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Abstract

Growth of food online delivery to serve the modern life pattern of customer in urban. Plastic waste
increased and had problems with waste management. The aim of this study is to investigate the urban
waste composition related to online food delivery in Bangkok metropolitan, food delivery
consumption behavior, and plastic waste generated from food delivery. Data from online food
delivery customers were collected by online questionnaires from 385 participants. Proportion of
plastic waste increased in municipal solid waste. Increase of order food delivery in online platforms
about 76.6% of the total participants. The single-use plastic (SUP) generation related to online food
delivery in household waste. Participants did not choose the green choices to decline the SUP when
ordering food in platforms. These findings suggest reducing SUP from online food delivery, close-
loop management requiring cooperation of producer-platform-customer-government. Extended
producer responsibility (EPR) should apply for producers to make environmentally friendly
products, online food delivery platform increase more incentive for merchants and customers to
reduce SUP. Polluter-pay-principle (PPP) might be applied for customers. Government must adopt
policy to ban SUP and design system for plastic waste management.

Keywords: municipal solid waste; online food delivery; plastic waste; urban waste; single-use plastic

1. Introduction

Waste generation is continuously growing around the world as a result of economic growth and
unsustainable consumption [1]. The municipal solid waste (MSW) generates more than two billion
tons per year globally [2]. MSW is projected to grow from 2.1 billion tonnes to 3.8 billion tonnes from
2020 to 2050. In 2020, when compared to other regions uncontrolled MSW was highest in East and
South Asia. Inadequate waste management contributed to environmental pollution; greenhouse
gases emitted from waste disposal site, hazardous compound contaminated on land for long-term
effected on ecosystem, and open burning of waste releases unintentional persistent organic pollutants
(UPOPs) such as dioxin compounds which can cause of human health risk of carcinogen [2] Waste
management is an important issue linking to sustainable development goals (SDGs) which address
Goal 3: good health and well-being; the negative impacts of public health due to inadequate MSW
management such as vector-borne diseases, nuisance of odor, respiratory system impact from
emission from open burning. Goal 12: Responsible consumption and production is related to
production and consumption patterns that directly impact MSW generation. Goal 13: Climate action
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is related to poorly managed waste by releasing greenhouse gases (GHGs) from open burning and
uncontrolled dumpsites that contribute to climate change [3].

Currently, due to urbanization, modern life is shifting, the consumption pattern of the world’s
population has changed. The key domains of urbanization included population shift from rural to
urban areas, city expansion in terms of area and infrastructure, economic shift from agriculture-based
to industry and services, social changes in lifestyle, education, employment, consumption patterns,
and increase of environmental impacts. Rapid urbanization has positive and negative impacts,
although it contributes to economic and social development, but it poses challenges to the natural
environment and social system [4]. The rapid expansion of urban areas, combined with the growing
population reflect an increase in the amount of waste generation as reported in megacities; Ho Chi
Minh city [5], Beijing [6], China [7], and Brazil, Vietnam [1]. Most of the plastic waste pollution has
resulted from urbanization due to the new pattern of consumers. In addition, the outbreak of the
COVID-19 pandemic has also significantly affected the world and human life pattern [8]. As a result,
delivery and online businesses, or e-commerce, are replaced by offline services. For example, the
demand for online food delivery services has increased in various countries during the pandemic [9].
According to Statista Digital Market Outlook, global revenues for online food delivery services were
approximately 91 million USD in 2018 and 107 million USD in 2019 [10]. Also, compared to before
the COVID-19 pandemic the food delivery platforms in Thailand grew by 78-84% during the
lockdown [11].

The trends of food delivery service are still increasing, especially in urban areas. Food delivery
requires greater use of packaging and containers, most of which are made of plastic, especially single-
use plastic (SUP). Reported plastic waste generation was to be 6,300 tons per day during COVID-19
or about 15% higher than normal in Thailand [12]. A material flow analysis of plastic consumption
associated with food delivery in South Korea showed 600,000 tonnes of disposed plastics annually,
including bottles, cups, and plastic bags [13]. About 8-12 million metric tonnes of plastic generated
on land ended up in oceans in 2018, contributing to plastic pollution [14]. Macroplastics can break
down into microplastics and accumulate in the environment, organisms, and food products. Several
initiatives worldwide have been proposed to prevent plastic from entering the environment [15]. The
ban on SUP and the use of reusable bags has been found to be effective preventive measures in
reducing plastic waste [16].

