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Urban waste management is a major challenge in realizing sustainable environmental 

development, especially in developing cities with high levels of urbanization. This 

research aims to develop a Sustainable Environmental Strategy Model through circular 

economy-based waste management in supporting the realization of a Green City in 

Malang. This study adopts a quantitative approach through the Partial Least Squares 

Structural Equation Modeling (PLS-SEM) technique to evaluate the inter-construct 

interaction of the Sustainable Environmental Model, Circular Waste Management 

Approach, and Green City. Data were collected through questionnaires and analyzed 

through the evaluation of measurement models and structural models. The results showed 

that the developed model had an adequate level of validity and reliability, with most of 

the indicators having an outer loading value above the recommended limit. The structural 

model analysis shows that the Sustainable Environmental Model has a strong and 

significant effect on the Circular Waste Management Approach (β = 0.625) and has a 

significant direct influence on Green City (β = 0.582). The direct influence of the Circular 

Waste Management Approach on Green City was relatively weak (β = 0.087), which 

shows the limited mediating role of these variables. Empirically, waste management 

practices in Malang are still dominated by a linear approach, although circular economy-

based initiatives are starting to develop at the community level. This research contributes 

to the development of an integrated model that emphasizes the importance of systemic 

factors, such as governance, infrastructure, and community participation, in improving 

the effectiveness of circular economy-based waste management. The implications of the 

study suggest that achieving a Green City requires not only the adoption of the circular 

economy concept but also the strengthening of comprehensive implementation to 

improve environmental quality and resource utilization efficiency in urban areas.  
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1. INTRODUCTION

Urban areas in various parts of the world face increasingly 

complex environmental pressures along with the increasing 

rate of urbanization, population growth, and intensification of 

urban economic activities. The rapid urbanization process not 

only increases the consumption of natural resources but also 

contributes to the increase in urban waste generation, which 

has a significant impact on the quality of the environment and 

the sustainability of the ecosystem [1, 2]. Global reports show 

that urban waste production is expected to continue to increase 

significantly in the coming decades if not balanced with more 

sustainable and efficient management systems [3]. This 

condition makes urban waste management one of the main 

challenges in realizing sustainable urban development and 

achieving Sustainable Development Goals (SDGs), especially 

in the aspects of resource management, environmental 

protection, and the quality of life of urban communities [4]. 

Waste management systems in many cities are still 

dominated by a linear approach that focuses on the process of 

collection, transport, and disposal in landfills. This approach 

not only causes inefficient resource utilization but also triggers 

various environmental problems such as soil and water 

pollution, greenhouse gas emissions from landfills, and 

increased pressure on landfill capacity [3, 5]. Therefore, the 

transformation of waste management systems towards a more 

sustainable approach is an important agenda in urban 

environmental management. Various studies show that 

innovative approaches to urban waste management need to 

integrate environmental, economic, and social aspects 

simultaneously to support the sustainability of urban systems 

in the long term [6, 7]. 

The concept of the circular economy emerged as one of the 

new paradigms that offered an alternative approach to resource 

and waste management. The circular economy emphasizes the 

importance of maintaining the material cycle to remain in the 

economic system through the process of waste reduction, 

material reuse, and sustainable recycling [8, 9]. This concept 

developed in response to the limitations of the linear economic 

model, which has been dependent on the exploitation of 
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primary natural resources and generates large amounts of 

waste. In contrast to a linear approach, a circular economy 

seeks to create a more efficient production and consumption 

system by maximizing the value of resources through repeated 

cycles of use [8, 10]. 

A number of studies show that the implementation of a 

circular economy can provide various benefits, both in terms 

of the environment and the economy. This approach is not only 

able to reduce pressure on natural resources but also has the 

potential to create new economic opportunities through the 

development of the recycling industry, innovation in waste 

treatment technology, and improved efficiency in the use of 

materials in the production process [11, 12]. In the urban 

context, the implementation of the circular economy is also 

believed to be able to encourage the transformation of waste 

management systems to be more sustainable through 

strengthening the material value chain and increasing the 

participation of various stakeholders in resource management 

[13]. 

The integration of circular economy principles in urban 

governance is also one of the important strategies in 

supporting the development of sustainable cities and green 

cities. Cities around the world are starting to adopt a circular 

economy approach as part of urban development policies to 

improve resource efficiency, reduce waste generation, and 

improve the quality of the urban environment [14, 15]. Urban 

waste management is no longer seen as a mere waste disposal 

activity, but as part of an economic system that allows 

materials and resources to be productively reused. 

The implementation of the circular economy in urban waste 

management still faces various challenges, especially in 

developing countries. Studies have shown that limited 

institutional capacity, lack of waste treatment infrastructure, 

and low integration between stakeholders are often obstacles 

to the implementation of a circular economy-based waste 

management system [5, 7]. In addition, most research on the 

circular economy still focuses on the context of developed 

countries, while empirical studies on the implementation of the 

circular economy in waste management in developing cities 

are still relatively limited [16]. 

Medium-sized cities in developing countries have unique 

characteristics in the context of urban waste management. On 

the one hand, these cities are experiencing rapid economic 

growth and urbanization, increasing the volume of waste 

generation. However, on the other hand, waste management 

capacity is often still limited in terms of institutional, 

technological, and financing aspects. Therefore, a more 

innovative and adaptive waste management approach is 

needed to be able to answer the challenges of urban 

environmental sustainability in the region [7, 17]. 

