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Understanding the barriers to sustainable solid waste management in society 5.0 perspective 44 

under uncertainties: a hybrid method approach 45 

 46 

Abstract  47 

This study contributes to identifying a valid and reliable set of barriers to sustainable solid 48 

waste management framework rooted in society 5.0 perspectives in Taiwan. In nature, the 49 

hierarchical structure is with the causal interrelationships under uncertainties. The perspective 50 

empowers the creation of a new biosphere based on technological progress, but in the 51 

sustainable solid waste management field, it is difficult to encounter and shape the systematized 52 

processes due to barriers and challenges. To address this shortcoming, this study evaluates the 53 

technical challenges faced in the field of sustainable solid waste management toward society 5.0. 54 

The valid attributes are usually described the qualitative information. The fuzzy Delphi method is 55 

applied to acquire the valid and reliable attributes. Fuzzy decision-making trial and evaluation 56 

laboratory experiment is to visualize the causal interrelationships among the attributes. Choquet 57 

integral with respect to the nonadditive attributes over the valid set provides an overall 58 

perspective function. The results establish an understanding of sustainable solid waste 59 

management barriers in the perspectives under uncertainties. Community uncertainty, policy 60 

and regulation problems, city architecture, and technology interaction are the factors that 61 

influence sustainable performance. In practices, (1) diverse disciplines and sectors in local, 62 

national, and global communities, (2) a lack of mobility and reliability, (3) mass production and 63 

mass consumption, (4) an insufficient level of artificial intelligence application, and (5) failures 64 

related to data management and security hinder the improvement of sustainable solid waste 65 

management toward society 5.0.  66 

 67 

Keywords: sustainable solid waste management; society 5.0 perspective; fuzzy Delphi method; 68 

fuzzy decision-making trial and evaluation laboratory; Choquet integral 69 
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Understanding the barriers to sustainable solid waste management in society 5.0 perspective 88 

under uncertainties: a hybrid method approach 89 

 90 

1. Introduction 91 

Society 5.0 (s5.0) regards to a supersmart society that addresses diverse social challenges by 92 

integrating the industry 4.0 (e.g., the Internet-of-Things, robotics, artificial intelligence (AI), big 93 

data, and the sharing economy) into the contexts of production, consumption, and social life 94 

(Mohanty & Kumar, 2021). This concept, along with smart technologies, offers various 95 

opportunities to attain the aforementioned goals and introduce changes that support 96 

sustainability (De Pascale et al., 2020). Within s5.0 perspective argues that sustainable 97 

development goals empower a new biosphere in which human beings lead wealthy and gratifying 98 

lives in harmony with social, economic, and technological progress that causes no harm to nature 99 

(UN, 2020). In this context, sustainable solid waste management (SSWM), as an integral part of 100 

human life that has a strong influence on production and consumption and long-term effects on 101 

the environment and human life, has become particularly important when reimagining society 102 

(Dubey et al., 2020). This study argues that through SSWM, S5.0 may create new value and a safe 103 

environment that make people’s lives more consistent with sustainability. 104 

In Taiwan, the environmental challenges facing human society have become increasingly 105 

concentrated due to rising living standards (Sung et al., 2020). Taiwan has a high population 106 

density that tremendously increases its solid waste generation. In the face of these changes, the 107 

government began implementing various solid waste management (SSWM) practices; indeed, it 108 

has made significant achievements, as the country’s waste management network properly 109 

captured and managed 99.98% of waste in 2020, and the recovery rates reached 53.5% during 110 

that same year (Taiwan Environmental Protection Administration, 2020). Nevertheless, Taiwan’s 111 

waste treatment infrastructure is continuously strained despite the efficient operation of its 112 

waste minimization and resource recovery programs (Sung et al., 2020). Nguyen et al. (2020) 113 

noted that various economic and social challenges are unobservably linked to each other, causing 114 

multicollinearity problems related to Taiwan’s SSWM. Yeh (2020) proposed that structural 115 

changes in the community behavior of an economic system and solid waste disposal routines 116 

influence SSWM execution. Dissociations between economic growth, environmental pressures, 117 

and societal sustainability greatly impedes SSWM technology, which is then pressed to its limits, 118 

placing unexpected burdens on society. Society then becomes anxious about the massive amount 119 

of accumulated waste material, which inflicts disproportionate pressure on ecosystems (Takana, 120 

2014; DeWit et al., 2020). Therefore, more in-depth study is necessary to improve waste 121 

processes and move towards sustainability, as well as to create a society without the risk of 122 

resource exhaustion, where cities’ bionetworks are conserved deprived of being vulnerable. To 123 

pursue sustainability and identify SSWM opportunities, shifting in the proper direction in terms 124 

of long-term environmental planning is vital, and s5.0 perspective represents a movement in this 125 

direction. 126 

However, making any tangible achievements is difficult due to the current technical and 127 

economic conditions, and municipalities’ lack of related capabilities; furthermore, individuals’ 128 

uncertainty and lack of knowledge about adopted technologies also need to be addressed to fully 129 

benefit from implemented sustainable societal, environmental, and economic measures (the 130 

triple bottom line; TBL) (Tanaka, 2014; Keogh et al., 2020). For examples, Gutberlet et al. (2017) 131 
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indicated that unsustained waste disposal poses severe health risks, as it spreads infectious 132 

diseases and contaminates neighborhoods. Dubey et al. (2020) stated that the main problem 133 

associated with a fast-growing population is the generation of biodegradable and 134 

nonbiodegradable waste that impacts the environment. Although these problems have been 135 

known for some time, local authorities have not yet been ready to deal with them, and the 136 

application of advanced operational technologies, such smart tools for big data management, 137 

and the implementation of information technology systems, is still in an early stage (Foresti et 138 

al., 2020). Advanced technology designed to support a healthy environment and society is still 139 

limited in terms of understanding the contexts of SSWM and S5.0 perspective; however, 140 

achieving this is important, since the need to create an environmentally friendly society with no 141 

risk of resource limitations and environmental difficulties is urgent due to unmanaged waste. The 142 

difficulties faced in forming systematized processes must be addressed with smart technological 143 

innovation that effectively responds to environmental changes, and integrating smart 144 

technological innovation into new mechanisms involves many barriers and challenges that hinder 145 

waste management practices (Ikhlayel, 2018, Bui et al., 2020a). Achieving SSWM in those 146 

perspectives by overcoming these barriers would empower not only local areas but also whole 147 

countries to increase their economic development while solving key social problems (Mohanty & 148 

Kumar, 2021). Highlight these barriers is an important step to improve waste management 149 

outcomes and executing substitute societal resolutions. 150 

Regarding the literature, Fukuda (2020) emphasized that S5.0 should consider the speed of 151 

technology-driven transformation and the unmatched increase in data collection while also 152 

considering society itself. Mavrodieva & Shaw (2020) argued that S5.0 exploits technological 153 

innovation to achieve secure and sustainable economic and societal development. Regarding 154 

SSWM, Aid et al. (2017) claimed that the interaction between information-related barriers and 155 

technical barriers can be identified through the potential of social incorporation and synergic 156 

collaborations. Bui et al. (2020a) identified a set of barriers related to SSWM practice and 157 

revealed that social acceptability, financial and economic problems, and technical integration are 158 

factors that drive SSWM. Although previous studies have discussed and emphasized the essential 159 

nature of technical perspectives, certain gaps related to aligning the technical barriers and the 160 

nontechnical characteristics of sustainable perspectives to improve SSWM activities have not yet 161 

been filled. This study intends to identify barriers related to the TBL and technical challenges to 162 

enable SSWM systems to be rooted in S5.0 perspective. This study’s objectives of are as follows: 163 

 To present a valid and reliable SSWM barrier set rooted in S5.0 perspective; 164 

 To examine the causal interrelationships within the SSWM hierarchical structure under 165 

uncertainties; 166 

 To identify the critical barriers impeding Taiwan’s SSWM practices toward s5.0. 167 

