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Abstract

This report is a comprehensive study of municipal solid waste (MSW) management
practices in the Khuean Ubolratana Subdistrict. Through interviews with officials and
residents, valuable insights into the current waste management practices were gathered. The
report delves into the existing MSW protocols, examining how they are implemented by local
authorities and perceived by the community. The study aims to contribute essential
knowledge for understanding the dynamics of waste management in the subdistrict, with the
ultimate goal of identifying areas for improvement and proposing recommendations for a
more effective and sustainable waste management system.
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Executive Summary

Background

The increasing quantity and complexity of waste from our modern lifestyle pose
significant environmental and public health challenges. Globally, approximately 11.2 billion
tons of solid waste are annually collected, with the decomposition of organic waste
contributing to roughly 5 percent of the world's greenhouse gas emissions. However, the
concern extends beyond the sheer volume of waste; inadequate waste management practices,
ranging from absent collection systems to inefficient disposal methods, give rise to issues
such as air pollution and contamination of water and soil. Open and unsanitary landfills
further exacerbate problems by polluting drinking water sources, fostering infections, and
facilitating the transmission of diseases (UNEP, n.d). Our sponsor, The Ubolratana Hospital
Foundation, saw inadequate waste management in Khuean Ubolratana Subdistrict and wanted
to investigate the problem and find opportunities to improve it. This project focused on
understanding the waste management system within Khuean Ubolratana Subdistrict.

Project Overview

This project aimed to understand the waste management system within Khuen
Ubolratana Subdistrict under the responsibility of two local government organizations, the
Subdistrict Municipality (MUNI) and the Subdistrict Administrative Organization (SAO).
The goal was to identify the causes of the waste problems and propose possible
recommendations for improving waste management in the subdistrict. To accomplish the
goal, three objectives were set:

(1) Understand the waste management system of the Local Administrative
Organizations.

(2) Compare the current system with the protocol and identify the root causes of
the problems.

(3) Provide practical recommendations to improve the waste management system
for Khuean Ubolratana Subdistrict

Methods

Various research methods were used to accomplish the project’s objectives. To
achieve the first objective, the team interviewed the two government organizations, the
MUNI and SAO. We gathered information on the current waste management systems and
protocols, which we later analyzed to create flowcharts for the MSW Processes. These
flowcharts helped us visually observe any deviation in the waste management system’s
processes at sites.



Secondly, The team interviewed the community members and directly observed eight
chosen areas within the subdistrict during the fieldwork. The team aimed to better understand
waste management practices in each area based on different factors. Once done, the team
made another type of MSW Process Analysis flowchart along with Map Analysis and
Thematic Coding Analysis to determine the level of upkeep in waste management proposed
by the responsible officials and identify areas that can be improved.

To look for achievable recommendations for the Khuean Ubolratana Subdistrict, we
visited organizations well-known for their achievements in reaching good waste management
goals: Roong Aroon School, the Pollution Control Department (PCD), and Chula Zero Waste.
The purpose was to learn more about practical waste management ideas and how they can be
applied in Khuean Ubolratana Subdistrict.

Finding

The analysis of data determined five findings:

Finding 1 Official waste management protocols simplified as flowcharts and the current
problems according to them

The waste management protocols of the Khuean Ubolratana Subdistrict, administered
by the MUNI and SAO, face notable challenges and potential problems. MUNI's protocol
emphasizes on-site waste management, sorting, and utilization following the 3R concept to
minimize unsorted waste sent to the Waste-to-energy (WTE) plant. However, there are
shortcomings. While MUNI encourages recycling through initiatives like the "Waste Bank,"
community participation may be lacking due to insufficient incentives. Moreover, hazardous
waste collection occurs only annually, posing risks in terms of storage and potential
environmental hazards. Additionally, the absence of a waste transfer station hampers further
segregation after collection, potentially affecting waste management efficiency.

The SAO protocol shares similarities with MUNI but needs a proper waste disposal
site, resulting in no waste collection services in most areas except during special events. This
absence poses significant environmental and health risks, including pollution, contamination
of soil and water bodies, and pest attraction. Economic development and tourism may also
suffer due to unsightly waste accumulation.



Finding 2 Geographical insights of Khuean Ubolratana Subdistrict and the effects on waste
management of the officials

The map analysis of Khuean Ubolratana Subdistrict illustrates the proximity and
distribution of MUNI and SAO sites, highlighting differences in population density and waste
management challenges. Despite MUNI's smaller area, it sustains a higher population density,
leading to concentrated waste accumulation in certain spots and logistical challenges in
transporting waste to the distant WTE plant. In contrast, despite its more extensive area, SAO
maintains a rural society with a dispersed population and agricultural focus, influencing
waste composition. Infrastructure layout also affects waste accumulation, with areas like
Ubolratana Dam being less densely populated and showing better waste management
practices than densely packed areas like Bang Saen Song, necessitating extra attention.
Addressing these spatial and demographic disparities is crucial for implementing effective
waste management strategies in the Subdistrict.

Finding 3 Thematic analysis led to an overview of barriers to effective municipal waste
management in the Khuean Ubolratana Subdistrict.

The thematic analysis based on 31 interviews conducted across eight sites in both the
MUNI and SAO, categorized the waste issue in Khuean Ubolratana Subdistrict area into 6
themes as follows:

(1) Unregistered residents are beyond the MSW budget covered by the local
government organizations.

(2) Ineffective waste management processes encompassing both waste
management services provided by authorities and on-site residential sites.

(3) Civic waste management behavior and participation, focusing on
observable locals’ behaviors noted by the researchers.

(4) Public awareness and attitude are related to the discernible mindset of the
locals regarding waste management.

(5) Lack of Resources refers to insufficient budget and human resources.

(6) Bureaucratic constraints occur within the authorities.



Finding 4 Waste situations recurring in Khuen Ubolratana Subdistrict were identified,
indicating where the recommendations should be provided.
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Figure 1. Key Components of MSW Management System

Thematic coding analysis and direct observation of waste issues in Khuean
Ubolratana Subdistrict identified challenges across eight sites. Waste situations were
categorized by MSW management components, with MUNI (blue) and SAO (pink) areas
highlighted separately. Notably, waste management at M3 (Ubolratana Dam) was represented
in purple due to management by EGAT despite MUNI jurisdiction. Color codes denoted red
for bad status, orange for poor condition, yellow for fair situation, and green for good
practice, indicating varying levels of waste management effectiveness.

Finding 4.1 Densely populated areas overseen by MUNI and SAO are facing challenges with
source and on-site waste management.

Hot spots in Khuean Ubolratana Subdistrict, like M2 (Ubolrataphittayakhom School),
M4 (the fresh market), and S3 (Bang Saen Song), face significant waste accumulation due to
high population density. Despite generating large amounts of waste, effective waste
management is lacking, leading to subsequent challenges. M2, with over 1,300 students, is
rated orange, indicating a capacity-exceeding waste volume. M4, the district's main fresh
market, faces a critical red rating due to substantial waste generation and out-of-area dumping
issues. SAO-managed S3, a bustling area popular among tourists, also struggles with waste
accumulation, earning an orange rating. These findings underscore the urgent need for more
effective waste management plans to address the substantial waste volumes in MUNI and
SAO-managed areas.



Finding 4.2 Ineffective waste segregation practices occur in MUNI, in contrast with SAO.

