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Abstract

With rapid population growth and urbanization, the global annual waste generation is
expected to increase to 3.40 billion tonnes by the year 2050, while improper waste disposal
poses a potential threat of growing concern. Using a South African nationally representa-
tive survey dataset, the General Household Survey, this study unraveled the determinants
of solid waste generation and factors influencing payment for its disposal. The estimation
approach employed was essentially based on descriptive (percentage, standard deviation,
mean) statistics. Additionally, Tobit regression of the composite solid waste were gener-
ated from the Principal Component Analysis, while Probit Regression model assessed the
factors influencing the household’s payment for solid waste. The empirical results revealed
that household’s socio-economic characteristics contributes to solid waste generation and
payment for its disposal. The results of the two models indicated that, although house-
hold’s asset portfolio (financial, physical, natural, and human assets) appear intangible,
they contributed significantly to solid waste generation and payment for its disposal. There-
fore, policy incentives targeted at investment in human capital, environmental awareness
programmes and clearer solid waste management strategies should be encouraged in South
Africa, given that environmental sustainability is key to the households’ health and eco-
nomic prosperity.

Keywords Environmental health - Pollution - Sanitation services - Sustainable
development goals - Waste management

1 Introduction

The amount of waste generated globally is increasing, which can be attributed to the
global population explosion, rapid urbanization and industralization (Khan et al.,
2022; Yukalang et al., 2017), particularly in developing nations(Aleluia & Ferrao,
2016; Keho, 2016). These patterns, together with the lockdowns and restrictions due
to COVID-19 pandemic, increased the solid waste generation globally. It therefore
becomes essential for governments at local and national levels to ensure that more
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sustainable solid waste disposal practices are in place (Moh & Abd Manaf, 2014; Omo-
tayo et al., 2020; Raj & Samuel, 2023). As in other developing nations, solid waste
generation in South Africa is rapidly increasing, putting pressure on the already con-
strained municipal service delivery resources and infrastructure (Dlamini et al., 2017,
Haywood et al., 2021; Omotayo et al., 2020; Swilling, 2010).

Solid waste streams, including from businesses, garden refuse, building and demoli-
tion wastes, as well as households and community waste, have been established to have
harmful health and welfare impacts, particularly on those living in adjacent margin-
alised communities (Moh & Abd Manaf, 2014; Raj & Samuel, 2023; Tsheleza et al.,
2019). Besides the negative health impact caused by water contamination, rodents and
insect invasions, improper solid waste management can also have a damaging effect by
causing environmental problems such as flooding due to bloked drainages and sewage
systems (Ferronato et al., 2017; Ikpe et al., 2020; Omotoso & Omotayo, 2024; Sule-
man et al., 2015; Ziraba et al., 2016). In addition, the impact of inadequate waste man-
agement on health could be physical problems, infection transmission, and emotional
and psychological stresses (Raj & Samuel, 2023; Raj et al., 2023).

The need to improve waste generation and management has become increasingly
essential with the growing population and urbanization in South Africa, where the
local authorities are required to carry out a proper waste disposal (Omotayo et al.,
2020; Rodseth et al., 2020). The South Africa national standards for waste collection
sets out the various service delivery requirements for instance, a reported solid waste
container must be removed within 24 h and a minimum of time in a week to avoid
insect breeding, pollution and other environmental hazards (Haywood et al., 2021;
Oeclofse, 2011).

Improperly disposed households solid wastes, such as paper, plastic wraps, alu-
minum and glass, contributes to environmental challenges, such as drains blocked,
which can cause flooding (ElSaid & Aghezzaf, 2018; Solberg, 2012). In addition, high
temperatures and relative humidity increase the leaching of organic waste material,
which affects natural ecosystems by contaminating ground water, thereby potentially
leading to health issues (Ferronato & Torretta, 2019; Omotoso et al., 2023). Likewise,
the water held in waste items (condemned pots, plates, empty thins and cans) could
attract mosquitoes or other undesirable insects, while food wastes attract rodents,
insects, and play a role in spreading infectious diseases (Solberg, 2012). Furthermore,
solid waste generation in South Africa is faster than any other environmental pollut-
ants, while their burning releases greenhouse gases (Challcharoenwattana & Pharino,
2015; Rada et al., 2014).

Environmental sustainability is key in South Africa, however there is scarcity of
literature on the determinants of households’ waste generation and disposal. Given
the possible relationship between a household’s livelihoods assets, the environmental
and solid waste management, and the efforts to achieve their Sustainable Development
Goals (SDGs 3, 6 and 11), this study seeks to investigate the common solid waste dis-
posal practices and their links to household’s socioeconomics. An important feature
that distinguishes this study from previous research is that it relies on a detailed data-
set from the South Africa General Households Survey to explore factors that influence
solid waste generation. Having an understanding of these interactions is pertinent for
timely policies to address the present and potential future environmental issues. Such
information can help to inform the development of awareness that serves the public
health interest.
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2 Theoretical framework, context and related literature

The Theory of Planned Behaviour (TPB) focuses on changes in individual behaviour,
underpinned by attitudes, subjective norms, and perceived behavioral control. It empha-
sizes control beliefs, which focus on the behavioral changes (Ajzen, 1985, 1991). The
concept of self-efficacy was initially emphasized by (Armitage & Conner, 2001). How-
ever, TPB has been criticized for placing more emphasis on intention rather than belief
(Gongalves et al., 2021; Sheeran & Orbell, 1999). Some empirical studies, reported that
the socio-economics, health, and environmental factors can also explain human behaviours
(Duncan et al., 2012; Hagger & Hamilton, 2021; McEachan et al., 2011; Schiiz et al., 2017,
Sniehotta et al., 2014).

