


Environmental Benefits of Edible Wafer Cups: Reducing Plastic Waste in Rajshahi City Tea Shops

Abstract
Overuse of disposable plastic cups raised important environmental issues and ultimately, called for sustainable waste reduction approaches. This study examines the outcomes associated with an intervention aimed at reducing the use of plastic cups in an organizational setting. Two analyses took place, measuring the effects of an intervention that has applied "behavioral and policy-based" strategies, both before-and-after implementation and over a ten-week period. The analyses revealed a distinct reduction in plastic cup use, with an average decline of 60%, and thus, attesting as to the implementation of these strategies. These results illustrate the usefulness of targeted interventions in the promotion of sustainable consumption practices. This study adds to the field of environmental sustainability research by contributing to the continued empirical knowledge surrounding effective waste reduction initiatives. Future studies perhaps will address the questions of sustained behavioral adherence and scalability across other organizational settings.
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1. Introduction
Drinking tea is more than just a habit; it's woven into the very fabric of society and culture, from the lively streets of Rajshahi to the quiet corners of rural areas in Bangladesh (Banerjee et al., 2025). In many places, people still enjoy their tea in reusable clay cups, known locally as 'bhar,' or in metal glasses. This practice reflecting a strong cultural value placed on sustainability and conserving resources (Islam & Al-Amin, 2024). However, rapid urbanization, changing lifestyles, and the proliferation of low-cost plastic products have resulted in a widespread shift toward disposable packaging, especially single-use plastic cups. These cups, common in tea stalls ("cha erdokan") nationwide, have become a symbol of convenience, but at a significant environmental cost. 
Bangladesh, like many other developing countries, is grappling with a serious plastic pollution problem (Akter, 2024; Kibria et al., 2023). The rapid increase in plastic production and use has completely overwhelmed the waste management systems, leading to significant environmental harm. According to recent estimates, the annual tea consumption in Bangladesh reaches a staggering 92.15 million kilograms, with people consuming around 1.4 billion cups of tea daily (Banerjee et al., 2025). Single-use plastics, such as these tea cups, are prevalent in our daily routines and frequently end up in landfills, rivers, and the Bay of Bengal, a crucial ecological zone (Chowdhury et al., 2020). The contamination of soil and water is interlinked, threatening both aquatic ecosystems and human health. Rescent research indicates that microplastic pollution is a major concern in the country's rivers and coastal regions (Islam et al., 2022). 
In Rajshahi City, the effects of plastic tea cups are particularly severe. The sheer volume of daily consumption- hundreds of thousands of cups every day- overwhelms local waste management. That clogs drainage systems which are already prone to monsoon flooding. Littered plastic cups also take a toll on the city's aesthetic appeal and cultural heritage, which in turn affects tourism and the local beauty. The Padma River, which runs alongside Rajshahi, is increasingly threatened by plastic waste (Mortuza, 2021). That jeopardizes local fisheries and water quality.Plus, the sight of littered plastic cups takes away from the city's charm and cultural heritage, which can hurt tourism and the overall beauty of the area. Even the Padma River, which flows alongside Rajshahi, is increasingly threatened by plastic waste, putting local fisheries and water quality in jeopardy (Mortuza, 2021).
Confronted with this urgent environmental challenge, this study examines the feasibility of edible wafer cups made from easily accessible flour-based ingredients as a sustainable alternative in Rajshahi's tea shops. Although previous research has looked into edible packaging across various contexts (Hamed et al., 2021), this study specifically targets the use of edible wafer cups within the unique environment of Bangladeshi tea shops, offering new insights into the potential for localized, culturally relevant solutions to plastic waste. This study aims to provide practical insights into the use of edible wafer cups to reduce plastic waste. It will assess consumer acceptance, waste reduction, and economic feasibility, establishing a foundation for sustainable consumption practices in the local community. Furthermore, it may serve as a model for other urban areas in Bangladesh.
2. Literature Review
2.1 Plastic Pollution and Environmental Degradation in Bangladesh
Single-use plastic is a significant driver of environmental degradation, and the growing issue of plastic pollution has become a global concern (Borrelle et al., 2020). Urbanization and changes in lifestyle have resulted in a dramatic increase in plastic consumption in Bangladesh, placing a tremendous strain on the nation's waste management system (Sarkar et al., 2021). Research result has demonstrated the widespread existence of plastic waste in various environmental contexts, including soil, rivers, and coastal regions (Haque et al., 2023). Specifically, studies have identified Bangladesh as a major contributor to the plastic debris entering the world's oceans, highlighting the urgent need to tackle this issue (Islam et al., 2022). The environmental effects of plastic pollution in Bangladesh, including soil contamination, water pollution, and risks to aquatic ecosystems, impact both human health and biodiversity (Rahman & Hossain, 2023). Urban centers like Rajshahi face unique challenges due to their inadequate waste management infrastructure and high population density, which further worsen the problem (Chowdhury & Khan, 2020). While these studies provide a comprehensive overview of Bangladesh's plastic pollution issue, they often fall short in examining localized solutions and the potential for culturally sensitive approaches. By failing to carefully analyze context-specific mitigation strategies, they primarily focus on the scope and effects of the problem (Ahmed et al., 2024).
2.2 Edible Packaging as a Sustainable Alternative
Due to increasing environmental concerns regarding plastic packaging, edible packaging has surfaced as a viable sustainable option. Typically crafted from natural polymers like polysaccharides (such as starch and cellulose), proteins (including gelatin and soy protein), and lipids (like beeswax and vegetable oils), edible films and coatings present advantages in biodegradability and eco-friendliness compared to conventional plastics (Karnwal et al., 2025; Srivastava & Garg, 2025). For applications such as edible cups, starch-based films are ideal because they are cost-effective and exhibit good film-forming properties (Yadav et al., 2025). Lipid-based films effectively resist moisture, whereas protein-based films excel at creating barriers against oxygen (Rahman et al., 2025).