In Khuean Ubolratana Subdistrict, community involvement in waste segregation
efforts is low, despite some initiatives in places like M1 (Ban Phra Bat Village) and M5
(Ubolratana Hospital). At M2 (Ubolrataphittayakhom School), although canteen food waste
is effectively processed into fertilizers, overall waste management needs to be improved.
Attempts at waste bank policies are hindered by limited space and moderate community
participation. M4 (Fresh Market) faces critical waste management challenges, with
insufficient sorting and mixing of waste types exacerbating the issue. Sites with high waste
accumulation struggle with on-site management, while SAO shows better segregation
practices due to effective plans and village leadership, as seen in S1 (Ban Nonjik Village).
SAQO's waste bank policy incentivizes community participation, with organic waste
repurposed for agricultural use. MUNI is adopting similar policies but needs help managing
organic waste at M4. Overall, there is a need for enhanced community involvement and
effective waste management plans to address waste segregation challenges effectively.

Finding 4.3 Improper waste disposal methods, such as open-air burning, are commonly
practiced in SAO.

Improper waste disposal methods, notably open-air burning, are widespread in SAO
communities, with residents and officials participating. The absence of proper waste disposal
sites exacerbates the issue, leading to waste management by residents. Agricultural waste is
also disposed of through burning, which locals consider convenient. Other improper methods
include a lack of waste containers and dumping in public areas due to non-compliance with
waste management protocols. Similar practices occur in MUNI but to a lesser extent. These
practices contribute to air pollution, health risks, greenhouse gas emissions, and
environmental degradation. Addressing these issues is only possible with proper waste
disposal sites, emphasizing the need for immediate action and exploring alternative solutions.

Finding 4.4 Waste disposal sites directly impacts the waste collection efforts in both MUNI
and SAO.

In Khuean Ubolratana Subdistrict, the absence of a shared waste disposal site between
MUNI and SAO poses a significant challenge. MUNI has a contract with a waste-to-energy
plant but struggles with insufficient capacity, while SAO lacks a proper disposal site. This
leads to strict control over waste collection quotas, resulting in fixed schedules and
inadequate services for areas like M2 (Ubolrataphittayakhom School). Open-air burning is
employed to manage excess waste. In M1 (Ban Phra Bat Village), inadequate waste
collection services lead to improper disposal practices. Similarly, SAO faces challenges due
to the need for disposal infrastructure, resulting in widespread improper waste disposal. Thus,
establishing a proper disposal site with sufficient capacity is essential for effective waste
collection and reducing improper disposal practices.
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Finding 4.5 Ubolratana Hospital plays a significant role in disposing of infectious waste
within MUNI.

M5 (Ubolratana Hospital) manages infectious waste within MUNI using its
incinerator. However, the incinerator should perform better, so as not to cause pollution and
potential health risks. Outsourcing to specialized service providers is not feasible due to the
hospital's remote location and associated higher costs. Consequently, the hospital continues to
handle infectious waste internally despite the limitations of its incinerator.

Finding 4.6 The waste management system at Ubolratana Dam is highly effective.

The Ubolratana Dam, managed by EGAT, excels in waste management due to
adequate resources and earning green ratings across key components. Strategic waste
segregation bins, effective management of various waste streams, and daily collection
services highlight its exemplary practices. The absence of waste transfer stations in MUNI
and SAO is noted. The dam's success offers a model for broader waste management
improvement, showcasing the feasibility of replicating its methods in other areas for
enhanced waste management practices.

Finding 4.7 Lack of resources and bureaucratic constraints are the significant challenges in
improving the waste management system in MUNI

Thematic analysis highlighted "Lack of resources" and "Bureaucratic constraints" in
MUNI, hindering waste management progress. Inadequate budget, manpower, and
infrastructure impede program development, with staffing issues affecting policy
implementation like the EM fertilizer policy. MUNI's procurement of a low-quality garbage
truck due to organizational regulations further reflects bureaucratic constraints. While not
explicitly stated, SAO likely faces similar challenges given its shared governance and
environmental context. Collaborative efforts between MUNI and SAO are vital to address
resource shortages and bureaucratic barriers, fostering sustainable waste management
strategies.

Finding S Key findings from interviewing waste-related organizations and their implications
to the case in Khuean Ubolratana Subdistrict.

The team researched waste management policies and practices in Thailand, focusing
on insights from three key sources: the Pollution Control Department, Rung Aroon School,
and Chulalongkorn University Zero Waste (Chula Zero Waste). The Pollution Control
Department taught us the importance of upstream waste management and the need for
eco-friendly product design to minimize waste generation. PCD emphasized incentivizing
proper waste management rather than solely penalizing improper disposal. Rung Aroon
School provided valuable lessons in on-site waste management, including sorting recyclable
items, composting food scraps, and treating water before returning it to nature. The school
emphasized community involvement and made waste management practices accessible to all.
Chula Zero Waste at Chulalongkorn University showcased innovative programs such as
incentivizing reusable bottle use and implementing detailed waste segregation bins across
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campus. They highlighted the significance of fostering a proper waste management mindset
among students and staff. These insights highlighted the importance of proactive waste
management strategies, community involvement, and innovative initiatives to promote
sustainability. By implementing lessons learned from these sources, particularly in
incentivizing eco-friendly behaviors and fostering community engagement, the team aims to
improve waste management practices in Khuean Ubolratana Subdistrict and beyonds.

Recommendations

The analysis of waste management systems in Khuean Ubolratana Subdistrict reveals
challenges such as deficient infrastructure, inadequate segregation practices, and improper
disposal methods overseen by MUNI and SAO. SWOT analyses were conducted to assess
internal capabilities and external factors. Waste collection, contingent on disposal
infrastructure, is a recurring issue, particularly in SAO, where both components are rated red.
MUNI currently relies on an out-of-area contractor for waste collection until a local WTE
plant is constructed. Recommendations primarily target source management, on-site
practices, and waste transfer to address recurring issues until local infrastructure
improvements are made. These recommendations offer various options for officials to
enhance waste management practices comprehensively.

Recommendation 1 Tackling the influx of out-of-area trash from commuters

Intentionally dumping out-of-area trash near Khuean Ubolratana Subdistrict fresh
market has strained MUNI's waste management resources and local waste quota. This issue
originates from local households initially disposing of trash on streets to deter scavenging
dogs, resulting in a mixture of organic waste. Recommendations propose on-site waste
sorting to encourage locals to retain trash at home, thus reducing the out-of-area waste
dumping. Concurrent public relations efforts targeting locals and commuters are vital,
emphasizing proper waste disposal and discouraging street dumping. With assistance from
village health volunteers, visible signage and direct communication can raise awareness.
Using successful strategies such as the "Big Cleaning" approach, thorough cleanups coupled
with community education can foster compliance and mitigate the out-of-area trash problem.
Implementing these measures, including a comprehensive cleanup of the area and
surroundings, is essential to alleviate the issue effectively, as demonstrated in the case study
of Ban Chum Het in Mueang Buri Ram District (Thai PBS, 2019).



Recommendation 2 Prevention of single-use plastic

Waste accumulation in hotspot areas poses challenges to waste management, but
reducing single-use plastics can mitigate this. Insights from Chula Zero Waste's interview
reveal that targeting single-use plastics can notably decrease waste volume. By eliminating
free single-use plastic bags and charging for them, Chula Zero Waste achieved a 90%
reduction in usage. MUNI and SAO can replicate this success by implementing similar
policies. To adapt to semi-rural settings, promoting locally available natural materials or
encouraging reusable bags through public outreach can enhance the strategy's effectiveness.

Recommendation 3 Public relations in promoting public waste segregation

Improving on-site waste management at the market in MUNI and restaurants in Bang
Saen Song requires effective waste segregation procedures. Vendors must be educated on the
importance and process of waste segregation, ensuring practical and time-efficient methods.
Each vendor should focus on separating organic waste, using clearly labeled green bags for
consistency and convenience. MUNI and SAO can collect the trash bags conveniently, with
black bags going to waste-to-energy facilities and green bags containing organic waste for
further processing. Promoting the importance of waste sorting through various channels such
as social media, local newspapers, and community bulletin boards can enhance awareness.
Emphasizing the environmental benefits of waste segregation, such as reducing pollution and
fostering a healthier community, can encourage participation. Additionally, efficient waste
segregation can alleviate the out-of-area trash problem, resulting in a cleaner environment
overall.

