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Abstract: The implementation of waste management strategies informed by supply chain management
methodologies may present a viable solution for the effective handling of waste, as exemplified by the waste
management challenges observed in Indonesia. The waste management characteristics exhibited by each
nation are inherently diverse, as they are influenced by various factors including supply chain management
frameworks, the methodologies and technologies employed in waste processing, the cultural practices and
behaviours of the populace regarding waste disposal, as well as the unique geographic conditions pertinent to
each country. This study seeks to formulate a waste management supply chain framework that incorporates
moderating factors influencing the relationship between sustainable macro ergonomic processes and waste
management practices. The research methodology employed was purposive convenience sampling,
encompassing a total of 224 participants engaged in waste management within the Semarang region of Central
Java, Indonesia. The empirical results indicate that H2—TT exerts a statistically significant influence on RPPS
(0.02 < 0.05), H3—TP demonstrates a significant impact on RPPS (0.001 < 0.005), H4—MGE displays a
significant effect on RPPS (0.00 < 0.05), H5—seasonal floods (BM) reveal a significant effect on RPPS (0.001 >
0.05), and H6—cultural society (CC) manifests no significant impact on RPPS (0.755 > 0.05). The innovative
aspect of this study lies in the finding that cultural society has not exerted an influence on waste management,
whereas other macro ergonomic factors have shown a significant effect on this domain.

Keywords: waste management (WM); macro ergonomic; supply chain management

1. Introduction

Sustainable Waste Indonesia (SWI) conducts research on waste in Indonesia that has not been
managed optimally. This is supported by data showing that of the approximately 65 million tons of
waste produced by Indonesia every day, around 15 million tons of waste still pollutes the
environment and ecosystem, because it is not handled and processed optimally. Meanwhile, 7% of
waste is recycled and 69% of waste is in final disposal sites (TPA).

A waste management system is a simple process that organizations use to dispose of, reduce,
reuse, and prevent waste. Also known as waste disposal, this is an approach in which companies
implement a comprehensive strategy to manage waste efficiently from origin to final disposal.
Possible waste disposal methods are recycling, composting, incineration, landfilling, bioremediation,
waste to energy, and waste minimization.

Waste management based on supply chain management can be a solution for handling waste,
an example of the waste problem in Indonesia. Each country has a different waste problem
management character because it takes into account several aspects such as supply chain
management, processes and technology used in handling waste, culture or behavior of the
community in handling waste, and the geographic conditions of a country. Therefore, there is a need
for a macroergonomics study that considers several of these aspects. Macroergonomics concepts
relate to the optimization of sociotechnical systems including organizational structures, policies and
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processes. Macroergonomics is also called sociotechnics, the study of the society/technology interface.
The study of the consequences of technology on social relationships, processes, and institutions.

The incorporation of a supply chain waste management framework functions as a pivotal
moderating factor between sustainable macro ergonomic methodologies and proficient waste
management. This association is vital for the augmentation of operational effectiveness and
environment sustainability across diverse industries.

The retail sector in the United States encounters considerable obstacles concerning supply chain
waste, thereby requiring specific reduction strategies to alleviate costs and environmental
repercussions [1]. A decision-making framework for waste management underscores the significance
of pre processing waste at its origin, which can facilitate more effective recycling and composting
methodologies [2].

Macro ergonomics emphasizes the critical interplay between individuals and systems, which is
essential for the optimization of waste management methodologies. For example, the application of
simulation software, such as Arena, can effectively model waste supply chains, enhancing
understanding of human behaviour in waste processing [3].

Waste-to-energy (WtE) facilities serve as a paradigm of sustainable waste management;
however, their efficacy is frequently impeded by inefficiencies within the supply chain, especially in
developing nations [4]. The integration of sustainable supply chain management (SCM) practices can
be aligned with the Sustainable Development Goals established by the United Nations, thereby
fostering responsible resource utilization and mitigating environmental degradation. Although the
proposed model delineates the advantages of amalgamating waste management with macro
ergonomic frameworks, it is imperative to address the challenges presented by divergent regional
policies and economic circumstances, which may significantly influence the execution of these
strategies.