Literature, adopted the TPB in waste recycling behaviours (Ioannou et al., 2013; Kumar,
2019; Kumar et al., 2017; Omotayo et al., 2020, 2021). In the same vein, solid waste gener-
ation is a function of people’s income levels (Kamran et al., 2015; Khan et al., 2016, 2022;
Suthar & Singh, 2015). Other studies have analysed the linkages between recycling behav-
iour and incomes and education (Omotayo et al., 2020; Saphores & Nixon, 2014; Yokoo
et al., 2018). Additionally, Callan and Thomas (2017), found that the quantities of recycled
wastes increased with income and education, while Ferrara and Missios (2005), found that
the decline in household income led to a fall in their participation in recycling, whereas an
increase in educational attainment led to an increase in their participation in recycling.

Moreso Grover and Singh (2014), explained that income was insignificantly leading to
generating wastes among some households in Dehradun City. In the same vein, studies,
identified that conservation knowledge predicted recycling behavior. Furthermore, people
with better information participates in waste recycling, which is in line with several find-
ings (Babaei et al., 2015; Hopper & Nielsen, 1991; Saphores & Nixon, 2014; Saphores
et al., 2012). However, some studies have reported better conservation attitudes in urban
areas and some occupational status, with no conclusive result in relation to age of individu-
als (Frederiks et al., 2015; Frick et al., 2004).

South Africa is a major contributor of solid waste (Serge Kubanza & Simatele, 2020),
being an upper-middle income nation that generates millions of tonnes per anum (see
Fig. 1). In 2012, the nation generated an estimated 108 million tonnes of waste, out of
which 59 million tonnes were general waste, with a total of 44 million tonnes household
solid waste (Serge Kubanza & Simatele, 2020). The 2019 South African Department of
Environmental Affairs and Tourism (DEAT), states that over 42 million cubic metres of
general waste is annually generated, with the largest (42%) contributor bein the Gauteng
Province, having the highest number of people and being the econmic hub of the country
(Aboginije et al., 2020; Duncan et al., 2012; Nyika & Onyari, 2021; Omotayo et al., 2020).

South Africa’s biggest contributors to the solid waste production are mining with
72.3%, pulverized fuel ash of 6.7%, waste fron agricultural activities of 6.1%, waste from
urban activities of 4.5% and sewage sludge of 3.6% (Muzenda, 2014; Nkosi et al., 2013)
with (90.1%) of the country’s waste being landfilled, while the waste recycling level has
remained at 9.9%, being very low compared to the international standards, with the western
nations, such as Germany, Austria recycling up to 63% of theirs (Premalatha et al., 2014).
In addition, the Goal 2 of the South Africas’ National Waste Management Strategy allign
with this study that being to ensure adequate delivery of waste services, as solid waste
generation increases exponentially while the basic sanitation services have not increased as
needed (Fig. 1). The Waste Act 59 of 2008 highlights various instruments tools, waste clas-
sification (Serge Kubanza & Simatele, 2020).
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Fig. 1 Trends of people using at least basic sanitation services (% of total population) in South Africa:
Source: own plot based from the (World Bank, 2017)

In spite of these, inefective municipal solid services continue in the country, with 66%
of the nation receiving proper waste collection services from local authorities or pri-
vate companies, which indicates an obvious solid waste disposal problems and the need
for solutions to transform solid waste into an economic contributor (Samson & Creation,
2004). The potential of recycling sector in South Africa needs to be conceived, prioritized
as economic advantage (Godfrey et al., 2013). Hlahla et al. (2014) noted that this is an ave-
nue to promote sustainable waste management in the nation. Therefore, enhancing house-
hold’s livelihood assets in South Africa could contribute to the poor and marginalized
household’s poverty thereby, making it possible to pay for solid wastes and other financial
obligations (https://www.fao.org/3/a0273e/a0273e04.htm). Similarly, Hangulu and Akin-
tola (2017), expressed that the contribution of non-governmental organizations (NGOs)
towards solid waste disposal in South Africa needs to be recognized as a commonality that
must be encouraged by the green economy principles.

2.1 Emerging approaches to solid waste management

The circular economy concept is more than reducing the waste that needs disposal (Appen-
dix 2). It is an active approach that design products in order to reduce solid waste, this is
achieved through a durable output and back into the economy (Gaustad et al., 2018; Mestre
& Cooper, 2017; Reike et al., 2018). In the transition of a nations environmental sustain-
ability move where every manufacturer is economically responsible for their consumed/
utilised products (Appendix 2). The application of this principles to solid waste disposal
common in the high-income countries, and is at its early stages in the upper-middle income
nations like South Africa.
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3 Material and methods

3.1 Study area

South Africa has an estimated population of 60 million, and a land mass of 1,220,813 km?
(Omotayo et al., 2020, 2021) with nine provinces which are endowed with different natural
resources (Fig. 2). It has different forms of residential areas with different level of refuse
delivery through the municipalities (Omotayo et al., 2020, 2021). The nation generates
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Fig.2 Geographical location of the South Africa, indicating the nine provinces of the nation

@ Springer



A. 0. Omotayo

roughly millions tons of waste per year, the extent of waste generation depends on the
household’s income (van der Merwe, 2020; Verster & Bouwman, 2020).

