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 This study examines the effects of circular economy implementation, 

environmental awareness, and green technology adoption on resource 

efficiency in manufacturing industries in West Java. Using quantitative 

analysis, data were collected from 190 respondents through a Likert-

scale questionnaire (1-5) and analyzed with Structural Equation 

Modeling-Partial Least Squares (SEM-PLS 3). The findings reveal that 

all three factors significantly enhance resource efficiency, with green 

technology showing the strongest impact. Circular economy practices 

optimize resource utilization, while environmental awareness fosters 

sustainable organizational behavior. The integration of these factors 

explains 62% of the variance in resource efficiency, highlighting the 

importance of an integrated approach to sustainability. The study 

provides actionable insights for policymakers and industry leaders to 

promote sustainable practices and adopt green innovations in 

manufacturing.  
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1. INTRODUCTION  

The manufacturing industry in West 

Java, Indonesia, is vital for economic growth 

but struggles with resource inefficiency and 

environmental degradation, necessitating 

strategies like the circular economy (CE), 

environmental awareness (EA), and green 

technology (GT) for sustainable 

transformation. CE emphasizes resource 

reuse and recycling, reducing waste and 

conserving materials while encouraging 

manufacturers to design products with their 

entire lifecycle in mind, thereby enhancing 

sustainability [1]. Integrating CE principles 

can yield significant cost savings and reduced 

environmental footprints. Similarly, EA 

involves educating manufacturers about the 

environmental impacts of their operations, as 

companies with high EA levels tend to adopt 

sustainable practices, leading to lower carbon 

emissions [2], fostering a culture of 

sustainability within organizations and 
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driving continuous improvement. 

Meanwhile, GT focuses on innovations like 

energy-efficient machinery and eco-friendly 

materials that reduce environmental harm [3], 

with its adoption linked to improved 

production efficiency and reduced 

operational costs. Additionally, government 

support and incentives play a crucial role in 

promoting GT adoption within the 

manufacturing sector [4], [5]. 

The circular economy (CE) is essential 

for promoting sustainability by minimizing 

waste, enhancing resource efficiency, and 

extending material lifecycles, thereby 

reducing reliance on finite resources while 

aligning with environmental awareness that 

drives organizations to adopt eco-friendly 

practices. CE emphasizes waste minimization 

through practices like recycling and 

remanufacturing, increasingly adopted in 

industries such as oil and gas[6]. Companies 

also invest in technologies for resource 

recovery and reuse, enhancing efficiency and 

compliance with environmental regulations 

[6], while implementing closed-loop systems 

fosters continuous resource use, significantly 

reducing environmental impact [7]. Increased 

environmental awareness serves as a catalyst 

for organizational change, encouraging the 

adoption of sustainable practices and 

engaging consumers in purchasing recycled 

products, which are vital for advancing CE 

initiatives [8]. Furthermore, advancements in 

green technology, such as IoT and 

digitalization, optimize manufacturing 

processes and resource management, 

supported by financial mechanisms and 

investment strategies that ensure the 

transition to circular practices and long-term 

sustainability [9], [10].  

Despite the growing recognition of 

these strategies, there is a lack of empirical 

research exploring their combined impact on 

resource efficiency in the manufacturing 

sector, particularly in developing economies 

such as Indonesia. Existing studies often focus 

on these factors in isolation, neglecting the 

interconnectedness of their implementation. 

Moreover, the dynamic socio-economic and 

environmental contexts of West Java 

necessitate a localized understanding of how 

these factors influence resource efficiency. 

This study seeks to address this gap by 

examining the effect of circular economy 

implementation, environmental awareness, 

and green technology on resource efficiency 

in manufacturing industries in West Java. 