Several preliminary studies have been prepared by the research team in a planned manner that
supports this research. The concept begins with food security research using various optimization
methods towards achieving successful food products that consider the factors that cause success .
This is supported by research on inorganic and organic waste based on Smart Waste Management
(SWM). Several machine optimizations have also been carried out to support the appication of
bioconversion technology. The following is a detailed explanation of the preliminary research
mapping:Optimization of food security products based on Supply Chain Management (SCM) and
supply chain network [5,6]; logistic optimization [6]; Interpretive Structural Modeling (ISM),
analytical network process, distribution optimization [11,12,13]. Green Environment supports waste
management of inorganic and organic waste [7,10]. A successful product supported by several factors
that take into account Indonesian culture[8,9]. Based on previous research, the research question of
this paper are follows:

1. How does culture society affect the supply chain management?

2. How does the technology tool affect the supply chain management?

3. How does the task process affect the supply chain management?

4. How does the marketing green environment affect the supply chain management?

5. How does the seasonal floods affect the supply chain management?

6. How the supply chain management affect waste management?

2. Materials and Methods

2.1. Cultural Society and Supply Chain Management

Cultural society exerts a profound influence on supply chain management by forming
communication patterns, decision-making processes, and relational dynamics among international
partners. A thorough understanding of these cultural dimensions is critical for fostering effective
collaboration and achieving operational efficacy.

Cultural Communication Styles: High-context cultures tend to prefer indirect forms of
communication, which may lead to potential misinterpretations with low-context cultures that
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advocate for straightforwardness [14]. The establishment of trust differs significantly; cultures
characterized by high uncertainty avoidance often depend on formalized agreements, whereas those
with low uncertainty avoidance prioritize personal relationships [15].

Decision-Making and Risk Management: Cultural orientations substantially influence risk
management methodologies; collectivist cultures emphasize consensus and the cultivation of long-
term relationships, in contrast to individualist cultures that prioritize efficiency [16]. The approach
toward uncertainty diverges, thereby determining whether organizations implement structured or
adaptable risk management [16].

Integration and Collaboration: Cultural factors have a significant impact on supply chain
integration, with organizational cultures that advocate for transparency and inclusivity facilitating
enhanced collaboration [17] . Cultural intelligence is paramount for traversing these complexities,
empowering organizations to harness diversity as a means of gaining competitive advantage [17].
Although cultural influences may present challenges, they concurrently offer avenues for innovation
and strengthened supply chain resilience when adeptly managed.

Questionnaire questions related to culture society affect the supply chain management are: Strict
government policies and regulations regarding waste management; Willing to carry out waste
management without considering the money that will be obtained from the management process;
Continue to manage waste even though other people do not have the awareness to manage waste;
Carrying out waste management with the aim of improving environmental quality in the future;
Carrying out waste management for the future of our children and grandchildren

H1: How does culture society affect waste management supply chain?

2.2. The Technology Tool dan The Supply Chain Management

The incorporation of technological instruments profoundly augments supply chain
management by enhancing transparency, efficiency, and collaboration among various stakeholders.
A multitude of technologies, such as blockchain, artificial intelligence, and data analytics, assume
critical roles in the transformation of conventional supply chain methodologies.

Blockchain technology offers a decentralized ledger that significantly bolsters traceability and
security, enabling stakeholders to observe the flow of products in real-time [18,19} . It facilitates the
automation of processes, including the monitoring of expiration dates in the pharmaceutical sector,
thereby minimizing human error and associated costs[19].

Information technology instruments enhance the quality and dissemination of information,
which are essential for the effective management of supply chains [20]. Improved communication
among supply chain partners fosters greater operational efficiency and confers a competitive
advantage [20].

The digital transformation of supply chains, facilitated by technologies such as the Internet of
Things (IoT) and artificial intelligence (Al), optimizes operations ranging from demand forecasting
to delivery, culminating in heightened efficiency [21]. These advancements permit rapid responses
to fluctuations in market conditions, thus further refining supply chain strategies [21].

Despite the considerable advantages offered by technological tools, challenges such as
adherence to regulatory frameworks and the intricacies of technology must be addressed to fully
harness their potential within supply chain management [22].

Questionnaire questions related to does the technology tool affect the supply chain management,
namely : Information systems are used in waste management; The behavior of sorting organic and
inorganic waste is implemented when disposing of waste ; Separate trash bins based on type of waste
; The mode of transportation (vehicles) used for waste collection is optimized ; Capacity of TPS
(Temporary Waste Disposal) & TPA (Final Waste Disposal) is optimized.