One of the cities that faces this dynamic is Malang City, 

which is one of the medium-sized cities in Indonesia with a 

relatively high rate of economic growth and urbanization. In 

recent years, the city government and the community have 

developed various community-based waste management 

initiatives, such as the development of waste banks, household 

waste reduction programs, and increased public awareness of 

environmental management [18]. These initiatives show that 

there are efforts to integrate circular economy principles in 

urban waste management as part of the strategy towards more 

sustainable urban development [19]. 

Although various waste management programs have been 

developed in various cities through technological approaches, 

environmental policies, and community participation, a more 

comprehensive study is still needed to understand the extent to 

which the application of circular economy principles is able to 

support environmental sustainability at the city level 

systemically. A number of studies show that the application of 

the circular economy in urban waste management has the 

potential to improve the efficiency of resource utilization, 

reduce the generation of waste that ends up in landfills, and 

minimize pressure on the environment through the 

optimization of material cycles in production and consumption 

systems [2, 8]. In addition, this approach is also seen as able 

to create new economic value through the development of the 

recycling industry, material reuse, and innovations in more 

efficient and sustainable resource management [6, 20]. 

However, the implementation of circular economy strategies 

in urban waste management systems does not only depend on 

the technical aspects of waste management but is also 

influenced by various other factors such as institutional 

governance, policy integration, infrastructure availability, and 

the level of community participation in environmental 

management [21, 22]. Therefore, it is important to analyze in 

more depth how circular economy strategies can be effectively 

integrated into urban waste management systems and how the 

implementation of such strategies can contribute to improving 

environmental quality, resource utilization efficiency, and 

overall urban system sustainability, especially in the context 

of cities in developing countries that have significant social, 

economic, and institutional dynamics. In contrast to cities in 

developed countries [23, 24].  

Although the City of Malang has developed various 

community-based waste management programs, such as the 

Malang Waste Bank, the Reduce-Reuse-Recycle Waste 

Treatment Site, as well as various waste sorting initiatives at 

the community level, the effectiveness of the implementation 

of the circular economy in supporting Green City is still not 

comprehensively understood. Existing studies generally focus 

on the description of waste reduction programs or 

achievements but have not been able to explain empirically 

how they relate to institutional governance, waste sorting 

systems from sources, the availability of processing and 

recycling infrastructure, and circular economy practices in 

shaping the sustainability of the urban environment. In 

addition, there has been no research that integrates these 

factors into an analytical model that is able to explain the direct 

and indirect relationship between variables in the context of 

Malang City. This knowledge gap is important considering the 

characteristics of Malang City as an education, tourism, and 

service city that produces different waste generation dynamics 

from other cities in Indonesia. Therefore, this study developed 

a Sustainable Environmental Strategy Model through the 

Circular Economy-Based Waste Management approach to 

analyze the relationship between sustainable environmental 

systems, circular economy-based waste management, and 

Green City achievement using the Partial Least Squares 

Structural Equation Modeling (PLS-SEM) approach. The 

proposed model is expected not only to fill the empirical gap 

regarding the implementation of the circular economy at the 

medium city level in developing countries but also to provide 

a scientific basis for the preparation of a more integrated waste 

management strategy in supporting the development of Green 

Cities in Malang City. 

Based on this background, this study aims to analyze the 

transformation of urban waste management systems through 

the implementation of circular economy strategies in 

supporting environmental sustainability. This study uses the 
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city of Malang as an empirical context to examine the 

relationship between circular economy practices, urban waste 

management systems, and environmental sustainability 

achievements. Thus, this research is expected to contribute to 

enriching the literature on circular economy-based urban 

waste management in developing cities while providing policy 

implications for strengthening sustainable urban development 

strategies. 

 

 

2. METHODOLOGY 

 

This study uses a quantitative approach with an explanatory 

research design that aims to analyze the relationship between 

the application of circular economy principles, urban waste 

management systems, and environmental sustainability. The 

explanatory approach was chosen because this study focuses 

on testing the causal relationship between latent variables that 

have been formulated in the conceptual model of the study. 

The research was carried out in Malang City, Indonesia, which 

was chosen as the research location because it has high urban 

growth dynamics and faces challenges in urban waste 

management. The research process took place in the period 

from March 2025 to March 2026, which included the stages of 

designing research instruments, collecting data, and analyzing 

data. The research model examines the influence of the 

Sustainable Environmental Model as the independent variable, 

the Circular Waste Management Approach as the mediating 

variable, and Green City as the dependent variable. The 

process of analyzing the correlation between variables was 

carried out through the Structural Equation Modeling 

technique based on Partial Least Squares, a method that 

facilitates the testing of the interaction of various latent 

constructs simultaneously in the model under study, can be 

seen in Figure 1. 

 

 
 

Figure 1. Research model diagram for SmartPLS 
 

Table 1. Proportion of sample 
 

No. Districts Total Population Number of Respondents 

1 Lowokwaru 171,847 (19.32%) 29 

2 Blimbing 191,907 (21.58%) 32 

3 Klojen 100,818 (11.34%) 21 

4 Sukun 206,910 (23.27%) 33 

5 Kedungkandang 217,877 (24.50%) 35 

 

2.1 Sampling technique and number of samples 

 

The population in this study includes household groups, 

waste facility managers, and environmental communities 

connected to the waste management ecosystem in Malang 

City. The selection of respondents was carried out using 

purposive sampling, namely the determination of the sample 

through special characteristics that support the research 

objectives [25]. The main requirement is that respondents must 

have practical insight or experience in managing waste, such 

as sorting waste, recycling, or being active in environmental 

initiatives. In determining the minimum threshold of 

respondents, this research adopts the principle of the 10-times 

rule on PLS-SEM. The approach requires that the sample 

count be at least ten times the number of the largest indicators 

in a construct or ten times the number of the most structural 

paths in the model [26]. For the results of the PLS-SEM 

analysis to ensure the reliability and stability of the 

parameters, this study targets the collection of 150 

Respondents taken from 5 sub-districts in Malang City, with a 

target of households, Waste Entrepreneurs, and environmental 

community members. Each sub-district has a respondent in 

accordance with the population. Each region can be seen in 

Table 1. 