 

2. LITERATURE REVIEW  

2.1 Circular Economy and Resource 

Efficiency 

The circular economy (CE) 

offers a transformative approach 

to resource management in 

manufacturing and resource-

intensive industries by 

prioritizing waste minimization, 

resource recovery, and closed-

loop systems to improve 

material efficiency and reduce 

costs. Key practices include 

remanufacturing, which restores 

used products to like-new 

condition and reduces the need 

for new materials [6], and eco-

design, which considers the 

entire product lifecycle to 

facilitate recycling and reuse 

[11], [12]. Resource recovery 

methods, such as capturing 

flared gases in the oil and gas 

sector, highlight CE's potential 

[6], [13]. CE practices provide 

economic and environmental 

benefits, including cost savings, 

improved resource efficiency, 

and enhanced corporate 

reputation through stakeholder 

trust and regulatory compliance 

[6]. However, successful 

implementation requires strong 

organizational commitment and 

supportive policies. Research 

gaps remain in understanding 

how CE integration drives 

measurable resource efficiency, 

especially in developing 

economies like Indonesia[14]. 



West Science Social and Humanities Studies   2014  

Vol. 02, No. 12, December 2024: pp. 2012-2022 

 

2.2 Environmental Awareness and 

Sustainable Practices 

Environmental awareness 

(EA) is pivotal in fostering 

sustainable practices within 

organizations, particularly in 

manufacturing, as companies 

prioritizing EA are more inclined 

to implement eco-friendly 

strategies, optimize resource use, 

and cultivate a sustainability-

oriented culture among 

employees. Organizations with 

high EA are likelier to adopt 

sustainable practices, 

demonstrated by proactive 

environmental policies that 

enhance resource optimization 

[15], [16]. Educational initiatives 

like the "Granito de Arena" 

project show that instilling 

environmental values early can 

significantly promote awareness 

and sustainable behaviors [17]. 

Public engagement also plays a 

critical role, with increased EA 

encouraging community 

participation in environmental 

initiatives, improving air quality, 

and advancing sustainable 

industrial practices [16].Tailored 

strategies that address regional 

and generational differences in 

EA further enhance engagement 

and the effectiveness of 

sustainability efforts [15], [18]. 

Challenges remain in translating 

awareness into action, 

particularly in regions with 

limited access to environmental 

education or regulatory 

enforcement. This study 

explores the role of 

environmental awareness in 

shaping resource efficiency 

within the manufacturing 

industries of West Java [19]. 

2.3 Green Technology and Industrial 

Innovation 

Green technology (GT) is 

crucial for enhancing 

sustainability in manufacturing 

by optimizing resource 

utilization and minimizing 

environmental harm, fostering 

innovation while improving 

operational performance and 

ensuring compliance with 

environmental regulations. GT 

enhances resource efficiency by 

reducing waste and energy 

consumption [20], [21] and 

boosts economic performance 

through cost savings and 

increased profitability from 

improved processes [22], [23]. Its 

environmental benefits include 

significantly lowering 

greenhouse gas emissions and 

pollution, contributing to a 

cleaner environment [24], [25]. 

Key implementation strategies 

include adopting renewable 

energy sources like solar and 

wind power to reduce 

dependence on non-renewable 

resources [22], [24], integrating 

lean manufacturing practices to 

achieve zero-waste production 

while maintaining productivity 

[22],and engaging employees in 

recycling and sustainable 

initiatives to foster 

environmental consciousness 

[20]. However, challenges such 

as high initial investment costs 

[26] and navigating stricter 

regulatory compliance can 

hinder the adoption of green 

technologies [22]. 

2.4 Conceptual Framework and 

Hypotheses 

Sustainability theories such 

as the resource-based view 

(RBV) and institutional theory 

underpin the interrelationship 

between circular economy 

implementation, environmental 

awareness, green technology, 
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and resource efficiency. The RBV 

posits that resources and 

capabilities, such as CE practices 

and green technologies, provide 

firms with a competitive 

advantage in achieving 

sustainability. Institutional 

Theory, on the other hand, 

emphasizes the role of external 

pressures, such as regulatory 

requirements and societal 

expectations, in driving 

environmental awareness and 

sustainable practices. 

Based on the review of 

existing literature, the following 

hypotheses are proposed for this 

study: 

H1: Circular economy 

implementation has a positive 

effect on resource efficiency in 

manufacturing industries. 