 168 

Rapid elaboration, cumulative discernment, and diverse social, political, environmental and 169 

economic challenges result in the different technical and nontechnical barriers, making SSWM a 170 

complex and uncertain topic (Bui et al., 2020b; Fukuda, 2020). Given the massive number of 171 

dimensions and decision-making issues related to sustainability problems, the use of a multiple-172 

criteria decision-making process is suitable. This study adopts a hybrid method that integrates 173 

the fuzzy Delphi method, a fuzzy decision-making trial and evaluation laboratory (DEMATEL) and 174 

the Choquet integral to develop valid hierarchical measures and identify a causal structure 175 
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among the examined barriers. The Delphi method and experts’ judgment are used to validate the 176 

structural barriers derived from the literature. The fuzzy DEMATEL is used to explore the causal 177 

interrelationships among various SSWM attributes formed by human perceptions (Tseng et al., 178 

2018). However, measuring qualitative perceptions and judgments is difficult. Linguistic 179 

vagueness leads to differences in interpretations that reflect various meanings (Bui et al., 2020a). 180 

The use of experts’ experience, knowledge, and industrial familiarity might cause biased 181 

judgments that affect the study’s results (Tsai et al., 2020a). Thus, a nonadditive Choquet integral 182 

is used to eradicate experts’ subjective exertions and evaluate the hierarchical perspectives 183 

(Tseng, 2009; Tseng et al., 2015). Since there is a lack of tools designed to evaluate interactions 184 

among exhaustive and independent attributes, this method provides a better approach to 185 

effectively addressing uncertainty. 186 

This study contributes to both theory and practice: (1) a valid and reliable SSWM barriers set 187 

toward S5.0 is presented to extend the understanding of both SSWM in S5.0 perspective in the 188 

literature; (2) the SSWM-related causal interrelationships within the proposed hierarchical 189 

structure are examined, and the dependencies among the proposed barriers are shown; and (3) 190 

critical barriers for the practical improvement and enhancement of SSWM performance in the 191 

context of achieving S5.0 are identified. 192 

The remainder of this study is organized in 5 sections. The second section provides a 193 

discussion regarding the S5.0 perspective and SSWM-related literature, the proposed method 194 

and the barriers selected for measurement. The case background and employed methodology 195 

are addressed in the third section. The next two sections reveal the results and provide 196 

implications for theory and practice. The final section contains the conclusion, contributions, 197 

limitations and future study recommendations of this study. 198 

 199 

2. Literature review 200 

This section goes into a review of the S5.0 perspective and the SSWM-related literature, the 201 

proposed method and the barriers selected for measurement. 202 

2.1. Society 5.0 203 

S5.0 was first defined as a novel social ecology network that involved a number of strategic 204 

deviations going beyond constant digital technological dissemination into all human spheres of 205 

existence to launch a high-tech aided, supersmart society (Bryndin, 2018). Fukuyama (2018) and 206 

Fukuda (2020) described S5.0 as an information-based society aiming for a wealthy human-207 

centered culture built through cumulative modernization and the digitization of industrial and 208 

societal infrastructure. Mohanty & Kumar (2021) described it as an innovative society centered 209 

on individuals and communities, where newly created value eliminates age-, gender-, region-, 210 

and language-related differences and finally enables product/service deliveries to be made-to-211 

order according to diverse discrete and latent requirements. In this manner, S5.0 makes it 212 

possible to encourage economic growth and discovery resolutions to social difficulties through 213 

thinking about advanced designs and systemics that enable a futuristic sustainable society in 214 

harmony with the natural environment. This evolution is argued to have substantial impacts on 215 

how society approaches and designs the future (Gladden, 2019; Mavrodieva & Shaw, 2020). 216 

However, whether the S5.0 paradigm as a whole is practical remains unclear despite various 217 

explorations of its benefits (Keogh et al., 2020). Since the literature on S5.0 perspective is in an 218 
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emerging development stage, it is important to create a sustainable ecosystem consistent with 219 

the existing rapid technological and digital progression toward S5.0. 220 

This study draws upon SSWM viewpoints to conduct an empirical analysis toward S5.0 221 

perspective. The connections are needed as one of the steps to providing a dynamic, comfortable, 222 

and sustainable human-centric ecosphere (Ferreira & Serpa, 2018). Undeniably, the adoption of 223 

advanced technology designed to support a healthful ecology and society are not able to 224 

separate from understanding the S5.0 and SSWM context; however, an ostensible inconsistency 225 

comes alongside the attempts to form a more human-centric society in that human beings exist 226 

in conjunction with a range of progressively independent social robots and AI forms, which leads 227 

to numerous challenges related to the development of society (Gladden, 2019). Thus, there must 228 

be a cognizant effort to strike a balance between intermittent modernization and resolution and 229 

the expansion of high speculative and recompense technologies; this is a noteworthy prospect, 230 

but some efforts on developing and implementing S5.0 technologies may end in expensive 231 

malfunction. This has led to the need to identify insufficient and inaccurate barriers since there 232 

is a level of uncertainty regarding the socioeconomic and dynamic nature of SSWM planning in 233 

the context of S5.0. 234 

2.2. Sustainable solid waste management 235 

SSWM is an important part of cities, and it incorporates a management process that involves 236 

multiple TBL attributes, policy and legislation, and technical implementations related to fulfilling 237 

a societal demand by providing proper waste management resolution for neighborhoods (Bui et 238 

al., 2020a). Indeed, SSWM is essential at all stages of city development, with designing, planning, 239 

organizing, and constructing, to ensure the sustainability of future development goals. Therefore, 240 

it is necessary to emphasize the research and development of advanced technology for SSWM 241 

(Bui et al., 2020a, b). Standardized technology design, assortment, planning and operation of 242 

waste management facilities and waste assortment and transport infrastructure is required to 243 

guarantee appealing and operative practice. 244 

As the implementation of smart technology increases, it is argued that S5.0 will provide 245 

opportunities for SSWM to unlock the full potential of new operational hardware instruments, 246 

data and software tools are integrated into waste management models to develop SSWM 247 

solutions (Anagnostopoulos et al., 2017). Innovative smart management tools, such as devices 248 

that have expressive computational capabilities or that provide intelligent services, are 249 

embedded into such environments to collect and manage ambient information in addition to 250 

information related to SSWM activities. Islam & Jashimuddin. (2017) assessed the cost-benefit 251 

features and energy reliability of waste-to-energy recovery utilization techniques in a capital city. 252 

Dubey et al. (2020) examined a waste management collection and decomposition system 253 

towards the Internet-of-Things and machine learning in a smart society. Onoda (2020) argued for 254 

the use of S5.0 tactics to waste management and tried to make the case for an evolution in smart 255 

cities. Hence, selecting suitable environmental technology and integrating S5.0 perspective by 256 

encouraging smart waste management may help municipalities achieve sustainability. 257 

However, previous studies have also highlighted the absent of specialized technology, 258 

information and knowledge distribution in the field of SSWM (Yukalang et al., 2017). Sakr et al. 259 

(2011) recorded that difficulties increase when information technology application is missing to 260 

address the uncertainties or vagueness related to waste management. SSWM practitioners must 261 

overwhelm such blockades to progress their performance and make an consciousness of 262 
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management. Yukalang et al. (2017) noted that the SSWM information provision is inadequate 263 

and require more adjudgment for easier assessments. There is an urgent need for a cohesive, 264 

strategic conveyance of future trends related to SSWM that considers the barriers that drive 265 

unsustainability and treats them as an important set of potential challenges (Aid et al., 2017, Bui 266 

et al., 2020b). Identifying SSWM barriers in the context of S5.0 is an essential step towards waste 267 

management improvement and the execution of appropriate solutions. 268 

2.3. Proposed method 269 

In the literature, Mavrodieva & Shaw (2020) analyzed information in official practical 270 

implementation documents to discuss climate change and disaster issues in the context of S5.0. 271 

Foresti et al. (2020) used building information modeling to develop an instinctive self-restoring 272 

procedure and designed smart conventions for factories, Industry 5.0, and S5.0 to efficiently 273 

provide feedback for unrefined AI data and design schedules. However, studies considering the 274 

complexity and assessing the uncertainty of SSWM in the context of S5.0 are still lacking, causing 275 

difficulties in establishing appropriate operational networks (Bui et al., 2020b). Even though the 276 

above studies have emphasized these issues, a classification designed for multiple-attribute 277 

modeling under uncertainties has not yet been fully addressed. Addressing the extensive, 278 

complex challenges facing SSWM organizations and society requires appropriate tools. 279 

