or not included (%)
Reference Total number of fractions
Pl M Pa ow G 0 T GW | HHHW CB EW sw

Ezeudu et al."s 5 v v v v x v x x x x x x
Aziz et al. 5 6 v v v v v % v % x x x x
Kumar and Goel®” 7 v v v v v x x % x x x x
Al-Khatib et al.*' 8 v v v v v v v x x x x x
Edjabou et al." 9 v 4 v 4 v v v x v x x x
Dangi et al.’ 10 v v v v v v v v v x x x
Monavari et al. 10 v v v v v v v v x x x x
Dolezalova et al.® 10 v v v v v v v v v v v v
Parizeau et al.** 12 v v v v v x v v x x x v
Gomez et al.™ 15 v v v v v v x x v v x x
Yenice et al.® 17 v v v v v v x v v v v x
0Ozcan et al.”? 17 v v v v v v x v v v v x
Miezah et al.8 23 v v v v v v v v x v x x
Emery et al.”® 30 v v v v v v v v x x v v
Ojeda-Benitez et al.>® 37 4 4 v v v x v v x v x v
Bernache-Pérez et al.*? 53 v v v v v v v v v v v v
Edjabou et al.® 56 v v v 4 v 4 v v v v v v
Thanh et al.> 83 v v v v v x v v x x x x
Gu et al.* 167 v v v v v v v v v v v v
Proportion of studies in which fraction is included 100% | 100% 100% | 100% = 95% @ 74% @ 74% 68% | 47% | 47% | 37% | 37%

PI, plastics; M, metals; Pa, paper; OW, organic waste; G, glass; O, other; T, textiles; GW, garden waste; HHHW; household hazardous waste; CB, cardboard; EW, e-waste (electronic

waste); SW, sanitary waste

Die Boord

Jamestown

Idas Valley

Simonswyk & Uniepark

DBrandwacht

arady skloof

Figure 1:  Map of the study area.
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HSW produced in the study area is collected by refuse compactor vehicles.
The vehicles are operated by a driver and five crew members. Houses in all
formal areas are required to place their 240-litre municipal-issued wheelie
bins on the pavement outside their homes on refuse collection days. HSW
is collected once a week, from Monday to Friday.*> Housing complexes may
also request refuse collection three times a week (Mondays, Wednesdays
and Fridays), which is offered by the municipality at an increased tariff.s
A separation at source initiative, which is implemented in specific areas
within the municipal area, enables residents to place recyclable waste in
clear bags next to their wheelie bins on collection days. A different vehicle
collects and transports recyclables to a small materials recovery facility
located adjacent to the landfill site, where the recyclables are sorted
manually before being baled and transported to recyclers.

HSW is collected from informal areas by removing 6-m? skips up to
five times a week. The use of skips is preferred by the municipality
in these areas because access to homes is often hindered by low-
hanging electrical cabling and a lack of formal roads (Heckrath N,
Foreman: Disposal, Stellenbosch Municipality, personal communication,
18 January 2018). Consequently, the locations of skips are usually
determined by the ease with which refuse removal vehicles are able
to reach them and not necessarily by other equally significant factors
such as the distances between the skips and residents (Hendricks C,
Principal Technician: Collections, Stellenbosch Municipality, personal
communication, 5 February 2018).

The study area map (Figure 1) shows the location of Stellenbosch within
South Africa, as well as the selected suburbs in this study.