3.2 Data sources

The data used was obtained from the 2019 GHS, a yearly cross-sectional national study
by Statistics South Africa that is administered to households in all nine provinces. In total,
data from 19,649 households was captured in the 2019 GHS and used in this research. The
sampling procedure involves a two-stage, stratified design with a probability-proportional-
to-size (PPS) sampling of primary sampling units (PSUs) from within strata and a system-
atic sampling of dwelling units (DUs) from the sampled PSUs (Mthethwa & Wale, 2021).

3.3 Analytical techniques

The Principal Components Analytical (PCA) was employed to generate a composite index
for household’s waste generation. Thereafter, a Tobit regression model was applied on the
2019 GHS dataset to examine the factors influencing solid waste generation.

3.3.1 Principal composite analysis (PCA) for generating solid waste composite index

Principal Components Analysis (PCA) was used to form a composite index of the waste
based on five main sources of solid waste generation (Kaza et al., 2018). This helps capture
the different dimensions of households’ solid wastes in a composite manner. The choice of
the indicators was drawn from the literature and data available (Kaza et al., 2018; Omotayo
et al., 2020; Rada et al., 2014). Solid waste generation are represented by at least one indi-
cator (Vyas & Kumaranayake, 2006). The variable’s dummy form of papers, glass, plastic,
metals/aluminum cans, food wastes were computed thus:

c
Solid waste generation index = @, + S ZNir + zZ,, €))]
n=1

where the solid waste generation is the composite waste index, @, and f, are parameters to
be estimated, N;, represents the vector of variables and z, is the error term. Using the index
generated as the dependent variable in the Tobit regression analysis.

3.3.2 Tobit regression

To analyse the drivers of solid waste generation, Tobit regression model was regarded as
suitable due to its strength in measuring the elasticity of the probability on the household’s
waste generation. Following earlier studies (Adelekan & Omotayo, 2017; Awotide et al.,
2019; Ndhlovu et al., 2020), the composite solid waste index generated previously through
the PCA was used as the dependent variable. The latent unobserved variable g;* which
depends linearly on z; through a parameter vector a. Where 7, is a distributed error term.
The observed variable g; is defined as being equal to the latent variable when it is above
zero and equal to zero if otherwise (2).

@ Springer



Investigating the drivers of solid waste generation and disposal:...

2= 10 =<0 2

where g;* is a latent variable:

*
%:az, + T,

T[N(O, 02)

Freeman (1998), proved that the likelihood estimator (Omotayo, 2016; Tobin, 1958a,
1958b), was consistent. The likelihood function of the model (1) is given by L (Eq. 3).

= [ Fieon [ T s

3)
L=[]0-Fea/n]] -1l - za)/A

where f and F are the standard normal density and cumulative distribution functions,
respectively.
Then we can write the log-likelihood function (Eq. 4).

- _F(z _ 1 \_y L 2
logL = 20: log(1 = F(Za/) + 21: log <(2H02)1/2> Z 32 (Zaz) )

Which is there estimated by maximizing the log-likelihood function (Eq. 5)

A v R
do ;1—F(Zif)+02 Z(/ s 5)

dlogL azf(za/o)
—== —az?=0
do? 20’2 2 Z a/o- 20‘2 20'4 Zy az)’

The variables used in the analysis are presented in Table 1, with their descriptions,
mean and standard deviation. It was therefore hypothesized in a null form that, there is
no significant relationship between the household’s socio-economic profile and solid waste
generation in South Africa.

3.3.3 Probit regression of factors influencing payment for household’s solid waste
disposal

The study applied probit model for the binary responses to the payment preferences ques-
tion (Olagunju et al., 2021; Omotayo, 2018a; Omotayo et al., 2022). Probit regression
analysis relied on the cumulative normal probability distribution and the binary dependent
variable, y, takes on the values of zero and one (Aldrich & Nelson, 1984). In this case, the
payment for solid waste disposal preference was taken as 1, while nonpayment preference
was coded as 0. It is assumed that the household obtains maximum utility, having payment
for solid waste disposal in preference to nonpayment (Liao & Liao, 1994; Karaca-Mandic
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et al. 2012). The probability pi of choosing any alternative over not choosing it can be
expressed as in (6), (Aldrich & Nelson, 1984):

P, = prob[¥, = 1] = _Z (2,[)—1/2 exp (—’;))dt = ¢(X,8) 6)

The marginal effect associated with the continuous explanatory variables (Table 2) Xk
on the probability P(Yi=1 | X), holding the other variables constant, can be thus derived
(Eq. 7) (Aldrich & Nelson, 1984):

op;
5 = ¢ih)e @
.

ik
where ¢ represents the probability density function of a standard normal variable. Dis-
crete changes in the predicted probabilities constitute an alternative to the marginal effect
when evaluating the influence of a dummy variable. Such an effect can be derived from the

following (Eq. 8) (Aldrich & Nelson, 1984):
A=¢(xpd=1)—¢(xp,d=0) )

The marginal effects give deeper knowledge on how the explanatory variables shift
the probability of payment for waste disposal (Hosmer & Lemesbow, 1980), the data are
ranked according to the predicted probability of the outcome from the model that is being
evaluated (Kramer & Zimmerman, 2007). See Eq. 9:

K =2
L=y T e ©)
i=1 ”fPi(l —Pi)

where o, is the number of outcomes, events, in group i, n; is the number of observations
in group i,p; is the average predicted probability in group 7, and K is the number of groups.
Equation 9 is referred to as the Hosmer-Lemeshow test statistic HL, which is approxi-
mately distributed as a chi-square with a K-2 degrees of freedom(Guffey, 2012).