H2: Environmental 

awareness positively influences 

resource efficiency in 

manufacturing industries. 

H3: Green technology 

adoption positively impacts 

resource efficiency in 

manufacturing industries. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Conceptual Framework

3. METHODS 

3.1 Research Design 

This research adopts a descriptive 

and explanatory quantitative design to 

explore the relationships among the 

independent variables (circular economy 

implementation, environmental awareness, 

and green technology) and the dependent 

variable (resource efficiency). Structural 

Equation Modeling-Partial Least Squares 

(SEM-PLS) is utilized for hypothesis testing 

and examining the interrelationships between 

constructs. 

3.2 Population and Sample 

The population for this study 

comprises manufacturing firms operating in 

West Java, including industries such as 

textiles, food processing, chemicals, and 

electronics, which were chosen due to their 

significant resource consumption and 

environmental impact. A sample of 190 

respondents was selected using purposive 

sampling to ensure the inclusion of 

participants with knowledge and 

involvement in sustainability practices. The 

respondents included managers, supervisors, 

and operational staff from medium and large 
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manufacturing firms. They represented a 

diverse range of sectors, roles, and levels of 

familiarity with sustainability practices, 

ensuring comprehensive and representative 

data for analysis. 

3.3 Data Collection 

Data were collected through a 

structured questionnaire distributed 

electronically and in person. The 

questionnaire was designed to measure the 

constructs using validated scales and a 5-

point Likert scale (1 = strongly disagree, 5 = 

strongly agree). 

3.4 Data Analysis 

Demographic data and general trends 

in the responses were analyzed using 

descriptive statistics, including frequencies, 

means, and standard deviations. Structural 

Equation Modeling-Partial Least Squares 

(SEM-PLS) was utilized to test the 

hypothesized relationships and evaluate both 

the measurement and structural models. The 

measurement model was assessed for 

reliability and validity using factor loadings, 

Cronbach’s alpha, composite reliability (CR), 

and average variance extracted (AVE), while 

the structural model was evaluated through 

path coefficients, t-statistics, and p-values to 

test the hypotheses. Data analysis was 

conducted using SmartPLS 3.0, a widely used 

tool for PLS-SEM analysis that is suitable for 

small to medium sample sizes and non-

normal data 

 

4. RESULTS AND DISCUSSION 
4.1 Demographic Profile of the 

Sample 

The demographic profile of the 

respondents provides valuable insights into 

their characteristics, ensuring a representative 

understanding of the manufacturing industry 

in West Java. The respondents comprised 190 

individuals with diverse roles: 45% were 

managers (85 respondents), 35% supervisors 

(66 respondents), and 20% operational staff 

(39 respondents). They represented various 

sectors, including textiles (30%, 57 

respondents), food processing (25%, 48 

respondents), chemicals (20%, 38 

respondents), and others such as electronics 

and automotive (25%, 47 respondents). 

Organizational sizes varied, with 20% (38 

respondents) from small enterprises, 50% (95 

respondents) from medium enterprises, and 

30% (57 respondents) from large enterprises. 

Familiarity with sustainable practices such as 

circular economy implementation, 

environmental awareness, and green 

technology adoption was measured on a 5-

point Likert scale, revealing that 25% (48 

respondents) had very high familiarity, 50% 

(95 respondents) high, 20% (38 respondents) 

moderate, and 5% (9 respondents) low. 

Industry experience ranged from less than 5 

years (20%, 38 respondents) to 5–10 years 

(40%, 76 respondents) and over 10 years (40%, 

76 respondents). Regarding educational 

qualifications, 10% (19 respondents) held high 

school diplomas, 70% (133 respondents) 

undergraduate degrees, and 20% (38 

respondents) postgraduate degrees, reflecting 

a highly educated sample well-equipped to 

provide insights into sustainability practices 

in the manufacturing sector. 

4.2 Measurement Model 

Evaluation 

To ensure the reliability and validity 

of the constructs used in this study, the 

measurement model was evaluated using 

several key metrics: factor loadings, 

Cronbach’s alpha, composite reliability (CR), 

and average variance extracted (AVE).  