Recommendation 4 Employment of waste segregation staff to utilize components of organic
waste

Creating job opportunities for waste separation can positively impact the environment
and the local community by employing in areas with limited opportunities, thereby reducing
poverty. The case of Ban Takli in Nakhon Sawan province exemplifies the importance of
such jobs in managing the increasing amounts and types of waste generated annually (Ban
Takhli Municipality, 2021). Workers would segregate organic waste collected in green bags,
particularly from vendors in markets like MUNI and Bang Saen Song, which predominantly
produce organic waste. Organic waste, including food scraps, can be composted to produce
nutrient-rich compost for soil enrichment. Additionally, certain food waste materials, like
animal bones, can be processed into bone meal fertilizer. The revenue generated from selling
valuable waste, such as animal bones, could be reinvested in promoting good practices and
purchasing necessary infrastructure like waste bins, contributing to the area's cleanliness and
sustainability.



Recommendation 5 Implementing waste transfer station

A waste transfer station managed by MUNI can streamline waste management by
sorting collected trash, extracting valuable materials for resale or further use, and safely
managing hazardous waste. This facility ensures compliance with regulations and mitigates
environmental risks. Additionally, it maximizes waste sorting before sending it to the WTE
plant. Expanding the station's scope to process SAQ's waste could further enhance its
productivity and alleviate waste issues in SAO. Key considerations for successful
implementation include centralizing the station's location along waste collection routes to
minimize transportation distances and providing adequate staff training for safe waste
transfer operations.

Recommendation 6 Adjusting waste collection routes and implementing MOU for proper
waste disposal sites.

In SAO, the absence of waste disposal sites necessitates the establishment of an MOU
to address this issue, considering factors such as minimizing distance and processing various
types of waste, including agricultural waste, to reduce open-air burning. Conversely, although
a WTE plant is accessible in MUNI, its distance poses challenges. Optimizing waste
collection routes, tailored schedules, and regular reviews can enhance efficiency, considering
the densely packed sites. Improving waste management practices in both areas is crucial to
mitigate environmental and health risks associated with improper disposal methods, such as
open-air burning.



Executive Summary (Thai)
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Chapter 1

Introduction

Waste, defined as unwanted and unusable products or substances no longer suited for
their intended use, is an inevitable byproduct of human activities (University of Tartu, n.d.).
Waste requires a considerable amount of time to decompose. Thus, waste management
systems play a crucial role and are often implemented by governing bodies to effectively
manage the waste generated, thereby aiding in minimizing the environmental impact of
human activities (Prysmian Group, n.d.).

The exponential growth in global urbanization and population levels has led to a rapid
increase in the volume of waste generated, surpassing the rate of urbanization itself (Chen,
2018). This phenomenon presents a formidable challenge in ensuring efficient waste
management practices on a global scale. Annually, the amount of MSW generated globally is
about 11.2 billion tons, a figure expected to increase by 70% by the year 2050 (Bruna, 2023).
Given the alarming rise in waste generated, it becomes imperative to implement a
well-structured waste management system. Such a system must be tailored to the needs of the
target population to ensure its effectiveness. Improper waste management systems pose many
disadvantages that can significantly impact the environment, public health, and overall
well-being of communities.

Finding solutions to proper waste management still poses a challenge globally,
specifically in developing countries, where issues such as limited financial resources and
insufficient general awareness hinder the implementation of a proper waste management
system. For instance, in Thailand, as of 2022, the number of complaints filed regarding
environmental pollution has amounted to over 14.8 thousand cases. Despite the substantial
volume of solid waste, estimated at over 25 million metric tons, Thailand relies on traditional
informal waste management and recycling systems, predominantly utilizing landfills.
Presently, there are less than 400 proper waste disposal sites, while 200,000 units of improper
waste disposal sites are throughout the country (Statistia, 2023).

Open dumping of waste poses significant health risks due to the proliferation of
disease vectors like rats, leading to food poisoning and diseases such as dengue and malaria
(Somani, 2023). Additionally, it contributes to environmental pollution, soil degradation, and
fire hazards (Yogalakshmi, n.d.). In Khon Kaen Province, Thailand, landfill sites across 26
districts are overwhelmed, holding approximately 800,000 tonnes of rubbish, making it the
largest garbage dump in the Northeast region (Jakkrapan, 2014). Consequently, residents of
Khuean Ubolratana Subdistrict resort to informal waste management methods like burning or
improper dumping. Acknowledging the urgency of this issue, the former head of the
Ubolratana Hospital Foundation, our sponsor, aims to enhance the waste management system
in the subdistrict.



Waste management practices vary significantly across countries and regions,
depending on socioeconomic, cultural, political, and environmental. In order to enhance the
waste management system in Khuean Ubolratana Subdistrict, it is essential to conduct a
comprehensive review of efficient waste management systems through observations and case
studies to provide valuable insights into the key factors that need to be assessed and
addressed in Khuean Ubolratana Subdistrict.

The primary purpose of this project was to investigate the Local Administrative
Organization’s waste management system and identify the cause of the problems. The aim
was to provide recommendations for the Khuean Ubolratana Subdistrict area. Our team
identified some achievable objectives to achieve this goal.

(1) Understand the local administrative organizations’ waste management
systems.

(2) Compare the current systems to the benchmark and identify the discrepancies
and causes of the problem.

(3) Provide practical recommendations to improve the waste management system
for Khuean Ubolratana Subdistrict.

To achieve the objectives, the team undertook a multifaceted approach. Firstly, the
team interviewed the MUNI and SAO to understand existing waste management systems,
analyzing the gathered information to create flowcharts depicting MSW processes. These
visual aids enabled us to identify any deviations in waste management procedures. Secondly,
the team interviewed community members and conducted fieldwork in eight selected areas
within the subdistrict to gain insight into current waste management practices. The team
employed various analyses, including MSW Process Analysis flowcharts, Map Analysis, and
Thematic Coding Analysis, to assess the effectiveness of waste management efforts and
identify areas for improvement. Additionally, the team visited organizations renowned for
their successful waste management initiatives, such as Roong Aroon School, the Pollution
Control Department (PCD), and Chula Zero Waste. Here, the team gathered practical ideas
for recommendations and insights applicable to Khuean Ubolratana Subdistrict. The
information gathered for recommendation will lead to the final objective: to design
recommendations for alleviating the waste management problem recurring in the Khuean
Ubolratana Subdistrict. By achieving these objectives, our team will be able to thoroughly
understand the current waste management systems in Khuean Ubolratana Subdistrict. Thus,
the team will be able to develop recommendations suitable for alleviating the recurring waste
management system problem. This could reduce the negative social and environmental
impacts, such as decreased waste burning and improper waste dumping in Khuean
Ubolratana Subdistrict. We firmly believe that by implementing these recommendations and
drawing insights from successful initiatives, the community can progress towards a more
sustainable and environmentally aware future.



Chapter 2

Literature Review
2.1. Concept of Waste

2.1.1. Types of Wastes

A classification system of 4(+1) types in Thailand is established to facilitate effective

waste management, encompassing organic, hazardous, recycled, and general waste.
Additionally, a specific category for infectious organic waste is implemented when such
waste is present. This ensures that local government organizations can efficiently handle each
type of MSW, streamlining operations and minimizing the risk of disease transmission and
potential hazards associated with waste collection activities (Pollution Control Department,

2020).

Waste Category

Definition

Example

(1) Organic Waste (Food
waste)

Waste that is decomposable
and decays quickly.

