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The Communication Network of The Waste Bank Unit Using Social Network Analysis 


ABSTRACT 

	Waste banks offer a novel approach to waste management in developing nations, yet they encounter significant operational hurdles, particularly concerning internal communication among members. This research endeavors to map the communication networks within Waste Bank Units (WBU) to foster their sustainability and productivity. The study identifies key influencers within WBUs and assesses the density of their network structures. Conducted in Makassar City, Indonesia, the research involved 185 participants across three WBUs and employed social network analysis for data interpretation. The results of the analysis show that the network density values produced by the three WBUs fall into the low network density criteria. Key findings indicate that out of 45 WBUs examined in Makassar, three demonstrated superior performance: WBU-LB, WBU-As, and WBU-SR. Further analysis revealed that WBU-SR exhibits a denser communication network compared to WBU-As and WBU-LB. A notable pattern across all studied WBUs is the presence of a single dominant actor within each network, which correlates with lower overall network density, as evidenced by sociograms and centrality analyses. This finding suggests that information is centralized around a single actor, leading to a reliance on that actor for information, operations, and resources. This could leave the WBU in a precarious position in the event of a crisis. The dominance of a single actor in the WBU prompts several recommendations: identify the dominant actor’s traits and develop new leaders through training; encourage collaboration among smaller groups for better information flow and innovation; and ensure support from all stakeholders to sustain WBU performance.
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1. INTRODUCTION 

Effective waste management poses a significant global challenge, particularly for developing nations experiencing swift population increases and urbanization (Raghu & Rodrigues, 2020), such as cities within Indonesia. Worldwide, municipal solid waste generation amounts to 1.2 billion tons annually (UNEP, 2024). Within Indonesia specifically, waste accumulation reached 31.9 million tons in 2024, with an alarming 11.3 million tons remaining unmanaged (SIPSN, 2024), and this figure continues to rise year on year. 

The escalating volume of waste necessitates the adoption of novel and environmentally responsible management strategies (Raghu & Rodrigues, 2020). Waste banks represent a viable approach within sustainable waste management paradigms (Satori et al., 2020). This community-driven initiative offers a dual benefit: it diminishes the quantity of waste destined for landfills and concurrently yields socio-economic advantages for the local populace (Satori et al., 2020; Yudiatmaja et al., 2021). By engaging in the segregation, reprocessing, and resale of waste materials, waste banks foster a self-sustaining economic loop and elevate public consciousness regarding the critical role of waste management (Degobert & Brangeon, 2016), aligning with principles of the circular economy. The Indonesian government formally acknowledges and supports waste banks through specific legislation, notably Regulation of the Minister of Environment and Forestry Number 14 of 2021 (KLHK, 2021), underscoring their pivotal role in national waste management efforts.

By 2025, Indonesia is projected to have 20,236 waste bank units operating across its cities and districts (Simba KLHK, 2025), marking an increase from previous years. However, the effective management of these waste banks, intended as a key solution to Indonesia's waste problem, faces several significant challenges. These include inadequate facilities (Ulhasanah et al., 2025), insufficient community participation (Meidiana et al., 2021; Rachman et al., 2021; Raghu & Rodrigues, 2020), a lack of public awareness regarding the benefits of waste banks, limited access to information, and the absence of sufficient incentives, all of which contribute to low engagement levels (Raghu & Rodrigues, 2020). Consequently, the volume of waste collected and recycled remains considerably below its potential (Satori et al., 2020). These management difficulties may stem from communication issues that require enhancement, both among external waste bank stakeholders and within the internal units responsible for frontline implementation within communities. The overall effectiveness of waste bank operations is contingent upon a robust and organized communication network connecting all stakeholders (Widiyanti et al., 2024; Yudiatmaja et al., 2021), as well as effective internal communication within the waste bank units spearheading community-based waste management efforts (Dolgopolova et al., 2022).

Waste bank management frequently encounters challenges such as inter-member coordination deficits, a scarcity of information regarding optimal practices, and difficulties in engaging the broader community, all of which contribute to reduced community involvement (Ait Rai et al., 2023; Samadikun et al., 2017). The prevailing communication structure is often informal and lacks structure, impeding efficient information exchange and collaboration, thereby preventing waste banks from fully realizing their potential as instruments for sustainable waste management (Samadikun et al., 2017). Furthermore, a considerable number of waste banks continue to operate in isolation, lacking established protocols for the sharing of knowledge, expertise, and resources (Satori et al., 2020).