Garden, industrial, construction, demolition and household solid wastes
are all accepted at the local landfill site and each load is individually
recorded on the weighbridge’s software system prior to disposal in
terms of type of waste and weight. The municipality chips garden waste
on-site whereafter it is removed for further beneficiation. Construction
and demolition waste is crushed and screened on-site to predetermined
specifications in accordance with tender requirements and made
available for resale. Industrial waste is transported to the facility by private
contractors and accepted if it can be classified as ‘general solid waste’.
This classification implies that it may not be classifiable as a sludge or
liquid waste and may not contain any hazardous material. Households
in areas where the separation at source programme is not implemented,
generate waste destined for landfill only. The waste consists of a mixture
of recyclable, non-recyclable and organic waste, which is disposed of
in black bags. Households which participate in the programme also
generate ‘black bag’ waste consisting of non-recyclables and organic
waste destined for landfill. This waste destined for landfill is referred to
as the ‘residual waste’ portion. All recyclable waste is placed in clear
bags and the separation at source programme provides the municipality
with a monthly breakdown of the types and quantities of recyclable
materials separated by households from residual waste in participating
suburbs. Accordingly, the contents and composition of the ‘clear bags’
are known. Consequently, the composition of the waste stream which
enters the municipal landfill of which the Stellenbosch Municipality is
most uncertain, is the residual portion of the HSW stream, which is why
this study focuses on the characterisation thereof.

Materials and methods

A waste characterisation study was conducted for the Stellenbosch
Municipality and involved the application and implementation of the four
phases of such studies as outlined above. These phases are discussed
further here. Ten suburbs within Stellenbosch were selected because
they reflect different socio-economic areas within the municipality and
are also serviced by municipal refuse compactor vehicles, i.e. the HSW
collected in these suburbs is destined for landfill.

Determination of sample size

InMarch 2017, the Department of Environmental Affairs and Development
Planning (DEA&DP) of the Western Cape, South Africa, published
guidelines on waste characterisation®” to ensure the standardisation of
waste characterisation studies conducted in the Province, in the interest
of obtaining reliable and comparable results. Because the Stellenbosch
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Local Municipality is a local authority under the provincial jurisdiction
of the DEA&DP, the guidelines were assessed to ensure standardisation
of the sampling procedures and compliance with the prescriptions.
The guidelines essentially are grey literature and the robustness of the
sampling process has not been tested. The need for integrating these
guidelines with those extracted from a broader literature was thus
identified. The minimum requirements of the guidelines were complied
with, but lessons learnt from other waste characterisation studies
highlighted above were also incorporated into the study design.

The sample size for the study was determined by combining Cochran’s
formula (Equation 1) and the DEA&DP’s sampling guidelines.*"# This
combination was necessary because the DEA&DP guidelines were intended
for waste characterisation studies in poorly resourced municipalities,
whereas a substantial budget and more human resources were available
to conduct a wider, more in-depth study. Cochran’s formula, which was
further developed by Bartlett et al.*, has been successfully used in a
number of studies to calculate sample sizes for waste characterisation®#.
The formula is appropriate for studies of large populations with unknown
degrees of statistical variance. The formula is:

2

z’pq
n =
? e? Equation 1
where is the sample size;
z is the selected critical value of the desired
confidence level;
p is the estimated proportion of an attribute which
is present in the population;
q is1—p; and
e is the desired level of precision.

According to the United Nations Environment Programme?®°, confidence
levels for data collected for the characterisation of solid waste are usually
set at 80% to 90%. However, a survey of relevant studies revealed that
confidence levels and precision vary substantially, with confidence levels
ranging from 90% to 99% and precision between £5% and +10%.%2"
The confidence level for this study was set at 95% with precision of
+8%. Table 2 provides details about each suburb studied and the
number of samples required as calculated using Equation 1.

Table 2: Particulars of the 10 suburbs selected for study in Stellenbosch
Suburb Number of = Number of samples = Separation at source
households* collected programme
Cloetesville 3327 113 Yes
Jamestown 601 207 Yes
Uniepark 138 190 Yes
Kayamandi 8564 384 No
Idas Valley 2128 166 Yes
Die Boord 1089 80 Yes
Welgevonden 1070 62 Yes
Paradyskloof 593 122 Yes
Brandwacht 182 119 Yes
Simonswyk 138 100 Yes
Total 17 830 1543

Stratified random sampling was conducted to identify the 10 suburbs
selected in this study. A second round of spatially stratified random
sampling was done in each suburb to ensure that the sampled households
were evenly distributed spatially in each suburb. The study was
undertaken with the permission of the Stellenbosch Local Municipality,
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but without the knowledge of household members so as to minimise any
changes in their waste-related behaviour. Sample bags were, in no way,
traceable back to individual houses.