Table 1. Measurement Model Assessment 

Variable Code 
Loading 

Factor 

Cronbach’s 

Alpha 

Composite 

Reliability 

Average Variant 

Extracted 

Circular Economy 

Implementation 

CEI.1 0.862 

0.916 0.941 0.799 
CEI.2 0.931 

CEI.3 0.915 

CEI.4 0.864 
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Environmental 

Awareness 

EVA.1 0.890 

0.890 0.932 0.819 EVA.2 0.921 

EVA.3 0.904 

Green Technology 

GTE.1 0.857 

0.888 0.918 0.693 

GTE.2 0.885 

GTE.3 0.873 

GTE.4 0.800 

GTE.5 0.737 

Resource Efficiency 

REF.1 0.742 

0.908 0.927 0.645 

REF.2 0.842 

REF.3 0.818 

REF.4 0.840 

REF.5 0.821 

REF.6 0.782 

REF.7 0.771 

Source: Data Processing Results (2024)

The measurement model evaluation 

confirmed strong reliability and validity for 

all constructs. Circular Economy 

Implementation (CEI) indicators (CEI.1 to 

CEI.4) had high factor loadings (0.862–0.931), 

Cronbach’s Alpha of 0.916, CR of 0.941, and 

AVE of 0.799, ensuring excellent consistency 

and validity. Environmental Awareness 

(EVA) indicators (EVA.1 to EVA.3) showed 

loadings of 0.890–0.921, Cronbach’s Alpha of 

0.890, CR of 0.932, and AVE of 0.819, reflecting 

strong reliability. Green Technology (GTE) 

indicators ranged from 0.737 to 0.885 (GTE.5 

at 0.737 being acceptable), with Cronbach’s 

Alpha of 0.888, CR of 0.918, and AVE of 0.693, 

indicating good validity. Resource Efficiency 

(REF) indicators (REF.1 to REF.7) showed 

loadings of 0.742–0.842, Cronbach’s Alpha of 

0.908, CR of 0.927, and AVE of 0.645, 

confirming adequate consistency and validity. 

These results affirm the robustness of the 

measurement model. 

4.3 Discriminant Validity 

Evaluation (HTMT Criterion) 

Discriminant validity ensures that 

constructs in a model are distinct from one 

another, reflecting unique dimensions of the 

study. The Heterotrait-Monotrait Ratio of 

Correlations (HTMT) is a robust method for 

assessing discriminant validity, with a 

threshold value of 0.85 generally accepted, 

and stricter thresholds of 0.90 in some 

contexts. Values below these thresholds 

indicate adequate discriminant validity. 

Table 2. Discriminant Validity 

 

Circular 

Economy 

Implementation 

Environmental 

Awareness 

Green 

Technology 

Resource 

Efficiency 

Circular Economy Implementation     

Environmental Awareness 0.598    

Green Technology 0.684 0.963   

Resource Efficiency 0.753 0.703 0.788  

Source: Data Processing Results (2024)

Circular Economy Implementation 

(CEI), Environmental Awareness (EVA), 

Green Technology (GTE), and Resource 

Efficiency (REF) demonstrate acceptable 

discriminant validity, with all inter-construct 

values below the threshold of 0.85. CEI, EVA, 

GTE, and REF are distinct, as evidenced by 

their discriminant validity with one another 

(e.g., CEI with REF at 0.753, and GTE with 
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REF at 0.788), confirming the uniqueness of 

each construct in the model. 

 
Figure 2. Model Results 

Source: Data Processed by Researchers, 2024 

4.4 Model Fit Evaluation 

The overall fit of the Structural 

Equation Modeling (SEM) framework was 

assessed using key model fit indices, 

confirming the model's adequacy in 

representing the observed data. The SRMR 

value of 0.062 is below the threshold of 0.08, 

indicating minimal residuals and good model 

fit. The Chi-Square/df ratio of 2.35 falls within 

the acceptable range (≤ 3.0), suggesting 

adequate fit. The NFI value of 0.911 exceeds 

the recommended threshold of 0.90, further 

confirming good fit. The RMS_theta value of 

0.091 is within the acceptable range for PLS-

SEM (≤ 0.12), demonstrating well-controlled 

covariance residuals. Additionally, the model 

explains 62% of the variance in Resource 

Efficiency (R² = 0.62), reflecting substantial 

explanatory power of the independent 

variables: Circular Economy Implementation, 

Environmental Awareness, and Green 

Technology. 