Effective communication networks are crucial for waste banks to enhance their operational efficiency and generate substantial environmental and societal benefits (Sjoraida & Anwar, 2019). An optimal communication framework in waste bank management necessitates structure, transparency, and inclusivity, ensuring seamless information dissemination among all stakeholders, encompassing waste bank administrators, community participants, local authorities, non-governmental organizations, and private entities (Sjoraida & Anwar, 2019). This information exchange is vital for sharing knowledge on best practices in waste management, market approaches, technological advancements, and supportive policies (Cortado & Chalmeta, 2016), thereby establishing communication as a strategic resource for improving the effectiveness of waste bank operations (Shi et al., 2021).

This study was carried out in Makassar City, which hosts 16 primary waste banks (Menlhk., 2025) and 1076 waste bank units (Humas Kominfo Makassar, 2024), but in 2023, only approximately 300 of these units actively supplied waste to the central waste bank (Lestari & Setyaningsih, 2019). The research focused on these active and productive waste bank units to analyze their internal communication network patterns, which contribute to their sustained productivity. Additionally, the study aimed to identify key actors within these waste bank units 

2. methodology 

2.1 Respondents and Data 
This study was carried out in Makassar City, Indonesia, utilizing a questionnaire for data collection. Initially, waste bank units (WBU) operating within Makassar City were identified through data provided by the Makassar City Environmental Office, a government agency responsible for environmental management in the city. This office supplied a list of WBUs and identified the top ten performers based on the number of active customers, the volume of waste collected, and the revenue generated from waste sales. Table 1 below shows the 10 WBUs with the best performance in Makassar City.

             Table 1. 10 WBUs with the best performance in Makassar City

	No
	Waste Bank Units (WBUs), Initial
	Customer, 2021 (Person)
	Recyclable Waste collected, 2021 (Kg)
	 Revenue, 2021 (IDR) 

	1
	WBU-LB
	118
	10247
	 Rp44.899.800 

	2
	WBU-SR
	30
	15370
	 Rp44.705.800 

	3
	WBU-AS
	53
	15512
	 Rp40.103.900 

	4
	WBU-MS
	315
	9364
	 Rp25.984.250 

	5
	WBU-SH
	30
	7581
	 Rp24.684.500 

	6
	WBU-PP
	Unknown
	9840
	 Rp23.319.500 

	7
	WBU-DO
	Unknown
	5736
	 Rp20.980.600 

	8
	WBU-KT
	180
	7736
	 Rp19.793.550 

	9
	WBU-SI
	380
	6657
	 Rp19.443.700 

	10
	WBU-BB
	Unknown
	4798
	 Rp13.535.500 


WBUs were selected using purposive sampling, a technique where participants are chosen based on specific, researcher-defined criteria (Andrade, 2021; Memon et al., 2024). From Table 1, three top-performing WBUs were identified using metrics such as active customer count, waste collection volume, and revenue from waste sales. These criteria led to the selection of WBU-LB, WBU-SR, and WBU-AS for social network analysis.

Subsequently, questionnaires were administered to all 201 members of the WBU-LB, WBU-SR, and WBU-AS. The data obtained was then validated by checking the completeness of the respondents' responses to the questions Out of the questionnaires distributed, 16 responses were either not returned or were incomplete. Consequently, these 16 respondents were excluded from the study, and their data was not incorporated into the analysis. Therefore, 185 members successfully returned and completed the questionnaires, comprising 101 respondents from the WBU-SR network, 64 from the WBU-AS network, and 20 from the WBU-LB network. The data from these 185 respondents were subsequently analyzed to identify the communication networks within each WBU.

Respondents were asked to identify individuals within the Waste Bank Unit with whom they engaged. Such engagements encompassed instances where respondents received information about the waste bank and situations where they imparted information regarding it. The data collection instruments were distributed either through an online link sent directly to respondents or delivered face-to-face.

2.2 Data Analysis
Quantitative research data is subjected to social network analysis using UCINET version 6.7 software to examine the relationships among internal waste bank management actors. SNA is employed to elucidate coordination dynamics, pinpoint central and peripheral actors, and investigate network clustering patterns (Ali et al., 2016; Wellang et al., 2025), ultimately yielding metrics such as network density, centrality, and a sociogram.