2.2 Measurement scale 

 

This study utilizes structured questionnaires as the main 

data collection instrument. The constituent indicators were 

developed through the adaptation of previous literature on 

circular economy, municipal waste management, and 

environmental sustainability. A four-point Likert scale is 

applied to assess each indicator, with a range of values ranging 

from 1 (strongly disagree) to 4 (strongly agree) [27, 28]. This 

scale was implemented because it has proven effective in 

systematically evaluating participants' perceptions, attitudes, 

and levels of approval for research variables. Circular 

economy variables are measured through the indicators of 

reduce, reuse, recycle, resource use efficiency, and product 

reuse in the economic cycle [14, 29]. The study was conducted 

in Malang City, East Java, Indonesia, and the geographical 

location of the study area is presented in Figure 2. The 

variables of the urban waste management system are measured 

through indicators of waste collection, waste sorting and 

processing, policy and governance support, and community 

participation in waste management. The operationalization of 

these constructs into measurable variables and indicators used 

in the PLS-SEM analysis is presented in Table 2. 
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Table 2. Constructs and measurement indicators used in the Partial Least Squares Structural Equation Modeling (PLS-SEM) 

model 

 

Variable Indicator Code Indicator Description 
Literature 

Sources 

Sustainable Environmental 

Model (X) 

Garbage Collection X 
Effectiveness of waste collection systems 

in urban areas 
[3] 

Waste Sorting X Rate of waste sorting from the source UNEP, 2019 

Processing Infrastructure X 
Availability of processing and recycling 

facilities 
[3] 

Waste Management Policy X 
Government regulatory support in waste 

management 
OECD, 2018 

Community Participation X 
Community involvement in waste 

management 
[3] 

Circular Waste Management 

Approach (Y) 

Reduce Y 
Efforts to reduce waste generation from 

the source 
[8] 

Reuse Y 
Reuse of goods or materials that can still 

be used 
[6] 

Recycle Y 
Waste recycling activities into new 

products 
[2] 

Resource Efficiency Y 
Resource use efficiency in waste 

management systems 
[2] 

Circular Product Use Y Reuse of materials in the production cycle [20] 

Green City (Z) 

Reducing Waste Generation Z 
Decrease in the volume of waste disposed 

of in landfills 
[6] 

Environmental Quality Z 
Improvement of the quality of the urban 

environment 
[2] 

Resource Efficiency Z 
Optimization of natural resource 

utilization 
[2] 

Pollution Reduction Z 
Reducing the impact of environmental 

pollution 
[6] 

Sustainability of the 

Municipal System 
Z 

Improved urban environmental 

sustainability 
[6] 

 

 
 

Figure 2. Map of the research location 
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2.3 Data analysis procedure 

  

To process the data, this study applied PLS-SEM, operated 

through SmartPLS software. The selection of PLS-SEM is 

based on its advantages in processing complex predictive 

models, albeit with a relatively moderate sample size [30]. The 

analysis is carried out in two main phases: evaluation of the 

measurement model (Outer model) and structural models 

(Inner model). Evaluation of the outer model focuses on 

testing the validity and reliability of the instrument. 

Convergent validity is ensured through thresholds: Loading 

Factor > 0.70 and Average Variance Extracted (AVE) > 0.50. 

Meanwhile, the reliability of the construct is confirmed if the 

score of composite reliability or Cronbach's Alpha exceeds 

0.70. The next stage is testing the inner model to map latent 

inter-construct interactions. This process includes the analysis 

of the determination coefficient (R²) to measure the apparent 

power of the independent variable against the dependent 

variable, as well as the testing of the Path Coefficient to assess 

the magnitude of the influence between variables. Statistical 

significance tests are then carried out through techniques 

Bootstrapping, with a significance level of 5% (p < 0.05). 

Testing also comes with a review of effect size (f²) and 

predictive relevance (Q²) to comprehensively evaluate the 

predictive capabilities of the model. In the end, the entire 

series of analyses is aimed at formulating empirical evidence 

related to the influence of circular economy implementation 

and efficiency of urban waste management on the achievement 

of environmental sustainability in Malang City. 

 

 

3. RESULTS AND DISCUSSION 

 

The composition of Squirt Malang City waste in this study 

was analyzed using secondary data sourced from the National 

Waste Management Information System, the Ministry of 

Environment/Environmental Control Agency of the Republic 

of Indonesia, and the Malang City Environment Agency in 

2024. The data is compiled based on the classification of waste 

types according to the national reporting system, which 

includes food waste, plastic, wood/twigs, paper/cardboard, 

metal, glass, fabric, rubber/leather, and other fractions, with 

percentages calculated based on the proportion of weight of 

each type to the total Squirt garbage. Characterization of waste 

composition based on material fractions is a commonly used 

approach in urban waste management studies to identify 

potential resource recovery and formulate more sustainable 

management strategies [5]. The dominance of organic 

fractions in the composition of waste also shows that most of 

the Squirt Urban waste comes from Household Activities, 

which is generally the largest contributor to solid waste in 

developing countries due to high food consumption, domestic 

activity, and urban population growth [31]. Therefore, the 

characteristics of the composition of waste provide an 

empirical picture of the potential for the implementation of 

economic-based waste management in Malang City, 

especially through strengthening waste sorting from sources 

and processing organic fractions. 

