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Abstract

:

Solid waste disposal methods within indigenous communities present unique challenges and opportunities for sustainable development. However, the current knowledge on solid waste management focuses on formal waste collection systems, neglecting the practices and sustainability aspects of solid waste management in indigenous communities. Thus, it becomes imperative to undertake research studies that evaluate the sustainability of these practices as they play a pivotal role in ensuring sustainable development. The current study systematically evaluates the views and judgments associated with the sustainability aspects of indigenous waste management practices in the rural communities of South Africa using the Analytic Hierarchy Process (AHP) model. The data analysis was carried out using the AHP model. The findings of this study showed that the rural communities of Bushbuckridge Local Municipality prioritize the sustainability of the environment (weight: 0.590) over the economic (weight: 0.240) and social sustainability (weight: 0.165) based on the AHP evaluative framework. The validity of the priorities was tested through the computed degree of consistency (<10%) and an eigenvalue of 5.107. Furthermore, according to the assessment in the current study, the AHP evaluative framework dominantly prioritizes the sub-criteria of environmental sustainability (composting) at a responding rate of over 70% almost across all indigenous communities except for Acornhoek (30%), Casteel (25%), and Mambumbu (24%). Likewise, the sub-criterion of social sustainability, which is associated with communal cleaning labor, was found to be of extreme importance (60%), outperforming taboos (10%) that are anchored in cultural and spiritual beliefs. With a response rate > 50%, waste trading proved to be of economic efficacy. Using the AHP model to evaluate the sustainability aspects associated with indigenous solid waste management practices addresses a substantial gap in the comprehension of the role of indigenous knowledge towards sustainability in the discipline of solid waste management. However, it also offers a valuable sustainability perception that is associated with indigenous waste disposal methods that local governments and policymakers should include for consideration in integrated waste management plans. This can lead to the development of waste disposal programs that are well-coordinated and in accordance with indigenous sustainable waste management practices that advance the circular economy and promote environmental protection.
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1. Introduction


In the 21st century, the concept of indigenous knowledge (IK) has become exceptionally significant in envisioning the global future associated with sustainability. This is primarily because there are gaps in the current knowledge systems that have over time proven to be ineffective in providing sustainable solutions to many of the universal challenges confronting the world [1] this is especially with regard to poor solid waste management practices encountered by Global South countries [2,3]. This gap in the Global South countries persists amid limited municipal budgets and poor infrastructure, that subsequently translates into inadequate waste collection services within the economically marginalized indigenous rural communities of developing nations. Since they generally do not use conventional waste management practices, indigenous communities resort to indigenous cultural practices to manage their own waste. Indigenous communities around the globe use various pathways to manage their solid waste. Indigenous waste management methods are believed to be instrumental in the preservation of the natural environment, and in some instances, they go as far as rehabilitating the natural environment from previous impairment [4], as such numerous indigenous waste management practices have been documented across the globe. The practices range from the combustion of waste, burying, composting, and recycling [5,6]. The concept of recycling waste material is not a new practice; it has been practiced for centuries [7]. The indigenous practices of recycling waste material have been widely associated with steel metal [4]. However, recycling within the indigenous communities is not only limited to metal waste, but includes, amongst others, the recycling of paper, glass, plastic, and the recycling of organic solid waste into compost [8,9,10]. Furthermore, in some instances, the recycling of food waste into feedlots is very common within indigenous communities [7]. However, the literature indicates, that to date, steel metal continues to be one of the most recycled materials wastes. Moreover, indigenous waste management ontology is believed to focus on the concept of sustainability, in contrast to conventional methods that are centered around the disposing of waste [11]. However, the problem with many, if not all, local governments is that they solely focus on indigenized conventional waste management strategies that focus on disposing of waste as a panacea for all waste management solutions. Guran et al. [12] caution that given that the world population is estimated to reach 9.7 billion by 2050, resulting in an increased demand for resources and the increased production of waste, the conventional approach to waste management strategies will not be adequate. Therefore, this gap may present a platform for the inclusion of marginalized and overlooked waste management techniques, such as indigenous waste management practices that are thought to be strategically aligned with sustainable development objectives to advance waste management. Hart and Vorster [13], as well as Naidoo et al. [14], contend that indigenous knowledge (IK) is one of the single largest resources that is not yet fully mobilized to inform policies and strategies for the management of scarce resources such as waste management.



To this end, numerous scholars highlight that incorporating indigenous knowledge has the potential to expand the range of scientific understanding as well as scrutinize the dominant ways of knowing and contribute to a fair, unbiased, and inclusive knowledge framework [15,16,17]. However, it is important to emphasize that this assertion does not promote the erosion of the prevailing or dominant knowledge systems. Instead, it advocates for the incorporation of other ways of knowing, such as indigenous knowledge, which has throughout history been marginalized [18]. Tengö et al. [15] and Smith [16] premise is founded on the notion that by recognizing and appreciating the variety and complexity of knowledge systems, society may advance to more comprehensive and long-term sustainable strategies for managing the environment, also highlighted by Tran and Saalamanca [19]. This is especially the case in this era, where sustainable environmental management practices have become necessary on all fronts [20,21,22].Additionally, indigenous knowledge is believed to provide a holistic framework for an approach that effectively promotes sustainability [23].