Herewith, it was assumed that the socio-economic status of the households affected the
preferences for the payment of solid waste disposal in South Africa. These characteris-
tics were gender, age, household size and income. Table 2 shows the variable definitions,
standard deviation, and mean values. The study formulated the second hypothesis relat-
ing to socio-economic and demographic factors affecting solid waste disposal among the
households. The null hypotheses were therefore that the socio-economics of the house-
holds does not significantly affect their payment for solid waste disposal.

4 Socio-economic profile of the South African households

The results across the provinces of South Africa (Table 3) revealed that the average
household heads’ age was 49 years, which varied slightly between provinces. The result
was in line with (Burger et al., 2014; O’Brien & Thondhlana, 2019), whose reports
established that the majority of the family heads were in their economically active age
groups. In addition, the compiled dataset result reveal that a large percentage (86.69%)
of households’ heads had educational attainments, the lowest being Mpumalanga
Province (79.91%) and the highest the Western Cape Province (95.42%). Education
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contributes to the family status and sustainability (Olagunju et al., 2021; Omotayo,
2018b; Omotayo et al., 2020; Omotoso et al., 2022). Furthermore, a report by (Bonal,
2007; Challcharoenwattana & Pharino, 2016; Omotayo et al., 2018), revealed that edu-
cational attainments plays a crucial contribution in the mitigation of the negative impact
of environmental shocks on people’s wellbeing.

In addition, the finding further shows an average monthly income of R7 516.16, with
the Western Cape and Free State Provinces earning the highest average monthly incomes
of R13 644.44 and R16 067.70 respectively, and the lowest being the Eastern Cape (R1
922.23) and North West Provinces (R2297.77). Households income level affects solid
waste disposal globally (Kaza et al., 2018; Thomas et al., 2021). This study’s findings
indicated that 12.44% of the of the participants have access to social grants, with the
highest at 14.88% and 15.71% at the Western Cape and Gauteng Provinces respectively.
Social grants (pensions, disability and child grants) are a form of benefit that is intended
to reduce poverty for people regarded as being marginalized to improve households’
ideal on environmental conservation (Kabeer, 2014; Omotayo et al., 2018). The average
rate of 12.44% household’s beneficiary across South Africa can be improved in order to
reduce the poverty intensity across the nation.

Social grants are needed by many South African households, particularly those who
have been negatively affected by the lockdown measures implemented to address the
COVID-19 pandemic that results in substantial job losses, as this may have affected
their ability to pay for solid waste removal. Male-headed households constituted approx-
imately 57.34% of the study participants, with 48.25% in the Northern Cape, 42.67% in
the North West and 31.32% Guateng Provinces. Studies by (Burgess, 1982; Horrell &
Krishnan, 2007; Katapa, 2006; Oginni et al., 2013), explained that households’ headed
by female are poor and usually food starved. They added that they are also usually
unmarried, older than their male counterparts, and are typically poorer.

Furthermore, the average households’ size of four recorded in the pooled data indi-
cates a fairly moderate family membership compared to the average income (R7 516.16)
of the participants. However, large household sizes could aggravate poverty and more
use of material that needs to be disposed of as solid waste, which they are unable to pay
for. The extent of households’ waste generation depends on their income, with Appen-
dix 1 further presenting some of the socio-economic characteristics and asset portfolio
items related to their dwelling places. This background indicates how the household’s
income and access to some basic facilities can influence their waste and its disposal.
Over one quarter (25.15%) of households in the pooled data set indicated ownership
of their residence, the various associated factors suggesting that a proper structure
indicates good income sources, which translates into their having access to and using
municipal wastes services.

The monthly rent or mortgage and market value of the South African property shows
the presence of economically active households, which translates into greater use of vari-
ous municipal waste services. Despite having ownership, a national average of 62.23% had
not benefited from the governments housing subsidy for first time buyers, this is not good
for the poor who are predominantly blacks in the nation. However, many home owners in
the Free State (67.23%), KwaZulu-Natal (55.78%) and Limpopo (78.23%) provinces had
benefited from this provision, indicating considerable economic activity to enable peo-
ple to qualify for home loans. Finally, 66.95% of the pooled data indicated water supply
interruption across all nine provinces (Appendix 1), which is a major concern, as the pro-
longed absence of potable water can contribute to health problems (Omotayo et al., 2021).
Such incidence of water interruption can make households resolve to use materials such as
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paper, tissue paper to improvise for water shortage during domestic and activities hence
leading to increase in refuse wastes and disposals in the environments.

4.1 Household’s waste disposal and perceptions about the environment

Table 4 revealed that refuse dump/container (77.56%) is the principal method in the study,
this being similar to that reported by (Kaza et al., 2018; Omotayo et al., 2020), with each
province having their own preferred method. Waste disposal through local authorities (once
a week) accounted for 76.23% and 66.67% of the participants from the Free State and East-
ern Cape provinces respectively. Limpopo (15.11%) and North West (18.76%) provinces
constituted the least. Households in Gauteng (71.09%) and Limpopo (84.49%) provinces
ranked highest in term of communal container waste disposal methods. This corroborates
the findings of Kaza et al. (2018) on upper middle-income countries and patterns on waste
disposal, as illustrated in Fig. 3. More so, Godfrey et al. (2013), revealed that the potential
of the recycling needs to be explored and advanced, owning to its numerous associated
livelihood and environmental benefits.

