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Abstract. Higher education institutions generate considerable waste, 

making campuses strategic environments for reducing greenhouse gas 

(GHG) emissions through improved waste management. This study 

evaluates the potential reduction in GHG emissions from adopting the 4R 

framework. The objective was to analyse student participation in 4R 

practices and estimate their impact on waste-related emissions. A total of 

315 first-year engineering students completed a structured questionnaire 

measuring awareness and implementation of 4R behaviours. To validate the 

survey data, direct field observations of waste generation and composition 

were conducted across campus waste collection points. Emission estimates 

were calculated using a Life Cycle Assessment (LCA) approach with 

emission factors sourced from the Ministry of Environment and Forestry 

(MoEF) and the IPCC. Results show that participation in 4R practices 

ranged from 68% to 70%, indicating similar behavioural readiness across 

programs. Waste generation averaged 50 g per student per day, equivalent 

to 15.75 kg/day campus-wide. Plastic waste produced the highest emissions 

at 7.88 kg CO₂-eq/day, contributing to a total estimated baseline emission of 

16.01 kg CO₂-eq/day. Based on these findings, strengthening plastic 

reduction, improving recycling compliance, and implementing behaviour-

driven interventions are recommended to support progress toward a low-

carbon, zero-waste campus. 

 

1 Introduction 

The campus environment, as an academic community with high activity levels and a large 

population, has significant potential to reduce environmental impacts, including Greenhouse 

Gas (GHG) emissions. A campus is not only a place for learning but also a living laboratory 

that serves as a real-life example of sustainable systems implementation to address GHG 

issues. [1].  
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Therefore, the Politeknik Negeri Jember (Polije), as one of Indonesia’s vocational higher 

education institutions, needs to adopt the 4R approach to waste management as a tangible 

contribution to sustainable development and the national net-zero emissions target. 

     Waste management has become a global environmental challenge, including on 

campuses. The campus environment has great potential to manage and reduce environmental 

impacts from daily activities, particularly waste generated by academic, administrative, and 

student consumption [2]. One of the widely applied strategic approaches to address this issue 

is the Reduce-Reuse-Recycle-Replace (4R) principles, which emphasise reducing waste at 

the source and optimising the reuse of materials [3]. 

Several studies have proven the effectiveness of the 4R approach in lowering the carbon 

footprint of waste management systems. Research at Clemson University showed that 

combining recycling and reuse programs can reduce campus emissions by up to 40% [4]. 

Student participation–based 4R implementation has the potential to reduce emissions by up 

to 50% in ideal scenarios [5]. However, limited studies have specifically assessed the 

contribution of 4R practices to reducing GHG emissions in vocational campus environments 

in Indonesia. 

     As a vocational higher education institution, Polije has excellent potential to serve as a 

model for 4R-based waste management. Through participatory approaches, an 

environmentally friendly culture can be instilled in the daily behaviour of the academic 

community [6]. To measure the level of 4R implementation, a questionnaire survey was 

conducted among students from three engineering study programs. The implementation of 

these principles was assessed not only in terms of awareness but also in students' daily 

practices. Therefore, the analysis examined participation levels across indicators and 

compared study programs. Using a quantitative approach, data collected from students in the 

2025/2026 cohort were processed to determine the extent to which their behaviours 

contribute to the potential reduction of GHG emissions in campus waste management 

systems. 

2 Materials and Methods 

This research employed a descriptive quantitative method to evaluate student participation in 

campus waste management practices based on the 4R principles and to estimate the potential 

reduction of GHG emissions from campus activities. The study was conducted at the Central 

Campus of Polije, which covers a total area of 1,921 m² and includes 36 waste collection 

points. The cumulative volume of waste storage across these points is 61,142 litres, 

representing the overall temporary waste storage capacity before transportation to the central 

waste processing facility. Respondents involved in this study were selected from three study 

programmes: Automotive Engineering (AE), Renewable Energy Engineering (RE), and 

Mechatronic Engineering (ME) from the 2025/2026 academic year. Data collection was 

conducted by distributing digital questionnaires via Google Forms to new students during 

orientation activities; 100 completed the survey. To complement the questionnaire, direct 

observations of campus waste management facilities, including the integrated waste 

management model, sorting, and segregated waste containers, were conducted to validate 

field-observed practices. 

The classification of waste categories, presented in Table 1, was determined based on the 

general composition of campus waste observed during fieldwork and supported by references 

from prior studies. Table 2 presents the scored questions from the questionnaire used to assess 

respondents' levels of awareness, perception, and behavioural intention regarding campus 

waste management practices. Each item in Q11–Q15 was evaluated using a 5-point Likert 

scale, where Very Agree indicates strong support (score 5) and Very Disagree indicates no 
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support (score 1). Emission estimates were calculated by multiplying the quantity of waste 

in each category by the corresponding CO₂-eq emission factors obtained from the Ministry of 

Environment and Forestry (MoEF) and the IPCC database. To enhance data validity, the 

findings from questionnaires were triangulated with field observations and relevant 

supporting literature.  