H2: How does the technology tool affect waste management supply chain?
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2.3. The Task Process and The Supply Chain Management

The procedural dynamics associated with task processing exert a substantial impact on supply
chain management by augmenting efficiency, precision, and responsiveness. A variety of
methodologies and frameworks have been established to refine task processing, which subsequently
facilitates the optimization of supply chain operations.

Task processing techniques, such as those that employ robotic systems, are capable of mitigating
congestion at designated locations, thus enhancing the efficiency of goods processing [23]. Systems
that allocate distinct task identification codes serve to improve the precision of distribution activities,
culminating in superior task execution and an elevated user experience [24].

Task processing driven by blockchain technology promotes organic organizational
relationships, enabling employees to autonomously accept and fulfill tasks, which in turn enhances
overall operational efficiency and fluidity [25]. The amalgamation of task processing systems with
communicative platforms guarantees that task-related data is disseminated effectively across various
business systems, further bolstering operational efficiency.

Although these technological advancements offer significant advantages, challenges such as the
necessity for a robust technological infrastructure and comprehensive employee training remain
pivotal for the successful execution of these systems.

Questions related to the task process affect the supply chain management are: The waste
sorting process is used in waste management implementation of a routine household waste
collection schedule regulation and optimization of waste management flow: from household to TPS
to TPA optimizing the distance traveled for waste collection to make waste management time and
costs more effective Organic & inorganic waste management activities into marketable derivative
products

H3: How does the task process affect waste management supply chain?

2.4. The Marketing Green Environment dan The Supply Chain Management

The marketing of a green environment significantly influences supply chain management (SCM)
by integrating sustainability into operational practices, enhancing competitive advantage, and
fostering consumer engagement. This multifaceted approach not only addresses environmental
concerns but also aligns with market demands for eco-friendly products.

Green supply chain management (GSCM) incorporates sustainable practices such as green
design, procurement, and recycling, which optimize resource use and minimize environmental
impact [26]. Companies adopting GSCM can achieve long-term viability and competitive advantage
by improving operational performance through sustainable practices [27].

Increased consumer awareness of environmental issues drives demand for green products,
necessitating that companies align their marketing strategies with sustainability principles [28].
Effective green marketing can enhance brand loyalty and customer satisfaction, as consumers are
more likely to support businesses that demonstrate environmental responsibility [29].

While GSCM presents opportunities for innovation and market differentiation, it also introduces
complexities in management and requires a shift in traditional SCM practices [26]. The integration of
green marketing and supply chain strategies is still evolving, with on going research needed to fully
understand their interconnections ("Green Marketing and its Impact on Supply Chain Management
in Industrial Markets", 2024).

In contrast, some argue that the focus on green marketing may lead to greenwashing, where
companies exaggerate their environmental efforts without substantial changes in their supply chain
practices. This could undermine consumer trust and the overall effectiveness of green initiatives.

Questions related to the marketing green environment affect the supply chain management,
namely: Support waste management programs to create a friendly environment (Green
Environment); Actively involved in organic and inorganic waste management programs; Actively
involved in waste processing activities into marketable derivative products (e.g. bags from plastic
waste, flowers from bottle waste, organic waste into maggots, organic waste into fertilizer); Actively
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involved in selling derivative products with marketable value (e.g. bags from plastic waste, flowers
from bottle waste, organic waste into maggots, organic waste into fertilizer); Use of online shops in
selling derivative products from processed organic & inorganic waste

H4: How does the marketing green environment affect waste management supply chain?

2.5. The Seasonal Floods and the Supply Chain Management

Seasonal floods significantly disrupt the management of supply chains, thereby necessitating
the implementation of robust strategies aimed at fostering resilience and facilitating recovery. The
ramifications of floods on supply chains can be comprehensively analyzed through various
dimensions, encompassing forecasting, resilience frameworks, and operational management.

The accurate forecasting of flood occurrences is imperative for effective supply chain planning.
Empirical studies suggest that the application of grey models can significantly improve disaster
prediction capabilities, thus enabling organizations to proactively prepare their logistics and
inventory [30].

The establishment of a comprehensive framework for flood resilience is of paramount
importance. Elements such as the strategic placement of facilities, the diversification of procurement
sources, and the cultivation of collaborative partnerships can effectively mitigate risks and strengthen
recovery capabilities in the face of flooding events [31, 32].