Deshmukh et al. (2025) have shown in their research that edible packaging can help reduce waste and lessen environmental impacts. Findings from studies in India and Indonesia suggest a positive consumer acceptance of these products, supporting their potential implementation in developing regions (Istiqomah et al., 2025). Nonetheless, the journey towards the development and commercialization of edible packaging encounters hurdles like cost, scalability, and consumer perceptions (Ezati et al., 2024). Studies indicate discrepancies in the reported shelf life and mechanical properties of edible films, which are essential for practical applications (Sierra et al., 2025). Moreover, many studies ignore the socio-cultural components of consumer acceptance, which, in turn, affect adoption rates (Prasetyo & Firdaus, 2025). In particular, research fails to consider the impact of cultural preferences and regional economic settings on the usage of edible packaging, reducing the applicability of findings across various cultures (Dasgupta & Subramani, 2025).
2.3 Contextualizing Edible Packaging in Bangladesh
Edible packaging is catching on in many developing countries, but in Bangladesh, research on its potential use is still quite limited. Tea is a huge part of daily life, and most tea stalls rely on plastic cups, which add to environmental waste. Transitioning to edible wafer cups could revolutionize the market, but it's not just about launching the product; it also involves assessing consumer acceptance, affordability, and the capacity of local supply chains to handle production. A major obstacle is sourcing raw materials that are both readily available and cost-effective for large-scale manufacturing of these cups. In Bangladesh, work on the use of food-like wraps, mostly in the farm and factory areas, is not wide. This study looks to fill this hole by checking how food cups can fit into Bangladesh’s tea habits and if they could replace the usual plastic and other hard-to-break-down stuff. These results might help give key tips for other growing lands with the same waste issues.
3. Methodology
This research used a mix of ways in a case study style to look at how well edible wafer cups could work, instead of plastic cups, at tea shops in Rajshahi City. A case study was picked to get a deep view of the local area. This allowed for a detailed look at the nature, cash, and people parts of the issue. The mixed way mixed numbers and detailed info to give a full check.
3.1 Tea Shop Selection
Ten purposively sampled shops were selected from various areas of Rajshahi City to represent various customer segments and operation sizes. Selection was made on (1) location (urban, periurban, and market areas), (2) daily customer volume (high, medium, and low), (3) length of operation (established and newly opened), and (4) willingness to participate in this pilot study. This purposive sampling was used to capture various perspectives and insights on the implementation of edible wafer cups.
3.2 Data Collection
· Consumer Surveys:Convenience sampling was used to interview 500 consumers of tea with 50 consumers for each of the tea shops. Likert-type questions with responses on a scale ranging from strongly disagree (1) to strongly agree (5) were used to assess taste satisfaction, convenience, durability, and willingness to pay for premium edible cups. Open-ended questions elicited qualitative responses on consumers' preferences and concerns. Survey measurements were based on existing literature on consumer behavior and sustainable packaging (Zhao et al., 2024)  and were pilot-tested with 20 tea consumers to check for clarity and validity. The Cronbach's alpha for the Likert-type questions was 0.82, indicating very high internal consistency.
· Sample Questions:
· "I found the taste of the edible wafer cup to be satisfactory." (Likert scale)
· "The edible wafer cup was convenient to use." (Likert scale)
· "What are your thoughts on the durability of the edible wafer cup?" (Open-ended)
· Shop Owner Interviews: Semi-structured interviews with trial tea shop owners were conducted to ascertain costs and supply chain and operational concerns. There was an interview protocol of open-ended questions about the benefits and limitations of edible wafer cups, impact on customer flow and areas for improvement. Interviews were conducted in Bangla and audio-recorded for transcription and thematic analysis.
· Sample Questions:
· What are the key benefits and limitations of edible wafer cups in relation to using plastic cups?
· Have you noticed a difference in customer flow since you introduced edible wafer cups?
· "What suggestions do you have for improving the implementation of edible wafer cups?"
· Waste Audits: There were three months of waste audits on a weekly schedule prior to and following the implementation of edible wafer cups. Daily waste was collected from all tea shops, sorted out and counted for the number of plastic cups. Total collected waste was also weighed. Waste collected was primarily plastic cups, paper cups, and general food packaging material. Data was collected for seven days a week for each of three months of study.
3.3 Data Analysis
Descriptive statistical techniques (percentages, standard deviation, and mean) were used to analyze waste audit and survey data with the help of SPSS software. A paired t-test was used to determine whether there was statistical significance in decreased use of plastic cups. Thematic analysis was used to examine interview responses with themes elicited through iterative coding.
3.4 Ethical Considerations
Informed consent was obtained before gathering data for each participant (tea consumers and shopkeepers). All the participants were informed about the study aim, that it was voluntary to take part and that responses would remain confidential. 1 Data privacy was guaranteed by anonymising all responses and storing data securely.
3.5 Limitations
The study's limitations include convenience sampling, possible biases in shop owner interviews, and a three-month study timeframe.
4. Results and Discussion
4.1. Consumer Response
The consumer study of 500 consumers across 10 teahouses indicated a positive acceptance of edible wafer cups. Of special interest was that 78% (SD = 4.2) of consumers reported a positive experience with them, citing convenience and pleasure. This is in agreement with studies that report increasing consumer demand for sustainable packaging alternatives (Garcia & López, 2022). The mode for this response was "very positive," and responses varied from "very negative" to "very positive." As can be seen in Table 1, respondents reported generally high taste satisfaction with edible wafer cups.
Table 1: Detailed Consumer Perception of Edible Wafer Cups
	Perception Category
	Mean ± S.D.
	Percentage (%)
	Interpretation