Based on the results of the waste composition analysis 

carried out in Malang City, it is known that the waste produced 

by the community is dominated by organic waste, especially 

food waste and vegetation waste. Research data shows that 

food waste is the largest component, with a percentage of 

54.39% of total waste generation. In addition, other organic 

components such as wood and twigs account for 13.60% of the 

total waste produced. The dominance of organic waste shows 

that most of the urban waste in Malang City comes from 

household activities, traditional markets, and culinary 

activities that are quite developed in the region [32]. 

In addition to organic waste, the component of inorganic 

waste also has a significant proportion. Plastic waste accounts 

for 13.66% of total waste generation, which makes it the 

second-largest component after organic waste. Meanwhile, 

box and carton waste has a percentage of 4.47%, most of 

which comes from household, office, and trade sector 

activities. Other waste components, such as glass 1.78%, metal 

0.98%, fabric 0.52%, and rubber or leather 0.21%, have a 

relatively smaller proportion in the composition structure of 

urban waste. In addition, there is another category of waste of 

10.39%, which generally consists of various types of residual 

waste that are not included in the main category. The 

composition of municipal solid waste in Malang City is 

presented in Figure 3. 

 

 
 

Figure 3. Composition of waste based on the type of waste in 

Malang City, Indonesia 

 

The dominance of organic waste, which reaches more than 

60% of the total waste composition in Malang, shows that 

urban waste management systems have great potential to 

implement biological-based treatment strategies such as 

composting or processing organic waste into biomass energy 

[33]. If organic waste can be separated from the source, the 

volume of waste sent to landfill can be significantly reduced 

[34, 35]. This is also in line with the principle of the circular 

economy, which emphasizes the reuse of resources that still 

have use value [36]. 

The proportion of plastic waste, which reached 13.66%, 

also shows that there are challenges in urban waste 

management. The high use of single-use plastics from the 

household, trade, and food and beverage service sectors has 

led to an increase in the volume of plastic waste produced [37, 

38]. Without proper management, plastic waste has the 

potential to cause various environmental impacts on soil, 

water, and urban drainage systems [39]. 

The existence of recyclable materials such as paper, plastic, 

metal, and glass shows that there is a considerable opportunity 

to improve recycling practices in the waste management 

system in Malang City. However, the rate of reuse of these 

materials is still highly dependent on the informal sector, such 

as waste pickers and waste bank programs managed by the 

community [40, 41]. From a circular economy perspective, the 

structure of waste composition in Malang shows that most of 
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the waste actually still has the potential to be reused through 

various processing processes. Efforts to increase waste 

separation from sources, develop organic waste processing 

facilities, and strengthen recycling systems are strategic steps 

that can be taken to improve waste management efficiency 

while supporting the sustainability of the urban environment 

[8, 16]. 

 

3.1 Evaluating the initial results of Partial Least Squares 

Structural Equation Modeling  

 

The results of the initial evaluation of the PLS-SEM model 

show that the Sustainable Environmental Model, Circular 

Waste Management Approach, and Green City have adequate 

measurement quality. The outer loading values of most 

indicators were above the recommended threshold (≥0.708), 

indicating that the indicators adequately represented their 

respective latent constructs. Indicators with outer loading 

values between 0.40 and 0.70 were retained because the 

Composite Reliability (CR) and Average Variance Extracted 

(AVE) of the corresponding constructs remained above the 

recommended thresholds, whereas indicators with outer 

loading values below 0.40 were removed from the model [26, 

42]. Furthermore, the R² values indicate that the Sustainable 

Environmental Model explains 39.1% of the variance in the 

Circular Waste Management Approach (R² = 0.391), while the 

Sustainable Environmental Model together with the Circular 

Waste Management Approach explains 41.0% of the variance 

in Green City (R² = 0.410). Both values indicate moderate 

explanatory power in PLS-SEM [26]. Structurally, the 

relationship between the Sustainable Environmental Model 

and the Circular Waste Management Approach is classified as 

strong (β = 0.625) and has a significant direct influence on 

Green City (β = 0.582), which indicates that systemic 

approaches to environmental management have an important 

role to play in driving urban sustainability [2, 8]. Meanwhile, 

the influence of the Circular Waste Management Approach on 

Green City is relatively weak (β = 0.087), which indicates a 

limitation in the mediation role of these variables and shows 

that the implementation of the circular economy still requires 

strengthening operational aspects and system integration [29], 

as shown in Figure 4. 

 

 
 

Figure 4. Loading Partial Least Squares Structural Equation Modeling (PLS-SEM) 

 

These findings show that strengthening systemic aspects 

such as technology, institutions, and governance in the 

Sustainable Environmental Model is the main factor in 

encouraging the sustainability of the urban environment in 

Malang, in line with the literature that emphasizes the 

importance of integrating technological innovation and 

institutional capacity in the sustainability system [6, 43]. 

However, the weak direct influence of the circular economy 

approach on Green City indicates that the implementation of 

circular practices is still not optimal at the operational level, 

especially in the aspects of reuse, recycling, and waste value 

chain integration, as also found in various studies that 

highlight the gap between circular economy concepts and 

practices [8, 22]. This condition confirms that the transition to 

a sustainable city is not enough just with the adoption of the 

circular economy concept at the policy level but requires 

strengthening a more comprehensive implementation through 

increased community participation, development of 
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supporting infrastructure, and consistency of policies across 

sectors so that the impact on environmental quality can be 

more significant [3, 5]. 