Thailand is one the countries facing municipal solid waste management (MSWM) problems. In
2024, Thailand generated a total MSW of 27.2 million tonnes, or 74,529 tonnes per day, with the
generation rate of 1.15 kg/capital/day [17]. Approximately 10.42 million tonnes (38%) were properly
disposed of, and 10.51 million tonnes (39%) were utilized. The remaining 6.27 million tonnes (23%)
were disposed of by improper methods, such as open dumping and open burning. The MSW
composition analysis at a disposal site found that the highest component was food waste (36.79%)
and was followed by plastic waste (29.38%). In 2022, the reported SUP was 2.83 million tonnes of the
total waste generated, which was higher than the 2.76 million tonnes generated in 2021. Although
Thailand has a roadmap of plastic waste management during 2018-2030, the plastic waste. The
objective of the roadmap is to reduce and ultimately eliminate the use of plastic by replacing it with
more environmentally friendly materials. According to the roadmap, Phase-1 aimed to ban the uses
of OXO-degradable plastic and microbeads by the end of 2019. Phase-2, aims to ban four types of
SUPs by the end of 2022. The progress report of the roadmap in 2023 found that Thailand did not
achieve some targets of plastic waste management [18].

Due to job opportunities, facilities support, and destination of tourists Bangkok is the capital city
of Thailand with lot of population. Solid waste problem has increased and causing pollution problem
as reported by Pollution Control Department of Thailand [17]. The problem of solid waste is not only
the huge amount of waste generation but also the composition of urban waste has significantly
changed due to change the consumption pattern. With the convenience of online platforms,
consumers increasingly rely on food delivery via application, resulting in single-use packaging
materials such as plastic containers, bags, and utensils. These materials served in short-term
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convenience but pose long-term problems of urban waste management. Food packaging is a major
source of SUP, typically contaminated by food residues. Most SUP is discarded with other MSW,
ultimately ending up in landfills.

Understanding the urban waste composition and trends of online food delivery consumption is
necessary for urban waste management. Therefore, this research aimed to assess the urban waste
composition associated with online food delivery in Bangkok metropolitan, focusing on food delivery
consumption behavior, and plastic waste generated from food delivery. The waste composition was
collected and sorted at a transfer station of authority in Bangkok metropolitan. Online questionnaires
were employed to collect data from customers about online food delivery consumption and waste
generation. The results of this research were used to provide data-driven recommendations for
improving urban waste management and reducing the environmental footprint of food delivery
consumption.

2. Materials and Methods

2.1. Data Collection

The population data were obtained from Bangkok Metropolitan Administration [19]. The
secondary data of MSW generated in Bangkok metropolitan, collected from PCD annual report
during 2020-2024 [17], were used to calculate the MSW generation rate of Bangkok metropolitan.

2.2. MSW Sampling and Sorting

MSW samples were collected at some residential areas prior to loading garbage trucks during
January to December 2024 and were collected by following sorted according to ASTM D 5231-92 [20].
The physical composition was analyzed using the quartering method. The manual sorting is classified
into ten categories: food waste, plastics, paper and cardboard, rubber and leather, textile, wood and
yard waste, glass, metal and aluminium, hazardous waste, and others. Each category was weighted
and calculated in percentage proportion.

2.3. Questionnaire Design for Data Collection

The questionnaires were divided into three sections; Section-1 demographic information of
participants (gender, age, income, educational level, residence type, number of household member),
Section-2 online food delivery consumption and waste generation related to food delivery ordering,
and Section-3 attitude on plastic waste consumption on food delivery service. The content of online
questionnaires was developed and reviewed for accurate [21,22]. The content validation of the
questionnaires was approved by three experts in the study field, resulting in an Index of Item
Objective Congruence of 0.98. The questionnaires were approved by the Human Research Ethics
Committee, Thammasat University (Ref. COA No. 094/2564). The data were collected via the online
platform of Microsoft Forms and a link created to share this questionnaire with those interested. Non-
probability sampling was employed, specifically accidental sampling. Any participant who
experienced discomfort while responding to the questionnaire had the right to discontinue
participation at any point. The data was not recorded until the questionnaires were fully completed
and the participants confirmed submission.

2.4. Sampling Size and Criteria

The number of sample sizes was calculated using Equation (1), which was 385 participants.
n = [z%* p(1 —p)l/e? 0
where,
n is the number of sample size
z is z-score with a 95% confidence level, 1.96
e is 5% margin of error, 0.05
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p is 50% population proportion, 0.5

The inclusion criteria required participants to be of Thai nationality aged 18 years or older and
residing in Bangkok metropolitan, and to have previously used an online food delivery platform.
Participants’ personal information was protected in accordance with the approved ethical protocol.