An efficiently structured supply chain management system is crucial during operations aimed
at flood relief. This encompasses aspects such as inventory management, alignment of demand and
supply, and the utilization of data visualization tools to guarantee the prompt delivery of
humanitarian assistance [33]. Furthermore, promoting collaboration among stakeholders and
adapting strategies in response to evolving circumstances during the flood event can significantly
enhance resilience [34].

Conversely, while these strategies possess the potential to augment resilience, the inherent
unpredictability of floods and the divergent objectives of stakeholders may complicate the effective
management of supply chains, thereby underscoring the necessity for ongoing adaptation and
learning.

Questions related to the seasonal floods affect the supply chain management, namely : The
importance of optimizing the process of managing organic & inorganic waste which is the impact of
seasonal floods; The importance of a firm waste management policy from the government which is
the impact of seasonal floods; The importance of optimizing waste management facilities and
infrastructure which is the impact of seasonal floods ;The importance of optimizing technology
(information systems) for waste management which is the impact of seasonal floods; The importance
of efforts to support the creation of derivative products of organic & inorganic waste with sales value
which is the impact of seasonal floods.

H5: How does the seasonal floods affect waste management supply chain?

2.6. The Supply Chain Management and Waste Management

The interaction between supply chain management and waste management is imperative for
advancing sustainability and operational efficiency within waste processing systems. Efficient supply
chain methodologies possess the capability to substantially diminish waste production and elevate
recycling rates, thus alleviating environmental repercussions.

Waste-to-Energy (WtE) Facilities: An effectively organized supply chain is essential for the
operational success of WtE facilities, especially in developing nations where numerous initiatives
have faltered due to insufficient supply chain management [4].

Optimization Techniques: The application of hybrid methodologies such as genetic algorithms
and fuzzy logic can enhance solid waste management networks, thereby increasing operational
efficiency and mitigating pollution [35].
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Holistic Analysis: An all-encompassing decision framework for waste management enterprises
underscores the significance of preprocessing waste and understanding market dynamics, which can
bolster recycling initiatives and lower disposal expenditures [2].

Industry 4.0: The incorporation of digital technologies within supply chains can optimize waste
management processes, facilitating improved waste segregation and reducing emissions [37].

Conversely, although optimized supply chains can improve waste management practices,
inadequately designed systems may exacerbate waste challenges, underscoring the necessity for
customized strategies that consider regional characteristics and the types of waste involved.

Questionnaire questions related to supply chain management affect waste management, namely
: Optimizing the capacity of the TPS/TPA capacity and the capacity of vehicle transportation modes
that transport waste; Optimizing waste collection schedules and times to expedite waste distribution;
Optimizing the waste processing process into marketable derivative products; Optimizing organic &
inorganic waste management costs; Initial waste management in households; Management of waste
collection sites (TPS/TPA); Management of recycling storage areas; Management of organic and
inorganic waste recycling facilities; Management of the production process for marketable
derivative products (e.g. bags from plastic waste, flowers from bottle waste, organic waste into
maggots, organic waste into fertilizer)

Hé: How waste management supply chain affect waste management?
3. Results

Respondent Profile

This research was conducted from July 2024 to September 2024. The respondents were residents
of the city of Semarang who were involved in waste management. A total of 224 respondents. Detail
sampel analysis were obtained as follows (Table 1)

Table 1. Sample analysis.

Item Classification Number of People  Percentage

Gender Male 94 42%
Female 130 58%
Age Under 17 2 1%
18-30 220 98%

31-40 1 0.45%

41-50 1 0.45%
Origin Foreign 0 0%

Domestic 224 100%

Visit Kebon Not Yet
Yet

Source : Primary Data Processed (2024).

Sample data shows that when looking at gender, the majority of respondents are women at 58%
and the dominant respondents have an age range of 18 to 31 years.

4. Findings

4.1. Location

The location chosen was the people of the Semarang region, Central Java, Indonesia. We chose
the Semarang location as the research object related to Supply Chain Waste Management Model: A
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Moderating Variable Between Sustainable Macro Ergonomics Process and Waste Management We
used PLS-SEM (Oststeinbek, Germany) as a data analysis tool. The reason The use of PLS-SEM is very
simple, with the second most common reason being abnormal data. Model complexity and formative
construction are now the two most common reasons explanatory research and small samples are tied
to the third [37,38].