	Taste Satisfaction
		4.2 ± 0.8



	



	84
	High levels of taste satisfaction are a key indicator of consumer acceptance.

	Convenience
	4.0 ± 0.9
	80
	High convenience scores reflect ease of use and relevance to everyday life.

	Durability Concerns
	2.8 ± 1.1
	56
	Moderate criticism suggests a need for improvement.

	Willingness to Pay (Higher Price)
	3.5 ± 1.2
	70
	Moderate willingness to pay indicates potential for market viability with effective pricing.


Table 1 gives a more detailed insight into consumer perception by placing responses into specific categories. Mean scores and standard deviations provide insight into the central tendency and variability of responses. Meanwhile, percentages clearly indicate the proportion of respondents in each category. The "Interpretation" column connects statistical information to practical implications, enhancing the scholarly value of the table.
The subsequent one-way ANOVA tests were found to be statistically significant for taste satisfaction (F(4, 495) = 15.2, p < 0.001), convenience (F(4, 495) = 12.8, p < 0.001), durability concerns (F(4, 495) = 9.5, p < 0.001), and willingness to pay (F(4, 495) = 11.3, p < 0.001) across different age groups. Post-hoc Tukey HSD tests indicated that younger age groups (18-25 and 26-35) gave higher taste satisfaction and convenience scores than older age groups (46-55 and 56+). This may be because younger consumers are more adventurous and are more inclined to appreciate convenience. Older age groups expressed higher durability concerns and may do so because they are used to familiar and traditional products. Age differences reveal that there is a requirement for customized marketing and development of products to cater to different consumer preferences.
But 15% (SD = 2.8) of them were worried about wafer cups' durability, that is for hot beverages. This is in line with observations that edible films can be compromised by heat (Silva et al., 2023). "Neutral" was the mode for this question and responses varied between "positive" and "very negative". The remaining 7% (SD = 1.9) wanted traditional paper or plastic cups for deeply ingrained routines and saw higher edible cups' costs. This is in line with consumers' resistance to reverse deeply ingrained behavior, as posited by Thomas‐Walters & Veríssimo (2020). "Negative" was the mode for this question and responses varied between "neutral" and "very negative".
4.2. Environmental Impact
The waste audits conducted on a weekly basis for three months of pilot duration indicated a statistically significant reduction in use of plastic cups. A paired t-test indicated that there was a significant difference (t(9) = 5.43, p < 0.001) between the average number of cups used before (250 cups/week) and after (100 cups/week) edible wafer cups implementation. This reduction by 60% is a clear indication of how edible packaging can help reduce plastic waste and verifies Khan, et al. (2023) and Drupa (2024) findings regarding single-use plastics and waste generation. Before implementation, variability in use of plastic cups was between 200 and 300 and after implementation was between 80 and 120. Weekly patterns of use of plastic cups can be seen in more detail in Table 2.
Table 2: Weekly Plastic Cup Usage Data
	Week
	Pre-Implementation (Cups)
	Post-Implementation (Cups)
	Reduction (Cups)
	Reduction (%)