2.5. Data Analysis

The waste composition was reported as average values. Descriptive statistics were employed to
summarize participants’ demographic characteristics, food delivery consumption behavior, plastic
waste generation associated with food delivery, and attitude on plastic waste from food delivery. All
data were anonymized to ensure that no individual participant could be identified.

3. Results

3.1. Population Number of Bangkok City

The population profile of Bangkok metropolitan during 2020-2024 [19], shown in Figure 1,
indicates population number decreased by 2.4% from 2020 to 2024. The number of non-registered or
transient residents significantly contributes to the increase in waste generation.

Bangkok population
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Figure 1. Population of Bangkok city from 2020 to 2024 [19].

3.2. MSW Generation and Generation Rate

MSW generated in Bangkok was increased by 4.9% from 2021 to 2024 (Figure 2), with the
generation rate about double of Thailand as shown in Figure 3. Waste generation rates were 2.1, 1.2,
0.79, and 0.6 kg/capita/day with high income, upper middle income, lower middle income, and low-
income countries, respectively. Waste generation per capita in the high-income countries were 3.5
times higher than the waste generated in the low-income countries [23]. The waste generation rates
in urban areas and rural areas in Mandalay, Myanmar, were found to be 0.91, and 0.37, respectively
[24].
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Figure 2. MSW generation in Bangkok metropolitan from 2020 to 2024 [17].
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Figure 3. MSW generation rate in Bangkok metropolitan from 2020 to 2024 [17].

3.3. MSW Composition Analysis

The MSW was collected from residential areas that represented household sources in Bangkok
metropolitan by following ASTM D 5231-92 [20]. The represent physical composition was analyzed
using the quartering method and manual sorted into ten categories (Figure 4). The Bangkok MSW
composition was shown in Table 1. The major MSW was food waste (39.3%), followed by plastic
(26.9%), paper and cardboard (16.1%). The waste composition in this study was similarly to the
reported waste composition of Thailand in 2024, food waste (36.79%) and plastics (29.38%), and paper
(4.58%) [17]. Whereas, MSW composition was changed from the last five years, as reported the city
municipality in Thailand was food waste (65.17%), plastic (17.0%), and paper (7.21%) [25]. Also, the
most of MSW composition was food waste (43.1%), plastic (16.6%), and paper (13.0%) in Bangkok
city [26]. Food waste composition was noticed decreasing, otherwise the plastic and paper trends to
increase. Plastic and paper wastes increased may cause the consumption behavior changed or life
pattern changed. The urbanization provided the online service platform, all things can deliver to the
customer required. A lot of packaging waste increased in waste composition, SUP, paper and
cardboard. This waste type increased the proportion of non-degradable waste which ended up to
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landfilling. The result of this study varied from previous report in group of upper middle income
with organic waste (54%), paper (14%), and plastic (11%) [23]. In addition, the major of waste
composition in all income levels were organic waste and highest composition in low-income
countries and followed by low middle income countries of 64%, and 59%, respectively. Physical
composition in urban areas was organic waste (82.7%), plastic (10.4%), and paper and cardboard
(3.2%) [24]. Additionally, it was found that the hazardous waste contamination in MSW is without
separation such as chemical containers, batteries, infectious waste including medical masks and
antigen test kits. The direct exposure of hazardous and infectious wastes may be affected by the
health risk of waste pickers. Increasing awareness of health hazards and environmental
contamination must be required.

Figure 4. (a) MSW samples; (b) physical composition analysis.

Table 1. Physical composition of the MSW at source in Bangkok metropolitan.

Waste category Composition (wt.%)

*This study [25]* [26]? [17]3
Food waste 39.3+2.5 65.17 43.1 36.79
Plastic 26.9+3.1 17.0 16.6 29.38
Paper and cardboard 16.1+2.2 7.21 13.0 4.58
Rubber and leather 3.6+1.4 0.45 2.8 0.91
Textile 1.4+0.5 1.36 3.8 3.37
Wood and yard waste 1.5+0.7 0.45 13.8 12.25
Glass 3.6+1.2 3.46 5.4 2.18
Metal and aluminium 4.1+0.8 1.75 3.7 0.64
Hazardous waste 2.5+0.4 - - 1.24
Others 1.0+£0.2 3.17 44 8.66
Total 100.0 100.0 100.0 100.0

* n=24; ' MSW in mega-city, Thailand. 2 MSW in Bangkok city at the transfer station. 3 MSW in Thailand.