4.2. Outer Model Testing (Measurement Model)

4.2.1. Convergent Validity

Convergent validity can be determined using loading factor values. The definition of factor
loadings is a value that indicates the relationship among the values of a statement item through a
construct indicator that measures the construct. The validity criterion is the factor loading >0.7 [37].
Using Smart-PLS version 3.0, loading factor values were obtained as follows (Table 2 ).

Table 2. Loading Factor Values.

Indicators Outer

Variables Indicators Notation Loading
Culture Society =~ Power Distance Index cC1 0,783
Individualism cC2 0,795
Long Term Oriented CC3 0,866
Uncertain Avoidance Index CC4 0,870
Sorting Behaviour TT1 0,837
Technology Tool Rubbish Bin TT2 0,805
Mode of Transportation TT3 0,771
Landfill capacity TT4 0,861
Task Process Flow process : sorting, collection TP1 0,786
Trash pickup schedule TP1 0,836
Waste management flow TP3 0,855
Mileage TP4 0,834
Processing derivative products TP5 0,746
Environmental Impact MGE1 0,717
. Waste management program MGE2 0,830
ﬁfﬁiirfeffeen Derivative product MGE3 0,879
Marketing of derivative product MGE4 0,874
E commerce MGE5 0,817
Seasonal Floods = Waste management process BM1 0,872
Waste management policy BM2 0,866
Waste management infrastructure BM3 0,862
Waste management technology BM4 0,827
Waste management marketable BM5 0,833
Optimizing capacit RPPS1 0,817
Waste Supply Ogtimizing wfste c};llection RPPS2 0,862
Chain L .
Management Optimizing waste processing RPPS3 0,837
Optimizing waste cost RPPS4 0,834
households WM1 0,781
Waste collection WM2 0,858
Waste .
Management Recycling storage WM3 0,892
Waste facilities WM4 0,834
Production product WM5 0,844

Source : Primary Data Processed (2024).
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Convergent validity can be determined using factor loading values. The definition of factor
loadings is a value that shows the relationship between the values of an item statement through
construct indicators that measure the construct. The validity criterion is a factor loading value > 0.7.
By using Smart-PLS version 3.0, the Loading Factor values are obtained as follows (Table 3 ).

Table 3. Cross Loading Values.

Season Marketing Waste

Al Culture Green SCWM Task Technology Manage

Floods Society  Environ- Process  Tool ment

ment

BM1 0,872 0,650 0,521 0,619 0,645 0,688 0,647
BM2 0,866 0,655 0,508 0,541 0,567 0,604 0,609
BM3 0,862 0,568 0,513 0,611 0,581 0,657 0,640
BM4 0,827 0,496 0,511 0,590 0,560 0,557 0,585
BMb5 0,833 0,552 0,580 0,640 0,627 0,592 0,634
cC1 0,566 0,783 0,357 0,406 0,484 0,498 0,425
CC3 0,528 0,795 0,531 0,464 0,581 0,501 0,525
CC4 0,582 0,866 0,469 0,518 0,535 0,541 0,509
CC5 0,598 0,870 0,441 0,493 0,554 0,540 0,495
MGE1 0,650 0,581 0,717 0,618 0,611 0,612 0,636
MGE2 0,499 0,488 0,830 0,560 0,642 0,516 0,608
MGE3 0,440 0,364 0,879 0,540 0,569 0,434 0,614
MGE4 0,455 0,362 0,874 0,536 0,597 0,440 0,613
MGE5 0,477 0,416 0,817 0,560 0,576 0,475 0,621
RPPS1 0,575 0,511 0,578 0,817 0,616 0,624 0,650
RPPS2 0,654 0,481 0,567 0,862 0,654 0,629 0,661
RPPS3 0,550 0,414 0,624 0,837 0,576 0,507 0,656
RPPS4 0,587 0,504 0,539 0,834 0,659 0,569 0,670
TP1 0,629 0,648 0,530 0,555 0,786 0,663 0,620
TP2 0,576 0,530 0,563 0,630 0,836 0,594 0,646
TP3 0,602 0,564 0,541 0,599 0,855 0,635 0,614
TP4 0,530 0,467 0,598 0,609 0,834 0,563 0,635
TP5 0,516 0,441 0,723 0,634 0,746 0,528 0,634
TT2 0,595 0,536 0,484 0,545 0,577 0,837 0,604
TT3 0,564 0,529 0,524 0,522 0,612 0,805 0,565
TT4 0,570 0,406 0,450 0,581 0,519 0,771 0,545
TT5 0,651 0,582 0,536 0,623 0,689 0,861 0,619
WM1 0,543 0,509 0,552 0,606 0,607 0,565 0,781
WM2 0,668 0,552 0,647 0,656 0,765 0,653 0,858
WM3 0,612 0,481 0,646 0,691 0,711 0,650 0,892
WM4 0,593 0,456 0,613 0,663 0,582 0,596 0,834
WM5 0,664 0,496 0,713 0,693 0,606 0,539 0,844