In the same vein, Table 5 indicates the households’ perceived environmental prob-
lems in South Africa, with littering being a major concern (28.81%) and land degrada-
tion (3.01%) being of limited concern. The distributions of respondents across the nine
provinces revealed that Gauteng (55.34%) and Free State (76.23%) indicated that littering
as a major problem. Lack of proper waste removal was the majorly (23.90%) in Gauteng
Province. This corroborates the existing body of literature from South Africa that illegally
dumped refuses contributes to several environmental challenges, as drains are blocked by
the wastes and could cause flooding during rainy seasons (ElSaid & Aghezzaf, 2018; Sol-
berg, 2012).

However, Table 5 further shows that 4.24% of the households had water pollution chal-
lenge, specifically in the Gauteng and Free State provinces, with the highest levels of
7.56% and 4.59% respectively. The statistic may be due to contaminations of water body,
such as streams and river, due to improper and inappropriate facilities. Inadequate solid
waste disposal is capable of leading to negative effects on people’s health and the environ-
ment (Ferronato et al., 2017; Ikpe et al., 2020; Suleman et al., 2015; Ziraba et al., 2016).

4.2 Solid waste generation, disposal and recycling behaviour

The increasing volumes and changing waste compositions have resulted in municipal solid
waste becoming a global challenge, with serious evironmental,health and economic cost
implications (Alfaia et al., 2017; Kulkarni & Anantharama, 2020; Kumar et al., 2017).
Paper, glass, plastic and metal/aluminum are the major sources of waste generation (Bar-
telings & Sterner, 1999). South Africa has not been excluded, as the type of solid waste
recycled (Fig. 3) revealed that paper and cardboard boxes (6.31%) are the most recycled
material, while metal (0.87%) is the least. The Western Cape (11.88%) has the highest per-
centage of recycled paper while the North West (2.91) occupied the least in term of paper
recycling. Owning to this, circular economy (Appendix 2) adresses a long possible waste
rework, and back into the economy, which is needed in South Africa (Gaustad et al., 2018;
Mestre & Cooper, 2017; Reike et al., 2018).

Furthermore, 52.45% of the households pay for waste disposal (Table 6), while the high-
est was Free State (89.12%) and KZN provinces (75.18%) however, Limpopo (12.34%) and
the Eastern Cape (23.89%) households had the lowest. This finding attests to the economic
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25

15

Percentage distribution

WCP ECP NCP FSP KZNP NWP GP LP  Pooled

Materials being recycled

Fig. 3 Provincial households recycling waste generated

Table 5 Provincial indication of environmental challenges

B Food wastes and oil

= Metal / aluminum cans
Plastic/plastic bags and/or plastic bottles

= Glass/glass bottles

5 I I I I I I I m Paper and cardboard boxes
, N l O

Environmental issues Percentage distribution of the South African provinces

WC EC NC FS KZN NW G

M L Pooled

Irregular or no waste removal  5.21  7.56 15.11 821 756 15.11 421

Littering 31.22 15.11 39.24 76.23 23.13 18.76 55.34
Water pollution 421 424 214 459 351 421 756
Outdoor/indoor air pollution ~ 2.33 421 7.56 15.11 21.56 12.27 18.09
Land degradation 2.14 339 421 756 221 413 339
Excessive noise pollution 821 756 521 351 756 214 17.56

521 214 790
22.19 3224 28.81
1.15 256 4.24
1043 15.24 13.87
421 321 3.01
339 456 5.89

Table 6 Provincial payment for solid waste disposal

Willingness to pay  Percentage distribution of the South African provinces

WwC EC NC FS KZN NW G

M LP Pooled

Currently paying for refuse service

Yes 65.67 2389 5623 89.12 75.18 8217 42.12
No 289 6423 3478 561 21.67 169 5412
No response 543 1188 899 527 315 093 3.73

5278 1234 5245
44.12  62.11 42.12
3.09 2555 5.43

level of the households in the mentioned provinces, it is an indication of the poverty level
of the Limpopo and the Eastern Cape provinces who were the poorest provinces since abil-
ity to pay is supposed to move in the direction of the participant’s financial capability.

In addition, Table 6 further indicates those that were doing otherwise, with Limpopo
and Eastern Cape Provinces with 62.11% and 64.23% respectively, while Free State
(5.61%) and North West Provinces (16.9%) reported the lowest percentages. The literature
corroborate these finding, with solid wastes generated from these provinces having poten-
tials that can be explored for economic and livelihood benefits (Kaza et al., 2018; Omo-
tayo et al., 2020; Ozturk et al., 2017). Therefore, exploring these underlining factors that
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influence the payment of solid waste disposal could inform the development of awareness
campaigns that serve the public health interest in South Africa.

5 The determinants of solid waste generation and disposal in South
Africa

PCA was used to formulate the household’s solid waste generation index, which was the
dependent variable in the Tobit model. In order to avoid inconsistency and bias in the
result, the variables were subjected to a multicollinearity test, through the variance infla-
tion factor (VIF), with 1.48 mean. In addition, a high degree of tolerance computed indi-
cates the absence of serious multicollinearity in the result. Therefore, the socio-economic
and livelihood assets indicated a different level of statistical significance (Table 7), the null
hypothesis should be rejected. The coefficients of the dummy variables representing the
South Africa’s nine provinces were significant (p<0.01) and positive, which implies a
direct relationship between them and their composite solid waste generation level. House-
holds generate solid wastes of different degree based on income and other socio-economic
attributes. However, many solid waste types are hazardous to the environment and human
life, and need to be carefully treated according to proper waste regulations. The findings
corroborates existing studies across the provinces of South Africa (Haywood et al., 2021;
Moleko, 2019; Niyobuhungiro & Schenck, 2020; Nyika & Onyari, 2021; Schoeman, 2021;
Sowman & Brown, 2006; Tsheleza et al., 2019).