Multiple criteria decision-making tools are respected for complementing sustainability 280 

perspectives, as there are conflicting relationships inside complex systems (Gonzalez et al., 2015; 281 

Keogh et al., 2020). This study uses a hybrid method assimilating the FDM, the fuzzy DEMATEL 282 

method and the Choquet integral to develop valid hierarchical measures and a causal structure 283 

of the SSWM barriers in the context of S5.0. On the one hand, the FDM is applied to validate 284 

structural barriers derived from the literature based on experts’ evaluations. Tseng et al. (2015) 285 

implied that the FDM can be used to integrate the interactive and systematic estimations of 286 

experts who make judgments regarding planning, identification and prioritization strategies and 287 

framework development. Bui et al. (2020a) claimed that this method is useful for identifying, 288 

selecting and validating attributes within a hierarchical framework to enable extra examination. 289 

The fuzzy DEMATEL method is utilized to determine the causal interrelationships among SSWM 290 

attributes by transforming linguistic perceptions into quantitative data, which are then converted 291 

to crisp values (Tseng et al., 2018). Tsai et al. (2020a) utilized the fuzzy DEMATEL method to 292 

scrutinize the interactions between various attributes and develop a causal structure of certain 293 

attributes. Bui et al. (2020b) developed a set of SSWM attributes under uncertainties and 294 

identified a structure of causal interrelationships among them using this method.  295 

However, linguistic vagueness leads to differing interpretations that reflect various meanings; 296 

experts’ knowledge, experience, and industrial familiarity can involve subjective judgments that 297 

may significantly affect the results of a study (Bui et al., 2020b; Tsai et al., 2020a). A nonadditive 298 

Choquet integral is used to remove the experts’ subjective evaluation and establish hierarchical 299 

consistency (Tseng, 2009; Tseng et al., 2015). Tseng et al. (2009) adopted a Choquet integral to 300 

identify optimal suppliers in independent supply chain management strategies. Tseng et al. (2015) 301 

used a Choquet integral approach to systematically evaluate a diversified set of independent 302 

criteria related to service innovation. Since attribute independence assumptions are not suited 303 

to additive multilevel structures, the method confirms the interdependency of the data and 304 

affirms the data’s prioritization for optimal performance. 305 

 306 
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2.4. Proposed measure 307 

Rapid development, cumulative discernment, and diverse social, political, environmental and 308 

economic challenges result in the different technical and nontechnical difficulties, making SSWM 309 

complex and uncertain (Bui et al., 2020a; Fukuda, 2020). Given the massive number of 310 

dimensions and issues related to decision-making problems involving sustainability, a hierarchical 311 

approach is suitable. This study evaluates TBL perspectives on sustainability in addition to the 312 

technical challenges faced in the context of SSWM within S5.0. 313 

S5.0 struggles to transition ahead of industry and shape a supersmart society where new 314 

knowledge, technology, and values are constantly generated to provide improved living 315 

standards and economic growth (Fukuda, 2020). As the foundation of cities and society 316 

development, waste management requires technologically innovative approaches to 317 

extrapolative and adaptive social practices (P1). In fact, new technologies have an important 318 

influence on citizens’ ability to make decisions on social and environmental development and to 319 

maximize social wellbeing and justice without harming the ecosystem (Roblek et al., 2020). 320 

However, the implications of S5.0 potentially include extraordinarily high-speed outcomes 321 

related to the integration of innovative technology into social life, and such communities would 322 

thus face a complex flow of tangible good and bad impacts without notice (Ferreira & Serpa, 323 

2018). Therefore, a S5.0 that incorporates SSWM needs to account for community uncertainty 324 

(A1) and promote publicly attainable goals during the development process (Mavrodieva & Shaw, 325 

2020). Communities needs to address these difficulties since resource depletion causes security 326 

and social threats. Furthermore, society also faces ethical issues, as diverse nations, regions and 327 

communities can have unalike principles and ideas regarding how the information should be 328 

handled (Keogh et al., 2020). This introduces vulnerability regarding citizens’ information, as clear 329 

mechanisms for incorporating their right of speech are missing, and biases are created in the 330 

decision-making process. Improper technology adoption, a lack of social facilities, a low 331 

awareness of these issues, and behavioral changes must be addressed to implement and sustain 332 

best practices throughout an entire SSWM system (Casazza and Gioppo, 2020; Roblek et al., 333 

2020). 334 

Policy and regulation problems (A2) still exist, as a lack of regulation, direction, policy norms, 335 

standardization, transparency and connectivity are critical factors that cause city development 336 

to fail, particularly in the context of SSWM practices (Sharma et al., 2020). The government, 337 

together with the community, must examine its institutional reorganization capability and the 338 

standardization of its policies and rules as part of its strategic development towards S5.0 339 

implementation, ensuring that social benefits are distributed evenly and responsibly (Tanaka, 340 

2014). Nevertheless, these new policies suggest the inclusion of novel activities, and certain 341 

generations, such as elderly individuals, who will tolerate a brunt of adapting from these hasty 342 

changes, as they are stuck in the trial-and-error progression. A synchronization of the regulatory 343 

norms and political directions related to SSWM technological innovations is urgently needed, as 344 

there is a danger that waste management reliability and mobility are still lacking, remaining 345 

mostly optional rather than legally binding to minimum standards. 346 

Mass production and consumption have resulted in natural resource depletion, toxic 347 

substance emissions, incinerator and dioxin pollution, and other kinds of environmental 348 

degradation (P2). Human activities and economic development severely affect city ecosystems 349 

and threaten biodiversity (Tanaka, 2014). Similarly, waste management issues (A3) also cause 350 
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problems related to limited resource availability and solid waste conservation capacity, leading 351 

to the risk that existing waste management networks negatively affect the society existence. For 352 

example, the disposal of different solid wastes, illegal dumping and improper waste disposal are 353 

thought to be management issues that have long-term environmental influences (Ikhlayel, 2018). 354 

Augmented waste generation causes additional environmental problems that challenge the 355 

implementation of SSWM due to slow local sustainable development (Tsai et al., 2020b). 356 

A society is in the 5.0 stage of its development when it is smart in terms of waste management, 357 

energy savings, and environmental conservation (Dubey et al., 2020). Still, there is no focus on 358 

infrastructure and energy consumption (A4) solutions designed to waste reduction, reuse and 359 

recycling, and energy recovery processes, resulting in big amount of disposed waste and 360 

environmental pollution (Bui et al., 2020a). Thus, selecting SSWM solutions based on each 361 

locality’s strengths and resources and environmentally friendly technologies suited to the nature 362 

of each location’s waste are required (Bui et al., 2020b). Additionally, cities are moving towards 363 

a sustainable society based on technology that helps citizens engage in their chosen activities in 364 

flexible ways and guides them to engage in energy-efficient behavior (Mohanty & Kumar, 2021). 365 

Public infrastructure also helps limit wasteful energy use if it dynamically reflects usage levels. 366 

Yet, deintensifying urban areas still need a distributed system that provides high levels of 367 

independence and mobility as well as an effective integration of land use and vacant land 368 

management (Murayama, 2020). 369 

S5.0 is considered to convey citizens economic assistance (P3) by delivering appropriate 370 

amounts of necessary products/services to citizens in need in a timely manner by way of 371 

emerging technologies (Gladden, 2019). An effective SSWM system also utilizes economic and 372 

technological advantages to promote environmental harmony and social enrollment (Bui et al., 373 

2020b; Keogh et al., 2020). A clear economic development design is urgently needed to address 374 

various costs and expenditures (A5), including those related to restructures due to information 375 

changes and adaptive risk as well as response procedures within SSWM programs (DeWit et al., 376 