Fruit peels, fruit scraps, food
leftovers, leaves, and animal
scraps

(2) Hazardous Waste from
Communities

Waste that is contaminated or
contains the following
components: explosives,
flammable materials,
radioactive substances, and
hazardous substances that
cause diseases

Batteries, fluorescent bulbs,
mobile phones, containers used
to hold insecticides or
herbicides, and spray cans
containing paint or chemicals

(3) Recycle Waste

Discarded packaging or
reusable materials that can be
recycled for new purposes

Glass, paper, cans, beverage
containers, plastic scraps, metal
scraps, aluminum, car tires, and
milk cartons

(4) General Waste

Other types of waste apart from
the above are characterized by
being slow to decompose and
not cost-effective for recycling
or repurposing

Plastic bags,
food-contaminated foam,
food-contaminated foil, and
packaging for various
consumer goods




(5) +1 Infectious Waste
from communities

Waste contaminated with
materials that can cause
bloodborne diseases and
secretions from patients
receiving home-based care or
returning home after medical

Cotton pads, gauze, wound
dressing, disposable diapers,
absorbent sheets, face masks,
rubber gloves, urinary catheter
bags, and needles or insulin
syringes

treatment.

Table 1. Types of Waste

2.2. Waste Management in Thailand
2.2.1 Waste Management in Thailand According to the Laws

According to the Factory Act 1992, under the authority of the Minister of Industry,
industrial hazardous waste shall be managed per the act’s requirements. For the remainder, as
stated by the Public Health Act of 2017, the local government organizations must collect,
transport, and dispose of sewage or waste within their responsible area. They may do so
in conjunction with other government agencies or local governments under a joint agreement
or assign a person to do so. Plus, they shall have the power to prescribe rates of fees for
services provided by the local government or other person assigned to operate on its behalf in
the collecting, transporting, or disposing of sewage or waste that do not exceed the rates
prescribed in the Ministerial Regulation. Moreover, it was also stated in the Determining Plan
and Process of Decentralization to Local Government Organization Act, 1999, that the local
government organization shall have the authority to systematize public services, such as
managing waste, sewage, and wastewater, for the benefit of local communities.



2.2.2. Conceptual Framework of Waste Management

The Pollution Control Department released the 2nd National Action Plan on Waste
Management (2022-2027). It serves as guidelines for any associated organizations, including
Local Administrative Organizations. In this plan, they restructured the waste management
Hierarchy, emphasizing waste prevention, followed by waste minimization, recycling,
recovery, and disposal, respectively, as illustrated in Figure 2.

RECYCLING — 3R
RECOVERY —
DISPOSAL ) Waste Elimination

Figure 2. Waste Management Hierarchy

The plan details measures for efficient waste management based on the Life Cycle
Management Approach. It addresses waste throughout the entire lifecycle of goods based on
the 3R referred to in Figure 2. As shown in Figure 3, there are three steps in managing waste.



Production and distribution

Step 2: Reuse materials/product residues

Consumption

Waste

Treatment/elimination

{ Vo
(I
} (|
1 (|
1 (|
1 (|
1 (|
1 ; A
| « Eco Design « Use Eco-friendly : : + Reduce and utilize waste at « Separation of recyclable
: + Environmentally products. (I the source materials
) (I
1 friendly products. « Choose reusable or ' « Build sorting mechanism « Burn to generate energy
1 .
| « Responsibility of returnable : : and separate waste collection + Compost
: producer according to products/packages (I according to disposal + Minimize landfill waste
L (|
1 EPR principles. ' pathwav
1 (I
\ . 1 S 3: R fi d ial,
\ Step 1: Reduce waste from production and . tep 3: Recover resources from used-material,
\ . .
o consumption. P N product residue and municipal waste.

Figure 3. Life Cycle Management Approach

The measures for efficient waste management are outlined below:

(1) Upstream management: The process involves designing products with

environmental considerations, manufacturing, and distributing
environmentally friendly products. It entails delineating the responsibilities of
various stakeholders, including producers, importers, and distributors, to

collectively share the responsibility for the entire lifecycle of their products.

(2) Midstream management: Promoting sustainable consumption, encouraging

eco-friendly product use, and minimizing environmental impact. It involves
selecting reusable products, facilitating recycling, reducing environmentally
burdensome packaging, and implementing waste separation for resource
recovery. The aim is to minimize the final disposal of waste.

(3) Downstream management: Integrated solid waste management uses multiple

technologies to reduce waste disposal via sanitary landfills, such as material
separation and recovery systems incineration to produce energy and fertilizer.

(4) Developing efficient waste management tools: This encompasses creating

laws that specify guidelines for the management and roles of individuals
involved in waste management.

’
-



2.2.3. Key Component of MSW Systems

For effective MSW management, one must consider the interconnections of five
critical steps before deciding on a final disposal strategy, ensuring a comprehensive and
efficient approach to waste management (Saleh & Koller, 2019).

The efficient MSW process should include five of the waste life cycle:

(1) Source: Waste, created at its origin without added value, is discarded. The
amount and characteristics of various waste types vary based on the specific
waste source, influencing waste management decisions.

(2) On-site Management: The subsequent phase involves directly managing
waste at its origin, incorporating tasks such as handling, separation, and
on-site storage. This step is crucial for efficient waste management practices,
ensuring proper sorting and storage before further disposal actions.

(3) Waste Collection: At the facility, garbage trucks gather waste from various
bins, including garbage, recycling, and skip bins. Afterward, the collection
team manually sorts the waste before transporting and disposing of it at
designated waste transfer facilities.

(4) Waste Transfer: Following waste collection, garbage trucks transport it to a
crucial step, the waste transfer station. This phase is pivotal as contemporary
waste and recycling equipment can efficiently sort and handle the waste.
Waste transfer stations play a vital role in sorting and consolidating waste
from diverse sources before transporting it to appropriate disposal sites.

(5) Waste Disposal: The ultimate phase involves waste processing and final
disposal. This step ensures proper treatment and responsible disposal methods
are applied to manage waste effectively and sustainably.

2.2.4. Importance of Waste Management

Implementing an effective waste management system helps increase the lifecycle of
products, promoting reuse and material recovery. This ultimately reduces the total amount of
waste that goes into landfills and minimizes the environmental burden. Thus, waste
management is pivotal in sustainable development, positively impacting a country or
community’s environment, social dynamics, and economic progress. For instance, after
recyclable wastes are reprocessed or transformed into new products, it can help conserve
natural resources, reduce energy consumption, and alleviate the strain on landfills by
diverting recyclable materials away from disposal sites (Stewart, 2010).



2.3. Waste Situation

2.3.1. Waste Situation in Thailand

In 2020, Thailand generated approximately 28.71 million tons of MSW. This increase
in waste generation is attributed to the expansion of urban communities, the rise in tourism
promoting travel, and the influx of foreign labor contributing to the overall population.
Analyzing the overall 2019 management of MSW, it was observed that 12.52 million tons
were effectively utilized. This amount increased compared to the previous year. Moreover,
9.85 million tons were appropriately disposed of. There was a decreasing trend in this figure
compared to the previous year. This overall improvement in waste management can be
attributed to the efficient operation of several cluster-based waste disposal facilities.
However, some of these facilities needed to be adequately managed, impacting the
effectiveness of waste disposal. Consequently, several community waste disposal sites
operated improperly, leading to around 6.34 million tons of inappropriate disposal (Pollution
Control Department, 2021).

The 2020 waste management landscape comprised 2,666 community sites and 25
transfer stations. Within this framework, 409 sites adhered to proper waste management
practices, embracing methods such as landfilling, semi-aerobic landfilling, energy-producing
incineration, incineration with air pollution control, composting, and refuse-derived fuel
(RDF) production. However, the stark reality revealed a substantial number of sites, precisely
2,257, operating improperly, resorting to open dumping, open burning, and incineration
without adequate pollution control measures (Pollution Control Department, 2021).