3.4. Demographics Information of Participants

Online questionnaire collected data of demographic information of participants. The survey
resulted in a total of 385 participants was obtained from January to December 2024. as shown in Table
2. More than half of participants was female (55.3%) and male (42.9%). The major participant was
aged in the range of 26-35 years (37.3%), monthly income of 25,001 to 50,000 THB or 730 to 1,460 USD
(39.5%). In terms of the education level, the participants have graduate qualifications, about 47.3% of
the total. Approximately 51.4% of participants lived in detached houses, and family member of 3-5
persons (40.5%). As the results, gender and age range of participants who have experienced food
ordering via online delivery was similarly to a previous study which observed in various countries
[22,27]. Monthly income was influenced by consumer behavior for online food delivery during the
COVID-19 pandemic in Bangkok [27]. However, the level of education showed that 61.4% had post-
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graduate qualifications and 33.2% were graduates of the total participants [22]. The types of residence
varied in each location studied. For example, in the Bangkok area, most respondents lived in
dormitories or shared houses, comprising 33.0% of the total [28].

Table 2. Demographics information of participants.

Demographic data Participant (n=385) Percentage (%)

Gender

- Female 213 55.3%

- Male 165 42.9%

- Not identify 7 1.8%
Aged (yrs)

- 18-25 112 29.1%

- 26-35 145 37.7%

- 3645 82 21.3%

- 4660 35 9.1%

- >60 11 2.8%

Monthly income (THB)

- <10,000 35 9.1%
- 10,001-25,000 136 35.3%
- 25,001-50,000 152 39.5%
- >50,000 62 16.1%

Education level

- High school or under 59 15.3%
- Graduate 182 47.3%
- Post-graduate 144 37.4%
Residence type
- Detached house 198 51.4%
- Apartment/Dormitory 125 32.5%
- Condominium 51 13.2%
- Others 11 2.9%
Number of household

members (person)

- 12 156 37.9%
- 35 146 40.5%
- >5 83 21.6%
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3.5. Online Food Delivery Consumption Behavior

A total of 385 participants has experiences with food delivery via online platforms. As the
results, the food delivery consumption increased by 76.6% of the total participants, since the COVID-
19 pandemic. The reasons for selecting food delivery services were convenience and fast delivery,
cited by 71.1% of participants, followed by price (22.1%), and other reasons (6.8%), discount coupons
and multi-order from various restaurants. The competition of online platforms would like to show
the campaign for customers via online ordering, which was an attractive option. This result was
similarly to the reported by Liu for increasing food delivery since COVID-19 pandemic [28]. The
frequency of food delivery with 51.4% ordering 3-5 times per week, 27.3% ordering 1-2 times per
week, and 21.3% ordering more than 5 times per week. Effects of platform brand had not an influence
on food ordering of 65.5%. The results of the food delivery consumption survey as presented in
Figure 5. The results of this study were similarly to those reported by Filho; food delivery
consumption increased by 46.0% of the total survey participants [22]. The estimated number of
platform-to-consumer users is expected to reach 427 million in 2024, up from 263 million users in
2019 [8]. During the COVID-19 pandemic, the food deliver platform grew by 78-84% in Thailand [11].
Although, it in return to the normal situation, the lifestyle and consumption pattern have changed.
The online platform or e-commerce was served and supported new patterns of human life.

(a) Increase in food delivery (b) Reason to choosing food delivery
26
(6.8%)
18 85
47%) [22.1%) l
* Increased Decreased * Na change » Convenience and fast Price » Others
(c) Frequency of food delivery (d) Effects of platform brand
198
(514%)
= 1-2 times/wk 3-5 time/wk w =5 lime'wk = Effect Mo effect

Figure 5. Online food delivery patterns: (a) increase in food delivery; (b) reason to choose food delivery; (c)

frequency of food delivery, and (d) effects of platform brand.