4.5 Hypothesis Testing 

The hypotheses were tested using the 

path coefficients derived from the Structural 

Equation Modeling (SEM) analysis. The table 

below summarizes the results of the 

hypothesis testing, including the original 

sample (O), sample mean (M), standard 

deviation (STDEV), t-statistics, and p-values. 

Table 3. Hypothesis Testing 

 Original 

Sample (O) 

Sample 

Mean (M) 

Standard 

Deviation 

(STDEV) 

T Statistics P Values 

Circular Economy 

Implementation -> Resource 

Efficiency 

0.448 0.454 0.088 3.976 0.000 

Environmental Awareness -> 

Resource Efficiency 
0.476 0.452 0.218 2.179 0.003 
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Green Technology -> Resource 

Efficiency 
0.508 0.583 0.221 4.561 0.000 

Source: Process Data Analysis (2024)

The hypothesis testing confirms that 

Circular Economy Implementation, 

Environmental Awareness, and Green 

Technology significantly impact Resource 

Efficiency. H1 shows a positive relationship 

(path coefficient: 0.448, t-statistic: 3.976, p-

value: 0.000), highlighting the role of waste 

reduction and recycling. H2 indicates that 

environmental awareness positively 

influences resource efficiency (path 

coefficient: 0.476, t-statistic: 2.179, p-value: 

0.003), emphasizing the value of ecological 

education. H3 demonstrates the strongest 

effect, with green technology driving 

substantial improvements (path coefficient: 

0.508, t-statistic: 4.561, p-value: 0.000). These 

results validate the critical contributions of all 

three variables to sustainable manufacturing 

practices. 

Discussion 

1. Circular Economy 

Implementation and Resource 

Efficiency 

The study reveals a significant 

positive relationship between circular 

economy implementation and resource 

efficiency (β = 0.448, p < 0.001), supporting 

prior research highlighting the role of circular 

economy practices in reducing resource 

consumption and minimizing waste [6], [27], 

[28].By adopting closed-loop systems, 

manufacturing firms can optimize material 

use and enhance operational efficiency. In 

West Java, where industries rely heavily on 

resource-intensive processes, circular 

economy principles such as recycling, 

remanufacturing, and eco-design offer viable 

strategies for addressing sustainability 

challenges. However, successful 

implementation requires organizational 

commitment, adequate infrastructure, and 

supportive policies, emphasizing the need for 

investments in circular economy initiatives 

and training programs to strengthen 

organizational capabilities. 

 

2. Environmental Awareness and 

Resource Efficiency 

Environmental awareness 

significantly impacts resource efficiency (β = 

0.476, p = 0.003), emphasizing the importance 

of fostering an environmentally conscious 

culture within organizations. Firms with 

higher environmental awareness are more 

likely to adopt sustainable practices, allocate 

resources for green initiatives, and engage 

employees in eco-friendly behaviors [29]–[31]. 

In West Java, environmental awareness 

campaigns and stakeholder engagement 

programs have bolstered sustainability efforts 

in the manufacturing sector, though 

translating awareness into tangible actions 

remains a challenge. This study underscores 

the need for continuous education, robust 

environmental policies, and incentives to 

encourage firms to prioritize resource 

efficiency as part of their sustainability 

agenda. 

3. Green Technology and 

Resource Efficiency 

Green technology had the strongest 

positive effect on resource efficiency (β = 

0.508, p < 0.001), supporting previous studies 

highlighting its transformative potential in 

improving operational performance and 

reducing environmental impact [3], [32], [33]. 