2020; Mavrodieva & Shaw, 2020;). Nevertheless, society struggles to implement these new plans 377 

due to technical, financial, and economic constraints (Sharma et al., 2020). Improved SSWM 378 

practices such as those related to waste handling and waste fraction collection, with a view to 379 

quantitative production regarding packaging and qualitative waste impediment, require extra 380 

time and are often costly, leading to reduced acceptance and resistance. 381 

City architecture (A6) is a vital barrier because it provides enhancement or unite effective 382 

waste-processing technologies through accommodation, restoration, or backdrop designs (Bui et 383 

al., 2020a). Due to the numerous socioeconomic challenges and constantly increasing risk of 384 

frequent and strong environmental impacts facing society, there is a need to implement a novel 385 

inclusive strategy, namely S5.0 architecture, which utilizes various technologically innovative 386 

solutions to provide a secure environment for its citizens and solutions for some important issues, 387 

particularly waste management (Mavrodieva & Shaw, 2020). It is suggested that communities 388 

develop ecological architecture designs that can guarantee resource availability over the long run 389 

and that use software analytics to implement the proposed SSWM approaches (Anagnostopoulos 390 

et al., 2017). Unsynchronized local architecture and design operations methodologies might 391 

result in unsustainable waste management and corrupt sanctions. A sustainable construction 392 

approach that encourages smart development whereas upholding architectural civilizations and 393 
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traditional design is able to increase economic efficiency with marginal processing and 394 

transportation burdens for waste management systems. 395 

It is argued that technical integration drives SSWM, and technical difficulties (P3) represent 396 

an important factor that causes poor SSWM performance (Tsai et al, 2020a; Bui et al., 2020a). 397 

When choosing suitable technology principles, it is vital to have information on the local SSWM 398 

status since S5.0 is designed to create new value by facilitating cooperation and collaboration 399 

among different technology systems, and developing necessary human resources (Ferreira & 400 

Serpa, 2018). Specifically, S5.0 provide SSWM opportunities to expose the greatest possibility of 401 

innovative technologies: a concept of waste management designed to employ smart technology 402 

interaction (A7) as a basis for classifying waste management structures that integrate cyber-403 

physical infrastructure, the Internet-of-Things, and software analytics (Anagnostopoulos et al., 404 

2017). Emerging technology is expected to enhance smart applications, transnational 405 

normalization, big data technologies, and so on, encouraging societal development (Tabaa et al., 406 

2020). 407 

S5.0 improves personal and professional ways of life and community lifestyles. Society 408 

categorizes and analyzes the probability that robotics, AI, and augmented humans will be deeply 409 

integrated into nature through futuristic technologies (Ferreira and Serpa, 2018; Gladden, 2019). 410 

However, although advanced technology applications can syndicate and scrutinize progressively 411 

complex unrelated data and vast amounts of information, as they obligatory an inordinate time 412 

consuming and human resources (A8) to do so (Mavrodieva & Shaw, 2020). However, there is a 413 

lack of knowledge and skill regarding the operational integration needed to ensure that 414 

unconventionalities regarding SSWM are no longer affecting the development of society; thus, 415 

empirical customization is required to identify inefficiencies or changes that should be made, 416 

especially in human-machine interactions (Foresti et al., 2020). Overall, there are large-scale 417 

societal 5.0 changes and SSWM barriers related to the integration of technical and social factors 418 

into human society, and these bring considerable new ethical, practical, and security challenges. 419 

The proposed hierarchical structure including 4 perspectives, 8 aspects, and 45 barriers is 420 

shown in Table 1 421 

 422 

(INSERT Table 1 here- Proposed hierarchical structure) 423 

 424 

3. Method 425 

The case background and method using FDM, fuzzy DEMATEL, and a Choquet integral are 426 

precisely addressed in this section. 427 

3.1. Case background 428 

The SSWM system in Taiwan embodies a case study that is suitable for recognizing the 429 

socioeconomic benefits of SSWM implementation, particularly in the case of emerging countries. 430 

This is because Taiwan not only succeeds in terms of solid reduction and resource recovery 431 

programs but also has experienced rapid industrialization and urbanization during the last few 432 

decades. An integrated system guarantees that SSWM production and consumption is promoted 433 

via public policies that invest in the expansion of environmentally friendly industries and that 434 

improve society’s awareness of such issues with the aim of creating a recycling economy (Nguyen 435 

et al., 2020; Yeh et al., 2020). As an outcome, in 2020, 97.42% of the waste in Taiwan was 436 
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incinerated, and the resource recovery rate reached 55.5%; indeed, only 2.58% of the country’s 437 

waste was landfilled (Taiwan Environmental Protection Administration, 2020). 438 

For the last decade, Taiwan’s SSWM progress regarding the reduction of waste has been 439 

appraised. Incineration has substituted landfills as the primary waste disposal method because 440 

landfills are not suitable for Taiwan’s typhoon-prone weather, as waste easily pollutes the natural 441 

environment and destroys entire ecosystems. The government has built 26 large incinerators, 442 

but they have been met with a wave of environmental opposition related to environmental 443 

protection and community health (Sung et al., 2020). In addition, many of them face either a 444 

need for maintenance or an end-of-life period. SSWM technologies are reaching their respective 445 

frontiers; this challenge is accompanied by frequent natural disasters, such as earthquakes and 446 

typhoons, which have boosted the unexpected encumbers on society. Choosing the proper trend 447 

in relation to the sustainability of society is vital as a long-term environmental strategy, and it is 448 

urgent that long-term SSWM opportunities are taken advantage of. Taiwan, with its ambition to 449 

become a zero-waste society and the political pressure that it faces on environmental cleanliness, 450 

has placed significant pressure on society (Taiwan Environmental Protection Administration, 451 

2021). S5.0 and high-tech facilities represent an SSWM improvement in the context of a complex 452 

socioeconomic system. This study aims to build a SSWM paradigm with new added value and 453 

advanced strategic mechanisms. 454 

This study evaluates experts’ perceptions on the major SSWM barriers by applying the FDM, 455 

the fuzzy DEMATEL method, and a Choquet integral. The theoretical appraisal and proposed 456 

SSWM barriers are derived from the literature and expert counsellors. Face-to-face interviews 457 

are employed to appraise the knowledge and reliability of participating expert. A committee with 458 

32 experts is utilized, including 16 experts from academia, 5 experts from government agencies, 459 

and 8 experts from practical fields with experience working and studying in the SSWM field. 460 

3.2. Fuzzy Delphi method 461 

The integration of fuzzy set theory and the traditional Delphi method is proposed to handle 462 

the linguistic preferences of the experts (Ishikawa et al., 1993). The linguistic terms are 463 

interpreted into triangular fuzzy numbers (TFNs), as shown in Table 2. Expert 𝑥 is then required 464 

to assess the significance of attribute 𝑦  as 𝑗 = (𝑎𝑥𝑦; 𝑏𝑥𝑦; 𝑐𝑥𝑦) ; 𝑥 = 1,2,3, … , 𝑛 ; and 𝑦 =465 1,2,3, … , 𝑚. Thus, 𝑗𝑦 is the weight of attribute 𝑦 and 𝑗𝑦 = (𝑎𝑦; 𝑏𝑦; 𝑐𝑦), where 𝑎𝑦 = 𝑚𝑖𝑛(𝑎𝑥𝑦), 466 𝑏𝑦 = (∏ 𝑏𝑥𝑦𝑛1 )1/𝑛
, and 𝑐𝑦 = 𝑚𝑎𝑥(𝑐𝑥𝑦). 467 

The 𝐷𝑏, convex combination value, is generated using an 𝜌 cut as follows: 468 𝑢𝑦 = 𝑐𝑦 − 𝜌(𝑐𝑦 − 𝑏𝑦), 𝑙𝑦 = 𝑎𝑦 − 𝜌(𝑏𝑦 − 𝑏𝑥𝑦), 𝑦 = 1,2,3, … , 𝑚  (1) 469 

The 𝜌 value is adjusted between 0 and 1 based on the negativity or positivity of the experts’ 470 

judgments. Generally, the value 𝜌 = 0.5  denotes indifference. Formerly, the precise 𝐷𝑏  is 471 

generated as follows: 472 𝐷𝑦 = ∫(𝑢𝑦, 𝑙𝑦) = 𝛼[𝑢𝑦 + (1 − 𝛼)𝑙𝑦]      (2) 473 

where 𝛼 represents equilibrium among the fundamental judgments of the expert group. 474 