Similarly, Mazzochi [24] corroborates that indigenous knowledge provides a concrete framework for an approach that effectively promotes sustainable development. The framework incorporates the three pillars of sustainability that underpin social, economic, and environmental benefits. It is noteworthy that the concept of sustainability or sustainable development, as it pertains to solid waste management, is established on these pillars [25,26,27]. These pillars work together to create an all-encompassing approach to solid waste management. It is for this reason that the present study applied the sustainable pillars as used in the AHP model of Tsydenova et al. [28]. In the model, Tsydenova et al. [28] acknowledge environmental, economic, and social aspects as the three critical pillars that underpin sustainability. According to McBride et al. [29], these pillars have been helpful in assessing the sustainability practices of any entity. In the current study, the environmental, social, and economic indicators associated with indigenous waste management practices help in highlighting the benefits, costs, and resource uses, as well as creating a cohesive society where the needs of all individuals are met. This fundamentally informs or determines sustainability associated with the indigenous waste management practices in the rural communities of Bushbuckridge Local Municipality. This is because sustainability has emerged as a fundamental framework for managing solid waste by balancing economic considerations and environmental as well as social considerations [30,31].



Therefore, the environmental, economic, and social considerations are associated with sustainable waste management practices in the current study, as the sustainability practices of indigenous solid waste management are uncharted territory. These practices promote the efficient use of resources through recycling and reusing, among other methods. This reduces the costs of livelihood for indigenous communities, not to mention the costs associated with waste disposal. In the context of social considerations, social equity is promoted and marginalized rural communities are protected from the adverse effects of inadequate waste management by guaranteeing that all communities, irrespective of their poor economic status, manage waste effectively using indigenous knowledge [23]. As a result, social consideration in the context of indigenous communities fosters community involvement and an awareness of cultural values as well as social norms, thereby enhancing community identity and social cohesion. Indigenous practices, including communal labor cleaning initiatives and taboos, are essential in this context [32]. Moreover, in the context of environmental consideration, it is about the responsible interaction with the environment to avoid the depletion or degradation of the natural environment and allow for long-term environmental quality [28]. It involves practices such as composting, amongst others, that reduce environmental impact and ensure that ecosystems can maintain their essential functions and processes over time. In essence, it focuses on practices that are associated with environmental benefits.



IK as a knowledge system has received a lot of attention in recent decades at United Nations conferences on sustainable development and the environment [33]. This follows the premise that achieving sustainable development requires a diverse variety of knowledge systems and integrated information. Some knowledge systems, especially indigenous knowledge, are deeply ingrained in the cultural practices and traditions of indigenous communities. For instance, rural communities delve deep into indigenous cultural knowledge or practices to effectively manage solid waste to safeguard their interconnected environment and well-being. This has been observed in Bushbuckridge Local Municipality (BLM), as rural communities devoid of formal waste collection services resort to indigenous knowledge. BLM experiences a backlog of solid waste removal service provision ; as a result, according to Madonsela et al. [23], BLM has about a 93% backlog of refuse collection [23], while the backlog in Makhado Local Municipality amounts to 90%. Therefore, the indigenous communities within the jurisdiction of these rural municipalities are obligated to exploit indigenous knowledge disposal methods to manage refuse.



Concomitant to the challenge above, the BLM only collects about 7% of solid waste; hence, it is confronted with a huge (93%) waste collection backlog [23]. In essence, over 70% of the population lacks access to waste collection services. Therefore, they are compelled to resort to unaccounted indigenous waste management practices in the absence of formal services to manage waste. Given that overall solid waste management (SWM) is a substantial environmental challenge for rural local governments of developing countries [24,34], if not managed with caution, it can impede the realization of the Sustainable Development Goals (SDG), particularly SDG 3 that strives to advance good health and well-being. However, in as much as indigenous knowledge is extensively associated with promoting sustainability practices, Madonsela et al. [23] have noted with concern that this assertion only remains a fallacy in the indigenous solid waste management discipline. This is not because the skills and technologies used by indigenous communities for solid waste disposal are incapable of being sustainable, but rather due to a lack of extensive research in the literature documenting the sustainability aspects of indigenous solid waste management practices. Subsequently, this has created a substantial gap in understanding the role of indigenous knowledge towards sustainability in the discipline of solid waste management. However, this observation contrasts with other disciplines such as agriculture, climate change, biodiversity, water quality management, fishing, farming, and education, as well as nature conservation, that have, by and large, proved how indigenous knowledge contributes to sustainable development [35,36,37,38]. Therefore, against this background, the current study aims to evaluate the sustainability practices of indigenous solid waste management in rural communities of Bushbuckridge Local Municipality, South Africa.