 

3.2 Partial Least Squares Structural Equation Modeling 

model estimation results 

 

The Outer model shows that not all initial indicators in the 

construction of the Sustainable Environmental Model based 

on Circular Economy-Based Waste Management meet the 

Outer Loading ideal. However, according to the PLS-SEM 

guidelines, indicators with values of 0.40–0.70 can still be 

maintained if the construct meets internal reliability 

(Cronbach's alpha ≥ 0.70) and convergent validity (AVE ≥ 

0.50) [26]. This reflects a variation in respondents' perception 

of waste management practices, which is common in the 

socio-environmental context. The following are the results of 

the elimination of indicators with an outer loading of <0.4, 

with adequate internal reliability (Cronbach's alpha ≥ 0.70, as 

well as the convergent validity achieved (AVE ≥ 0.50). 

 

Table 3. Outer loadings, Cronbach's alphas, composite reliabilities, rho_A, and Average Variance Extracted values 

 

Construct Indicator Description 
Outer 

Loading 

Cronbach's 

Alpha 
CR Rho_A AVE 

Sustainable 

Environment Model 

X1 
Effectiveness of waste collection systems in 

urban areas 
0.718 

0.858 0.89 0.868 0.507 

X2 Rate of waste sorting from source 0.625 

X3 
Availability of processing and recycling 

facilities 
0.634 

X4 
Government regulatory support in waste 

management 
0.751 

X5 
Community involvement in waste 

management 
0.619 

X6 
Institutional integration in waste management 

governance 
0.801 

X7 
Utilization of technology in the process of 

processing and recycling waste 
0.825 

X8 
Optimizing the economic value of waste 

through a circular economy approach 
0.690 

Circular Waste 

Management 

Approach 

Y1 
Reuse of goods or materials that can still be 

used 
0.733 

0.821 0.947 0.849 0.623 

Y2 Waste recycling activities into new products 0.761 

Y3 
Resource use efficiency in waste 

management systems 
0.683 

Y4 Reuse of materials in the production cycle 0.771 

Y5 
Waste segregation at the source to facilitate 

reuse and recycling 
0.763 

Y6 

Reducing waste generation through reduced 

practices at the household and industrial 

levels 

0.829 

Y7 
Extending the service life of products through 

reuse and repair activities 
0.791 

Y8 
Development of Product Innovation Based on 

Recycled Materials 
0.728 

Y9 

Optimization of the waste value chain 

through the integration of the formal and 

informal sectors 

0.873 

Y10 

increasing the economic value of waste 

through upcycling and creative processing 

activities, and 

0.868 

Y11 
Application of the Zero Waste Principle in 

Production and Consumption Systems 
0.854 

Green City 

Z1 
Decrease in the volume of waste disposed of 

in landfills 
0.753 

0.939 0.873 0.944 0.581 

Z2 
Improvement of the quality of the urban 

environment 
0.628 

Z3 Optimization of natural resource utilization 0.784 

Z4 
Reducing the impact of environmental 

pollution 
0.834 

Z5 Improved urban environmental sustainability 0.788 
Note: AVE = Average Variance Extracted. 

 

Testing the outer model in the PLS-SEM analysis confirmed 

that the validity and reliability criteria have been met by all 

constructs in this research. On the variable Sustainable 

Environmental Model, the results of the analysis reflect 

internal consistency and solid convergent validity [30]. This is 

shown by the acquisition of an AVE value of 0.507, a CR of 

0.890, a Cronbach's alpha of 0.858, and the value of Outer 

Loading of the indicators, which vary in the range of 0.619 to 

0.825. The highest score was dominated by indicators of 

technology utilization (0.825) and institutional integration 

(0.801). This statistical fact confirms the significance of 

technological innovation combined with collaborative 
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governance as a key pillar for an environmental sustainability 

system [2, 8]. 

In the construct of the Circular Waste Management 

Approach, all indicators show the value of Outer Loading 

(0.683–0.873), with Cronbach's alpha of 0.821, CR of 0.947, 

and AVE of 0.623, suggesting that this construct has a good 

ability to explain latent variables [42]. The indicators with the 

largest contribution are the optimization of the waste value 

chain (0.874), the improvement of the economic value of 

waste (0.869), and the application of the principle of Zero 

Waste (0.856). These findings show that the implementation 

of the circular economy focuses not only on waste reduction 

but also on the creation of added value through the integration 

of production and consumption systems [44]. 

Meanwhile, the Green City construct showed excellent 

model performance with Cronbach's alpha values of 0.939, CR 

of 0.873, and AVE of 0.581. Outer Loading Values: The 

highest is found in the indicators of reducing the impact of 

environmental pollution (0.834) and improving the 

sustainability of the urban environment (0.788), which shows 

that waste management based on the circular economy has a 

significant contribution to the quality of the urban 

environment [45, 46]. This indicates that the circular economy 

approach can be a strategic instrument in realizing a 

sustainable city in Malang. 

Substantively, these results confirm that the Sustainable 

Environmental Model that integrates technical, institutional, 

and technological aspects has an important role in encouraging 

the implementation of the Circular Waste Management 

Approach. The high contribution of technology indicators and 

institutional integration shows that the success of waste 

management systems is not only determined by infrastructure 

but also by coordination between actors and system innovation 

[5]. The dominance of indicators in the circular economy 

construct, such as upcycling, zero waste, and waste value 

chain optimization, shows that waste management in Malang 

has great potential to transform towards a circular system. 

However, the relatively moderate value of indicators in terms 

of waste sorting and community involvement indicates that 

there are challenges in implementation at the operational level, 

especially in behavioral changes and public participation [3, 

7]. 