Then, the threshold 𝛾 = ∑ (𝐷𝑏/𝑛)𝑛𝑎=1  is established to identify the valid attributes. If 𝐷𝑏 ≥ 𝛾, 475 

attribute 𝑏 is validated. Otherwise, it is obliged to be excluded. 476 

 477 

(INSERT Table 2 here- FDM linguistic terms’ transformation table) 478 

 479 
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3.3. Fuzzy DEMATEL 480 

The fuzzy DEMATEL method is used to simplify the examined complex interrelationship 481 

problems by interpreting the experts’ linguistic judgments into fuzzy values. Using the 482 

defuzzification technique, the fuzzy maximum and minimum numbers are employed to convert 483 

the TFNs into crisp values by calculating the right and values left (Bui et al., 2020b). Next, the 484 

fuzzy membership function weight r̃ijk = (r̃1ijk , r̃2ijk , r̃3ijk ) is used to abridge the weighted values. 485 

The total direct relation matrix is rearranged according to the crisp values. A visual causal diagram 486 

is mapped using the DEMATEL method to present the analytical results and describe the 487 

interrelationships among the attributes. 488 

Presuming the existence of the attribute set E = {e1, e2, e3, ⋯ , en}, a pairwise comparison is 489 

adopted to clarify the precise relationships between each pair of attributes. The five linguistic 490 

preferences are ranked from VL (very low influence) to VHI (very high influence), and these are 491 

exploited to construct the attributes’ fuzzy direct relation matrix, as shown in Table 3. If k 492 

members are included in the decision committee, the ithattribute influencing the jth attribute 493 

assessed by the kth expert is denoted as the fuzzy weight ẽijk. 494 

(INSERT Table 3 here- Fuzzy DEMATEL linguistic terms’ transformation table) 495 

 496 

The corresponding fuzzy numbers are then transformed as follows: 497 E = (er̃1ij k , er̃2ijk , er̃3ijk ) = [(r1ijk −minr1ijk )∆ , (r2ijk −minr2ijk )∆ , (r3ijk −minr3ijk )∆ ]                                 (3) 498 

where ∆= maxr3ijk − minr1ijk  499 

 500 

The left (lv) and right (rv) values are converted into normalized values, as shown in equation 501 

2, and these are then used to compute the total normalized crisp values, as shown in equation 3: 502 (lvijn, rvijn) = [ (er2ijk(1+er2ijk −fr1ijk ) , er3ijk(1+er3ijk −er2ijk )]                                                                               (4) 503 

 504 cvijk = [lvijk (1−lvijk)+(rvijk )2](1−lvijk +rvijk )                                                                                                               (5) 505 

A synthetic value is obtained to calculate the individual judgment of each expert as follows: 506 r̃ijk = (cvij1 +cvij2 +cvij3 +⋯+cvij3 )k                                                                                                                (6) 507 

 508 

By forming pairwise comparisons, the (DR) , an ( n × n)  initial direct relation matrix, is 509 

acquired, in which r̃ijk represents the values of attribute i imitates attribute j, and this matrix is 510 

reformed as IM = [r̃ijk]n×n. 511 

Then, the(DM), normalized direct relation matrix, is calculated as follows: 512 DM = τ ⊗ DR     where τ = 1∑ r̃ijkkj=11≤i≤kmax                                                                                                                              (7) 513 

 514 

The total interrelationship matrix (TM) is computed as: 515 TM = DM(I − DM)−1                                                                                                                         (8) 516 
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where TM signifies[tmij]n×n  i, j = 1,2, ⋯ n 517 

 518 

Finally, the driving power (γ) and the dependent power (δ) are calculated as the sum of the 519 

values in the rows and columns of the total relation matrix as follows: 520 γ = [∑ tmijni−1 ]n×n   = [tmi]n×1                                                                                                 (9) 521 δ = [∑ tmijnj−1 ]n×n   = [tmj]1×n                                                                                                  (10) 522 

 523 

A causal interrelationship diagram is mapped to identify attributes using (γ + δ) and (γ − δ) 524 

iteratively as horizontal and vertical axes. In this process, (γ + δ) indicates the importance of the 525 

attributes; the higher the value of (γ + δ)  is for a given attribute, the more important the 526 

function of that attribute is. Then, (γ − δ) is used to assembly the attributes to cause-and-effect 527 

groups by defining whether (γ − δ)  is positive or negative. If (γ − δ) is positive for a given 528 

attribute, that attribute is placed into the causing group; otherwise, it belongs to the affected 529 

group. 530 

3.4. Choquet integral 531 

An unweighted supermatrix is obtained to handle with the transaction between the criteria, 532 

aspects and perspectives (Tseng et al, 2009). Adjusting weights for each expert evaluation must 533 

be added to the weighted supermatrix since it is incapable of reproducing the stochastic 534 

determinant. The interdependent convergence is then generated to precisely mold the relative 535 

weights of the attributes as: 536 𝐻∗ =  lim𝑛→∞ 𝐻𝑛          (11) 537 

 538 

A nonadditive fuzzy integral is a numerically based method for patterning gradients and 539 

image segmentation. Fuzzy integral adoption can be used in aggregation membership to capture 540 

the importance of individual criteria or their combinations (Grabisch ,1996; Tseng et al., 2009). 541 

Specifically, monotonic and nonadditive fuzzy integrals are introduced to assess the comparative 542 

rank of the measured attributes and model the preference structure; additionally, the 𝜆-additive 543 

axiom is unified to diminish the related data collection difficulties. In the fuzzy measure space 544 (𝑋, 𝛽, 𝑔), let ( 1, )   . If , ,A B A B      , the fuzzy measure 𝑔 is λ-additive, and can be 545 

called the Sugeno measure. 546 

Assuming that 𝑋 = {𝑥1, 𝑥2, 𝑥3, … , 𝑥𝑛}  and 𝑃(𝑋)  is the 𝑋 ’s power set, the functional set 547 𝑔: 𝑃(𝑋) → [0, 1] is a nonadditive fuzzy measurement that has the following properties: 548 

( ) 0g   ; 549 𝑔(𝑋)  = 1;  550 

if , ( )A B P X  and A B  then ( ) ( )g A g B (monotonicity); 551 

In 𝑃(𝑋), if 1 2 3 4
.......A A A A    and 1

( )
i i

U A P X

  , then 1( ) ( )

i i i i
lim g A g U A


 

; and 552 

In 𝑃(𝑋) , if 1 2 3 4
.......A A A A    and 1 ( )

i i
A P X


 

, then 1
( ) ( )

i i i i
lim g A g A


  

 (continuity 553 

from above). 554 

 555 

Furthermore, the 𝜆-fuzzy measurement also refers as the additional possessions as follows: 556 

 557 



14 

 

( ) ( ) ( ) ( ) ( )g A B g A g B g A g B                                           (12) 558 

 559 

where 𝜆 > 0 for all , ( )A B P X  and A B   . Assuming that 𝑋 is a determinate set, afterward 560 

1

n

i i
U A X  . The 𝜆-fuzzy measurement 𝑔 is denoted as: 561 

 562 

 
1

1

1

1
1 ( ) 1

0,
( ) ( )

0,
( )

n

i
n

i

i
ni

i

i

g A
if

g X g U A
if

g A











  
           

  




                              (13) 563 

 564 

where i j
A A  

 for all 𝑖, 𝑗 = 1, 2, 3, … , 𝑛  and i j . If 0  , then the 𝜆 -fuzzy 565 

measurement 𝑔 is nonadditive; or else, the 𝜆-fuzzy measurement 𝑔 is additive, and there are no 566 

interrelations among 𝐴𝑖 and 𝐴𝑗 for i j . The existence of an interrelation denotes the existence 567 

of information synthesis between attributes. 𝜆 > 0 infers ( ) ( ) ( )g A B g A g B    and that the 568 {𝐴, 𝐵} set has multiplicative effect; however, λ<0 implies that the {𝐴, 𝐵} set has a substitutive 569 

effect. In the fuzzy measurement space (𝑋, 𝛽, 𝑔), let ℎ be a measurable occupation of 𝑋 from 570 [0, 1]; then, the fuzzy integral definition of ℎ over 𝐴 can be given to 𝑔 as: 571 

 572 

[0,1]