Sample collection

The collection of samples started with the identification of the suburb
from which samples were collected each day. Each pre-identified suburb
was assigned a unique coloured sticker for the day. The appropriate
sticker was attached to the bags collected in a specific suburb on a
particular day. This enabled the crews of the special collection vehicles,
sponsored by the municipality, to collect samples from more than one
suburb per collection round before offloading the samples. By not
requiring crews to separate the bags from the different suburbs, potential
sampling errors were minimised and crews were not overburdened with
excessively complex instructions.

Samples were collected on the same day as the scheduled municipal
refuse removal day for a suburb. The municipality’s solid waste
management department, which is responsible for the collection of HSW,
ensured that the crews collecting samples were given a head start over the
department’s scheduled compactor vehicles. Because HSW is collected
once a week from homes in the suburbs, it was assumed that the samples
represented 7 days’ worth of waste per household.

Uncompacted samples were collected as this best suited the time and
budget available for the study. The samples were collected by the crews
consisting of two to four workers on two vehicles driven by appropriately
licensed drivers. Each crew member was issued with suitable personal
protective equipment. In total, 1543 samples (10.2% of the households)
of a planned 1821 were collected. The samples weighed a combined
total of 5748 kg and had an uncompacted volume of 84.9 m?.

Sample sorting

Each unopened bag was weighed and its mass captured by trained
supervisors. The suburban origin of each bag was noted by the
supervisors. The sorting team of unemployed individuals selected by
the municipality and trained by the researchers opened the bags under
supervision. Extreme caution was exercised when opening the bags,
because the unknown contents could have contained sharp objects or
hazardous substances. The use of reusable black bags minimised the
creation of additional and unnecessary plastic waste.

The sorting process was supervised to ensure correctness. Seven
major waste fractions were considered during the sorting phase, namely
(1) hard plastics, (2) plastic wrap and packaging, (3) metals, (4) glass,
(5) paper and cardboard, (6) organic waste and (7) other. Organic waste
and other fractions were further divided into subfractions, a procedure
that promoted a deeper understanding of the various waste fractions.
Organic waste was subdivided into food waste, garden waste and
leachate. Other waste was subdivided into Tetra Pak® cartons, household
hazardous waste, expanded polystyrene, tissues, ash, electronic waste,
small furniture items, maize meal bags, textiles and ‘residual other’.

Once the entire contents of a bag had been sorted into relevant
fractions, the platform scale was zeroed to account for the weight of
the 20-litre buckets into which the fractions had been placed and
each fraction was individually weighed and the readings captured by a
supervisor. The uncompacted volume of each fraction was determined
by estimating its volume in the 20-litre bucket into which the fraction had
been emptied. Waste fractions that exceeded the capacity of one 20-litre
bucket required the use of additional buckets. Consequently, the volume
of some waste streams exceeded 100% (one bucket).

Data analysis

Two software packages were used to analyse the waste characterisation
data: Microsoft Excel 2016 for a basic analysis and R for the
statistical analysis.

Basic analysis

The mass (kg) of each waste fraction did not require any further
conversion. The estimated volumes captured as percentages of a 20-litre
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container were converted to cubic metres. This was crucial because the
volumes give an indication of the physical space which the uncompacted
materials would occupy on a landfill site. The results were used to
develop waste profiles for each suburb as well as waste profiles for each
fraction in the overall waste stream, namely hard plastics, plastic wrap
and packaging, metal, glass, paper and cardboard, organic waste and
‘other’. The volume of waste landfilled per annum was projected. Potential
seasonal fluctuations were not taken into account during this study
on the basis of the findings of a study conducted by the Stellenbosch
Local Municipality. The study, conducted in 2012, was to determine
whether seasons influenced the overall compositions of waste streams.
The findings revealed that although the size of the garden waste fraction
was most affected by seasonal changes, the generation and disposal of
other waste fractions were mainly unchanged, with a few exceptions, such
as those which occurred as a consequence of spikes in waste generation
at times such as public holidays.®'

Statistical analysis

The data captured during the waste characterisation process were analysed
statistically using R. In the absence of household-level demographic and
socio-economic information, an ANOVA®2 was performed to determine
any significant differences in the waste fractions of HSW among waste
generation rates and the explanatory variables household income and
household size. Information available in the public domain, such as
census data regarding average household size and income per suburb,
was also used.