The implications of these findings suggest that the 

achievement of Green Cities depends not only on the technical 

effectiveness of waste management but also on the system's 

ability to create economic value, strengthen governance, and 

increase community participation. Thus, the integration 

between the Sustainable Environmental Model and Circular 

Economy-Based Waste Management is the main key in 

encouraging the sustainability of the urban environment [2]. 

The results of this study strengthen the argument that the 

circular economy is a strategic approach in supporting the 

transformation of cities towards the concept of Green City, 

through increasing resource efficiency, reducing waste, and 

creating added value from materials that were previously 

considered as residues [8, 20]. 

Based on the results of the validity test in Table 3, it can be 

seen that all indicators have an Outer Loading value ≥ 0.40, 

and indicators with low correlation have been eliminated 

according to the evaluation criteria of the measurement model 

in PLS-SEM [26, 42]. Therefore, all indicators in this study 

can be stated to have met the criteria of convergent validity. 

After the elimination of the indicator by Outer Loading < 0.40, 

the quality of the model improves significantly, which is 

reflected in the stability of the value Loading on the 

maintained indicators, so that the construct can represent the 

main dimensions of circular economy-based waste 

management in supporting Green City in Malang [26]. 

Indicators with low values that were eliminated indicated that 

some aspects of implementation, such as waste sorting from 

sources and community participation, were still not optimal, 

as was also found in studies that showed that behavioral 

factors and community involvement are the main challenges 

in the implementation of circular economy-based waste 

management in urban areas [3, 8]. 

Indicators with values loading at high levels, especially in 

the environmental sustainability variable, indicate that the 

community's environmental awareness is relatively good. 

However, this condition has not been fully followed by 

consistent practices, thus indicating a gap between 

environmental awareness and behavior [2]. Meanwhile, the 

results of the structural model indicate that the Circular Waste 

Management Approach did not make a statistically significant 

contribution to the relationship between the Sustainable 

Environmental Model and Green City. This finding suggests 

that, although circular waste management practices have been 

implemented, their mediating role in supporting Green City 

has not yet been empirically confirmed in the context of 

Malang City. Overall, the results of the evaluation of the 

measurement model show that the entire construct has met the 

criteria of convergent validity and reliability, making it 

feasible to use in the next stage of model evaluation. Before 

testing the structural relationships between constructs, it is 

necessary to ensure that the model does not experience 

collinearity problems between predictive variables through 

Variance Inflation Factor (VIF) testing, as presented in Table 

4. 

 

Table 4. Assess the structural model for collinearity issues 

using the Variance Inflation Factor (VIF) 

 
Structural Path VIF 

Circular Waste Management Approach -> Green City 1.658 

Sustainable Environmental Model -> Green City 1.658 

Sustainable Environmental Model -> Circular Waste 

Management Approach 
1.000 

 

Based on the results of the collinearity test presented in 

Table 4, all relationships between constructs show a value of 

VIF in the range of 1.000-1.658, namely, the relationship of 

the Circular Waste Management Approach to Green City is 

1.658, the Sustainable Environmental Model for Green City is 

1.658, and the Sustainable Environmental Model for the 

Circular Waste Management Approach is 1.000. All VIF 

values are well below the threshold of 5.00 recommended in 

the PLS-SEM analysis [26], thus showing that the research 

model does not experience multicollinearity problems 

between exogenous constructs. These results indicate that each 

construct has an independent contribution in explaining 

endogenous variables without excessive correlations between 

predictor variables, so that the estimated path coefficient can 

be interpreted more accurately and reliably. Thus, the 

structural model developed has met the assumptions of 

collinearity and is feasible to proceed at the stage of 

discriminant validity evaluation to ensure that each construct 

has adequate ability to represent different concepts 

empirically. One of the approaches used to evaluate 

discriminant validity is the Fornell-Larcker Criterion, which is 

based on comparing the AVE square root value of each 
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construct against the correlation between constructs, as 

presented in Table 5 [26]. 

Based on the results of the Fornell-Larcker Criterion test 

presented in Table 5, the square root value of AVE in each 

construct is higher than its correlation value for other 

constructs. Construct Green City has an AVE square root 

value of 0.789, higher than its correlation with the Circular 

Waste Management Approach (0.451) and the Sustainable 

Environmental Model (0.626). Similarly, the Circular Waste 

Management Approach construct shows a square root value of 

AVE of 0.762, which is greater than its correlation with Green 

City (0.451) and Sustainable Environmental Model (0.630). 

Meanwhile, the Sustainable Environmental Model construct 

has an AVE square root value of 0.712, which is also higher 

than its correlation with the Green City construct (0.626) and 

the Circular Waste Management Approach (0.630). These 

results show that all constructs have met the Fornell-Larcker 

Criterion, so that each construct can distinguish concepts that 

are empirically measured and have adequate discriminant 

validity [26]. To reinforce these results, discriminant validity 

was further evaluated using the Heterotrait-Monotrait Ratio 

(HTMT), which is a more sensitive approach and 

recommended in PLS-SEM analysis to identify discriminant 

validity between constructs [42], as presented in Table 6. 

Based on the results of the HTMT test presented in Table 6, 

all correlation values between constructs were below the 

threshold of 0.90 recommended in the PLS-SEM analysis [30, 

42]. The HTMT value between the Circular Waste 

Management Approach and Green City is 0.505, between the 

Sustainable Environmental Model and Green City is 0.690, 

and between the Sustainable Environmental Model and the 

Circular Waste Management Approach is 0.700. These results 

show that each construct has adequate discriminant validity 

because each construct can represent a different concept 

empirically without overlapping measurements. Thus, all 

stages of measurement model evaluation, which include 

internal reliability, convergent validity, collinearity test, and 

discriminant validity through the Fornell-Larcker Criterion 

and HTMT, have met the recommended criteria. Therefore, 

the measurement model is declared feasible and robust to be 

continued at the Structural Model Assessment (Inner Model) 

stage to evaluate the causal relationship between the 

Sustainable Environmental Model, Circular Waste 

Management Approach, and Green City. 