( ) sup [ ( )]
A

h x dg g A F





  
                                             (14) 573 

 574 

where 𝐹𝛼 =  {𝑥| ℎ(𝑥)  𝛼} and 𝐴 is a fuzzy integral domain. the fuzzy integral is signified by 575 ∫ ℎ𝑑𝑔  when 𝐴 =  𝑋 . Deliberate the fuzzy measurement 𝑔  of (𝑋, 𝑃(𝑋)), where 𝑋  refers to a 576 

determinate set. Let ℎ: 𝑋 [0,1] and presume that there is no generality loss, the function ℎ(𝑥𝑖) 577 

is monotonically declining with reference to 𝑖 ; for example, ℎ(𝑥1)  ℎ(𝑥2) …  ℎ(𝑥𝑛).  The 578 

attributes in 𝑋 are renumbered as: 579 

1
( ) [ ( ) ( )

n

i i
i

h x g h x g H


                                                     (15) 580 

where 𝐻 = (𝑥1, 𝑥2, … … . . , 𝑥𝑖), 𝑖 = 1, 2, … , 𝑛. 581 

Since ℎ is an attribute affecting a set of criteria; 𝑔 denotes each attribute’s comparative rank. 582 

The fuzzy integral ℎ(𝑥)  uses 𝑔  to represent an attribute’s overall assessment. The fuzzy 583 

measurement of the Choquet integral is denoted as: 584 

1 1 1 2
( ) ( ) ( ) [ ( ) ( )] ( ) ........ [ ( ) ( )] ( )

n n n n n i
c hdg h x g H h x h x g H h x h x g H                  (16) 585 

where 1 2
0 ( ) ( ) .......... ( ) 1

n
h x h x h x    , 0

( ) 0h x   and 𝐻𝑖 = {𝑥(𝑖), … … , 𝑥(𝑛)}. 586 

The fuzzy integral described by ∫ ℎ𝑑𝑔 is named the “Choquet integral”. The fundamental 587 

concept is showed in Figure 1. The fuzzy integral measurement model confirms that there is 588 

interdependency among the attributes; therefore, this integral is used in nonlinear cases. 589 

 590 

(INSERT Figure 1 here- Choquet integral’s basic concept) 591 

 592 
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4. Results 593 

This section reveals the results of the FDM, fuzzy DEMATEL method and Choquet integral. A valid 594 

SSWM barrier structure for S5.0 is established. The causal interrelationships between the 595 

identified aspects of the critical barriers are identified. 596 

4.1. Fuzzy Delphi method 597 

This study proposed 45 barriers with 8 aspects as the initial attributes. The FDM results are 598 

shown in Table 3 with the weights and thresholds used to filter the valid attributes. After the 599 

analysis process, the linguistic references are converted into corresponding TFNs, as shown in 600 

Table 2. The FDM is used to screen out invalid barriers with the threshold 𝛾 = 0.363, as shown in 601 

Table 4. After this process, 20 barriers are accepted and 25 barriers are eliminated along with 602 

their waste management features (A3) because all these barriers are removed from the initial 603 

structure. The valid hierarchical structure is shown in Table 5. 604 

 605 

(INSERT Table 4 here- FDM barriers result) 606 

 607 

(INSERT Table 5 here- Valid hierarchical structure) 608 

 609 

4.2. Fuzzy DEMATEL 610 

The linguistic references from expert regarding the interrelationships of aspects are 611 

transformed into TFNs using the linguistic scale shown in Table 3. The TFNs are then normalized 612 

into crisp values that are comparable and computable; these can be transformed into exact crisp 613 

values using synthetic value notation, as shown in Table 6. 614 

 615 

(INSERT Table 6 here – Aspects’ script value) 616 

 617 

Then, the crisp values are organized into an interrelationship matrix and aspect groupings to 618 

examine their interrelationships with a cause-and-effect diagram. The matrix is rehabilitated into 619 

causal interrelationships, as shown in Table 7. A cause-and-effect diagram is drawn based on the 620 [(γ + δ), (γ − δ)], as shown in Figure 2. The results show that community uncertainty (A1), policy 621 

and regulation problems (A2), city architecture (A6), and technology interaction (A7) are 622 

allocated into the cause group and have strong influences within the system, while infrastructure 623 

and energy consumption (A4), cost and expenditures (A5), and human resources (A8) are 624 

assigned to the affected group. In particular, (A2), (A6) and (A7) have strong effects on (A5) and 625 

(A8) in the affected group, and (A1) has a strong effect on (A8). Additionally, (A2), (A6) and (A7) 626 

have moderate effects on (A4), and (A1) has a moderate effect on (A5). These results reveal an 627 

interrelationship network among the attributes. 628 

 629 

(INSERT Table 7 here –Aspects’ Interrelationship matrix and cause-and-effect interrelationship) 630 

 631 

(INSERT Figure 2 here – Aspect’s cause-and-effect diagram) 632 

 633 

Similarly, the cause-and-effect among the criteria are offered in Table 8. This diagram splits 634 

the criteria into 2 groups: the cause group includes B3, B6, B10, B14, B15, B32, B34, B36, B37, 635 

B38, B39, and B40, whereas the affected group consists of B8, B23, B24, B26, B27, B29, B41, and 636 
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B44 (as shown in Figure 3). The most important barriers in the cause group are diverse disciplines 637 

and sectors in local, national, and global communities (B6), a lack of mobility and reliability (B14), 638 

mass production and mass consumption (B34), insufficient AI application (B37), and failures 639 

related to data management and security (B40); these are the most concerning barriers that 640 

decision makers need to tackle to improve SSWM and achieve S5.0 in practice. 641 

 642 

(INSERT Table 8 here – Criteria’s cause-and-effect interrelationship) 643 

 644 

(INSERT Figure 3 here – Criteria’s causal diagram) 645 

 646 

4.3. Choquet integral 647 

The weighted criteria can be found by integrating the determinant of the converged 648 

supermatrix. The integration weights are obtained from the global weights through a 649 

normalization process, as shown in Table 9. An interdependent convergent supermatrix is 650 

generated with aspect and criteria weight rankings. The results show that city architecture (A6) 651 

is ordered as first position in terms of priority, and this is followed by technology interaction (A7), 652 

policy and regulation problems (A2), and community uncertainty (A1), which are ranked second, 653 

third, and fourth, respectively. Infrastructure and energy consumption (A4), cost and 654 

expenditures (A5), and human resources (A8) rank at the structure lowermost. This procedure 655 

ensures the aspects consistency through the fuzzy DEMATEL analysis and confirms the proposed 656 

hierarchical structure’s reliability and validity. 657 

 
658 

(INSERT Table 9 here- Aspects and criteria global weights suppermatrix) 659 

 660 

A Choquet integral is used to specify the reliability and functionality of the finest perspectives 661 

by resolving the 𝑘-fuzzy measurement. The Choquet integral 
( )c hdg         is adopted to generate an 662 

aggregated value for each criterion based on its global weight. The overall Choquet integral 663 

weight index for the aspects and criteria of each perspective is shown in Table 10. Figure 4 shows 664 

the validity of the aspects, criteria, and perspectives, confirming their consistency and showing 665 

that they are free from biased judgments and any expert subjective problems introduced by this 666 

study’s proposed hierarchical structure, as there are no differences between 𝜆 =  0 and 𝜆 =  1. 667 

The social (P1) and technical perspectives (P3) are indicated at the top of the diagram as well as 668 

way that these 2 perspectives should be prioritized to improve SSWM performance. 669 

 670 

(INSERT Table 10 here- Overall Choquet integral weight index) 671 

 672 

(INSERT Figure 4 here- Choquet integral diagram) 673 

 674 

5. Implications 675 

This section provides this study’s theoretical and practical implications. 676 
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5.1. Theoretical implications 677 

This study reveals that community uncertainty, policy and regulation problems, city 678 

architecture, and technology interaction have strong influences within SSWM structures in S5.0 679 

perspective. 680 

An innovative human-centered society can generate new value that eliminates gender-, age-, 681 

language-, and religion-related inequality among individuals and in communities and keenly 682 

empowers product/service delivery to satisfy diverse dormant and detached desires (Mohanty & 683 