Results and discussion

Results concerning the characterisation of waste in Stellenbosch are
presented here, followed by an exploration of variables which may
explain these results.

Composition of residual HSW

The overall composition of the characterised waste, expressed as mass
and volume, is summarised in Table 3. Data from the municipal landfill
weighbridge revealed that the average quantity of HSW sent to landfill
over the previous 4 years (the period for which data were reported by
the municipality) was 3236.2 tons per month or 38 833.8 tons per year
generated by a total of 155 728 residents — an average of 0.68 kg/
capita/day. In contrast, a review of 19 published HSW characterisation
studies conducted (Table 1) showed average waste generation rates of
between 0.26 kg/capita/day and 0.98 kg/capita per day with an average
of 0.54 kg/capita/day. These figures place this study’s waste generation
rate at the higher end of the spectrum.

All the densities in Table 3 were calculated for uncompacted materials.
Information about uncompacted waste materials is crucial in determining
the amount of space required at diversion facilities for storing unprocessed
materials. The overall waste stream can also be linked to certain causal
variables discussed below.

Relationship between waste composition and household
socio-economic factors

As mentioned previously, socio-economic factors are strongly linked
to waste generation rates as well as the types of waste produced by
households. An ANOVA was performed to determine the statistical
differences between waste generation rates in each suburb and the
influence that household income and household size were found to have
on these rates. Table 4 summarises the economic parameters for each
area surveyed.

Table 5 presents the results of a one-way ANOVA of the relationships
between the various suburbs studied and select waste fractions. The results
of the ANOVA suggest that a statistically significant (p<0.05) difference
exists between the mean mass of the different waste fractions across all
the suburbs considered. Plastic wrap and packaging (Figure 2), paper and
cardboard (Figure 3) and glass (Figure 4) waste fractions showed the
greatest variance in means between suburbs.
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Table 3:  Proportions and quantities of waste fractions landfilled in Stellenbosch in 2017
Weotacn e St e NS a7
1. Hard plastics 8 15 36.02 3244.59 90 077.46
2. Plastic wrap and packaging 12 32 26.91 4699.07 174 621.70
3. Metal 2 2 91.3 920.75 10 084.88
4. Glass 1 2 29313 4261.71 14 538.63
5. Paper and cardboard 16 26 40.77 6015.19 147 539.61
6. Organic waste 35 10 251.07 13 440.42 57 933.28
6.1 Food waste 27.30 7.30 251.07 10 552.07 42 028.40
6.2 Garden waste 7.35 2.70 179.12 2803.67 15 652.47
6.3 Leachate 0.35 0.00 335.44 84.67 252.41
7. Other 16% 13% 173.2 6252.02 91 307.94
7.1 Tetra Pak® cartons 112 1.56 44.35 463.27 10 445.77
7.2 Household hazardous waste 0.16 0.00 167.57 30.47 181.83
7.3 Expanded polystyrene 1.28 4.16 16.72 489.4 29 270.33
7.4 Tissues 3.84 3.64 58.74 1501.16 25556.01
7.5 Ash 2.08 117 104.39 802.79 8792.88
7.6 Electronic waste 1.12 0.26 208.05 432.4 2078.35
7.7 Small furniture items 0.16 0.00 183.15 43.78 239.04
7.8 Maize meal bags 0.16 0.13 164.64 71 431.24
7.9 Textile waste 0.00 0.13 50.47 25.17 498.71
7.10 Residual other 6.08 1.95 173.2 2392.54 13813.74
Total 100.00% 100.00% N/A 38 833.75 526 491.96
Table 4: Economic parameters for each area surveyed
Area Averaignt:;::]lu:lzl :;;ﬁehuld Income category? Average household size® Household density® Sepa;:loti;rl;:]tn?:urce
Clogtesville 103 694.18 Medium 5 1814 Yes
Jamestown 23721513 Medium 5 371 Yes
Uniepark 264 707.95 High 3 336 Yes
Kayamandi 42 607.51 Low 3 6082 No
Idas Valley 144 302.30 Medium 4 1014 Yes
Die Boord 435138.35 High 3 480 Yes
Welgevonden 398 359.20 High 2 1949 Yes
Paradyskloof 519 016.71 High 3 462 Yes
Brandwacht 592 431.93 High 3 265 Yes
Simonswyk 264 707.95 High 3 276 Yes