Considering this viewpoint, the present study utilized the Analytic Hierarchy Process (AHP) model to evaluate the sustainability practices. The AHP is a multi-criteria decision-making approach that was introduced in the 1970s [39]. The multi-criteria decision-making approach “provides strong decision making in domains where selection of best alternative is highly complex” [40]. The AHP facilitates decision-making using pairwise comparisons of predetermined criteria, which are assessed by experts [39]. In this case, the experts are indigenous communities. Generally, the AHP is a decision-support tool which can be used to solve complex decision problems. It is in this light that Tsydenova et al. [28] posit that in the absence of well-established, environmentally sound solutions, the AHP method is extensively utilized in developing nations where waste management decisions must be made. This is because the AHP approach has been extensively used in many applications, demonstrating its efficacy as a decision-making tool for guiding decision-makers in choosing sustainable waste management methods [41,42]. In the current study, the decision(s) was about determining the indigenous solid waste management sustainability practices of Bushbuckridge indigenous communities, which is a complicated problem with many criteria (environment, economy, and social) and sub-criteria, as depicted in Table 1. Furthermore, the complexity is further compounded by the fact that the sustainability aspect of indigenous solid waste management practices is a relatively unexplored area in the discipline of solid waste. This is the first study to evaluate the sustainability of indigenous solid waste management practices systematically and comprehensively within the rural communities of South Africa, to the best of the authors’ knowledge.



Legal Framework


The South African legal framework that regulates waste management progressively recognizes the role and importance of indigenous knowledge practices in achieving sustainable waste management. South Africa’s government has enacted numerous laws and policies to manage waste in a manner that is both responsible and sustainable. However, it is interesting to note that in the center of managing waste in the manner that upholds sustainability, the regulations provided by the South African government make provisions that stress respecting and integrating indigenous knowledge systems. To this end, the Indigenous Knowledge Systems (IKS) Policy, enacted in November 2004, emphasizes the recognition, integration, and promotion of South Africa’s wealth of indigenous knowledge resources. Although the policy is not solely focused on waste management, it highlights the importance of integrating indigenous knowledge across all sectors, including the sustainability of waste management. Moreover, in addition to this national policy, is the National Environmental Management Act (NEMA) of 1998, which is accountable for providing a broader framework for environmental protection and sustainable development in South Africa. Similarly, this national legislation advocates for indigenous knowledge by fostering a participatory approach to environmental management. This breeds a conducive environment in which indigenous knowledge systems are valued to develop waste management practices associated with sustainability. Furthermore, the primary legislation governing waste management in South Africa, the National Environmental Management Waste Act (NEM: WA) of 2008, establishes the basis for minimizing waste, promoting recycling, and encouraging sustainable waste disposal practices. This primary legislation includes, amongst others, the provisions for public consultation and stakeholder engagement. This subsequently allows indigenous communities to voice their perspectives on waste management issues which consequently has the potential to lead to the integration of the sustainability of the indigenous waste management practices. It is for this reason that, given the legislative framework that advocates for the inclusion of indigenous knowledge systems within integrated waste management practices, the sustainability of indigenous solid waste management practices in communities of South Africa must be investigated and documented to advance the agenda of the circular economy and promote environmental protection. This is fundamental to achieve the realization of the sustainable development goals.





2. Results and Discussion


This study utilized an Analytic Hierarchy Process framework to facilitate the evaluation of sustainable indigenous solid waste disposal methods by experts who are the custodians of indigenous knowledge in the rural communities of BLM. The elements of the array represent the relative importance of one criterion over another, using the scale proposed by Saaty [39] as reported in Table 1. To this effect, Table 1 provides an example and elaborates on how the indigenous solid waste management practices associated with sustainability were pairwise compared with each other to derive the priorities of judgments among the criteria by the respondents. The scores from the Table 1 comparisons were used in the generation of each value reported in Table 2, which represent the sub-criteria weights of environmental sustainability aspects in the Casteel indigenous community. Table 2 presents the sub-criteria weights derived from the pairwise comparisons prioritized by the indigenous communities of BLM in accordance with Saaty’s scale. Consequently, Table 2 was produced with the pairwise comparisons criteria weights outcome, which illustrates the desirable example of a decision-making matrix for environmental sustainability in one of the surveyed study areas.



Overall, the maximum calculated eigenvalue that was calculated for the environmental criteria aspect was 4.775, followed by economic sustainability at 5.326 and social sustainability at 5.222. The overall calculated CR was 0.06 (6.06%) for environmental sustainability, 0.070 for economic sustainability, and 0.301 for social sustainability, since the matrix for both environmental and economic sustainability had a maximum size of 10 and corresponded to a random index of 1.49; the social sustainability matrix size is 2, corresponding to a random index of 0. The consistency of the judgements in the decision matrix about the sustainability of the indigenous solid waste management practices is validated by the fact that the Consistent Ratio is overall below 10%. Therefore, the outcome of the judgment in the form of pairwise comparison sub-criteria weights (Table 3) is acceptable. The compliance in the present study conflicts with popular beliefs which suggests that establishing consistency is difficult, especially when decision-makers deliberate on the sustainability aspects [43,44].