The absence of waste transfer stations in numerous provinces across Thailand is
noteworthy. Waste transfer stations play a crucial role in the waste management
infrastructure. They serve as intermediate points for collecting, sorting, and temporarily
storing waste before transporting it to final disposal sites or recycling facilities. The lack of
such facilities in many provinces can pose challenges in optimizing waste management
processes, leading to potential issues in waste handling, sorting efficiency, and overall
environmental impact.

The urgency of implementing comprehensive waste management strategies became
abundantly clear, necessitating a concerted focus on addressing capacity limitations,
operational deficiencies, and the burgeoning impact of online consumption patterns. A
prominently concerning trend in 2020 was the escalating quantity of packaging waste,
particularly single-use plastics. This surge was intricately linked to the burgeoning popularity
of online shopping and the pervasive reliance on food delivery services. The implications of
this trend underscored the importance of adapting waste management strategies to align with
evolving consumer behavior, emphasizing the significance of sustainable practices in the face
of changing consumption patterns. Tackling these issues head-on would be paramount to
fostering sustainable waste management practices and mitigating the adverse environmental
consequences of community waste mismanagement (Pollution Control Department, 2021).



2.3.2. Waste Situation in Khon Kaen

The waste problem in Khon Kaen is directly related to growing urbanization and
shifting consumer habits. As of 2021, the administrative area was 10,885.99 square
kilometers, with 1 city municipality, 6 town municipalities, 77 sub-district municipalities, and
140 sub-district administrative units. It is critical to ensure appropriate trash disposal, and the
region has eight authorized facilities capable of managing solid waste. Challenges remain,
with 263 places recognized as areas where garbage disposal is insufficient, underscoring the
importance of comprehensive waste management practices in developing a cleaner and more
sustainable environment. Furthermore, the daily waste production is approximately 718.78
tons, which highlights the waste situation. Nevertheless, a significant amount of this trash
comes from regions that do not practice adequate waste management, and instead, they
depend on open dumping. This widespread problem emphasizes the importance of
comprehensive garbage disposal systems. However, there is a positive aspect to the waste
situation: a significant amount of successful waste management, roughly 400 tons per day,
occurs at the power plant generating electricity from garbage in Khon Kaen (Pollution
Control Department, 2021).

Khon Kaen needs help with the complex interplay of urbanization, shifting lifestyles,
and evolving consumption patterns, leading to a substantial increase in waste generation. The
surge in urbanization, driven by factors like job opportunities, has particularly heightened
domestic waste output. Beyond environmental concerns, the waste issue in Khon Kaen has
adverse effects on green spaces. A significant dispute between Tambon Ban Pet and the Khon
Kaen municipality revolved around wastewater from Khon Kaen Airport affecting Nong Kot
Pond. This dispute intensified during the 2011 floods when Tambon Ban Pet accused the
municipality of exacerbating the flooding by closing water gates. In response, the
municipality implemented measures like restricting waste disposal hours, but the limited
resources and trash pickup vehicles resulted in delays and community discomfort. The waste
management challenge in Khon Kaen underscores the broader implications of urban
expansion on ecological issues and the need for effective solutions (Thongyou et al., 2014).

Khon Kaen is confronted with significant administrative challenges due to
urbanization, leading to inefficiencies in waste management. The local administration's
structure, divided into smaller zones like city and subdistrict municipalities, needs to address
the effects of growing urbanization, which results in system breakdowns. For instance, the
city needs a proper waste disposal infrastructure, leading to untreated solid waste being
deposited in rural areas. This failure exposes the population to severe risks, necessitating
immediate attention and coordinated efforts for a sustainable future. Collaboration among
stakeholders 1is crucial for a cleaner, healthier, and more sustainable city. Through
comprehensive strategies and collective dedication, Khon Kaen can transform its waste
management practices and build a more resilient urban environment (UCRSEA, n.d.).



2.4. Case Study of Waste Management

2.4.1 Mai Tay Ruam Campaign of the Bangkok Metropolitan Administration

The Mai Tay Ruam (laitn5a8) campaign of the Bangkok Metropolitan Administration
(BMA) exemplifies a proactive approach to promoting the segregation of food waste from
general waste, aligning seamlessly with the waste separation policy instituted by the
Governor of Bangkok. This policy is strategically designed to serve as a blueprint for waste
separation at the district level, emphasizing a holistic approach to waste management. The
overarching goal is to effectively tackle waste-associated challenges by implementing
streamlined waste separation practices, thereby addressing issues upstream in the waste
management process.

A pivotal component of this campaign is the BMA’s introduction of state-of-the-art
garbage trucks. These innovative vehicles are equipped with specialized storage
compartments dedicated to food waste. They come in two variants: rear-compacting and
side-opening, facilitating the separate collection of food waste from other waste categories.
This deliberate separation addresses concerns such as leachate and odors during collection
and disposal, and positions collected food waste for efficient utilization, thus augmenting the
overall value of the waste management process. The initial deployment of these advanced
vehicles is concentrated in the pilot areas of three districts: Pathum Wan, Phaya Thai, and
Nong Khaem.

The Mai Tay Ruam (laitnsan) campaign unfolds systematically across three
phases—monitoring, assessment, and improvement. The first phase, initiated between
September and October 2022, was implemented along a specified route in one district.
Subsequently, the second phase, spanning November to December 2022, expanded to cover
all routes at the sub-district level. The third phase, scheduled for January to March 2023,
marked an extensive expansion encompassing the entire pilot area across the three districts.

The waste collection system, tailored for different types, involves using open-sided
garbage trucks with a 1.5-ton capacity. These trucks are dedicated to collecting food waste in
each district during specified hours, setting this process apart from regular waste collection
schedules. Moreover, compact garbage trucks with a 5-ton capacity undergo modifications to
include an additional bin at the rear for food waste, complemented by BMA’s two bins in the
front section.

Furthermore, the collected food waste undergoes a sophisticated treatment process at
the On Nut treatment facility, leveraging Mechanical and Biological Waste Treatment (MBT)
technology. This innovative method entails waste fermentation to generate biogas for
electricity production. The program is poised for substantial expansion in 2023, extending its
coverage to 47 districts with three pilot routes and sub-district levels (Team, 2022).
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2.4.2. Waste Management in Singapore

Singapore has experienced rapid industrialization and urbanization over the past four
decades. This development has led to a significant increase in solid waste generation, with
annual disposed solid waste rising from 0.74 million tonnes in 1972 to 2.80 million tonnes in
2000. Initially relying on landfill-centric waste disposal practices during the 1960s and 1970s,
the country faced challenges such as limited landfill space, environmental concerns, and the
putrefied nature of waste in its warm and humid climate. Consequently, Singapore gradually
shifted away from landfill-centric practices, adopting a more comprehensive waste
management system in the 21st century (Richards et al., 2020).

Singapore implemented a sustainable and integrated waste management system. This
system emphasizes the waste hierarchy of waste minimization (3Rs), incineration, and
landfill, with a preference for waste-to-energy (WTE) incineration programs. The National
Environmental Agency (NEA) launched various initiatives, including the "Zero Waste Master
Plan" in 2019, aimed at reducing landfill-bound waste by 30% (Zhou et al., 2022). The
"National Recycling Program" was introduced in April 2021, requiring public waste
collectors to provide recycling bins and services, promoting a commingled collection system
to enhance recycling efficiency.