Similarly, the household size was significant (p <0.05) and positive (0.0129) which
implies that, as the number of household increases, the composite solid waste generation
indices increased. This is to be expected, as an increase in the household number raise
the family income, which would influence consumption and therefore solid waste gener-
ation. This agrees with the concept of income effect, that shows that change in demand
for goods is triggered by an adjustment in consumer’s purchasing power resulting from
a change in the real income (Balassa, 1964; Boulding, 1945; Rogoff, 1996). Alterna-
tively, the coefficients of the participant’s population group, age, house roofing materials
and market value of the property were negative and significant (p <0.01, p<0.01, p<0.1
and p <0.05) respectively. This indicates that these variables contribute negatively to the
households’ composite solid waste index. Furthermore, the population group (1 if African/
black, 0=otherwise) indicates that Black households head respondents have a lower pos-
sibility of increasing the household’s solid waste generation level. More so, increasing age
of the head reduces the solid waste generation level of the household, which may be due to
a reduction in the consumption pattern as households’ age.

Likewise, the parameter of the household’s housing material (1 if corrugated iron,
O0=otherwise) shows that households with corrugated iron roof material have less possibil-
ity of increasing their composite solid wastes compared to those with other forms of roof-
ing materials. This could be due to the households being poor with limited income, as solid
waste generation levels travel in the same direction of their income. Similarly, the param-
eters of the property market value (total value in South African Rand) indicates that an
increasing amount translates into lower household’s waste generation, which is unexpected,
as increase in the market value would be assumed to lead to increase in waste generation.

The parameters of a household’s access to housing subsidy, water supply interruption
and total household’s income were positive (p <0.01), which indicates that these variables
have a strong positive relationship with solid waste generation. Expectedly, households are

@ Springer



Investigating the drivers of solid waste generation and disposal:...

Table 7 Tobit Regression estimates of the correlates of composite solid waste generation

Variables Coefficients Robust Std. Error  t P>t Tolerance
Western Cape Province - - - - -
Eastern Cape Province 1.2804 0.0889 1439  0.000¥**  0.3667
Northern Cape Province 1.3405 0.0947 14.15  0.000***  0.6526
Free State Province 1.3228 0.0894 14.80  0.000***  0.5640
KwaZulu-Natal Province 1.3113 0.0875 1498 0.000%** 0.3272
North West Province 1.1146 0.0909 1226 0.000%**  0.5568
Gauteng Province 0.9123 0.0892 10.23  0.000***  0.3192
Mpumalanga Province 1.2722 0.0893 14.25 0.000%**  0.4894
Limpopo Province 1.2852 0.0849 15.14  0.000%**  0.4062
Household size 0.0129 0.0059 2.18  0.029*%*  0.5749
Gender —0.0047 0.0247 -0.19 0.848 0.9015
Population group —-0.2909 0.0311 -9.35 0.000*%** 0.5134
Age —-0.0028 0.0008 3.55  0.000%** 0.7557
Type of material used for roof —0.1076 0.0641 —-1.68 0.093* 0.9866
Type of material used for walls 0.0024 0.0311 0.08 0.938 0.5494
Type of material used for floor 0.0405 0.0748 0.54 0.588 0.9468
Market value of property —0.0481 0.0192 =250 0.012%*  0.7181
House subsidy received 0.0748 0.0215 3.47 0.001#**% 0.6487
Water supply interruption 0.1348 0.0249 541 0.000%** 0.9325
Toilet facility shared —0.0513 0.0317 -1.62  0.106 0.7305
Uses buses for transport —0.0751 0.0448 —-1.68 0.094* 0.9530
Uses train for transportation —0.1059 0.1116 -0.95 0.343 0.9709
Farming practice 0.0051 0.1007 0.05 0.959 0.8645
Household expenditure —0.0977 0.0663 —-147 0.141 0.9842
Total households income 0.1059 0.0271 391 0.000%** 0.7912
Social grant —0.0436 0.0313 -1.39 0.163 0.5387
Grant for farming —0.4343 0.0989 —4.39  0.000*%**  0.9924
Poverty status of the household —0.1188 0.0479 —2.48 0.013**  0.9986
Livestock production -0.1117 0.0407 —2.75 0.006%**  0.2555
Poultry production 0.1395 0.0461 3.03  0.002%** 0.2637
Fruit and vegetable production 0.2069 0.0459 4.51  0.000%** 0.7729
Has DVD player/Blu-Ray player 0.0097 0.0265 036 0.715 0.8108
Has pay TV (M-Net/DSTV/Top TV) —0.0433 0.0306 —-1.42  0.156 0.6256
Has air conditioner (excluding fans)  —0.0587 0.1109 —0.53  0.596 0.7152
Has computer/desktop/laptop 0.0851 0.0462 1.84 0.066* 0.6207
Has vacuum cleaner/floor polisher 0.5680 0.0931 6.10  0.000***  (0.5461
Has dishwashing machine 0.5225 0.1557 3.35  0.001%*%*  0.6749
Has washing machine 0.0254 0.0317 0.80 0.424 0.5185
Has deep freezer, free standing 0.0859 0.0422 2.04 0.042%*  0.7318
Has electric stove 05244 0.0259 2.02 0.043*%*  0.8292
Has microwave oven 0.0421 0.0252 1.67 0.095* 0.5605
Has radio 0.1567 0.0261 6.00 0.000%**  0.9084
Constant -1.0212 0.2873 -3.55 0.000

Number of observations 19,649
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Table 7 (continued)