 
Table 1. Questionnaire group descriptions 

No Question Category Answer 

Q1 Reducing the use of single-use plastic bags? Reduce Yes/No 

Q2 Carrying a shopping bag when travelling to campus? Reduce Yes/No 

Q3 Using your own water bottle? Reduce Yes/No 

Q4 Reusing plastic bottles to refill drinking water? Reuse Yes/No 

Q5 Saving plastic bags for reuse? Reuse Yes/No 

Q6 Disposing of rubbish by type? Recycle Yes/No 

Q7 
Thinking/Reading/Choosing products with packaging 

bearing the recycling logo? 
Recycle 

Yes/No 

Q8 Replacing plastic straws with eco-friendly straws? Replace Yes/No 

Q9 Using non-plastic shopping bags? Replace Yes/No 

Q10 Choosing products with eco-friendly packaging? Replace Yes/No 

 

Table 2. Questionnaire Scored questions 

No Question Score 

Q11 Are the rubbish banks on every building on the campus needed?  

Very Agree (5),  

Agree (4),  

Medium (3),  

Disagree (2),  

Very Disagree (1). 

Q12 

Is separate rubbish for organic, inorganic, and residual waste 

needed in each building? 

Q13 Can using tumblers reduce plastic bottle waste? 

Q14 

Does each lab require integrated sorting of waste to make 

renewable products? 

Q15 

Is it necessary to provide rubbish sorting facilities in each 

department campus? 

 

3  Results and Discussion 

A total of 315 respondents from AE, RE, and ME have participated in the survey. Student 

engagement in waste management practices was assessed using a questionnaire on 

environmentally friendly behaviour, which was classified according to the 4R framework's 

four main principles. The results indicate that the majority of respondents have demonstrated 

positive behaviours aligned with sustainable waste management. In general, the distribution 

of answers was dominated by “Yes” responses across most questionnaire items, reflecting 

strong student awareness and participation. The highest level of agreement was recorded in 

part Q5, with 280 respondents affirming the practice. These findings suggest that behaviours 

related to Reduce and Recycle have already become habitual among students. 

Nevertheless, the aspect of Replace, particularly in part Q7, still requires further 

improvement. This indicates the need for enhanced awareness programmes and institutional 

support, including infrastructure, to facilitate behavioural change. Furthermore, the 

interrelation among parts Q1, Q2, Q8, and Q9 reveals a pattern in which students who 

actively reduce their use of plastic bags are also more likely to bring reusable shopping bags, 
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select environmentally friendly packaging, and demonstrate consistent awareness of 

integrated 4R actions. For all five indicators in Q11 – Q15, most students selected "Very 

Agree" and "Agree", showing strong support for the availability of rubbish banks on each 

building, waste separation (organic–inorganic–residual), the use of tumblers to reduce plastic 

bottle waste, and the integration of waste sorting in laboratories to produce renewable 

products. Only a small proportion of responses fell into "Medium", and very few selected 

"Disagree" or "Very Disagree (VD)", indicating minimal resistance to waste-management 

initiatives. These results confirm that students across AE, RE, and ME are willing to actively 

participate in campus sustainability efforts and support the implementation of a structured 

waste-sorting system at Polije.  

These findings highlight the potential of higher education institutions to foster sustainable 

behaviours among students by strengthening both awareness campaigns and the 

infrastructure that supports long-term waste-reduction practices. 

 

3.1 Respondent Distribution 

The bar chart shows that students actively engage in sustainability practices related to the 4R 

principles. In the Reduce category, the highest adoption rate occurs in Q1, where 287 

respondents answered Yes to reducing single-use plastic bag use, and in Q3, where 266 

respondents reported using their own water bottles. However, behaviour in Q2 shows the 

opposite tendency: only 92 respondents answered “Yes” to bringing reusable shopping bags, 

while 223 answered “No,” indicating that although students are aware of reducing plastic 

use, consistent application still varies. 

     In the Reuse category, in Q4 and Q5, 197 students reuse plastic bottles, and 249 save 

plastic bags for reuse, showing moderate readiness for reuse actions. Nevertheless, between 

62 and 66 respondents still answered No, implying that reuse habits have not yet become a 

strong behavioural culture. 