3.6. Waste Generation Related to Online Food Delivery

According to the survey results of waste generation that related to food delivery, about 66.0% of
the participants confirmed that household waste generation increased, no change 20.8%, and
decreased 13.2%. It has been reported that there has been an increased demand for food delivery and
an increase in waste generation, especially plastic waste [29]. The composition of household waste
generation observed by participants indicates notable changes since the COVID-19 outbreak. As the
results, there was about 75.4% increase in SUP and 62.1% increase in food waste among participants
in the household waste category, as presented in Figure 6. Trends in plastic waste generation were
similarly to a previous report of increased plastic waste in Bangkok during the COVID-19 pandemic
[30]. The highest increase was observed for plastic packaging and food waste, with an increase of 53%
and 45%, respectively, during the lockdown [22]. About 76% of participants indicated that the
amount of food waste generation increased with the rise of online food delivery [28]. Additionally,
increased use of SUP occurred in the form of items like take-away packaging from restaurants [31].
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This result was confirmed that growth of food delivery business contributed to increase of household
waste generation and changed in household waste composition.

Oithers

Paper

Food waste

Single-use plastic

I
L

o

=

10°% 20% 30% 40%: 50%: al'% T0% BO%, G0 100

# Mo change Increased w Decreased

Figure 6. Waste generation related to online food delivery.

3.7. SUP from Online Food Delivery

Ordering food from online platforms result in produce waste packaging, especially plastic
waste. SUP generated from order of beverage delivery included plastic cup, plastic bottle, plastic
straw, plastic lid, plastic bag, and plastic wrap. SUP from order of food delivery includes at least food
packaging, plastic bag, plastic film, plastic cutlery, plastic cup, plastic lid, and others; condiments or
seasoning packages (Figure 7). Solid waste from online food delivery is not only plastic but also
paper, cardboard, rubber, wood, etc. The variation of SUP generation is related to type of order. Most
participants agreed with the increase in SUP due to the high demand for food delivery since the
COVID-19 outbreak. SUP has increased along with food delivery in Thailand [32]. The top four
wastes generated from food delivery were plastic bags, followed by hot-and-cold food bags, plastic
food containers, and food waste [28]. A total of 72.93 kt of plastic packaging was consumed by online
food delivery in 2020, especially SUP in South Korea [33]. The COVID-19 pandemic has exacerbated
the consumption of SUP in restaurants due to the growing preference for food delivery services [8].
Typically, food plastic packaging waste is contaminated by food residues, making it difficult to
separate for further benefit. Therefore, most plastic packaging is disposed by landfilling method
[34,35]. Despite efforts by the Thai government to reduce the SUP from food delivery platforms
through memorandum of understanding (MOU) with the popular platforms such as LINE MAN,
GrabFood, Foodpanda, and GetFood, the amount of SUP wastes has not decreased [18]. Figure 8
shows green choice of SUP decline in online food delivery platform. This choice would like to make
an option to reduce SUP waste from food ordering.

Approximately 75.0% of the total food delivery packaging waste in weight is made of
polypropylene (PP) and polystyrene (PS) foam [34]. Most plastic packaging is used only once and
then discard because it is not suitable for reuse or recycling. Consequently, these plastic materials
from food delivery become wasteful and end up in landfills or are mismanaged, without proper
environmental protection. These macroplastics can break down into plastic debris (microplastics or
nanoplastics), contaminating the environment and accumulating in the food chain and food web [36].
As the results, online food delivery was the major source of SUP generation which changed in plastic
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waste composition in household waste. Therefore, an increased awareness to declined plastic
consumption from online food delivery may reduce plastic waste from household sources.

Figure 7. SUP from online food delivery.

My Order Add menu
1 wlanowd u B60.00
Tinow (0%)
Edit
Food 860.00
Minimum order difference* 825.00
Delivery 836.00
Deolivery foe readjustment* 82.00
(tap ? tor detalls)
Pay with QR PromptPay o000
Total(® 8119.00
% Free delivery* for 2nd store @

See eligible stores >

Please ensure you collect your order within 10 minutes after
the rider arrives at your destination. Riders are not allowed
to enter hospital buildings or restricted areas.

&P order Now 8119.00

Coupon Apply coupon D
Payment Method
QR PromptPay >

Save B15 on delivery with LINE Pay Wallet

Green choice
I need plastic cutleries D

Thanks for reducing 1 piece of waste =
You've prevented over 404 pieces in total. 'vj

&P order Now B8119.00

Figure 8. Choices of SUP consumption from online food delivery.