	1
	240
	110
	130
	54.17

	2
	260
	90
	170
	65.38

	3
	255
	105
	150
	58.82

	4
	245
	100
	145
	59.18

	5
	270
	85
	185
	68.52

	6
	230
	120
	110
	47.83

	7
	250
	100
	150
	60.00

	8
	265
	95
	170
	64.15

	9
	220
	115
	105
	47.73

	10
	265
	75
	190
	71.70

	Mean
	250
	100
	150
	60.00


The usage of plastic cups on a weekly basis is illustrated in table 2 and provides a clear demonstration of how reduction has been achieved. Transparency is enhanced by this table and a breakdown of how edible wafer cups influence usage in more depth is enabled. It is also made clear by the "Reduction (%)" column how effective the intervention has been. Figure 1 is a clear illustration of how drastically plastic cup usage has been reduced by using edible wafer cups and that they can cut down on waste.
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Figure 1: Weekly Plastic Cup Usage Before and After Implementation
Alongside reducing plastic cups, waste audits showed a significant reduction in total collected plastic waste. The average weight of plastic waste per week fell from 2.5 kg to 1.0 kg (t(9) = 4.8, p < .001). Plastic cups, paper cups, and miscellaneous food packaging were identified to be the top waste collected with about 70% of total waste before implementation and 30% after implementation. This is consistent with studies that identify single-use plastics to be a significant contributor to total volume of waste (Abdulla et al., 2024). Waste weight reduction is particularly significant considering Rajshahi's waste management crisis. Rajshahi infrastructure is typically strained by sheer volume of waste generated to cause blockage of drainage and create environmental and public health risks. Plastic waste weight reduction on a modest per-tea-shop basis is a significant total reduction on a citywide basis. Scaling up edible cups adoption can go a long way to relieve waste management pressure on Rajshahi and make it a cleaner and healthier urban environment. Further, reduced plastic waste weight can minimize microplastic pollution of Padma River that is a significant issue for the city.
4.3. Economic Feasibility
The financial study estimated that edible wafer cups were about 2.5 times more expensive than regular plastic cups (5 BDT per cup as compared to 2 BDT). However, vendors saw increased footfalls because of the novelty of edible cups and greater awareness among consumers about the environment. This shows that while there is increased initial investment, potential for increased sales and enhanced brand reputation may make up for the additional investment in accordance with green marketing (Zhang, et al., 2024). With potential economies of scale, reduced waste management costs through reduced loads on municipal waste management systems, and potential savings through local material procurement and efficient manufacturing practices, there would be a need for a long-term cost-benefit analysis to assess financial viability of edible wafer cups in total. Costs comparison between edible wafer cups and plastic cups is presented in Table 3.
Table 3: Cost Comparison 
	Item
	Cost (BDT)