aThere is no official generic definition for high-, medium- and low-income groups in South Africa. However, based on the housing market and existing state-subidised housing
programmes, three distinct income categories can be identified: (1) Fully subsidised housing for households earning less than ZAR3500 per month (low income), (2) ‘gap’ housing
market qualifying for Social Housing and the Finance Linked Subsidy Programme for households earning between ZAR3501 and ZAR22 000 per month (medium income) and (3)
bonded housing market for households earning >ZAR22 000 per month (high income)

bNumber of households per square kilometre
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Box plot considering plastic packaging by suburb
Anova, F(9,1533) = 7.232, p = <0.001
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Figure 2:  Box plot depicting differences in means of plastic packaging waste fractions among suburbs in Stellenbosch.
Box plot considering paper and cardboard by suburb
Anova, F(9,1533) = 6.685, p = <0.001
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Figure 3:  Box plot showing the differences in sample means for the paper and cardboard waste fraction among suburbs in Stellenbosch.
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Figure 4:  Box plot considering differences in mean glass composition of household solid waste among suburbs in Stellenbosch.
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Table 5: ANQVA comparing differences in means across suburbs for

different waste fractions

One-way ANOVA by suburb
Waste fraction

F (9, 1533) p-value
Glass 5.362 <0.001
Hard plastics 2179 0.02
Metals 3.403 <0.001
Organics 3.501 <0.001
Other 3.206 <0.001
Paper and cardboard 6.685 <0.001
Plastic wrap and packaging 7.232 <0.001

In relation to the prevalence of plastic packaging in the HSW stream
between different suburbs, there is a statistically significant difference
between sample means across the suburbs analysed (Table 5, Figure 2).
Kayamandi has, on average, the highest amount of plastic wrapping and
packaging by weight (0.5464 kg per bin) in the HSW stream destined for
landfill. This is followed by Uniepark (0.4614 kg per bin) and Idas Valley
(0.4418 kg per bin). Notably, Kayamandi, Jamestown, Idas Valley and
Cloetesville are classified as low—medium-income areas and all show
higher levels of paper and cardboard in the HSW stream when compared
to higher-income suburbs (with the exception of Uniepark).

Paper and cardboard disposal between the different suburbs also differs
significantly (Figure 3). The highest mean is for Cloetesville (0.8339 kg per
bin), followed by Jamestown (0.6574 kg per bin), Idas Valley (0.6323 kg
per bin) and Kayamandi (0.6008 kg per bin). Again, the four suburbs with
the highest disposal are in medium- and low-income groups.