The waste-to-energy incineration process in Singapore saves valuable landfill space,
where approximately 90% of solid waste is reduced through incineration. The heat energy
produced during incineration is harnessed to generate 3% of the island's electricity, while the
gasses emitted during incineration are filtered before release. Incineration ash and
non-incinerable wastes are transported to Tuas Marine Transfer Station and eventually
disposed of at Semakau Landfill, which involves depositing ashes into a confined water body,
ensuring environmentally responsible waste management practices (Richards et al., 2020).

11



Chapter 3

Methodology

This project investigated waste management procedures and issues within the MUNI
and the SAO in Khuean Ubolratana Subdistrict, Khon Kaen Province, and their impact on
community well-being. A literature review was conducted to obtain fundamental information
on the current waste management system in the Khuean Ubolratana Subdistrict. The team
recognized the significance of waste management problems in the Khuean Ubolratana
Subdistrict community, prompting further investigation. With the support of our sponsor, the
Ubolratana Hospital Foundation team aimed to gain a better understanding and adopt a
critical approach to addressing waste management issues in the Khuean Ubolratana
Subdistrict. This chapter describes the objectives and methodology in detail. The project's
objectives included:

(1) Understand the waste management system of the Local Administrative
Organizations.

(2) Compare the current system with the protocol and identify the root causes of
the problems.

(3) Provide practical recommendations to improve the waste management system
for Khuean Ubolratana Subdistrict.

3.1. Understand the waste management system of the Local Administrative
Organizations

This segment was conducted during the fieldwork at the Khuean Ubolratana
Subdistrict. The team interviewed two government organizations, the MUNI and the SAO, to
develop a thorough understanding of the subdistrict’s waste management system.

3.1.1. Interviewed the MUNI and the SAO officers responsible for the waste
management of the Khuean Ubolratana Subdistrict community

Conducting interviews with the responsible officials is crucial to comprehend the
existing waste management system. These interviews offered valuable insights into the
current waste management policies proposed by the officials for their respective
communities. A predefined set of questions was employed during the interviews, focusing on
waste management’s collection, transportation, and disposal processes. These aspects were
emphasized due to their fundamental nature and role in gathering key information about
waste management practices. The list of questions facilitated the acquisition of information
necessary for identifying problems and understanding the waste management scenarios in the
areas. Additionally, the interviews provided insights into each responsible organization’s
needs, challenges, and plans for waste management.
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Moreover, participant records were maintained with their consent to ensure the
accuracy of the information collected. The consent letter can be viewed in Appendix C, and
the complete list of questions used for the interviews is available in Appendix B.

3.1.2. MSW process analysis of the waste management protocol

After the interviews with the MUNI and the SAO, an analysis of the MSW process
based on the protocols proposed by the officials was conducted. Flowcharts were utilized to
visually represent the waste management plans of each government organization,
incorporating the five essential steps of MSW management: source, on-site waste
management, waste collection, waste transfer, and waste disposal. These protocol flowcharts
allow the team to identify the potential problems and areas that need improvement. The
flowchart for the MUNI is blue, while the SAO’s is pink; see detailed flowcharts in Appendix
D.

3.2. Compare the current system with the protocol and identifying the root
causes of the problems

This section encompassed the fieldwork, involving interviews with community
members and direct observations within the Khuean Ubolratana Subdistrict areas.
Subsequently, an analysis was conducted after the fieldwork to utilize the information
gathered to identify the problems occurring within these areas.

3.2.1. Interviewed the community members within the MUNI and the SAO
responsibility for waste management

Interviews were conducted with local community members to gather insights directly
from the local perspective on community waste management. The interviews targeted
participants from five main areas, each presenting a different waste profile and situation.

The team collected information from residents about how waste management policies
proposed by officials impact them and the actual waste problems occurring within their areas.
This information provided insights into the effectiveness of waste management by the two
officials and allowed the team to comprehend the waste situations the locals face and assess
how the officials’ waste management policies influence quality of life. Additionally, the team
gathered information on the locals' satisfaction and needs regarding the waste management
system. Table 3 outlines the specific areas and types of local participants chosen for the
interview.
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Name of the Area

Type of Participant

(1) M1: MUNI Residential Area: Ban Phra Bat Village
(2) S1: SAO Residential area: Ban Non Jik Village

(1) Residents
(2) Subdistrict Headman
(3) Village Headman

(1) M2: MUNI School Area: Ubolrataphittayakhom School
(2) S2: SAO School area: Phukambao School

(1) Teachers
(2) Students

(1) M3: MUNI Tourist Area: Ubolratana Dam
(2) S3: SAO Tourist area: Bang Saen Song

(1) Tourists
(2) Residents
(3) Subdistrict officials

(1) M4: MUNI Market Area: Khuean Ubolratana
Subdistrict Municipality Fresh Market

(1) Sellers
(2) Residents

(1) MS5: MUNI Hospital Area: Ubolratana Hospital

(1) Public Health Technical

Officer, Professional Level

Table 2. List of Local Participants for the Interview

The interviews aimed to uncover diverse waste management policies and behaviors
across different sectors within the district. Schools, including Ubolrataphittayakhom and
Phukambao, were surveyed for the educational efforts. The Khuean Ubolratana Subdistrict
Municipality Fresh Market and tourist areas like Ubolratana Dam and Bang Saen Song were
chosen to understand waste generation at high-density sites. Residential areas, Ban Phra Bat
Village and Ban Non Jik Village, were chosen for community perspectives. Ubolratana
Hospital, though under municipal jurisdiction, handles waste independently. Participant
records were made with consent to ensure information accuracy. The consent letter and the

interview questions are in Appendix B and C.
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3.2.2. Direct observation of the current waste management system within the
areas

To verify the information provided by officials, conducting fieldwork and observing
the areas under the jurisdiction of both the MUNI and the SAO in Khuean Ubolratana
Subdistrict is crucial. The team conducted on-site observations during interviews with local
community members, focusing on garbage bin types, their locations, the amount of waste in
the vicinity, and the presence of incineration areas. These observations aimed to comprehend
the diverse waste management practices across different areas and assess their alignment with
the information gathered from interviews. Employing a non-participant observation method,
the team recorded notes and took pictures for subsequent analysis.

3.2.3. MSW process analysis for the waste management system in each specific
area

The MSW practices in the 8 observed sites were analyzed and presented as
flowcharts, illustrating the waste management practices in each area and assessing how
community members handled and sorted their waste. These area-specific flowcharts can be
compared with protocol-type flowcharts to determine whether community members follow
the waste management plans recommended by officials. Appendix D shows the flowcharts
for the eight specific areas within Khuean Ubolratana Subdistrict.

3.2.4. Data analysis

After the data collection, two types of analyses were conducted: Map Analysis and
Thematic Coding Analysis. Both methods are essential in proposing potential
recommendations for identifying problems and areas for improvement in the Khuean
Ubolratana Subdistrict.

Map Analysis presents an overall view of the Khuean Ubolratana Subdistrict,
emphasizing the differences between the MUNI and SAO areas. The map also indicates
locations visited during the fieldwork for local community interviews and direct observations,
along with the number of interviewees. The MUNI’s visited areas are marked in light blue
shapes, while the SAO’s are in pink. The different shapes are used as keys to identify each
specific area the team visited during the fieldwork. Another analysis the team used was
thematic coding analysis, which was done by reviewing the information gained from the
interviews with 31 community members within eight sites during the fieldwork. This
information was then used to highlight and group the waste problem keywords into themes.
The team did this analysis using Google Sheets and created bar graphs, pie charts, and
graphic illustrations to compare the keywords mentioned by the community members from
the two authority areas. The highest amount of keywords mentioned would identify the waste
problems occurring within the areas. The thematic analysis results illustrated in bar graphs for
both MUNI and SAO can be seen in Appendix E.
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3.3. Provide practical recommendations to improve the waste management
system for Khuean Ubolratana Subdistrict

This section provides potential and fitting recommendations for a waste management
system in Khuean Ubolratana Subdistrict for the sponsor and communities. These
recommendations are derived from the insights gained through interviews with waste-related
organizations.