Kumar, 2021). S5.0 is complex, as it not only significantly impacts SSWM but also increases 684 

people’s uncertainty and insecurity. However, changes also bring opportunities; if changes are 685 

acknowledged and taken advantage of, a better society can be created. Since S5.0 is primarily 686 

based on advanced technologies, a social acceptance of SSWM that predominantly emphasizes 687 

technology is needed. Specialists and professionals who are greatly involved in exploring the 688 

technology acceptance principal grounds have proposed. Nevertheless, clear guidance is needed 689 

on how to use S5.0 SSWM technology in the local community, such as with citizen data or 690 

cyberspace architecture, as well as how to facilitate coordination and collaboration to accelerate 691 

humans’ transition to its use. Understanding humans’ acceptance of robots in terms of cultural 692 

influence is essential to being more conscientious in this context and experiencing fewer 693 

uncertain outcomes. 694 

Policies and regulations are essential to addressing the challenges and opportunities of SSWM 695 

and to finding resolutions by examining statistical data on waste generation, amounts and 696 

components of solid waste management, waste handling technologies, pecuniary resources, and 697 

stakeholder and institution involvement (Tsai et al., 2020a). In S5.0, data from various 698 

information sources and social media are exploited, which necessitates an updated system 699 

including new data-sharing regulations and transparent connectivity (Mavrodieva and Shaw, 700 

2020). Therefore, addressing both political and regulatory issues regarding SSWM technological 701 

innovations is needed to improve the reliability and mobility of waste management and to 702 

prevent legally binding risks. In addition, governments and related agencies play an important 703 

role in improving this situation by means of formulating new strategies and promoting 704 

environmental policies through multistakeholder collaboration. Legal system development and 705 

the restructuring of advanced technology and vital cybersecurity policies need to be considered 706 

when constructing a new SSWM system. The strategy used to do this should take into account 707 

the ethical and legislative issues surrounding AI development, instructions on data sharing, and 708 

open up opportunities related to Internet-of-Things security. Hence, changing policies on 709 

inclusiveness, the modification of innovative solutions, and the provision of shelter for citizens 710 

can lead to a strong legal system and infrequent corruption related to SSWM development 711 

towards S5.0. 712 

City architecture enhances and unites effective society-oriented waste-processing 713 

technologies (Bui et al., 2020a). This aspect has a considerable influence on how civilization 714 

envisions and designs future infrastructure and enables sustainable development (Fukuda, 2020). 715 

The results confirmed that SSWM not only reinforces smart technology infrastructure but is also 716 

involved in the master plans of inclusive societies by way of integrating factors such as waste 717 

management networks and energy efficiency into architectural design. The city architecture of 718 

S5.0 helps to improve the resilience and standards of SSWM, especially in locations with 719 

vulnerable infrastructure. Yet, SSWM architecture is either designated explicitly or incidentally 720 
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as a part of city systems’ designs, still remains unsynchronized with local architecture and 721 

operations capacity as a result of unsustainable waste management and persistent corrupt 722 

sanctions. S5.0 architecture can utilize diverse technologically innovative solutions to offer 723 

environmental security for citizens, and these technologies can be aligned across major partitions, 724 

particularly in the case of waste management (Mavrodieva & Shaw, 2020). Local governments 725 

should collect and examine data and access big data to develop cyberspace architecture where 726 

humans, in alliance with machines, can plan conservation activities (Mohanty & Kumar, 2021; 727 

Foresti et al., 2020). However, replacing aging infrastructure is expensive. In decreasing 728 

population scenarios, switching to a substructure appropriate for small-scale populations instead 729 

of preserving a whole infrastructure system is recommended. 730 

The results show that technology is a critical aspect affecting the capability of SSWM 731 

practitioners to utilize advanced technology to reduce risk and improve management efficiency 732 

(Tsai et al., 2020c). This examination of SSWM highlights that the S5.0 vision needs to incorporate 733 

global trends, rapid changes driven by technology, and unparalleled increases in data (Fukuda, 734 

2020). Although S5.0 integrates technological products/services into daily life, we should be 735 

aware of the rapid technological development and digitization necessary to enhance SSWM and 736 

realize the full potential of its operational mechanisms. Integrating SSWM into S5.0 is a difficult 737 

because of challenges related to technological adoption, disqualifying components of poor digital 738 

infrastructure, deficiencies in national strategies, specialized expertise, and knowledge and 739 

information sharing and distribution regarding complex individual and societal challenges such 740 

as insufficient funding, aging populations and natural disasters. It is ideal to strive for a 741 

supersmart society that leverages advanced digital technologies such as AI and Internet-of-Things 742 

applications to modernize SSWM, making it more data-driven, citizen-centric, and oriented 743 

towards cybersecurity, traceability, and citizen data and privacy. Creating new policy systems and 744 

implementing security, privacy, ethics, and stability mechanisms to protect human values and 745 

maintain sustainable growth are of utmost importance. 746 

Social and technical perspectives should be prioritized in relation to efforts to improve SSWM 747 

performance. In S5.0, prosperity and information are decentralized and distributed throughout 748 

society, and SSWM systems must align well with sociotechnical challenges to support a 749 

sustainable environment. On the one hand, technical perspective is embedded into every aspect 750 

of society to support community well-being, handle social problems and increase productivity. 751 

This frees people from high environmental constraints related to regional diversity and mass 752 

resource consumption through advanced waste management and allows them to live in harmony 753 

with nature. However, importantly, society empathy and real human interactions cannot be 754 

altered by technology such as AI or robotics. These system designs continuously face 755 

contradictory requirements and situations introduced by structural social schemes composed of 756 

different elements. The solid waste problems of society have immensely intensified due to 757 

industrial and manufacturing innovation, and this must be addressed with diverse waste 758 

generation approaches and management techniques, as humans decide what kind of waste they 759 

produce and how much waste they generate. Cultural contexts imperatively influence the 760 

human-robot communication, and the acquiescence of these technologies must become a 761 

priority in creating a new societal paradigm. Therefore, to integrate SSWM into S5.0, 762 

sociocultural issues must be incorporated with environmental issues to enable improved fiscal 763 
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performance. Strong societal, political, and economic measures are needed to overcome or at 764 

least mitigate the challenges faced in fostering clear, affordable, and available SSWM. 765 

5.2. Practical implications 766 

The utmost important barriers to SSWM are acknowledged as (1) diverse groups and sectors 767 

in local, national, and global communities, (2) a lack of mobility and reliability, (3) mass 768 

production and mass consumption, (4) insufficient AI application, and (5) failures related to data 769 

management and security; these are the most concerning barriers that decision makers need to 770 

address to improve SSWM and achieve S5.0 in practice. 771 

SSWM barriers in local, national, and global communities require much research-based 772 

analysis regarding S5.0 and its applicability because of academic knowledge and global awareness 773 

deficiency, as well as a certain level of uncertainty, on the topic. Although global organizations 774 

have established SSWM norms and standards for governments and corporations at the national 775 

level, governments have not made enough progress in this field due to operational failures in 776 

terms of their structural and economic reform plans. Specifically, national-level governments can 777 

act to reduce solid waste pollution through medium- or long-term development plans based on 778 

their current situations and possible future trends. It could issue regulations and ordinances 779 

restricting the use of products with high emissions, assessing the implementation of waste 780 

treatment systems, and establishing safe, sustainable transportation and smart technical 781 

standards for society. Actions that can be partially implemented at the local level are likely to 782 

have immediate or short-term impacts. Ordinances related to solid waste can be applied at the 783 

local level, but since production and trade do not just occur within local community boundaries, 784 

the enforcement of such SSWM ordinances will be difficult, as they affect various cultures’ 785 

perspectives on solid waste generated and treatment by households, tourism, businesses, 786 

industries, institutions, and individuals inside and outside communities. There is a need to 787 

provide responsible officials at the local level with complete S5.0 planning procedures and 788 

appropriate monitoring systems. Furthermore, behavioral changes and appropriate 789 

programming and tools for technical assistance are required to address different community 790 

groups through awareness programs. This is to avoid or minimize increases in costs and other 791 

unsustainable results. 792 

Mobility and reliability factors ensure environmental protection, an optimal recycling rate, 793 

low carbon emissions, and green growth while meeting the conditions needed to implement 794 