 

Table 5. Fornell-Larcker criterion 

 
 Green City Circular Waste Management Approach Sustainable Environmental Model 

Green City 0.789   

Circular Waste Management Approach 0.451 0.762  

Sustainable Environmental Model 0.626 0.630 0.712 

 

Table 6. Heterotrait-Monotrait Ratio (HTMT) 
 

 Green City Circular Waste Management Approach Sustainable Environmental Model 

Green City    

Circular Waste Management Approach 0.505   

Sustainable Environmental Model 0.690 0.700  

 

Table 7. Structural model assessment and hypothesis testing 
 

Relationships Between Constructs 
β (Original 

Sample) 

t-

Statistic 

p-

Value 
f² Verdict 

Sustainable Environmental Model → Circular Waste Management 

Approach 
0.630 10.747 0.000 0.658 Accepted 

Sustainable Environmental Model → Green City 0.567 5.229 0.000 0.321 Accepted 

Circular Waste Management Approach → Green City 0.094 0.793 0.428 0.009 Rejected 

Sustainable Environmental Model → Circular Waste Management 

Approach → Green City (Indirect Effect) 
0.059 0.770 0.441 – Rejected 

Note: f² = Effect size. 

 

Table 8. Explanatory and predictive power of the structural model 
 

Endogenous Variable R² Adjusted R² Q² Predict Interpretation 

Circular Waste Management Approach 0.397 0.391 0.365 Moderate and have Q² 

Green City 0.397 0.385 0.360 Moderate and have Q² 
Note: Q² = Predictive relevance; R² = Determination coefficient. 

 

Based on results structural model assessment on Table 7, 

Sustainable Environmental Model have a positive and 

significant effect on Circular Waste Management Approach (β 

= 0.630; t = 10.747; p < 0.001; f² = 0.658) and against Green 

City (β = 0.567; t = 5.229; p < 0.001; f² = 0.321), thus showing 

that strengthening environmental governance, institutions, 

policies, and technological support are the main factors in 

encouraging the implementation of circular economy-based 

waste management while increasing the achievement of Green 

City in Malang City. Instead, the Circular Waste Management 

Approach has no significant effect on Green City (β = 0.094; t 

= 0.793; p = 0.428; f² = 0.009), as well as indirect influences 

of the Sustainable Environmental Model on Green City 

through the Circular Waste Management Approach were also 

insignificant (β = 0.059; t = 0.770; p = 0.441). These findings 

indicate that although various circular economy initiatives, 

such as waste banks, TPS3R, and material reuse, have 

developed in Malang City, their implementation has not been 

strong enough to mediate the relationship between sustainable 

environmental models and Green City. Thus, the achievement 

of Green City is still more determined by the effectiveness of 

environmental governance than by the implementation of 

2083



 

circular economy practices themselves. These results are in 

line with research that states that the successful transition to 

sustainable cities requires institutional support, consistent 

policies, adequate infrastructure, and multi-stakeholder 

collaboration for circular economy practices to be able to have 

significant environmental impacts [2, 8]. 

Based on the results of the evaluation of the Model's 

Explanatory Power and Q² presented in Table 8, a value of R² 

of 0.397 was obtained for the construct Circular Waste 

Management Approach with an Adjusted R² of 0.391, as well 

as the value of Q² Predict of 0.365. Meanwhile, the construct 

Green City also shows the value of R² of 0.397, Adjusted R² 

of 0.385, and Q² Predict of 0.360. The value of R² shows that 

the Sustainable Environmental Model can explain about 

39.7% of the implementation variations of the Circular Waste 

Management Approach, while the combination of the 

Sustainable Environmental Model and Circular Waste 

Management Approach can explain 39.7% of the variations in 

Green City, while the rest are influenced by other factors 

outside the research model. Based on the criteria of this study 

[26], these values are included in the category moderate, which 

shows that the model has a good explanation of the 

phenomenon under study. In addition, the Q² Predict greater 

than zero in both constructs indicates that the model has 

predictive relevance, which is good, so that it can predict the 

relationship between constructs adequately. These findings 

show that the developed sustainable environmental model has 

a strong ability to explain the implementation of circular 

economy-based waste management and the achievement of a 

Green City in Malang City. However, there are still around 

60.3% variations that cannot be explained by the model, which 

indicates that the success of urban waste management and 

Green City development is also influenced by various other 

factors, such as financing capacity, quality of waste treatment 

infrastructure, community behavior and participation, 

technological innovation, regional leadership, regulatory 

enforcement, and collaboration between stakeholders that 

have not been fully accommodated in this study. Therefore, 

further research needs to develop a more comprehensive 

model by including social, economic, institutional, and 

technological dimensions to be able to increase the 

explainability of the model while providing a more complete 

understanding of circular economy-based waste management 

strategies in supporting the development of a Green City [2, 

26]. 

 

3.3 Waste management practices in Malang City 

 

The results of the study show that waste management 

practices in Malang are still dominated by a linear approach: 

collect-transport-dispose, although circular economy-based 

initiatives are starting to develop at the community level [43]. 

Visualization of waste management systems (Figure 5) shows 

a fundamental difference between linear and circular 

approaches, where current systems have not fully adopted the 

principles of Closing Loops in the circular economy [2, 8]. 

This condition indicates that waste sorting at the source is still 

low, recycling integration is not optimal, and material reuse 

has not become a major part of the urban waste management 

system [5]. 