The Recycle category demonstrates positive environmental behaviour, especially in Q6, 

where 272 respondents sort waste by type, with only 43 answering No. Meanwhile, Q7 shows 

lower adoption: only 187 respondents answered Yes, compared to 128 who answered No, 

indicating that recycling behaviour is more reactive than proactive. 

     The Replace category in Q8–Q10 presents the lowest behavioural adoption rate compared 

to Reduce and Recycle. Only 140 respondents in Q8 replaced plastic straws with eco-friendly 

alternatives, while 175 answered No. On the other hand, replacing plastic shopping bags (Q9) 

and choosing eco-friendly packaging (Q10) received higher positive responses, with 249 

respondents answering Yes to Q9 and 226 to Q10. However, 66 and 89 students, respectively, 

still answered No. 

     Overall, the findings indicate that Reduce and Recycle behaviours are strongly adopted, 

while Reuse and Replace require further improvement, suggesting the need for campus 

strategies such as awareness campaigns, nudges, and improved facility availability to support 

behavioural transformation. 
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Fig. 1. Distribution of answers from the three study programmes 

 

 
Fig. 2. Distribution of awareness adopts the 4R for implementation 

 

     Figure 2 presents the summary of students’ questionnaire responses for Q11–Q15 using a 

grouped bar chart. The results indicate that the majority of responses fall into the Very Agree 

and Agree categories across all five indicators related to sustainable waste management on 

campus. The highest level of agreement appears in Q13, where 222 respondents selected 

Very Agree, indicating strong awareness that using reusable tumblers can significantly 

reduce plastic bottle waste. Q11 and Q12 also received substantial support, with 199 and 187 

respondents selecting Very Agree, respectively, showing that students perceive rubbish 

banks and waste segregation (organic, inorganic, and residual) as essential facilities in every 

building. Similarly, Q15 received strong approval, with 170 respondents choosing Very 

Agree, reflecting the expectation of providing waste-sorting facilities in each department. In 

contrast, Q14 shows a more varied distribution, with 151 respondents selecting “Agree” and 

89 respondents selecting Medium, suggesting that some students remain uncertain regarding 

the capability of laboratories to convert waste into renewable products. Overall, the 
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distribution confirms that students have strong environmental awareness and support the 

implementation of structured waste sorting and sustainability initiatives at Polije. 

 

3.2 Estimation of Emission Reduction 

The direct observation results are outlined in Figure 3. Diagram of waste category 

composition in the campus environment, which consists of six main types: organic waste, 

plastic, paper, residue, metal, and glass. Based on the visualisation, organic waste is the most 

dominant type, accounting for 38%, followed by paper waste (21%) and plastic (25%). These 

three types cumulatively account for more than 80% of the total waste generation on campus, 

reflecting the main activities related to food consumption, document printing, and the use of 

plastic-packaged products. Residual waste, which generally consists of paper towels, and 

combined waste that cannot be composted or recycled account for 15% and require special 

attention, as they often end up in landfills without treatment. Meanwhile, metal waste 

accounts for only 1%, and glass is almost undetectable, which could be due to its low volume 

of use or to its already being separated before entering the general waste stream. 

 

 
Fig. 3. Diagram of waste categories 

 

     Furthermore, based on the estimated waste composition in Figure 4 generated by 315 

students, plastic waste contributes the highest GHG emissions, reaching 7.88 kg CO₂-eq per 

day, even though its volume proportion is relatively small (25% of total daily waste). This 

occurs because plastic has the highest emission factor among all waste categories (Ef = 2.0 

kg CO₂-eq/kg), meaning that every kilogram of plastic disposed of has a significantly greater 

climate impact than other waste types. Table 3 shows that organic waste and paper contribute 

3.00 kg CO₂-eq/day and 2.98 kg CO₂-eq/day, respectively, indicating that biodegradable 

organic waste still generates emissions during decomposition, while paper, although 

recyclable, still produces GHG emissions if disposed of rather than recovered. Metal and 

residue waste contribute the least to emissions, at 0.26-1.89 kg CO₂-eq/day, respectively, 

accounting for only a small fraction of the total daily GHG output. 