SSWM in S5.0 perspective; some problems related to this issue include public costs, a lack of 795 

awareness, insufficient databases, and the increasing comprehensive socialization of activities in 796 

the field of quality management. To make SSWM more reliable, different methods of service 797 

payment and waste collection need to be implemented. Both businesses and employees should 798 

be required to take part in the system, and the support of households or cities must be given to 799 

counter their response to community-based services. Indeed, mobility and reliability can cause 800 

polluters and communities to take actions that benefit environment users. Applying economic 801 

tools in the context of environmental management is advised to limit environmental pollution 802 

and degradation. However, for an SSWM practitioner, it is advisable to rigidly and strictly follow 803 

regulation. In the long run, authorities are encouraged to comply with the principles defined from 804 

the beginning. This is both respecting these goals and creating a reputation with the community. 805 

In Societies 3.0 and 4.0, human beings rely on activities that involve high environmental 806 

impacts and massive resource consumption. This contributes to climate change, and mass 807 
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production and mass consumption create waste that impacts biodiversity; such production and 808 

consumption is often dependent on exploitive, impractical and even illegal conditions. Taiwan, 809 

which is poor in natural resources and faces ongoing resource depletion, should certainly leave 810 

the current societal system to ensure efficient use of its resources. S5.0 perspective exploits 811 

information to increase energy decentralization and efficiency, will help SSWM become off-grid 812 

and independent of outdated energy systems. SSWM will develop in terms of both systemic and 813 

technological requirements, thus allowing people to adopt sustainable lifestyles. Additionally, 814 

investment in the field of human resources, with an emphasis on the importance of active 815 

learning, is necessary to make a difference in solving mass production problems. Data on 816 

materials or substances produced with natural resources and recycled waste can be used as 817 

inputs to human production and consumption activities. Cities can provide waste transfer 818 

apparatuses and ward budgets that can be used for communication with community assistance 819 

organizations and to help spread information about the SSWM attribute, raising awareness not 820 

only among citizens but also among other populous communities. 821 

AI is a replication of human intelligence in machines that simulate programmed to humans 822 

cogitate and imitate their activities, such as learning and problem solving. Big data and AI can be 823 

used to solve SSWM problems in S5.0. AI and robots can be utilized to build and maintain 824 

transportation networks and waste management infrastructure, replacing humans to limit their 825 

expose to hazardous waste and infection. Extending the use of AI and information sharing 826 

between humans and robots is needed, but humans generally want to have the right of control. 827 

Therefore, collaborative control is an important consideration for SSWM in optimal intelligent 828 

societies. Thus, unexpected accidents can be avoided and safety and reliability can be increased. 829 

However, so far, Taiwan has not had a government policy on critical AI technology. Such 830 

technologies carry potential risks, such as cyber-attacks, data privacy concerns, accountability 831 

issues, increased maintenance and enhancement expenses, and amplified social inequality, 832 

which justify consideration. The insufficiency of AI and the Social 5.0 methodology emphasize the 833 

need for physical network convergence, and the traditional approach must be changed to build 834 

a better community. Yet, extreme robotization, productivity improvements and increased 835 

automation impact job demand and lead to even more business losses, which have a net impact 836 

on employment. This study emphasizes the importance of true human interactions, and 837 

sympathetic AI cannot replace the role of humans in SSWM. Therefore, for employees, the 838 

“Internet of Abilities” should be used to enhance synergistic interconnections between humans 839 

and AI, where people can discover and improve their own abilities using AI capabilities. 840 

Data management and security, at least for the foreseeable future; however, this progress 841 

also presents unique ethical, legal, social, privacy, security, and safety challenges that need to be 842 

addressed before actual changes are made. Particularly, the S5.0 baseline should be a broad 843 

contextual platform used to generate expertise and pioneer SSWM, which is a vital part of all 844 

municipalities. The responsibility for data collection and management should rest with SSWM 845 

staff and organizations and should be in line with corporate requirements regarding the addition 846 

of digital social investigation value. In Taiwan, the absence of knowledge and progress needs to 847 

be highlighted, as the country’s waste management data are either incomplete or aggregated 848 

and its communications tend to be unstable. It is difficult to organize citizen data, especially at 849 

the municipal level and within small waste management agencies. Moreover, the public required 850 

to be aware of who handles their data, monitors it, and in what way it is gathered, disposed of 851 



21 

 

and distributed. Trust is a key element of technology acceptance. Open information and privacy 852 

approaches are increasingly important strategies for encouraging citizen involvement and 853 

intensifying trust via greater transparency and traceability. It is urgent to generate trust in the 854 

aforementioned technology, and in the authorities and SSWM organizations that control them, 855 

while ensuring cybersecurity protection. 856 

 857 

6. Conclusion 858 

Sustainable development goals under S5.0 empower the creation of a new biosphere in which 859 

human beings lead wealthy and gratifying lives in harmony with social, economic, and 860 

technological progress that occurs without harming nature. SSWM, as a critical, integral part of 861 

society, has long-term effects on the environment and human life and has become a particularly 862 

important consideration in the context of S5.0. However, making any tangible achievement in 863 

this regard is difficult due to a lack of local government capability and the current technical and 864 

economic conditions. The difficulties faced in creating systematized processes form many 865 

barriers and challenges that keep unsustainable waste management practices in place. This study 866 

evaluates TBL perspectives of sustainability in addition to technical challenges in the context of 867 

SSWM within S5.0; 45 barriers based on 8 aspects of an initial set of attributes are proposed. A 868 

hybrid method including the FDM, the fuzzy DEMATEL method and a Choquet integral is adopted 869 

to develop valid hierarchical measures and a causal interrelationship structure among these 870 

barriers, as well as to identify critical barriers to Taiwan’s SSWM practices. 871 

Twenty barriers belonging to 7 aspects are accepted and added to a valid SSWM hierarchical 872 

structure for S5.0. The results show that community uncertainty, policy and regulation problems, 873 

city architecture, and technology interaction are aspects that significantly influence SSWM in S5.0. 874 

The most important barriers are identified as diverse disciplines and sectors in local, national, 875 

and global communities; a lack of mobility and reliability; mass production and mass 876 

consumption; insufficient AI application; and failures related to data management and security. 877 

These are the most important barriers that decision makers need to address to improve SSWM 878 

and achieve S5.0 in practice. Social and technical perspectives are identified as top priorities for 879 

improved SSWM performance. 880 

This study makes both theoretical and practical contributions. A valid and reliable set of 881 

SSWM barriers rooted in S5.0 is presented to extend the current understanding of both SSWM 882 

and S5.0 in the literature; SSWM-related causal interrelationships are examined within the 883 

proposed hierarchical structure, and the interdependent factors among the proposed barriers 884 

are identified. Since S5.0 is primarily relied on advanced technologies, the social acceptance of 885 

technology and the synchronization of political and regulatory objectives in the context of SSWM 886 

social-technical innovations are needed to improve waste management reliability and mobility 887 

and prevent legally binding risk. Critical barriers are identified for the practical improvement and 888 

enhancement of SSWM performance in the context of S5.0. Overcoming problems related to 889 

diverse groups and sectors in local, national, and global communities; a lack of mobility and 890 

reliability; mass production and mass consumption; insufficient AI application; and failures 891 

related to data management and security can help SSWM practitioners minimize operational 892 

uncertainty. S5.0 exhibits immensely intensified solid waste problems stemming from industrial 893 

and manufacturing innovations, which are used to assist professionals and decision-makers in 894 

obtaining a better vision and strategies. 895 



22 

 

This study holds some limitations. First, the examined barriers are acquired from the 896 

literature, and the use of experts’ evaluations causes hierarchical structures to be limited in 897 

nature; additionally, S5.0 perspective is only supported by a few literatures. Future studies can 898 

deepen this one by integrating more practical elements into the structure or focusing on only 899 

specific barriers to challenges. Second, a hybrid multicriteria decision-making method is adopted 900 

to evaluate the examined attributes; the participating experts’ understanding and experience 901 

may lead to subjective judgments that impact the results. Therefore, a larger sample size may 902 

help future studies solve this bias problem. Third, this study focuses only on SSWM in Taiwan; 903 

thus, its generalizability is limited. Future studies can extend this investigation to other cities or 904 

countries, especially developing countries or areas with minimal or incomplete SSWM systems, 905 

examining the differences between them and hence enriching the literature. 906 
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Figures

Figure 1

Choquet integral’s basic concept



Figure 2

Aspect’s cause-and-effect diagram



Figure 3

Criteria’s causal diagram



Figure 4

Choquet integral diagram
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