Based on the research composition of waste in Malang, it is 

known that organic waste dominates with a percentage of 

54.39%, followed by plastics (13.66%), wood/twigs (13.60%), 

and other fractions in smaller proportions, which reflects the 

general characteristics of urban waste in developing countries 

[40]. This composition shows great potential for circular 

economy applications, particularly through biological 

processes such as composting and bioenergy production [46, 

47]. However, without an effective sorting system, this 

potential cannot be optimally utilized, so most of the waste still 

ends up in the final processing site [5]. 

From the social aspect, the role of communities in waste 

management is beginning to be seen through the existence of 

waste bank programs and community-based initiatives, as 

shown in Figure 5, which are important elements in supporting 

the implementation of the circular economy at the local level 

[3]. This community participation has been proven to 

contribute to increasing the rate of sorting and reducing waste, 

although the implementation is still partial [8, 43]. This shows 

that increasing environmental awareness and education is still 

a fundamental need to strengthen the transition to a more 

sustainable system [2, 10].  

The results of the study show that waste management 

practices in Malang are still dominated by a linear approach: 

collect-transport-dispose, although circular economy-based 

initiatives are starting to develop at the community level [43]. 

Visualization of waste management systems in Figure 3 shows 

a fundamental difference between linear and circular 

approaches, where current systems have not fully adopted the 

principles of Closing Loops in the circular economy [2, 8]. 

This condition indicates that waste sorting at the source is still 

low, recycling integration is not optimal, and material reuse 

has not become a major part of the urban waste management 

system [5]. 

From the social aspect, the role of communities in waste 

management is beginning to be seen through the existence of 

waste bank programs and community-based initiatives, as 

shown in Figure 3, which are important elements in supporting 

the implementation of the circular economy at the local level 

[3]. This community participation has been proven to 

contribute to increasing the rate of sorting and reducing waste, 

although the implementation is still partial [8, 43]. This shows 

that increasing environmental awareness and education is still 

a fundamental need to strengthen the transition to a more 

sustainable system [2, 10].  

In addition, in terms of infrastructure and technology, the 

availability of waste treatment facilities such as composting 

units and recycling facilities is still relatively limited, as 

illustrated in Figure 5, which has an impact on the low rate of 

material recovery [46]. These limitations lead to a high 

dependence on the final disposal system and hinder the 

widespread implementation of the circular economy at the city 

level [5, 21]. This condition confirms that strengthening 

infrastructure is the main prerequisite for improving the 

performance of circular-based waste management systems 

[43].  

When associated with the results of the PLS-SEM analysis 

in Figure 4, these empirical findings show that waste 

management practices have a positive influence on 

environmental sustainability, but their contribution becomes 

more significant when integrated with circular economy 

principles [2, 8]. In the developed model, the circular economy 

plays a key role as a variable that strengthens the relationship 

between waste management practices and environmental 

sustainability, while community and institutional participation 

factors serve as reinforcing variables [3]. Thus, the results of 

this study confirm that the transformation towards a 

sustainable waste management system in Malang requires an 

2084



 

approach that not only focuses on technical aspects but also on 

social, institutional, and innovation integration based on the 

circular economy as a whole [8, 43].  

In addition, in terms of infrastructure and technology, the 

availability of waste treatment facilities such as composting 

units and recycling facilities is still relatively limited, as 

illustrated in Figure 5 and Figure 6, which has an impact on 

the low rate of material recovery [46]. These limitations lead 

to a high dependence on the final disposal system and hinder 

the widespread implementation of the circular economy at the 

city level [5, 21]. This condition confirms that strengthening 

infrastructure is the main prerequisite for improving the 

performance of circular-based waste management systems 

[43].  

 

 
 

Figure 5. Waste banks and waste management products in Malang City 

 

 
 

Figure 6. Waste management facilities in Malang City 

 

 

4. CONCLUSIONS  

 

This study confirms that the Sustainable Environmental 

Model integrated with Circular Economy-Based Waste 

Management has a significant role in supporting the 

achievement of a Green City in Malang. The results of the 

PLS-SEM analysis show that all constructs have met the 

criteria of validity and reliability and can explain the strong 

relationship between technical, institutional, and social aspects 

in the urban waste management system. Structurally, the 

Sustainable Environmental Model has been proven to have a 

positive and significant effect on the Circular Waste 

Management Approach and Green City, while the Circular 

Waste Management Approach has not shown a direct 

influence or significant mediating role on Green City. These 

findings indicate that strengthening environmental governance 

is still the main factor in supporting the development of a 

Green City in Malang City. Key findings show that the 

dominant factors in the model include technology utilization, 

institutional integration, and optimization of waste economic 

value, which directly strengthen the implementation of the 

circular economy. The aspect of waste sorting at the source 

and community involvement is still a challenge that needs to 

be improved to achieve the effectiveness of the system. 

Conceptually, this research contributes to developing an 

integrated model that links circular economy-based waste 

management with the sustainability of the urban environment. 

The practical implications show that the transformation 

towards a Green City requires a systemic approach that 

includes strengthening policies, improving infrastructure, and 

active community participation. Thus, the integration of 

technological innovation, collaborative governance, and 
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resource optimization is the main key to realizing a sustainable 

waste management system and supporting the development of 

a Green City in Malang City. However, the research model 

still has explanatory capabilities in the moderate category, so 

further research is recommended to integrate other variables, 

such as institutional capacity, environmental financing, 

technological innovation, and community behavior, to obtain 

a more comprehensive model in explaining the 

implementation of the circular economy and the achievement 

of Green City. 
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