The adoption of technologies such as energy-

efficient machinery, renewable energy 

systems, and advanced waste management 

solutions has enabled firms to optimize 

processes and reduce reliance on non-

renewable resources. However, high costs and 

technical barriers often hinder adoption, 

especially for small and medium-sized 

enterprises (SMEs). This study recommends 

that policymakers provide financial 

incentives, subsidies, and technical support to 

promote the widespread adoption of green 

technologies in the manufacturing sector. 
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4. The Synergistic Effect of CE, 

EA, and GT 

The combined influence of circular 

economy implementation, environmental 

awareness, and green technology explains 

62% of the variance in resource efficiency (R² 

= 0.62), demonstrating the model's strong 

explanatory power and highlighting the 

importance of an integrated approach to 

sustainability. While each factor individually 

enhances resource efficiency, their combined 

effect yields greater outcomes, emphasizing 

the interconnectedness of sustainable 

practices. These findings align with the 

Resource-Based View (RBV), which suggests 

that firms can gain a competitive advantage 

by leveraging unique resources and 

capabilities such as circular economy 

practices, environmental awareness, and 

green technology. Additionally, the results 

support Institutional Theory, which 

underscores the role of external pressures, 

including regulatory requirements and 

societal expectations, in shaping 

organizational behaviors and driving 

sustainability efforts. 

5. Practical and Theoretical 

Implications 

The study offers several practical 

implications. For industry leaders, investing 

in training programs to enhance 

environmental awareness, adopting green 

technologies, and implementing circular 

economy principles can optimize resource 

utilization and reduce costs. Policymakers are 

encouraged to develop supportive policies, 

financial incentives, and provide technical 

assistance to promote the adoption of 

sustainable practices within the 

manufacturing sector. For small and medium-

sized enterprises (SMEs), collaboration with 

stakeholders, including technology providers 

and government agencies, is essential to 

overcome barriers to green technology 

adoption and drive sustainable growth. 

From a theoretical perspective, this 

study contributes to the existing literature by 

integrating circular economy, environmental 

awareness, and green technology into a 

unified model for resource efficiency. It 

provides empirical support for the Resource-

Based View (RBV) and Institutional Theory, 

emphasizing their relevance in the context of 

sustainability. The findings are particularly 

valuable for understanding sustainability 

practices in developing economies like 

Indonesia, offering insights into how internal 

capabilities and external pressures shape 

resource-efficient practices. 

6. Limitations and Future 

Research 

While the findings provide valuable 

insights, the study has certain limitations. Its 

scope is restricted to the manufacturing 

industries in West Java, which may limit the 

generalizability of the results. Future research 

could broaden the scope to include other 

regions and sectors for a more comprehensive 

understanding. Additionally, the study 

focuses on three factors—Circular Economy 

Implementation, Environmental Awareness, 

and Green Technology—leaving room for 

future research to explore additional variables 

such as regulatory frameworks, market 

competition, and organizational culture to 

gain deeper insights into factors influencing 

resource efficiency. 

 

5. CONCLUSION 

This study demonstrates that circular 

economy implementation, environmental 

awareness, and green technology adoption 

significantly enhance resource efficiency in 

manufacturing industries, with green 

technology having the most substantial 

impact by optimizing processes and 

minimizing waste. Circular economy 

practices provide sustainable resource 

utilization strategies, while environmental 

awareness fosters a culture of responsibility 

and proactive organizational action. The 

integrated model explains a significant 

portion of the variance in resource efficiency, 

highlighting the synergistic effects of these 

sustainability practices. These findings 

suggest practical implications for industry 

leaders and policymakers, including 

investing in green technology, implementing 



West Science Social and Humanities Studies   2021  

Vol. 02, No. 12, December 2024: pp. 2012-2022 

 

training programs for environmental 

awareness, and establishing supportive 

policies to promote circular economy 

principles. Future research should expand the 

scope to other regions and industries, explore 

additional factors influencing resource 

efficiency, and assess the long-term impact of 

these practices on industrial sustainability. By 

leveraging these insights, manufacturing 

firms can gain competitive advantages, align 

with global sustainability goals, and foster 

both economic and environmental resilience.
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