There is a significant difference between the means of each suburb
for glass (Figure 4). Perhaps most noticeable is the high number of
outliers collected from Kayamandi, while Jamestown has very limited
variance. Kayamandi, Idas Valley, Jamestown and Cloetesville are often
near the top in relation to the amount of recyclable materials placed in
the HSW stream, particularly plastic packaging, paper and cardboard,
and glass (Figures 2-4), even though three of these suburbs (Idas
Valley, Cloetesville and Jamestown) have access to a separation at
source programme. Strydom®*% argues that only a minor percentage
of South African households actively engage in recycling programmes
(7.2% in 2015). Household recycling is often inhibited by several
factors, including: limited space, time constraints, inadequate recycling
knowledge and the inconvenience of recycling.5 In particular, non-

Waste characterisation in Stellenbosch
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recyclers indicate that a lack of time and knowledge influences household
recycling activity, while those in highly dense urban areas suggest that
an absence of recycling knowledge is an important variable explaining
the lack of recycling in these areas.> Given these results, it is possible
that recycling behaviour is influenced by income level, which affects
factors like space limitations, housing density and the inconvenience
of recycling.

Table 6 presents the results of a one-way ANOVA of the relationships
between the various income groups and select waste fractions.
The results of the ANOVA indicate that a statistically significant difference
exists between the mean mass of the different waste fractions across all
income groups considered, with the exception of the organics category.
This finding is surprising as the literature often points to low-income areas
producing less organic waste than higher income suburbs.''? Plastic
wrap and packaging (Figure 5) and paper and cardboard (Figure 6) waste
fractions showed the greatest variance in means between income groups.
The low-income group had the highest amount of plastic wrapping and
packaging on average by weight (0.5464 kg per bin) in the HSW stream
destined for landfill, followed by the medium-income group (0.4248 kg
per bin) and the high-income group (0.3811 kg per bin). These results
corroborate the observations made in Figure 2.

Table 6: ANOVA comparing differences in means across income groups
for different waste fractions
One-way ANOVA by income group
Waste fraction

F (2, 1540) p-value
Glass 19.74 <0.001
Hard plastics 7.455 <0.001
Metals 8.368 <0.001
Organics 2.302 0.1
Other 9.919 <0.001
Paper and cardboard 22.16 <0.001
Plastic wrap and packaging 23.37 <0.001

Paper and cardboard disposal between the different income groups also
differs significantly (Figure 6). Here the highest mean is for the medium
income group (0.6899 kg per bin), followed by the low income group
(0.6008 kg per bin) and the high income group (0.4624 kg per bin).
Income level clearly affects the amount of paper and cardboard in the
HSW stream in Stellenbosch.

Box plot considering plastic packaging by income group

Anova, F(2,1540) = 23 37, p = <0.001

Plastic packaging (ka)

R

?

4i—
:

Incon:;:.group
Figure 5:  Box plot depicting differences in means of the plastic packaging waste fraction between different income groups in Stellenbosch.
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Table 7 presents the results of a one-way ANOVA of the relationship
between household size and select waste fractions. The results show
that the low-income group has the highest means of the following waste
fractions in comparison to other income groups: hard plastics, plastic
wrapping and glass. The low-income group is made up of only one
suburb, Kayamandi, and is also the only suburb sampled which did not
have access to the separation at source programme in Stellenbosch.
Thus lack of access to a separation at source programme might be an
explanatory variable relating to the higher quantities of recyclables found
in Kayamandi where one would expect large quantities of recyclable
waste to be disposed of in municipal skips and bins.

However, the findings also suggest that the medium-income areas (with
access to a separation at source programme) tend to have higher levels
of recyclable materials in the HSW stream than higher-income areas,
indicating that other factors, such as recycling attitudes' and types of
waste generated in households, are important too. So while separation at
source is an effective way of keeping the hard plastics, plastic wrapping
and glass fractions out of the landfill, more can be done to ensure a
greater use of this facility.

Increasing household size is typically associated with greater levels
of waste generation, although the effect of household size on different
waste fractions is not always clear. Table 7 shows that the results of the
ANOVA indicate that a statistically significant difference exists between
the mean mass of the different waste fractions across all household
sizes considered, except for the hard plastics category. Glass (Figure 7)
and paper and cardboard (Figure 8) waste fractions showed the greatest
variance in means between household sizes.