3.8. Attitude on SUP Consumption from Online Food Delivery

Table 3 presents the survey results regarding the attitude of SUP consumption. Approximately
71.4% of the total participants know that online platforms offer an option for SUP reject (e.g. plastic
spoon, plastic cutlery, plastic straw, etc.). However, only 58.9% of these participants choose this
option. Among this group, the majority declined plastic spoon (42.0%) and plastic cutlery (36.4%)
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when ordering online food delivery. Although the reduction of SUP through the green choice option
on platform is promising, food packaging remains the primary source of SUP waste from online food
delivery. The suggestion from previously, food packaging or containers should be made of
biodegradable or environmentally friendly materials [22]. Based on the results of this study, 51.7% of
participants did not agree with the sustainable policy of fee for SUP when ordering online food
delivery. Generally, customers expected to receive service similarly to dining at a restaurant as well
as same quality service standard of customers.

Table 3. Attitude on SUP consumption from online food delivery.

Contents Number of participants (%)

Yes No Not sure

Are you aware of whether online food delivery 275 (71.4%) 72 (18.7%) 38 (9.9%)
platforms provide an option to decline SUP?

(e.g. plastic spoon, plastic cutlery, plastic straw,

etc.)? (n=385)

Have you ever utilized the option to decline SUP 162 (58.9%) 113 (41.1%) -

on online food delivery platforms? (n=275)

Which types of SUP do you choose to decline?

(n=162)
- Spoon 68 (42.0%) - -
- Cutlery 59 (36.4%) - -
- Straw 27 (16.7%) - -
- Others 8 (4.9%) - -

Do you agree with charging an additional fee for 152 (39.5%) 199 (51.7%) 34 (8.8%)
the use of SUP? (n=385)

3.9. Plastic Waste Management from Online Food Delivery

Plastic waste generated from online food delivery, approximately 24.9% of participants
separated recyclable plastic waste from other wastes. Non-recyclable SUP is mixed discard with
others waste types. Due to the SUP packaging quality, participants of 86.9% did not reuse food
containers. Most of participants (74.5%) did not segregate food waste before discarding plastic waste,
resulting in bad odor by organic compound degradation.

4. Discussion

The urbanization effects on MSW generation and compositions in Bangkok metropolitan. Based
on the results, MSW increased from 2020 to 2024, and physical compositions changed with plastic
waste increased. Growth of online food delivery in urban areas is resulting in negative effect in terms
of plastic waste packaging. Survey information from participant’ customers of online food delivery
shows used online food delivery increased by 76.6% of the total participants. Due to convenience for
the life pattern in urban areas, participants choose online food delivery.

Participants confirmed that online food delivery increases generating of SUP in household
waste. SUP from food delivery was not necessitate, plastic film, spoon, and cutlery. In adequate of
SUP waste caused of plastic pollution that contaminates in environment and health impacts.
Although online food delivery platforms have green choice to decline SUP consumption, the
participants did not check the option. The food packaging is made from PP and PS that are non-

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.1374.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 December 2025 d0i:10.20944/preprints202512.1374.v1

12 of 14

degradable and fragment microplastic in environment. Plastic waste management is challenge in
Thailand, the plastic waste management road map during 2018 to 2030 did not achieve the target.

Based on this study, suggestion to plastic waste management is include 4 sectors; 1) producers:
develop the alternative of food packaging product made by bio-material, composable-material or
environmental friendly, the producer must be response on their product at the end of use in concept
of extended producer responsibility (EPR), 2) online food delivery platform: deliver policy to reduce
SUP in online platforms and increase incentive for online merchants in cooperation, as well as
customer incentive who decline SUP, 3) customers: part of SUP consumption must be response on
plastic waste pollution by apply concept of polluter-pay-principle (PPP), customers must pay for
special require of SUP for food delivery (e.g. spoon, straw, cutlery), and 4) government: ban SUP
policy and announce to all stakeholders (e.g. non-governmental organization (NGO), people, and
producers), and enhance incentive in producer groups; tax reduce in environmental friendly
products, educate to people in plastic waste reduction and separation at source. Moreover,
government should design and plan for SUP management and final disposal methods. Plastic waste
management required various stakeholders to achieve the loop of management. The suggestion for
future research should include sub-urban area to prepare the plastic waste management and the
MSWM system in effectively.

5. Conclusions

Based on these results, the following could be concluded.
1) MSW generation in Bangkok metropolitan increased during 2020-2024.

2)  The proportion of plastic waste increased in MSW composition.

3) Online food delivery consumption increased with life pattern in urbanization.

4)  SUP generation in households increased that related to online food delivery.

5)  Choices to decline SUP in online food delivery platforms are not effective for customers.

6) Enhance efficiency of plastic waste management in online food delivery platforms, require
various stakeholders including producers, food delivery platforms, customers, government,
NGOs and people.
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