2.1. Priority Rankings of the Sustainability Pillars


The evaluative framework used in the current study demonstrates a distinct structure amongst the criteria sustainability aspects of indigenous solid waste management across the rural communities of Bushbuckridge Local Municipality. This is evidence, according to the acquired data, that the respondents preferred each of the criteria sustainability pillars (environment, social, and economic) at different scales and none of the respondents regarded the pillars as being equally important. It is for this reason that in the present study, the AHP evaluative framework acknowledges environmental sustainability (weight: 0.590) as of extreme importance, followed by economic sustainability (weight: 0.240) and social sustainability (weight: 0.165), as shown in Figure 1 below. These priority rankings of the sustainability pillars are comparable to that of Bandara et al. [45] that they discovered in Thailand. Similarly, Bandara et al. [45] found that ranking prioritized environmental sustainability ahead of economic and social sustainability.



In essence, this indicates that the indigenous solid waste management practices of BLM communities in the spectrum of sustainability are more skewed towards environmental sustainability in contrast to their counterpart. However, the findings indicate that the waste treatment methods across the indigenous communities of BLM as sub-criteria of environmental sustainability are characterized by spatial variability, as depicted in the priority preferences (Appendix A). This is not surprising given that indigenous knowledge practices are unique and confined to a neighborhood and therefore they are bound to vary in approach [37].



To this end, the AHP model indicates that in as much as the priority correspondence is characterized by variability across the study areas, composting and informal waste collection at a respondent rate of 70% are the waste treatment methods that are frequently prioritized as environmentally sustainable across the rural communities of BLM, as shown in Appendix A. The informal waste collection and composting waste treatment method emerges ahead of the other three alternatives, namely backyard pits, open-air dumping, and burning. In essence, under the environmental criterion, a significant number—as much as 70% of the rural communities of BLM as custodians of indigenous knowledge—recognize composting and informal waste collection as their preferred solid waste treatment methods which have the least negative impact on the environment, thereby associating them with sustainability. The top prioritization of composting is not surprising given that the composting of organic waste is the standard practice in numerous households in developing countries [46]. Furthermore, according to Tanaka [47], this sustainable disposal method is attributed to the advantages of reducing the burden on open landfills, as well as the reduction in waste collection and transportation expenses. This finding is comparable to that of Milutinović et al. (2014) who discovered that the composting of organic waste is the most sustainable practice associated with waste management. Moreover, the neighborhoods of Casteel (25%), Mambumbu (24%), and Acornhoek (30%) were the only neighborhoods in which the composting waste disposal method was ranked as a second priority over informal waste collection (Appendix A: A, F, G).



This discovery is not astounding, as the three neighborhoods are in close proximity to an open waste dump that is facilitated by the Bushbuckridge Local Municipality. Consequently, these communities generate an income by salvaging the valuable refuse material that has been discarded. This is the primary reason why the preference in Mambumbu for open-air dumping is 59%, in Casteel for informal waste collection is 57%, and in Acornhoek for informal waste collection is 51%; these waste disposal methods are prioritized as contributing to environmental sustainability in contrast to composting. However, the environmental sustainability attributes of practices such as open-air dumping are questionable since they are fraught with environmental degradation. Chavan et al. [48] posit that the practices of these neighborhoods are not uncommon, as 50% of the municipal solid waste that is disposed of in open dumps could have been compostable at the place of residence. This makes sense, particularly because even though the current study prioritizes an informal waste collection disposal approach as sustainable, the waste material that is collected ultimately ends up being disposed of at open dump sites, polluting the air as well as water resources in the environment [49].



Furthermore, it is fascinating to observe that the waste management practices of backyard pits and waste burning are at the bottom of the priority hierarchy in numerous indigenous communities of BLM. This indicates that the custodians of indigenous knowledge appear to lack confidence in their environmental sustainability, although waste burning and backyard pits are the bedrock of waste disposal methods associated with solid waste within indigenous communities [50]. Essentially, this is evidence that indigenous communities are generally cognizant of the environmental health risks associated with these practices, i.e., open dumps and waste burning. However, in the absence of formal waste collection methods, such practices continue to be the best practicable environmental options.