3. results 

This section presented the results of the SNA analysis on WBU-SR, WBU-AS, and WBU-LB. The analysis results presented include network density, sociogram, and network centrality. The following are the results of the analysis showing the network density for waste banks As, SR, and LB,

            Table 2. Network density of WBU-SR, WBU-AS, and WBU-LB

	WBUs
	Density
	Number of ties
	Std Dev
	Average

	SR
	0.082
	328
	0.336
	3.216

	AS
	0.063
	227
	0.546
	4,283

	LB
	0.032
	24
	0.243
	1.200


The Social Network Analysis revealed a network density of 0.082 for the WBU-SR, 0.063 for the WBU-As, and 0.032 for the WBU-LB. These values indicate a low level of network density across all three waste banks, suggesting that interconnections among members are infrequent and not yet fully established. This finding is visually supported by the sociograms generated for each of the three waste banks.
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Fig. 1. Sociogram of network structure analysis in internal WBU-SR
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                 Fig. 2. Sociogram of network structure analysis in internal WBU-AS
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Fig. 3. Sociogram of network structure analysis in internal WBU-LB

The SNA sociograms, depicted in Figures 1, 2, and 3. The network diagram visually represents each analyzed actor as a distinct node. Node size correlates with the number of connections, indicating the actor's centrality, while connecting lines denote the relationships between the actors studied. The node size reflects actor centrality level, lines indicate communication relationships, and clustering patterns indicate sub-groups within the network. In the WBU-SR network shown in Figure 1, actor '35' commands the largest node, signifying their status as the most influential entity. This network exhibits a singular cluster, coalescing around actor '35'. Critically, the WBU-SR network demonstrates complete connectivity, with no actors isolated or detached, indicating that all members are integrated into the network. The network density analysis confirms a low level of interconnectedness within WBU-SR, as further evidenced by the sociogram where most actors are connected only to actor '35'.

Figure 2 displays a sociogram illustrating the WBU-AS network, highlighting actor ‘21’ as the most influential due to its largest node size. A secondary cluster is observed, centered around actor ‘50’, with several actors connected exclusively to it. However, the actor ‘50’ remains connected to the actor ‘21’ as the main actor in the network. The WBU-AS network exhibits no isolated actors, with all participants linked to at least one other actor, primarily ‘21’. This configuration suggests a low network density, as most actors are solely connected to ‘21’.

In the sociogram of the WBU-LB network presented in Figure 3, actor '1' exhibits the largest node size, indicating it is the most influential entity within the network. The visualization further reveals that all other actors are exclusively connected to actor '1', signifying low connectivity and network density. Nevertheless, no actor within the WBU-LB network is isolated.

Actor '35', ‘21’ and ‘1” with the largest node demonstrates the role as a central hub in the network, while the star-like structure pattern indicates high communication dependency on one individual. 

In network centrality, information is obtained that can complete the network density and sociogram. The prominence of an individual within a network is associated with their position and the number of connections they possess. Network analysis considers various measures of centrality, including degree, betweenness, and closeness. Degree centrality quantifies an actor's influence by the sheer volume of their direct connections. Betweenness centrality highlights actors who act as crucial bridges, facilitating communication between otherwise disconnected groups. Closeness centrality measures how efficiently an actor can reach all other participants in the network. The following are the results of network centrality on WBU-SR, WBU-As, and WBU-LB:

    Table 3. Network centrality of WBU-SR

	Actor’s Number
	Degree
	Closeness
	Betweeness
	Actor’s Number
	Degree
	Closeness
	Betweeness