3.3.1. Interviewed waste-related organizations to collect waste management
knowledge and policy

Following the analysis of data gathered during the initial fieldwork in Ubolratana
Subdistrict, Khon Kaen, it became evident that conducting additional interviews with
established waste-related organizations would enhance our understanding and insights into
waste management. The listed organizations are as follows:

(1) Pollution Control Department (PCD)
(2) Roong Aroon School
(3) Chula Zero Waste

The Pollution Control Department (PCD) actively addresses environmental issues,
aligning with national legislation. The knowledge from this organization allowed the team to
visualize the scale and the components needed to be prioritized in improving waste
management within the areas. Roong Aroon School demonstrates exemplary zero waste
management practices, offering a detailed and easily adoptable waste sorting system. During
the visit and discussion, the team explored the best practice protocols, contributions, and high
cooperation among the people within the school. Chula Zero Waste, a program at
Chulalongkorn University, collaborates with various entities to minimize waste and preserve
the campus environment.

The team compiled data on waste sorting processes and policies from these
organizations, seeking insights into their waste management strategies and challenges. Using
this knowledge, the team analyzed and related it to waste management in Khuean Ubolratana
Subdistrict, integrating fieldwork data for comprehensive insights and analysis. The
organization gained plenty of interesting programs contributing to sustainable waste
management as ideas for the Khuean Ubolratana Subdistrict.
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3.3.2. SWOT analysis

The team created a SWOT analysis after gathering all the information from fieldwork.
It was created into mainly 2 authorities, the MUNI and the SAO, including some specific
areas within each authority’s areas. This evaluation evaluated the two government
organizations' strengths, weaknesses, opportunities, and threats. Each character from the areas
within each authority were addressed in detail to understand better the requirements and the
absence in enhancing effective waste management. Therefore, this analysis helped the team
to construct recommendations to improve waste management systems that best fit the
community.

3.3.3. Proposed possible recommendations to alleviate the waste-related problem

The team identified the most suitable recommendations for Khuean Ubolratana
Subdistrict communities. The SWOT analysis of the areas within MUNI and SAO, containing
four characteristics, strengths, weaknesses, opportunities, and threats, were used to identify
the problems that need improvement and provide suitable recommendations. Besides, the
data analysis, including MSW process analysis flowcharts, map analysis, and thematic
coding analysis, were parts of conducting potential recommendations for the areas. The
recommendations were categorized according to the key components from MSW waste
management process analysis as follows;

(1) Source
(2) On-site waste management
(3) Waste Transfer Station

(4) Waste Disposal
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Chapter 4

Results and Analysis

This project aimed to provide practical solutions to the problems in Khuean
Ubolratana Subdistrict through data analysis. The research objectives were as follows: learn
about the current local waste management system in Khuean Ubolratana Subdistrict, compare
the current system to the benchmark, identify the problem and discrepancy, and provide
potential solutions to improve the current waste management process in Khuean Ubolratana
Subdistrict. The team interviewed the authorities and the residents at eight sites to assess and
understand waste management in the Khuean Ubolratana Subdistrict. We conducted direct
observations of the waste systems implemented in the area. Findings were categorized into
two areas overseen by two different authorities: the MUNI and the SAO.

4.1. Research Findings

In this section, we provide analysis results derived from collected data using various
methods outlined in the methodology. We have identified five major findings, which will be
detailed below.

Finding 1. Official waste management protocols are simplified as flowcharts to
identify discrepancies and problems according to them

Finding 1.1. The MUNI protocol flowchart

Through interviews with the Mayor and his team and direct observations, the team
acquired valuable insights into the current waste management systems designed for Khuean
Ubolratana Subdistrict and administered by the MUNI. Figure 4 depicts the team’s defined
flowchart of the current waste management protocol for official implementation.
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Figure 4. MUNI Protocol Flowchart

The MUNI Waste Management Protocol starts from the source, including all types of
waste generated in the community. On-site waste management is prioritized, and each kind of
waste should be sorted and utilized according to the 3R concept to minimize the amount of
unsorted waste sent to the WTE plant located at Ban Kum Bon. Starting from the top,
according to the figure, organic waste should be composted or fed to insects. MUNI recently
started a campaign called “Waste Bank,” in which they directly buy certain types of
recyclable waste from the community, and some other recyclable waste can be sold to the
recycling merchants. Hazardous waste is collected once a year by the PAO (Provincial
Administrative Organization). The infectious waste is collected from each site and sent to the
hospital for incineration.

Finally, the designated official collects the remaining waste. The diagram indicates a
lack of a waste transfer station, which hampers further waste segregation after collection. The
waste is transported to the Waste-to-energy (WTE) plant for energy production.

Finding 1.2. Potential problems according to the MUNI protocol flowchart

Although the 3R concept is expected to be implemented, not everyone can comply
with the plan to minimize waste generation. The most important aspect of the 3R concept is
promoting reusing waste. The Waste Bank system also relies heavily on community
participation, which could only be effective with sufficient incentives for the locals to
participate in the program regularly.
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If hazardous waste is collected only once a year, it could pose risks in terms of storage
and potential environmental or health hazards if not appropriately managed throughout the
year. More frequent or accessible hazardous waste collection services may be needed.

The locals might sort the waste to some extent, but a waste transfer station is needed.
Including a waste transfer station in an appropriate location in MUNI could drastically
improve waste segregation. Any unsorted waste by the community would be processed at the
station to ensure that all types of waste are sent to their designated places.

Finding 1.3. The SAO protocol flowchart

The SAO protocol flowchart shares patterns similar to those of MUNI. However,
according to Figure 5, some key differences must be clarified.
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PROTOCOL : UPSTREAM WASTE MANAGEMENT
Figure 5. SAO Protocol Flowchart

Unlike MUNI, the SAO lacks a proper waste disposal site, which means waste
collection is absent in all areas under the SAO’s jurisdiction except for Bang Saen Song,
where waste is collected during special events. Waste transfer stations are also lacking in
SAO, which is similar to MUNI. Lastly, the waste collected is subjected to open burning as
there is no proper place to discard it.
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Finding 1.4. Potential problems according to the SAO protocol flowchart

The main problem in SAO is the need for a waste disposal site to compensate for the
lack of waste collection service. Improper waste disposal, such as landfills, can result in
environmental pollution and degradation of soil, water bodies, and air, leading to adverse
health effects for residents and wildlife. Accumulation of waste in open spaces or waterways
can also attract pests and vermin, increasing the risk of disease transmission. Additionally, the
lack of waste collection infrastructure can hinder economic development and tourism, as
unsightly waste can keep visitors from enjoying the beautiful nature of Khuean Ubolratana
Subdistrict. Over time, the persistence of these issues can erode community well-being,
degrade the quality of life, and undermine efforts for sustainable development in the area.

Finding 2. Geographical insights of Khuean Ubolratana Subdistrict and the
effects on waste management of the officials

The map analysis emphasizes the team’s observation sites in the Khuean Ubolratana
Subdistrict. The color coding and the map scale indicate the relative distances between each
MUNI and SAO site. Light blue represents the MUNI sites, while pink represents the SAO
sites, with different shapes denoting specific areas under the jurisdiction of the two officials.
Through this visualization, the team gained a consolidated overview and geographical
understanding of the proximity among the visited sites.
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Figure 6. Map Analysis of Khuean Ubolratana Subdistrict
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The Subdistrict areas can also be seen clearly in Figure 6, with 8.70 km? under the
responsibility of the MUNI and 87.60 km? under the SAO. However, the difference in area
sizes does not reflect the two regions’ populations. MUNI has slightly more at 4,041, while
SAO only sustains 3,353 people. Despite its smaller size, the MUNI is characterized as a
semi-urban, semi-rural society community with a notably higher population density. In
contrast, despite its expansive area, which is ten times more than the MUNI area, SAO
maintains a population size similar to that of the MUNI and is recognized as a rural society
community.