2.2. Economic Sustainability of the Indigenous Solid Waste Disposal Methods


In the current study, the pairwise comparison between five economic sustainability sub-criteria, namely waste trading, recycling, waste buttering, reusing, and animal feed, were compared in accordance with Saaty’s scale. The pairwise comparison between the economic sustainability sub-criteria was used to derive the decision-making matrix which is further used to calculate the weights of the prioritized economic sustainability elements. In line with the results in Figure 2 below, it is evident that comprehensive prioritization underscores recycling and waste trading as the preeminent solid waste disposal methods associated with the economic benefits in the rural communities of Bushbuckridge Local Municipality. Given the modern approaches to waste reduction and avoidance in waste management in advanced countries around the world, it is evident that recycling is emerging as the preferred method of waste disposal, even in rural villages. The recycling waste treatment methods secured the highest prioritization at 63%, 60%, 56%, 52%, 50%, 38%, and 31% in Casteel, Bushbuckridge, Justicia, Lilydale, Utah, Shatale, and Mambumbu, as shown in Figure 2, respectively. However, waste trading indigenous management methods are prioritized by 65%, 46%, 35%, and 25% in the Mkhuhlu, Shatale, Mambumbu, and Matsikitsane indigenous communities. Usually, these economic sustainability practices accentuate the efficacy of preventing pollution caused by reducing the need to buy new products across rural communities. It is for this reason that waste trading and recycling have a well-balanced performance across the BLM rural communities, as shown in Figure 2 below.



Figure 2 depicts that the above practices are the primary contributors to economic sustainability in the indigenous communities of BLM. Given the high rate of unemployment in the rural communities of BLM, the society relies on trading recyclables as a means of livelihood. Hence, waste trading and recycling are perceived as mechanisms that can help alleviate poverty. Thus, after observing the recovery of potentially recyclable materials and their trading in the rural communities of San Quintín, Taboada-González et al. [51] are convinced that waste trading and recycling are prevalent practices associated with generating an income in rural areas. Additionally, this is in line with the premise of Nguyen [52], who accentuates that in recent decades, waste trading and recycling have emerged as one of the fundamental sources of livelihood for millions of people around the globe, especially within the indigenous communities. This is in response to a global waste trade that has been experiencing a significant increase in association with the increasing demand for recyclable materials in developing industrial nations. Lastly, following closely behind recycling and waste trading, is reusing, found across the Acornhoek (52%), Mambumbu (27%), Casteel (25%), Justicia (23%), Matsikitsane (20%), and Utah (17%) neighborhoods.



However, considering the economic quagmires faced by rural communities, it is logical that the reuse of waste material is prioritized after waste trading and recycling, which are more closely tied to financial gains, whilst reusing is associated with efficient resource management, which in this context can result in minimizing spending for economically marginalized indigenous communities. The prioritized reusing practice corresponds with the findings of Kalina et al. [53] regarding the widespread and diverse patterns of reuse amongst African indigenous communities. Likewise, Siragusa and Arzyutov [54] corroborate that indigenous communities have always prioritized the creative and sustainable appropriation reuse modality of waste material. It is for this reason that indigenous communities are often perceived as models of sustainability, although the indigenous patterns of reuse may not necessarily conform to Western notions of reuse [53]. Therefore, the nuanced priority preferences associated with the economic sustainability prioritized in accordance with Saaty’s scale provide a comprehensive understanding of the relative merits of each indigenous solid waste management practice, thereby providing valuable insights for local government and policymakers in the formulation of well-coordinated waste disposal programs that are consistent with the current economic sustainable strategies of the indigenous communities.




2.3. Frequency Respondents on the Social Sustainability Pairwise Comparisons of Indigenous Solid Waste Management Practices


This section presents the percentage of community members who gave responses to their preferred indigenous solid waste treatment method which have elements of social coherence. The custodians of indigenous solid waste disposal methods respondents selected the best treatment method between communal labor and the influence of taboos as a mechanism to advance solid waste management. Thus, Figure 3 presents the frequency rates of the responses. In line with the acquired data, it is evident that the respondents preferred each of the solid waste treatment methods at different scales and none of the respondents regarded the solid waste management methods as being of equal importance. The frequency of responses in the overall areas studied in Bushbuckridge Municipality indicated that respondents observed the communal cleaning methods of waste treatment to be of very strong importance and extremely important at a respondent rate of 10% and 60%, respectively. This highlights the collective effort and responsibility in maintaining a clean and healthy environment. This communal approach not only ensures efficient waste management but also strengthens social cohesion and fosters a sense of ownership, unity, and belonging. The convenience of communal labor as a solid waste treatment method is common amongst indigenous communities. To this end, Kosoe et al. [55] have recently recorded communal cleaning as one of the prioritized indigenous solid waste management practices within the Jaman South Municipality in Ghana.



Meanwhile, in the other observations, 10% of the respondents regarded communal cleaning as of moderate importance as depicted in Figure 3. On the other hand, taboos were selected equally as of extreme and very strong importance, but only at a respondent rate of 10%. These taboos are often rooted in cultural and spiritual beliefs and facilitate behavior and promote environmental protection, although they are less emphasized in the present study compared to communal cleaning. This is concerning because it essentially indicates that most of the indigenous communities in the Bushbuckridge Local Municipality are beginning to doubt the viability of taboos as a way of advancing solid waste management. In the indigenous communities of BLM, this knowledge of taboos is therefore at risk of extinction. This discovery is in stark contrast to that of a Zimbabwean community that has discovered that taboos continue to play a significant and effective role in the management of solid waste within indigenous communities [56].