Variables Coefficients Robust Std. Error t P>ltl Tolerance
Prob>F (41) 0.0000

Pseudo R? 0.0348

Log pseudo likelihood —37,992.347

Mean Variance Inflation Factor 1.48

* p<0.1, ** p<0.05, *** p<0.01; Dependent variable=Solid waste generation index (Composite indi-
ces)—Mean (—6.51e—09), Std. Dev. (1.916)

likely to spend more money and generate more solid waste when they have access to a
housing subsidy, leading to increased solid waste generation. Similarly, the coefficient of
the household’s experience of water supply interruption was captured as dummy, which
implies that water interruption increases the chances of households’ solid waste genera-
tion. This supports the apriori knowledge of this study that, the frequency of households’
water supply interruption could lead to the use of alternative materials (paper, tissue,
wipes) for domestic activities, which invariably increases their solid waste generation level.
The parameter of the household total income indicates that access to multiple sources of
income increases the households’ waste generation propensity, which is to be expected and
supported by the concept of “income effect” (Balassa, 1964; Rogoff, 1996).

Alternatively, the coefficients of household head’s use of public buses for transport
(p<0.1), access to a grant for farming activities (p <0.01), poverty status (p <0.05) and
livestock’s production (p<0.01) were negative and significant. This indicates that an
increase in these variables leads to a reduction in solid waste generation. Other variables
were contrary to the expected outcomes, as the use of public buses, grants for farming and
engagement in livestock production were expected to lead to an increase in solid waste gen-
eration. However, an increase in the poverty status of a households could lead to a reduc-
tion in solid waste generation, based on the fact that an increase in income and prosperity
could increase solid waste generation.

Finally, nine of the household’s asset portfolios (poultry, and fruit and vegetable pro-
duction, having a computer, vacuum cleaner, dishwashing machine, deep freezer, electric
stove, microwave oven and radio were positively significant (p <0.01, p<0.01, p<0.1,
p<0.01, p<0.01, p<0.05, p<0.05, p<0.1 and p<0.01 respectively) to solid waste gen-
eration. This is, as expected, as these assets are also indicators of income, which increases
solid waste generation (Balassa, 1964; Rogoff, 1996). The asset portfolio of the house-
holds was major determinant of their solid waste generation, with the model showing that
although factors such as financial, natural, physical, and human assets appear intangible,
they contributed significantly to solid waste generation. Therefore, it must be seen as both
with consumption benefits and potential environmental threat that is capable of generating
waste in South African communities.

5.1 Estimates of the factors influencing payment for solid waste disposal
The results being reported in Table 8 Sows the estimate of the determinants of payment for
solid wasted disposal in South Africa, a multicollinearity test among the variables was 1.22

with a high tolerance computed which translates into the absence of serious multicollinear-
ity therefore, second null hypothesis is hereby rejected. Furthermore, the marginal effects
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were estimated and reported for better interpretation of result (Greene, 2012). Furthermore,
the goodness of fit for the model were through Wald chi?, Pseudo R? and Hosmer—Leme-
show chi®> Archer and Lemeshow (2006), which were equally reported in the Table, with
the employed diagnostics measures indicating that the Probit model was a good fit. The
results show that the households’ provinces captured in their dummy form increased the
probability of paying for solid waste disposal significantly (p<0.01). In other words,
households from the Western Cape Province have a higher probability of paying for their
solid wastes disposals than with their counterparts from other provinces. This could be due
to the Western Cape Province’s single largest contributor to the region’s economy with
agricultural produce and wine dominating exports (Midgley et al., 2005).

Additionally, the coefficients of age (—0.0153) and household’s frequency of waste
recycling (0.2168) were significant (p<0.01). This implies that increasing age of the
household head has a lower probability of influencing the household’s payment for solid
waste disposal. It indicates that an increase in the respondents’ age has a 0.0048 probability
of reducing payment for solid waste disposal. Meanwhile, the parameter of the household’s
frequency of waste recycling was significant and positive, which indicates that households
with higher frequency of recycling their solid waste have higher probability of paying for
their solid waste disposals. This means that a unit increase in the household’s frequency of
waste recycling has a 7.26% increase in the willingness to pay for waste disposal.

Alternatively, the parameters of variables such as environmental littering (p <0.01), use
of buses (p <0.01) and trains for transport (p <0.1), and buyers of the agricultural products
sold (p <0.05) were negatively significant. This indicates that an increase in this variable
can reduce the probability of the household’s payment for solid waste disposal. The mar-
ginal effect of the variables was also negative and significant, implying that a unit increase
will result in reductions in environmental littering (13.44%), use of buses (7.78%) and
trains for transport (4.77%) and buyers of agricultural products sold (11.07%) in the likeli-
hood of the households to pay for waste disposal. Likewise, the parameters of some natural
capitals, such as the number cattle, sheep, goat, pig, and chickens the household own, were
negative and significant (p <0.01). This implies that increasing the number of these natural
capitals has the potential to reduce the households’ payment for solid waste disposal. This
does not corroborate the apriori expectation that an increase in the households’ natural cap-
ital is likely to lead to a propensity to pay for solid waste disposal.

Furthermore, additional dimensions of financial and natural capital (total household’s
income, has a rain water tank/harvesting system, borehole, and grey water tank) were nega-
tively significant (p <0.05) variables. This indicates that the households that have these
financial and natural capital items, all things being equal, have a lower likelihood of pay-
ment for solid waste disposal. The parameter of these variables were further explained as
an increasing accumulation of the assets leads to varying degrees of reductions in the prob-
ability of paying for solid waste disposal by the households. This is unexpected, as a larger
asset portfolio should lead to the capability to pay for solid waste disposal, although this
could be a peculiar issue with South Africa or perhaps solid waste disposal is just not avail-
able, so they cannot pay for it.