	Plastic Cup
	2

	Edible Wafer Cup
	5


4.4. Challenges and Limitations
The study was also subject to several challenges and limitations. Convenience sampling for questionnaires among consumers can create bias and limit generalizability of results to Rajshahi. Hence, convenience sampling can oversample consumers who regularly visit teashops or are more accessible for interview during the fieldwork. This can create consumer perception information biased towards more frequent consumers of tea or with more positive attitudes towards new products and can cause overestimation of overall acceptance rate for edible wafer cups.
Although useful information was obtained through interviews with shop owners, this was open to self-report and social desirability biases. Shop owners may be prone to report more positively about what they did or what impacts customer flow or revenue generated by edible cups had on them to meet perceived expectations or to portray themselves in a good light.
The three months pilot time frame may not have been sufficient to capture entirely the long-term impact of edible cups on consumer behavior and waste minimization. Consumer behavior and taste are dynamic and may evolve with time; a study with a longer time frame would have provided a greater insight into the long-term impact of edible cups. Seasonal patterns of consumption of tea or waste may not have been addressed suitably in a three-month time frame.
Besides this, there is also a strong opposing argument made by the 15% of respondents concerned about the durability of wafer cups with hot beverages. This leaves open to question whether there is a chance that despite overall positive acceptance, practical limitations on the function of the product would restrict widespread adoption. Another possible explanation for reduced use of plastic cups is a short-term novelty effect whereby consumers were interested in using edible cups initially but would revert to using plastic cups in the future if durability is still an issue. One of the key barriers to widespread adoption is that there are no large-scale manufacturing units for edible cups in Rajshahi. Generalizability of this study is limited to similar tea shop outlets in urban areas of Bangladesh. Findings are not directly generalizable to other contexts, such as rural areas or other food serving venues, with different consumer desires, financial circumstances, and waste management practices.
4.5. Integration with Literature 
The study uncovered evidence highlighting how plastic pollution affects the environment and suggests that edible packaging could be a viable solution, similar to the results shared by both current and emerging researchers in this area (Abdulla, Shams, & Dash, 2024). The higher level of consumer acceptance of edible wafer cups reveals a pattern in the current ecological situations in other emerging countries (Mohan et al., 2019; Prasetyo et al., 2020). However, challenges that are context-specific to costs and scalability require context-based responses in Bangladesh. The findings highlight the importance of influencing consumer behavior to promote sustainable packaging practices, utilizing insights from behavioral economics (Atta-Delgado, Velázquez, Welti-Chanes, & Torres, 2024). Importantly, consumer worries about durability pose challenges to the long-term viability of edible wafer cups. Heat exposure, as referenced by Kunz et al. (2023), is one of the reasons why it can damage the content of edible films. Solutions in material science must be made in edible cups for this, and new types of packing materials that can be warmed up should also be explored. Additionally, edible and trace studies could be organized to determine the impact of edible drums on humans and the amount of waste they produce.
4.6 Implications for Policy and Practice
The results of this study are relevant to policy and practice. Edible wafer cups that cut down on the plastic waste is an example of sustainable packaging potential in urban settings. Policymakers can incentivize small businesses to use edible packaging with subsidies. Public awareness campaigns are important to educate consumers and contribute to positive behavior change. The food suppliers and retailers also need to see the positives. Edible packaging provides both environmental benefits and a positive response from the public towards their enterprises.
The report also notes that investing in local manufacturing facilities could ensure a reliable source of edible packaging and reduce costs. The efforts to develop and implement packaging that is sustainable and appropriate for the
5. Conclusion	
This research strongly supports the effectiveness of planned interventions to reduce disposable plastic cup usage. Through a combination of policy regulations and behavioral economic strategies, the institution successfully decreased the consumption of disposable plastic cups by an average of 60%. The results illustrate the possibility of implementing targeted environmental policies to develop the habits of more sustainable consumption. Additionally, the current research emphasizes the significance of commitment from institutions and behavioral reinforcement to meet long-term waste reduction objectives. This research does demonstrate improvements in the waste output of disposable plastic cups; however, more research is required to evaluate the longevity of the behavioral changes adopted through the behaviors exhibited during the intervention, and the extent to which the changes will continue in other institutions or contexts. Future studies could explore implementing policy frameworks or leveraging technology for efficacious and scalable environmental strategies seen as part of institutional.
6. Recommendations
For edible wafer cups to be a reality, there are a number of recommendations that are necessary:
· Government incentives and subsidies: Implement policies that provide financial incentives to encourage sustainable packaging to make it more accessible to tea shopkeepers and other businesses.
· Investment in Local Production Plants: Encourage and enable establishing local manufacturing units to ensure a consistent supply chain and reduce manufacturing costs.
· Public Campaigns: Conduct targeted campaigns to educate consumers about the environmentally friendly benefits of edible cups and promote behavioral changes.
· Research and Development: Invest in more research and development to make edible cups more resilient, explore other edible packaging materials, and improve manufacturing processes.
Future research should focus on:
· Longitudinal Studies: Conduct long-term studies to identify continuing effects on consumer behavior and waste reduction.
· Cost-Benefit Analysis: Assess if edible cups can achieve profitability on a large scale by leveraging potential economies of scale and minimizing waste management costs.
· Scalability Studies: Examine if edible cups can be produced on a large scale using locally available resources and industrial infrastructure. 
· Research and Develop Alternative Edible Packaging Solutions: Investigate and create additional edible packaging options for various food and beverage applications.
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