Moreover, in contrast to the rural communities of BLM, Kosoe [55] posits that indigenous communities in Jaman South Municipality in Ghana continue to believe in the implementation of taboos to manage solid waste disposal. However, a decline in the belief of taboos as a socially sustainable mechanism to advance solid waste management has implications. It spells a loss of cultural heritage, thus eroding the fabric of their unique identity as well as the traditions of BLM society. The erosion of taboos as sustainable practices from the indigenous communities of BLM risks a paradigm shift from sustainable solid waste management practices that advance living in harmony with the environment. This has the potential to result in environmental degradation in the future, as taboos serve as informal pollution deterrents that safeguard the natural environment.





3. Materials and Methods


3.1. Description of the Study Area


Bushbuckridge Local Municipality (BLM), a category B municipality founded in 2000, served as the study’s location [23]. A category B municipality is a local government that, among other things, is required by the constitution to provide solid waste municipal services [57]. However, to date, the only available waste management infrastructure provided by the municipality is a designated dumping site area in the three rural communities of Mambumbu, Casteel, and Acornhoek (Figure 4). The selection of BLM in the current study, which aims to document the indigenous waste management techniques in numerous study locations as seen in Figure 4, is therefore justified by its high cultural diversity status and the lack of waste management services provided by the local authority. The municipality is a prime example of a rural local government authority facing several issues, including high rates of unemployment, a high percentage of the population lacking a high school education (67.4%), a backlog in the provision of waste removal services, and inadequate access to basic services [23]. Consequently, BLM has a 52% unemployment rate and a 93% backlog in the collection of waste, according to Statistic South Africa [23]. There is a 93% backlog in waste collection since the BLM only picks up 7% of refuse waste [23]. More than 70% of people do not have access to services for collecting waste. Despite these difficulties, BLM is among the most linguistically and culturally diverse municipalities in South Africa [58]. Because of their varied cultural histories, distinct ethnic and linguistic groups may have different indigenous knowledge and practices of waste management.



The municipality consists of the two former administrations of the apartheid homelands, Gazankulu and Lebowa, which were partitioned historically based on ethnic groupings [59]. According to Maluka [60] Gazankulu was reserved entirely for the Shangaan and/or Tsongas-speaking tribe, whereas Lebowa was home only to Mapulana-speaking individuals. Thus, the three notable native populations of BLM are the Mapulana tribe, who speak the dialect of the Sepedi-speaking tribe, Vatsonga, and AmaSwati [60].




3.2. Data Collection Methods


3.2.1. Focus Group Discussion


In the initial phase of data collection, focus group discussions were employed as the fundamental method of data collection for gathering the indigenous waste management practices of the Bushbuckridge rural communities. A focus group is a group of four to twelve individuals who convene under the supervision of a facilitator to discuss a specific topic, as defined by Sim and Waterfield [61]. The adoption of focus group discussion in BLM was encouraged by the ability of the method to facilitate an atmosphere that is conducive to reflecting and sharing a wealth of community information at a deeper level. As Crang and Cook [62] elaborate, focus group discussions provide an opportunity for participants to reconcile conflicting viewpoints and produce collective knowledge of the community.



In the current study, a total of ten focus group discussions were conducted with one category of key informants: the environmental organizations of every study area, as shown in Figure 4. The selection of focus groups in this research study was consistent with the concept of sampling units [63,64]. In BLM, the sampling units were members of the population from which data were gathered. This sampling unit is like the one employed by Mwai et al. [65]. The Bushbuckridge Local Municipality was used as the gateway to the indigenous communities (Figure 4). Therefore, the database that comprised all environmental organizations within the jurisdiction was requested from the Bushbuckridge Local Municipality. The database contained the names of the contact details as well as the geographical location of the environmental organizations registered with the Bushbuckridge Local Municipality. The Google Earth map was used to select cases that would capture the spatial cultural diversity of indigenous communities. Subsequently, the indigenous communities of BLM were classified into strata based on the Google Earth map. The purposive non-probability sampling technique was employed to sample the environmental focus groups of interest from the designated strata of indigenous communities. The focus groups were chosen based on being purposive [32]. The sample size of the study population in Bushbuckridge was determined using Slovin’s formula as prescribed by Dalasile et al. [66] to determine the sample size, as presented below:


  n =    N   1 + N   e   2       











This formula guarantees a 95% confidence interval with a margin error of 0.05%.   n   denotes a sample size, N = total population, and e = 0.05%.



Moreover, the focus group discussions were recorded using a Digital Voice Recorder device. It was important to carry out the single focus group discussions before drafting the structured questionnaires to discover relevant indigenous waste management practices that could be used to inform the line of questions in the Analytic Hierarchy Process. This process was deemed essential for establishing the sustainability aspect associated with indigenous solid waste management practices. Additionally, this approach was important for realizing the transition of researching from an indigenous perspective [23], especially since the current study employed the interpretive paradigm that sought to describe and understand the sustainability practices of indigenous solid waste management within the Bushbuckridge rural communities without imposing external viewpoints.