	1
	11
	0,265
	152,75
	52
	0
	0
	0

	2
	0
	0
	0
	53
	8
	0,216
	40,667

	3
	0
	0
	0
	54
	0
	0
	0

	4
	0
	0
	0
	55
	1
	0,256
	8,75

	5
	0
	0
	0
	56
	0
	0
	0

	6
	0
	0
	0
	57
	0
	0
	0

	7
	16
	0
	1062,067
	58
	0
	0
	0

	8
	0
	0
	0
	59
	3
	0,256
	8,75

	9
	0
	0
	0
	60
	0
	0
	0

	10
	1
	0,454
	0
	61
	0
	0
	0

	11
	0
	0
	0
	62
	6
	0,206
	218,567

	12
	6
	0,459
	23
	63
	1
	0,457
	1605,433

	13
	0
	0
	0
	64
	0
	0
	0

	14
	0
	0
	0
	65
	0
	0
	0

	15
	0
	0
	0
	66
	0
	0
	0

	16
	0
	0
	0
	67
	0
	0
	0

	17
	2
	0,258
	154,733
	68
	0
	0
	0

	18
	0
	0
	0
	69
	0
	0
	0

	19
	2
	0,209
	5,667
	70
	3
	0,266
	8,75

	20
	0
	0
	0
	71
	0
	0
	0

	21
	0
	0
	0
	72
	0
	0
	0

	22
	0
	0
	0
	73
	0
	0
	0

	23
	0
	0
	0
	74
	1
	0,256
	300,5

	24
	0
	0
	0
	75
	0
	0
	0

	25
	0
	0
	0
	76
	0
	0
	0

	26
	1
	0,454
	0
	77
	0
	0
	0

	27
	0
	0
	0
	78
	0
	0
	0

	28
	0
	0
	0
	79
	0
	0
	0

	29
	3
	0,207
	24,5
	80
	0
	0
	0

	30
	0
	0
	0
	81
	0
	0
	0

	31
	0
	0
	0
	82
	1
	0,315
	1,667

	32
	0
	0
	0
	83
	0
	0
	0

	33
	0
	0
	0
	84
	0
	0
	0

	34
	0
	0
	0
	85
	1
	0,172
	127,567

	35
	241
	0,827
	2086,433
	86
	0
	0
	0

	36
	4
	0,330
	5,667
	87
	3
	0,263
	185,767

	37
	0
	0
	0
	88
	5
	0,148
	8,7

	38
	0
	0
	0
	89
	0
	0
	0

	39
	0
	0
	0
	90
	0
	0
	0

	40
	4
	0,334
	355,067
	91
	0
	0
	0

	41
	0
	0
	0
	92
	0
	0
	0

	42
	0
	0
	0
	93
	0
	0
	0

	43
	0
	0
	0
	94
	0
	0
	0

	44
	0
	0
	0
	95
	0
	0
	0

	45
	0
	0
	0
	96
	1
	0,454
	0

	46
	0
	0
	0
	97
	0
	0
	0

	47
	0
	0
	0
	98
	0
	0
	0

	48
	0
	0
	0
	99
	0
	0
	0

	49
	0
	0
	0
	100
	0
	0
	0

	50
	1
	0,211
	0
	101
	0
	0
	0

	51
	0
	0
	0
	
	
	
	


Table 4. Network centrality of WBU-AS

	Actor’s Number
	Degree
	Closeness
	Betweeness
	Actor’s Number
	Degree
	Closeness
	Betweeness