Waste characterisation in Stellenbosch
Page 9 of 12

Glass disposal varied significantly depending on household size
(Figure 7). Households with three members were found to dispose of the
most glass on average (0.4458 kg per bin), followed by two-member
households (0.4182 kg per bin), four-member households (0.2586
kg per bin) and, lastly, households with five members (0.1686 kg per
bin). In accordance with the ANOVA results when considering suburbs
and income groups, when considering household size, the paper and
cardboard waste fraction was again amongst the top two fractions
showing the most variance (Table 7, Figure 8).

Table 7:  ANOVA comparing differences in means across household size
for different waste fractions
One-way ANOVA by mean household
Waste fraction size per suburb

F (3,1539) p-value
Glass 11.29 <0.001
Hard plastics 1.419 0.235
Metals 6.08 <0.001
Organics 7.115 <0.001
Other 4,944 0.002
Paper and cardboard 10.94 <0.001
Plastic wrap and packaging 5115 0.002

Box plot considering paper and cardboard by income group

Anova, F(9,1540) = 22 16, p = <0.001

-

Paper and cardboard (kg)

ra

L
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Income group

Figure 6:  Box plot depicting differences in means of the paper and cardboard waste fraction between different income groups in Stellenbosch.
Box plot COI‘lSidGI’inQ glass Dy mean household size
Anova, F(3,1539) = 11.29, p = <0.001
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Figure 7:  Box plot depicting differences in means of the glass waste fraction between different household sizes in Stellenbosch.
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Figure 8:  Box plot depicting differences in means of the paper and cardboard waste fraction between different household sizes in Stellenbosch.

Figure 8 shows that, as household size decreases, so does the amount
of paper and cardboard disposed of. Households with five members
disposed of 0.7197 kg paper and cardboard per bin, followed by four-
member households (0.6323 kg per bin), three-member households
(0.5136 kg per bin) and two-members (0.4977 kg per bin).

These results show that there are significant differences in the HSW
streams of suburbs in the Stellenbosch Municipality. Mean household
income and mean household size for these suburbs can be considered
explanatory variables for these differences, with plastic packaging, paper
and cardboard, and glass being the waste fractions that show the greatest
difference in means. Lack of access to a separation at source programme
may influence the high levels of recyclable materials in Kayamandi, but
other (medium-income) suburbs with access to these programmes display
similar levels of recyclable waste fractions in their HSW, suggesting that
waste behaviour and types of waste used in households are more pertinent.

Conclusion

Few published HSW characterisation studies are conducted at sub-
municipal level. The composition of HSW as well as the socio-economic
factors that influence HSW composition are reported here for 10 suburbs
in the Stellenbosch Municipality. Organic waste made the greatest
contribution to the waste stream by mass (35%), although its contribution
by volume was proportionally lower. The chief contributor to the waste
stream by volume was plastics (47%), followed by paper and cardboard
(26%). The mean waste generation rate (0.68 kg/capita/day) in these
Stellenbosch suburbs was found to be slightly higher than the average
rate reported in similar studies worldwide. During this study it was found
that household size and income can be used as explanatory variables
for waste generation and composition for the 10 suburbs characterised.
Plastic packaging, paper and cardboard, and glass waste fractions were
the most affected by household income. Typically, low- and medium-
income suburbs had higher levels of these waste fractions in their HSW
than did high-income areas. In future, the completion of a questionnaire,
per household sampled, is recommended to obtain basic demographic
and socio-economic information. This information would allow for a more
nuanced analysis and correlation of individual household size and income
with waste composition. Other variables, such as human behaviour, could
potentially contribute to the differences and further studies to explore
these are also recommended. Given the influence of separation at source
programmes on waste characterisation data, it is recommended that the
materials processed by these programmes are sampled in addition to
the residual portion of the waste streams of areas. Such sampling would
aid a more accurate understanding of the waste streams of areas and
enable implementation of targeted interventions. Despite this, it is difficult
to draw comparisons with other international studies, thus demonstrating
the need for greater detail in reporting of such information. Further roll-out
of a separation at source programme in Stellenbosch is recommended to
include all suburbs in order to save landfill airspace.
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