Source : Primary Data Processed (2024).
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The table above shows the cross loading values. Cross-loading is another method for
determining discriminant validity. If the loading value of each item on the construct is greater than
the cross-loading value, then the standard is met.

The next convergent validity value is AVE (Table 4 ). the model is said to be valid if the AVE
value is greater than 0.5. From the output results in the table it can be concluded that the model has
met the requirements.

Table 4. Average Extracted Value (AVE).

Composite  Average Variance
Reliability =~ Extracted (AVE)

Seasonal Floods 0,930 0,726
Culture Society 0,898 0,688
Marketing Green Environment 0,914 0,681
Waste Management Supply Chain 0,904 0,702
Task Process 0,906 0,660
Technology Tool 0,891 0,672
Waste Management 0,924 0,710

Source : Primary Data Processed (2024).

The Fornell Larcker value represents the root of the AVE value (Table 5). Discriminant validity
is met if the square root value of AVE for each construct is greater than the relationship with other
constructs.

Table 5. Fornell-Larcker Criterion.

Waste
Marketin
Manage- Waste
Seasonal Culture g Green Task Technology
. ) ment Manage
Floods Society  Environ Process  Tool
Supply ment
ment
Chain
Seasonal
0,852
Floods
Culture
0,684 0,830
Society
Marketing
Green 0,620 0,544 0,825
Environment
Waste
Management
0,707 0,570 0,688 0,838
Supply
Chain
Task Process 0,702 0,650 0,731 0,748 0,812
Technology
0,728 0,627 0,608 0,696 0,733 0,819

Tool
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Waste
0,732 0,591 0,755 0,787 0,777 0,713 0,843
Management

Source : Primary Data Processed (2024).

Heterotraits and Monotraits describes a test of discriminant validity (Table 6) . Validity meets
standards if the HTMT value is less than 0.9.

Table 6. Heterotraits and Monotraits (HTMT).

Waste
Mareketing Manage Techno- Waste
Seasonal Culture Task
Green ment logy Manage
Floods Society Process
Environment  Supply Tool ment
Chain
Seasonal Floods
Culture Society 0,783
Marketing
Green 0,684 0,618
Environment
Waste
Management 0,798 0,664 0,787
Supply Chain
Task Process 0,790 0,760 0,828 0,862
Technology
0,833 0,744 0,701 0,817 0,860
Tool
Waste
0,810 0,677 0,843 0,896 0,879 0,823
Management

Source : Primary Data Processed (2024).

4.2.2. Hypothesis Test

We undertake hypothesis tests to assess the inner structural model, which consists of coefficients
parameter, and T-statistics. The significance values amongst constructs, T-statistics, and p -values
need to be considered. The test utilizes Smart-PLS SEM 3.0 software through bootstrapping testing.
The criteria used in this research were a T-statistic larger than 1.96, and a significance level of p -value
is 0.05 coupled with a positive beta coefficient. The results depict the model in Figure 1 . The
hypotheses are significantly proven, except the content quality variable (Table 7).
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The SEM-PLS methodology constitutes an analytical approach characterized by minimal
reliance on extensive presuppositions. It allows for the analysis of data that may not conform to a
normal distribution and can encompass nominal, ordinal, or interval-to-ratio measurement scales.
SEM-PLS serves as a robust framework for validating theoretical constructs and elucidating the
existence of relationships among latent variables. The processing of SEM-PLS utilizing smart PLS 3
is executed in a bifurcated manner: (1) The initial phase involves an assessment of the outer model.
(2) The subsequent phase focuses on an evaluation of the inner model. This latter phase aims to
ascertain whether a significant influence exists among the variables. The assessment was conducted
employing the t-test. The subsequent section presents the estimated values for each interrelationship
among the research variables; based on the ensuing table, the following interpretations can be drawn:

Table 7. Reliability.