	1
	1.000
	1.000
	0.000
	33
	1.000
	1.000
	4.500

	2
	0.000
	0.000
	0.000
	34
	0.000
	0.000
	0.000

	3
	0.000
	0.000
	0.000
	35
	0.000
	0.000
	0.000

	4
	0.000
	0.000
	0.000
	36
	0.000
	0.000
	0.000

	5
	1.000
	1.000
	9.000
	37
	0.000
	0.000
	0.000

	6
	0.000
	0.000
	0.000
	38
	0.000
	0.000
	0.000

	7
	4.000
	313.000
	0.000
	39
	0.000
	0.000
	0.000

	8
	0.000
	0.000
	0.000
	40
	1.000
	1.000
	3.500

	9
	0.000
	0.000
	0.000
	41
	0.000
	0.000
	0.000

	10
	0.000
	0.000
	0.000
	42
	1.000
	1.000
	0.000

	11
	1.000
	1.000
	0.000
	43
	0.000
	0.000
	0.000

	12
	0.000
	0.000
	0.000
	44
	0.000
	0.000
	0.000

	13
	1.000
	139.000
	33.000
	45
	1.000
	200.000
	119.000

	14
	0.000
	0.000
	0.000
	46
	0.000
	0.000
	0.000

	15
	0.000
	0.000
	0.000
	47
	0.000
	0.000
	0.000

	16
	2.000
	2.000
	10.000
	48
	0.000
	0.000
	0.000

	17
	1.000
	1.000
	10.000
	49
	0.000
	0.000
	0.000

	18
	0.000
	0.000
	0.000
	50
	27.000
	174.000
	76.000

	19
	1.000
	139.000
	212.000
	51
	1.000
	139.000
	33.000

	20
	0.000
	0.000
	0.000
	52
	13.000
	4.000
	21.000

	21
	166.000
	77.000
	459.000
	53
	0.000
	0.000
	0.000

	22
	0.000
	0.000
	0.000
	54
	0.000
	0.000
	0.000

	23
	1.000
	3.000
	0.000
	55
	0.000
	0.000
	0.000

	24
	1.000
	1.000
	0.000
	56
	0.000
	0.000
	0.000

	25
	1.000
	1.000
	9.000
	57
	1.000
	1.000
	0.000

	26
	1.000
	1.000
	9.000
	58
	0.000
	0.000
	0.000

	27
	1.000
	1.000
	9.000
	59
	1.000
	234.000
	0.000

	28
	0.000
	0.000
	0.000
	60
	5.000
	254.000
	62.000

	29
	0.000
	0.000
	0.000
	61
	0.000
	0.000
	0.000

	30
	1.000
	7.000
	0.000
	62
	0.000
	0.000
	0.000

	31
	1.000
	1.000
	9.000
	63
	0.000
	0.000
	0.000

	32
	1.000
	1.000
	9.000
	64
	1.000
	1.000
	9.000


Table 5. Network centrality of WBU-LB

	Actor’s Number
	Degree
	Closeness
	Betweeness
	Actor’s Number
	Degree
	Closeness
	Betweeness

	1
	19
	1
	71
	11
	0
	0
	0

	2
	0
	0
	0
	12
	1
	0,513
	0

	3
	1
	0,513
	0
	13
	0
	0
	0

	4
	0
	0
	0
	14
	0
	0
	0

	5
	0
	0
	0
	15
	0
	0
	0

	6
	0
	0
	0
	16
	0
	0
	0

	7
	2
	0,527
	0
	17
	0
	0
	0

	8
	0
	0
	0
	18
	0
	0
	0

	9
	0
	0
	0
	19
	0
	0
	0

	10
	0
	0
	0
	20
	1
	0,513
	0


The network centrality analysis reveals that actor '35' exhibited the highest degree centrality, closeness centrality, and betweenness centrality within the WBU-SR network. Similarly, in the WBU-AS network, actor '21' demonstrated the highest values for these same centrality measures. Concurrently, actor '1' stood out as the actor with the leading degree centrality, closeness centrality, and betweenness centrality scores in the WBU-SR network.

4. DISCUSSIONS 

Network density quantifies the proportion of direct connections among nodes within a network, reflecting its overall interconnectedness and potential for information dissemination. Networks with higher density facilitate rapid and widespread transmission of information or influence, whereas low-density networks may exhibit fragmented groups and slower diffusion (Knoke, 2013). The analysis results of this study revealed low network density across the three analyzed waste bank units, with density values falling below 0.2 (Zhang & Jian, 2024). This suggests infrequent relationships (Birner et al., 2024; Zhang & Jian, 2024) and limited communication between actors in the network (Dolgopolova et al., 2022). These findings are corroborated by the accompanying sociogram and network centrality analysis.

The sociogram, a visualization derived from Social Network Analysis, illustrates the interconnections between nodes (Tubaro et al., 2021), thereby mapping actors, their relationships, group dynamics, and the overall social structures within a network (Wasserman & Faust, 1994). The findings from the sociograms for WBU-SR, WBU-As, and WBU-LB consistently reveal a single prominent actor within each network. In all observed cases, a significant majority, and in the case of WBU-LB, all actors, maintain a direct connection to this central figure. This pattern suggests a communication dynamic within the WBU network that is heavily centralized around a single actor, implying that information dissemination across the network largely originates from and depends upon this individual.

The network centrality analysis results corroborated the findings from the network density and sociogram examination. Network centrality measures are instrumental in pinpointing key individuals within a network, forecasting the dissemination of information, and assessing network resilience (Jalili & Perc, 2017). Specifically, the analysis provides insights into degree centrality, closeness centrality, and betweenness centrality. Degree centrality quantifies the direct connections an actor maintains within the network (Uddin et al., 2023), closeness centrality indicates the average path length for an actor to reach all other actors, with higher values signifying greater efficiency in information spread (Chaudhary & Warner, 2015), and betweenness centrality measures an actor's capacity to act as an intermediary between other actors or groups within the network (Rooke et al., 2024). The analysis reveals that the actors exhibiting the highest degree, closeness, and betweenness centrality scores are also those who are most prominent in the sociogram. This pattern is evident across WBU-As, WBU-LB, and WBU-SR, identified as the three most productive WBUs in Makassar City. Actor '35' within the WBU-SR network emerges as the most influential, demonstrating a significant capacity to disseminate information to others. Similarly, actor '21' in the WBU-As network and actor '1' in the WBU-LB network hold positions of considerable influence. These key actors, '35', '21', and '1', possess the ability to impact other network members, contributing to the operational success and high productivity of their respective WBUs, as evidenced by their large customer bases, substantial waste collection volumes, and significant income generation from waste sales. Further investigation into the characteristics of these influential actors ('35', '21', and '1') is recommended to understand how they foster network engagement and ensure the effective functioning of their WBU networks.