25%

21%

15%1%

38%

R U B B I S H  C A T E G O R Y

Plastic Paper Residue Metal Organic
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Fig. 4. Estimate GHG potential during activity 

The emission factor is decomposed based on the observation data, using the formula : 

Ewp = Aw X Ad …………………………………………………  (1) 

Where:  
Ewp = Estimation of waste potential (kg/day) 
Aw = Amount of waste (kg) 
Ad = Activity day on campus (day) 
 

Table 3. Emission calculation correction factors 

Waste category Emission Factor (Ef)  Ref 

Plastic 2.0 [7], [8], [9], [10] 

Organic 0.5 [10], [11] 

Paper 0.9 [9] 

Metal 1.6 [10] 

Residue 0.8 [10] 

EGHG = Ewp X Ef ………………………………  (2) 

Where:  
EGHG = Estimate GHG (kg CO₂-eq/kg waste per day) 
Ewp  = Estimate waste potential (kg/day) 
Ef  = Emission Factor (kg CO₂-eq/kg) 
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Table 4. Estimate GHG based on category 

Rubbish Category Rubbish (kg/day) Ef GHG (kg CO₂-eq/day) 

Plastic 3.94 kg 2.0 7.88 

Organic 5.99 kg 0.5 3.00 

Paper 3.31 kg 0.9 2.98 

Metal 0.16 kg 1.6 0.26 

Residue 2.36 kg 0.8 1.89 

Total 15.75 kg/day   16.01 kg CO₂-eq/day 

 

     The dominance of plastic in daily emissions highlights the urgent need for targeted 

mitigation measures focused on reducing single-use plastics rather than solely improving 

end-of-pipe waste treatment. Since plastic waste is directly influenced by consumer 

behaviour—such as the decision to use reusable bottles, shopping bags, and eco-friendly 

packaging—strategies aimed at behaviour change are crucial. This is consistent with the 

questionnaire findings, which showed that actions related to plastic reduction in Q1, Q2, and 

Q3 received strong student participation. These actions align with the Reduce aspect of the 

4R framework and have the potential to significantly reduce plastic disposal and, therefore, 

GHG emissions at the source. 

 

Based on the findings, several opportunities for improvement and future research 

directions are identified. First, strengthening awareness and facility provision is necessary, 

particularly for the Reuse and Replace dimensions, which demonstrated lower adoption 

compared to Reduce and Recycle. Targeted interventions such as behavioural nudges, 

improved access to reusable alternatives, and on-site demonstrations may increase adoption 

rates. Second, expanding the assessment beyond students to include campus administrators, 

facilities management units, and faculty would provide a broader institutional perspective 

and help identify policy gaps, resource-allocation priorities, and governance implications for 

large-scale 4R implementation. Third, the uncertainty observed in laboratory-based waste 

handling suggests the need for more straightforward technical guidelines, training, and 

demonstration projects to increase confidence in specialised waste-conversion processes. 

Fourth, a shift toward proactive sustainable consumption is required. Educational 

communication strategies could focus on encouraging students to make low-waste 

purchasing decisions and reinforce the Replace principle beyond waste-disposal behaviour. 

    

Overall, the results confirm that interventions focused on plastic avoidance and reuse 

practices offer the most significant leverage for reducing campus emissions. This implies that 

environmental education, policy enforcement, and facility provision will be critical to 

supporting behavioural transformation. Thus, prioritising plastic reduction not only aligns 

with sustainable campus development goals but also represents an effective and measurable 

climate mitigation strategy. 

 

Finally, a longitudinal study is recommended to monitor behavioural change over time, 

especially after introducing new interventions or infrastructure upgrades. Such an approach 

would allow evaluation of long-term effectiveness and behavioural persistence. 
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4 Conclusion 

Based on data collected from 315 student respondents, the academic community at Polije 

demonstrates strong participation in implementing the 4R. Waste composition analysis shows 

that the daily solid waste generated by students is dominated by organic waste (38%), 

followed by plastic (25%), paper (21%), residue (approximately 15%), and metal (only 1%). 

When linked to waste emission factors based on IPCC and referenced studies, the most 

considerable GHG contribution comes from plastic waste, at 7.88 kg CO₂-eq/day, despite its 

smaller volume share. Organic and paper waste follow with 3.00 kg CO₂-eq/day and 2.98 kg 

CO₂-eq/day, respectively. With the average student producing 50 g of waste/day and assuming 

5 days per week, the total estimated campus-related emissions reach 3.65 tons CO₂-eq/year. 

These findings confirm that behavioural participation in the 4R framework directly 

influences campus emission performance, particularly actions under the Reduce and Replace. 

The novelty of this research lies in integrating behavioural data 4R participation with LCA-

based emission calculations, providing a quantifiable link between student behaviour, waste 

segregation, and climate impact. The implementation strategy includes developing pilot 

waste-sorting systems in laboratories and student cafeterias as replicable models for other 

departments.  

In conclusion, the integration of the 4R–LCA behavioural-emission framework provides 

a practical, measurable pathway toward a low-carbon campus, supporting institutional 

sustainability programs and contributing to Indonesia’s national net-zero emission target. 

Strengthening continuous environmental education, improving supporting facilities, and 

embedding green campus policies into academic governance will be essential to achieving 

these sustainability goals. 
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