3.2.2. Structured Questionnaire


In the second phase of data collection, having established the indigenous solid waste management practices, a structured questionnaire was created and utilized to inform the line of questions instrumental for the establishment of the Analytic Hierarchy Process. AHP was considered crucial in establishing the sustainability aspect of indigenous solid waste management practices. In this regard, the focus groups were requested to answer all sustainability-related questions associated with the main criteria of environment, economy, and social aspects of the indigenous solid waste management practices. The questionnaire required respondents to indicate their judgment using Saaty’s scale of 1 to 9, as shown in Table 1.




3.2.3. Validity and Reliability


To ensure compliance with the validity of the collected data, the focus groups were reminded about the objectives of the focus group discussion and the questionnaire. The points of discussion as well as the questionnaire for the focus groups were reviewed and approved by experts in the discipline of waste management prior to their use in the field. Furthermore, before being administered in the field (pretests), the questionnaire and the points of discussion were administered to a group of six people to assess how participants would approach the discussion. In this instance, the feedback from the small group assisted the researcher to accordingly adjust the points of discussion and the questionnaires. These points were administered to the participants on two occasions within a three-week interval to determine validity. The intervals between testing and retesting were prolonged to prevent participants from memorizing the questionnaire as well as the broad discussion responses. The results were compared with the previous findings to establish validity. However, to ascertain the reliability of the discussion outcome, Cronbach’s alpha was calculated. An acceptable satisfactory Cronbach’s alpha of 0.76 was obtained from the pilot study, while for the AHP model, the consistency ratio was below 0.10 (10%), indicating that the judgements were consistent and reliable.





3.3. Ranking of Sustainability Aspects


The sustainability aspects were compared in pairs using Saaty’s scale, ranging from 1 to 9 to create a priority rating. Table 1 contains a sample of a questionnaire that was administered to the indigenous experts who were carrying out the rating process. For example, when the number “3” is selected in the first row, the recycling practice of indigenous waste management becomes highly significant for the sustainability of waste management in BLM. This is based on expert opinion (indigenous communities), emphasizing the economic efficacy associated with the indigenous solid waste management. On the other hand, selecting “9” in the second row indicates that waste trading holds considerably extreme importance for the economic sustainability of indigenous communities compared to reusing waste materials.




3.4. Analytic Hierarchy Process


The utility of the AHP model in the current study followed four fundamental phases that constitute the process as prescribed by Saaty [39]:




	
Define the objective








In this instance, the goal, which was to assess the sustainability of indigenous solid waste management practices, was defined.



	
Structure the elements in criteria, sub-criteria, and alternatives.






The elements that are important for evaluating the sustainability of the waste disposal methods were identified and put in a hierarchy, as illustrated in Figure 5. These criteria included the environmental aspect and social aspects as well as the economic viability of the indigenous waste management practices. This part structures the hierarchy by identifying the elements or variables. In this phase, the decomposition of complex issues into smaller, more manageable sub-problems transpired.



	
Perform a pairwise comparison of elements in each group






A pairwise comparison was made between each criterion to determine their relative importance. These contrasts measured how important each component or variable was in relation to the others.



	
Calculate weighing and consistency ratio (CR)






The pairwise comparison results were used to calculate the priority weights for each criterion. In this instance, the matrix consistency was calculated, and numerous required adjustments were implemented to obtain a satisfactory consistency:




	
Determine the eigenvector that corresponds to the highest eigenvalue of the pairwise comparison matrix;



	
Specify the weight between each criterion and that in its upper level;



	
Determine the overall ranking weight between each criterion and the goal;



	
Subsequently conclude in accordance with the consistency test premise.








The consistency ratio and weighing calculation procedure were adopted from Saaty [39]. As such, Saaty [39] prescribed the following procedure for calculating these parameters:




	
Calculate CI, which stands for the consistency index.   λ  max is the maximum eigenvalue of the pairwise comparison matrix, n is the size of a matrix;



	
  C I =      λ m a x  ′  − n   n − 1     



	
Find the corresponding RI, which stands for the random index, from the existing average consistencies (Table 3) of random matrices created by Saaty [39]:








	
Calculate CR, which stands for the consistency ratio







   C R =    C I     R I      









If CR < 0.10, the consistency of the matrix is tolerant, otherwise the matrix should be modified. Therefore, due to the complex process of assessing the sustainability of indigenous solid waste disposal methods, the current study resorted to a mixed methods approach, as shown in Table 4. This was carried out in an attempt to comprehend the complex sustainability aspects of indigenous solid waste management associated with the environmental, social, and economic implications.




3.5. Data Analysis


The current study used mixed analysis techniques to analyze the qualitative data collected in the rural communities of BLM. Given the predominant qualitative nature of the focus group research data that were collected from BLM, the current study mostly used qualitative coding to analyze the in-depth discussion data from BLM communities. To identify, organize, and categorize themes within the datasets of the current study, thematic analysis was employed to analyze focus group discussions. The thematic analysis process was combined with inductive logic. Analysis was iterative and reflexive, proceeding through phases. As such, the coding framework was developed based on the themes that emerged from the focus group discussion data. The analysis then proceeded via an inductive and iterative process of listening, reflecting, and coding, and as new themes emerged, the coding framework was progressively expanded. This analysis process has been published in detail elsewhere [32]. The data of the focus group were captured and analyzed using Microsoft Excel 2019, whilst the AHP dataset was similarly computed using Microsoft Excel 2019 but was analyzed using the AHP Priority calculator software.