Composit
outer e

Variable an Loadi Cronbach Rho Reliabilit Average Variance
indicator ng 's Alpha A y Extracted

Culture Society 0,849 0,856 0,898 0,688
CcC1 0,783

CC3 0,795

CC4 0,866

CC5 0,870

Technology Tool 0,836 0,840 0,891 0,672
TT2 0,837
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TT3

TT4

TT5

Task Process
TP1

TP1

TP3

TP4

TP5
Marketing Green
Environment
MGE1

MGE2
MGE3
MGE4
MGES5
Seasonal Floods
BM1

BM2

BM3

BM4

BMb5

Waste
Management
Supply Chain
RPPS1
RPPS2
RPPS3
RPPS4
Waste
Management
WM1

WM2

WM3

WM4

WM5

0,805
0,771
0,861

0,786
0,836
0,855
0,834
0,746

0,717
0,830
0,879
0,874
0,817

0,872
0,866
0,862
0,827
0,833

0,817
0,862
0,837
0,834

0,781
0,858
0,892
0,834
0,844

0,870 0,871

0,881 0,880

0,906 0,907

0,858 0,859

0,897 0,900

0,906

0,914

0,930

0,904

0,924

0,660

0,681

0,726

0,702

0,710

Significance a = 0,05; Source : Primary Data Processed (2024).
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Table 8. Path Coefficient Result.

Hypotheses Relationship Original  Statistikt ~ Value Hypothesis
Sample (O/STDEV) P accept
©)

Seasonal Floods <> Waste Management 0,249 3,326 0,001  Accepted

Supply Chain
Culture Society - Waste Management -0,026 0,312 0.755  Rejected
Supply Chain

Marketing Green > Waste Management 0,223 3,453 0.001  Accepted

Environment Supply Chain

Waste 2>  Waste Management 0,787 17,934 0.000  Accepted

Management

Supply Chain

Task Process > Waste Management 0,297 3,289 0.001  Accepted

Supply Chain
Technology Tool > Waste Management 0,178 2,332 0.020  Accepted
Supply Chain

Source : Primary Data Processed (2024).

Testing goodness of fit : Internal model analysis/structural analysis model is carried out to
ensure that the structural model is strong and accurate. Internal model evaluation can be seen from
several indicators which include: Coefficient of determination (R2) Structural model testing is
carried out by looking at the R2 value which is a model goodness-fit test. The inner model test is seen
from the R2 value in the equation between latent variables. The R2 value explains how much the
exogenous (independent) variables in the model are able to explain the endogenous variables.

Table 9. R Square.

R Square R Square Adjusted
Waste Management Supply Chain 0,660 0,652

Waste Management 0,619 0,617
Source : Primary Data Processed (2024).

5. Discussion

Statistical calculations using Smart-PLS version 3 reveal that supply chain waste management
has a significant effect on waste management. This is in line with previous research which states the
interplay between supply chain management and waste management is essential for promoting
sustainability and enhancing operational efficiency within waste processing systems [2,4,35,36].

A Moderating variable between sustainable macro ergonomics process and waste management
were test. Macro ergonomic sustainable factors that influence waste management include Indonesian
culture society, waste management technology tools, task process in waste management, marketing
green environment, waste management supply chain and seasonal flooding.

This study used SEM-PLS method to analyze the waste supply chain management in Semarang.
The results show that factors such as seasonal flooding, green marketing, work process, and
technology have a significant effect on waste management, while culture society has no significant
effect. Technology and efficient work processes improve the effectiveness of waste management,
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especially in the face of seasonal flooding. Green marketing also helps increase community awareness
and participation.

First, the research shows that culture society does not have a significant influence on the waste
management supply chain in Semarang city. Cultural factors such as power distance index and
individualism did not show a strong correlation with waste management. Although culture usually
influences environmental awareness, there is a gap between such awareness and its implementation
in daily waste management. Waste management in Semarang is more influenced by technology,
work processes, and environmental policies than cultural values. To increase community
participation, education programs that emphasize the relationship between culture and waste
management practices are needed.