Some important financial capital items stood out to influence households’ payment
for solid waste disposal in the study. The coefficient of access to a consistent household
income, other income sources and social grants were significant (p <0.01). This shows that
access to these variables increases the households’ probability of paying for solid waste
disposal. This supports the assertions in the literature that a household’s financial asset
possession affords them the ability to generate more wastes and the economic power to pay
for wasted disposal (Anand, 1999; Bartelings & Sterner, 1999; Ferronato & Torretta, 2019;
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Owusu et al., 2013; Tsheleza et al., 2019). Similarly, the parameters of selected house-
holds’ possession of physical capital items, such as television set (p<0.01), swimming
pool (p<0.01), DVD player (p<0.01), air conditioner (p <0.01), computers (p<0.01),
deep freezer (p <0.01), home theatre system (p <0.01), solar electrical panel (p <0.1) and
radio set (p<0.01) were positive and significant for their probability of paying for solid
waste disposal (Table 8). This was expected, as it implies that respondents who possesses
these physical capital items have higher likelihood of paying for their solid waste disposal
ceteris paribus.

On the other hand, participants that answered ‘yes’ to the procession of these physical
capitals have higher probability of paying for their solid waste disposal because they leave
where waste is available. This is possibly due to their having more disposable income with
which to buy non-essential items and therefore generating more wastes. The importance
of livelihood assets cannot be overemphasized in the request for household’s payment for
solid waste disposal, enabling the accumulation of assets by the poor to reduce poverty and
vulnerability will help in the pursuit of this goal, as well as ability to pay for their waste
disposal (Gorman et al., 2001; Peprah et al., 2017). This emphasizes the role of livelihood
assets as key determinants of solid waste disposal in South Africa. According to Peprah
et al. (2017), social protection programmes have the capacity to empower the poor with
economically productive livelihood assets that transform and move them move out of the
extremely poor class, their increasing purchasing power being key to their prosperity and
payment for solid wastes disposal.

5.2 Practical implications, limitations and directions for future research

While this study does have limitations, it is important to emphasize that the limitations do
not impact the validity of the present findings. This finding emphasized that the practice of
waste generation and factors influencing the payment for solid waste disposal among the
South African is still inadequate, since food waste is being combined with other household
garbage. This work serves as a foundational dataset in a location where scarce research
has been prioritized in this area. Although certain components of this study are signifi-
cant, additional on children and teenagers as participants, as well as a more comprehen-
sive questionnaire that addresses specific health consequences. More so, the study is con-
strained to the South Africa, which necessitates a broader Southern African Development
Communities (SADC) nations to extrapolate the bigger picture of the findings. Likewise,
the survey questions relied on self-reporting, which might be susceptible to bias, also the
dataset requires additional variables to analyze cultural elements, in addition to economic,
sociological, and environmental issues. Furthermore, using questionnaires in conjunc-
tion with secondary data in future research will improve the assessment and verification
of a statistically robust framework and hypotheses for a more robust and representative
report. It is therefore advisable to do further research by observing households or waste
collection stations in order to supplement the survey. Furthermore, the connection between
socio-economic characteristics within households and their impact on health outcomes was
restricted herewith. Subsequent research should investigate this issue in order to develop
more targeted and long-lasting public awareness initiatives. Finally, employing instrumen-
tal variable models and sensitivity analysis for evaluation of future study would be a supe-
rior choice to address any potential selective bias that may arise throughout the research
analysis as well as the impact and practical implications of the study.
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6 Conclusion, recommendation, and policy implications

In South Africa, households are at environmental and health risk as a result of poor
waste collection service delivery. Using a nationally representative South African sur-
vey dataset, the complexities of the factors influencing household’s solid waste genera-
tion and disposals were unravelled. The study found that 52.45% of households pay for
solid waste disposal, and access to new technologies, including political will, the alloca-
tion of adequate resources and therefore appropriate services, water interruptions and
poor environmental sanitation.Where they are available, ineffective and irregular waste
collection services results in improper and illegal waste disposals and littering (leaving
rubbish anywhere). These inappropriate waste practices led to associated refuse dump
environmental problems.The main sources of households waste generation were paper
and cardboard boxes, glass/glass bottles, plastic/plastic bags and/or plastic bottles and
metal/aluminum cans. The study applied Principal Component Regression of factors
influencing the households waste generation, with many of their socio-economic and
livelihood assets variable being statistically significant. Likewise, the Probit regression
model found that solid waste generation and disposal was greatly determined by their
socio-economic and asset portfolio, such as financial, physical and human assets, which
are intangible but regarded as significant indicators by the two models. Household’s
solid waste generation and disposal must therefore be seen in the light of both con-
sumption—utilization and investments assets as their livelihood assets have a tangible
effect on their waste generation and payment for disposal. The findings further stressed
the need for the government to enhance the wellbeing of the citizenry through capac-
ity development and skill building programs, such as social protection programmes.
Clearer guidelines and strategies could also help to inform decision-making and public
health campaigns to reduce exposure to uncollected waste. Ensuring political will and
enhancing the capacity of government institutions through policy-making, regulatory,
technical and managerial capacity of the local authorities who are responsible for their
implementaiton is a major dimension to explore if South Africa is to achieve the SDG
3-good health and wellbeing; 6- clean water and sanitation and 11- sustainable cities
and communities.

Appendix 1

See Table 9.
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Appendix 2
See Fig. 4.
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