While WBU-SR, WBU-As, and WBU-LB demonstrated satisfactory operational performance, their network density is notably low. This suggests that their effectiveness relies heavily on the dominant influence of specific actors within each WBU: actor '35' in WBU-SR, actor '21' in WBU-As, and actor '1' in WBU-LB. Although a single dominant actor can typically lead to information distribution delays or distortions (Dolgopolova et al., 2022), this issue is mitigated in these three WBUs. This is likely attributable to the relatively small size of these groups, enabling dominant actors to effectively manage information flow. However, an increase in membership could compromise this control and lead to delays or distortions. WBU-SR, with 101 members and the most intricate sociogram, faces the highest risk of information distortion and delays. Conversely, WBU-LB, with only 20 members, currently maintains controlled information dissemination by its dominant actor. Nevertheless, WBU-LB must proactively develop management strategies to ensure efficient and equitable information dissemination should its membership expand.

The dominance of a single entity within a WBU network can impede collaborative efforts among its members (Dolgopolova et al., 2022) and has the potential to hinder the performance of new products (Cheng & Shiu, 2020). This situation poses a significant risk to WBUs, particularly when aiming to enhance performance for intricate products such as those involving variations in waste reception and sales, organic waste management, 3R initiatives, and the development of sustainable WBU products. Furthermore, the preeminence of one actor can foster operational, resource, and informational dependencies among all other network members (Marques et al., 2018). Consequently, the WBU may become fragile and vulnerable, leading to diminished performance if this dominant actor departs from the network or fails to fulfill its responsibilities effectively.

The limited network density within the Waste Bank Unit appears to stem, in part, from a comparatively low membership base. This reduced participation consequently concentrates the flow of information, allowing a single dominant entity to manage it within the WBU network. This situation is exacerbated by low community engagement in joining WBUs, despite the critical role of active community involvement in the success of waste bank programs in Indonesia (Fatmawati et al., 2022). Given that waste banks offer a sustainable waste management approach through 3R activities and facilitate the circular economy, their effectiveness is intrinsically linked to robust community participation. Consequently, a significant reduction in the carbon footprint associated with current waste management practices is anticipated.

5. CONCLUSIONS

This study has found several key insights. First, from 45 WBUs studied in Makassar City, 3 WBUs with the best or most productive performance were obtained, namely WBU-LB, WBU-As, and WBU-SR. These WBUs were selected as the most productive WBUs based on the following criteria: recyclable Waste collected (kg), revenue (IDR), and number of customers. Second, among the 3 most productive WBUs analyzed, WBU-SR has the densest network compared to WBU-As and WBU-LB. However, the results of the analysis show that the network density values ​​produced by the three WBUs fall into the low network density criteria. Third, there is one dominant actor in each WBU network analyzed. The dominance of one actor in each WBU-SR, WBU-As, and WBU-LB network is the cause of the low network density, which is supported by the results of the sociogram and the results of the analysis on network centrality. This finding indicates the centralization of information on only one actor, and the tendency of dependence on information, operations, and resources on only one actor. This has the potential to put the WBU in a vulnerable situation if a crisis occurs.

The finding that there is one actor dominating the WBU is the basis for several recommendations that can be followed up by related parties. First, the importance of identifying the characteristics of the dominant actor in the network, then intervening, for example, through cadre activities to create actors who can manage the WBU well and effectively. Second, the importance of creating collaborations from small groups within the WBU network. This collaboration will become communication spaces that are able to make information available not centralized only from the actor. These collaborations also have the potential to be the beginning of production innovations in the network for sustainable products. Third, support from all parties for the sustainability of the existing WBU performance.

The low network density within the WBU offers significant opportunities for waste bank stakeholders to enhance public engagement in waste management. It is imperative for governmental bodies and other stakeholders to foster an environment where waste bank members are motivated to actively seek and disseminate information from diverse channels, thereby strengthening the network's resilience and long-term viability.
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