The culture affect waste management supply chain based on hypotheses result is rejected. This
is in line with previous research which state that the cultural influences may present challenges, they
concurrently offer avenues for innovation and strengthened supply chain resilience when adeptly
managed[14].

Second, the technology tool has a significant influence on the waste management supply chain.
The use of waste segregation tools, landfill capacity, and supportive transportation modes play an
important role in improving efficiency and effectiveness. Theoretically, technology optimizes waste
collection, transportation, treatment, and enables better data management. As such, technology can
reduce costs, speed up processes, and increase waste management capacity. The implementation of
technology is essential in facing the increasingly complex challenges of urban waste. The technology
tool affect waste management supply chain. The incorporation of technological instruments
profoundly augments supply chain management by enhancing transparency, efficiency, and
collaboration among various stakeholders. This is congruent with previous research [19,20,21].

Third, the task process significantly influences the waste management supply chain. Activities
like waste collection schedules, management flows, and derivative product processing ensure
smooth waste management. Organized workflows improve efficiency and reduce bottlenecks in the
supply chain, with better coordination between households, waste haulers, and treatment facilities.
It can be done with proper schedules and clear flows to help minimize waste piles and optimize
resources, thereby improving waste management performance. The task proses affect waste
management supply chain. The procedural dynamics associated with task processing exert a
substantial impact on supply chain management by augmenting efficiency, precision, and
responsiveness. This is congruent with previous research [23,24,25].

Fourth, the marketing of green environment significantly influences the waste management
supply chain. Marketing focusing on waste management programs, derivative products, and e-
commerce can improve supply chain effectiveness. Green marketing supports sustainability and
creates awareness and demand for environmentally friendly products. In practical terms, it creates
economic opportunities from waste, such as valuable recycled products, and encourages community
participation. It also strengthens supply chains by increasing demand and adding value to waste-
derived products. The marketing green environment affect waste management supply chain. The
marketing of a green environment significantly influences supply chain management (SCM) by
integrating sustainability into operational practices, enhancing competitive advantage, and fostering
consumer engagement. This is in line with previous research [26,27, 28,29].

Fifth, seasonal floods significantly influence the waste management supply chain. Floods
increase the volume of waste and disrupt collection, transportation, and disposal processes. In other
words, flooding adds to the complexity of management as infrastructure is often unable to handle
the surge in waste. Flexibility in the supply chain is essential to deal with disruptions due to natural
disasters. As such, flooding slows waste treatment and increases the risk of infrastructure damage.
Therefore, mitigation strategies, such as contingency planning and infrastructure capacity building,
are needed to address the impact of flooding.

Indonesian regions, especially Central Java, often experience seasonal flood disasters. This
affects the waste supply chain management system. The results of statistical tests show that The
seasonal flooding affect waste management supply chain. Seasonal floods significantly disrupt the
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management of supply chains, thereby necessitating the implementation of robust strategies aimed
at fostering resilience and facilitating recovery. These results are also supported by several similar
previous studies [30.31,32,34].

Sixth, the waste management supply chain has a very significant influence on the overall waste
management process. An efficient supply chain, including capacity optimization, collection,
treatment, and cost, directly impacts the system's success. The supply chain is the backbone of an
effective waste management system, with each stage playing a critical role in maintaining efficiency
and sustainability. In practical terms, good supply chain management reduces waste accumulation,
lowers costs, and improves service quality, making management faster, cost-effective, and
environmentally friendly.

This research highlights the importance of a structured supply chain in achieving sustainability
and efficiency in waste management.

6. Conclusions

In conclusion, this study shows that factors such as seasonal floods, marketing green
environment, task processes, and technology tools significantly influence the waste management
supply chain. In contrast, cultural society does not have a significant influence. It underscores the
importance of using technology and structured work processes to improve waste management
effectiveness, especially in seasonal floods. In addition, green marketing strategies are essential in
creating public awareness and encouraging participation in more sustainable waste management
efforts. An effective waste management supply chain directly contributes to the overall success of
waste management by optimizing collection, treatment, and cost reduction processes, ultimately
supporting sustainability and efficiency goals.

Future research is encouraged to delve deeper into the role of culture society in waste
management. This could provide valuable insights and lead to the development of more effective
mitigation strategies to address the impact of seasonal flooding on waste management supply chains.

7. Limitation

This research was conducted in the Central Java region, precisely in the city of Semarang, with
a waste processing system in that area.
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