4. Conclusions


Given the extensive research gap in the literature regarding the sustainability aspects of indigenous solid waste disposal methods, utilizing an Analytic Hierarchy Process model, the current study systematically evaluated the environmental, social, and economic sustainability aspects of indigenous waste management practices in the rural communities of South Africa. Using the AHP evaluative framework, it was discovered that indigenous communities prioritize environmental sustainability (weight: 0.590), followed by economic (weight: 0.240), and social sustainability (weight: 0.165). The highest priority sub-criteria of environmental sustainability are composting at a response rate of over 70%. Similarly, the sub-criterion of social sustainability, which is associated with communal cleaning labor (60%), was found to be of extreme importance, outperforming taboos (10%) that are anchored in cultural and spiritual beliefs, while with a response rate >50%, waste trading proved to be of economic efficacy. This research innovatively introduces an AHP model into the discipline of indigenous solid waste management, which offers a comprehensive understanding of indigenous waste disposal methods relative to sustainability, thus providing valuable understanding for local government and policymakers in formulating well-coordinated waste disposal methods programs in line with the current established sustainable approaches of the indigenous communities. Incorporating indigenous practices into formal waste management plans offers local governments an opportunity to build more sustainable and community-driven approaches towards waste management. To achieve this, it is necessary to involve indigenous leaders and community members in the integrated development plans of the municipality to ensure that their expertise and skills are prioritized. However, future research should be streamlined to investigate how indigenous waste management practices can be better integrated into formal waste management systems. Moreover, research could be maximized to merge indigenous knowledge with modern technologies, evaluating how this integration could improve sustainability and efficiency in rural waste management. Lastly, the findings of the present study contribute to the discourse on the contribution of indigenous solid waste management practices to sustainable development, thereby presenting evidence-based findings that can facilitate a robust discourse on the inclusion of indigenous waste disposal methods in the integrated waste plans of the local authority.
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Figure 1. Priority rankings based on criteria. 
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Figure 2. Priority preference of economic sustainability sub-criteria. 
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Figure 3. Indigenous waste management practices associated with social sustainability. 
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Figure 4. Map of Bushbuckridge Local Municipality showing indigenous communities sampled in Mpumalanga province, South Africa. 
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Figure 5. A simple AHP model for sustainability of indigenous waste management practices in BLM. 






Figure 5. A simple AHP model for sustainability of indigenous waste management practices in BLM.



[image: Recycling 09 00113 g005]







 





Table 1. Example of the ranking questionnaire for indigenous waste management practices experts, demonstrated using the fundamental scale of absolute numbers.
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Economic Aspect

	
Ranking of Importance

	
Economic

Aspect




	
Extreme Importance

	
Very Strong Importance

	
Strong Importance

	
Moderate Importance

	
Equal Importance

	
Moderate Importance

	
Strong Importance

	
Very Strong Importance

	
Extreme Importance






	
Waste trading

	
9

	
7

	
5

	
3

	
1
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5

	
7

	
9

	
Recycling




	
Waste trading
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7

	
5

	
3

	
1

	
3

	
5

	
7

	
9

	
Re-using








Indicate the relative importance of the indigenous waste management practice indicator in the left column to the indicator in the right column by using a scale from 1 to 9 (where 9 represents extreme importance and 1 represents equal importance). All situations are intermediate between the numbers 1 and 9. Only one entry is permitted in each row.













 





Table 2. Example of decision-making matrix for environmental sustainability in Casteel indigenous community.
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	Indigenous Waste Management Methods
	Burning
	Backyard Pits
	Composting
	Open Dumping
	Informal Waste Collection





	Burning
	1
	0.20
	0.14
	0.50
	0.11



	Backyard pits
	5.00
	1
	0.33
	3.00
	0.11



	Composting
	7.00
	3.00
	1
	7.00
	0.33



	Open-air dumping
	2.00
	0.33
	0.14
	1
	0.11



	Informal waste collection
	9.00
	9.00
	3.00
	9.00
	1










 





Table 3. The average consistencies of random matrices that inform the random index—RI—values.
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	Size
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10





	RI
	0
	0
	0.52
	0.89
	1.11
	1.25
	1.35
	1.40
	1.45
	1.49










 





Table 4. Summary of method(s) and instrument(s) used for data collection.
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	Method (s)
	Instrument (s)
	Type of Data Collected





	Focus group

AHP
	Audio Voice Recorder

Questionnaire
	
	
Indigenous solid waste disposal methods of Bushbuckridge rural communities



	
Sustainability practices of indigenous solid waste management methods
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