Due to having much less area than SAO, MUNI is much more condensed, with key
places compacted together, as shown. This causes higher waste accumulation in certain spots
of MUNI. The WTE (waste-to-energy) plant is also quite far from MUNI, as shown in Figure
7, which leads to inefficient waste transfer. On the other hand, SAO has a larger area with
population spreading out with primary land usage as an agricultural area. Consequently, the
types of waste in the two areas differ. The red cross on the SAO side (Figure 6) indicates the
burning site neighboring Bang Saen Song used by the official.

MUNI: .
{ {
/ \\\
o =26km ™.
S ° T3 N\, xx EE
Nam Phor ENN((Vastestogenenay))

Distance from MUNI to the WTE (waste-to-energy) plant
Figure 7. Distance from MUNI to WTE plant

The distance from MUNI to the Waste-to-Energy (WTE) plant is 26 kilometers, which
is significant. Transporting waste directly to the disposal site over such a distance poses
logistical challenges. Additionally, the absence of a designated location for waste
accumulation before disposal exacerbates this issue.

Layouts of buildings and infrastructure also play a pivotal role in how waste might
accumulate in an area. As shown in Figure 8, Ubolratana Dam’s vicinity is well-planned and
not crowded. This reflects on the area’s waste generation and proper waste management
conducted. Conversely, Bang Saen Song is densely populated with tightly packed structures,
as illustrated in Figure 9 by the satellite view of Google Maps. Consequently, waste
management is more challenging, and extra attention should be paid to these areas.
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Finding 3. Thematic analysis led to an overview of barriers to effective municipal
waste management in the Khuean Ubolratana Subdistrict

We identified waste issues in the Khuean Ubolratana Subdistrict area through
thematic coding based on 31 interviews conducted across eight MUNI and SAO sites.
Appendix E.1 illustrates 28 codes organized into 6 themes.

(1) Unregistered residents are beyond the MSW budget covered by the Thai
government.

(2) Ineffective waste management processes encompassing both waste
management services provided by authorities and on-site residential sites.

(3) Civic waste management behavior and participation, focusing on
observable locals’ behaviors noted by the researchers.

(4) Public awareness and attitude are related to the discernible mindset of the
locals regarding waste management.

(5) Lack of Resources refers to organizations needing more budget and human
resources.

(6) Bureaucratic constraints occur with the authorities.

The frequency of mentions for each code was represented in bar graphs to identify the
critical problems occurring in both MUNI and SAO areas, which are shown in Appendix E.2.
In addition, the data was analyzed and presented in various types of graphs to explore
correlations and gain further insights into the dataset as follows.

Finding 3.1. The pie charts illustrating themes offer an extensive overview and indicate
the proportion of each theme of issues in MUNI and SAO

The pie charts below illustrate the themes mentioned by interviewees in MUNI (blue)
and SAO (pink) separately.

6. Bureaucratic 4. Public awareness 1. Um‘.egislered
constraints 1. Unregistered and attitude _ residents
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18%

3. Civic waste
management behavior
and participation
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L 2. Ineffective was
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34%

5. Lack of resources
6%
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25%

Figure 10. Pie Charts of Themes from Thematic Coding, Representing MUNI in Blue and SAO in Pink
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The thematic analysis of interview responses from both MUNI and SAO revealed
several key themes related to waste management. Ineffective waste management processes
emerged as a predominant issue in both areas, with SAO highlighting this problem more
prominently. Civic waste management behavior and participation showed similar proportions
in both regions, indicating a consistent trend of significant challenges. Interestingly, MUNI
had a significantly higher proportion of mentions regarding unregistered residents compared
to SAO, suggesting a potentially greater occurrence of this issue in MUNI. Moreover, while
themes like "Lack of resources" and "Bureaucratic constraints" were mentioned in MUNI,
they were not mentioned in SAO. However, the absence of these themes in SAO does not
necessarily imply their nonexistence; it may be due to factors such as the representation of
officials in the interviews.

Finding 3.2. The graphs depicting the five key components of the MSW management
system illustrate the level of concern for each component in both MUNI and SAO

Despite the themes, the overall codes were classified into five key components of the
MSW management system, as shown in Appendix E.1. As illustrated in Figure 11, due to
variations in the number of interviewees from each site, the data were converted into
percentages for MUNI and SAO separately. This approach enabled us to observe the
proportion of issues interviewees raised in each area.

I 1. source 2. On-site waste management [Jl] 3. Waste collection 4. Waste transfer [] 5. Waste disposal [l] Others

1% 13.7% 15.3%

(0] 20 40 60 80

Figure 11. Graphic illustration of codes categorized in five key components of the MSW management system
for MUNI and SAO
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In both MUNI and SAO, on-site waste management was the most frequently
mentioned issue, particularly prominent in SAO, suggesting a need for further exploration. In
MUNI, the source and "others" will be discussed next, with waste disposal and collection
being less concerning. Waste disposal received more attention in SAO than in MUNI,
indicating more significant concern, while waste collection was more prominent. However,
source-related issues were less mentioned in SAO, possibly due to lower perceived
prominence than MUNI, reflecting population density differences. Moreover, the category
"Others" was absent from the interviews, which, upon examining the codes, typically
includes issues related to "Lack of resources" and "bureaucratic constraints." This data aligns
with the absence of those themes in SAO, as depicted in the pie charts.

Finally, it is noteworthy that none of the interviewees from either organization
mentioned waste transfer issues despite their significance in waste management. Moreover,
the absence of waste transfer stations in MUNI and SAO underscores the importance of
addressing this aspect. This lack of mention may indicate a need for more awareness or
perceived importance regarding waste transfer among the interviewees.

Finding 3.3. The comprehensive graphs of MUNI and SAO offer insights into the
correlation between the themes and key components of the MSW management system

We combined the pie charts representing themes with the graph depicting key
components related to the issues, separately for MUNI and SAO, as shown in Figure 12 and
Figure 13. This amalgamated examination facilitates a deeper exploration of the connection
between the identified themes and key components. These graphs provide insights into how
each theme influences the organizations’ components. Similar fashions of the graphs in
MUNI and SAO could be observed. First, the theme of ineffective waste management
processes, being the most mentioned, impacted most of the key components. However, in
SAO, none of the issues in this theme affected the source. The “Civic waste management
behavior and participation” and “Public awareness and attitude” directly affected the on-site
waste management. However, unregistered residents could also affect these two key
components. Additionally, the themes "Lack of resources" and "Bureaucratic constraints" do
not directly affect any one component but negatively impact all components, as categorized
under "others”.
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Figure 12. Graphic illustration of correlated themes and key components within the MUNI’s MSW
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Figure 13. Graphic illustration of correlated themes and key components within the SAO’s MSW

The graphic illustrations define problems in the eight sites we observed in the Khuen
Ubolratana Subdistrict, which we will address in detail in the subsequent findings.
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Finding 4. Waste situations recurring in Khuen Ubolratana Subdistrict were
identified, indicating where the recommendations should be provided

Based on thematic coding analysis and direct observation, the waste issues and
problems of eight sites in Khuean Ubolratana Subdistrict were identified and grouped
according to the key components of the MSW management system. The summary results for
waste situations across the eight sites, separated between MUNI (blue) and SAO (pink) areas,
in Khuean Ubolratana Subdistrict, are presented in Figure 14. However, waste generated in
M3 (Ubolratana Dam) is represented in purple, as it is managed by the Electricity Generating
Authority of Thailand (EGAT), not by MUNI, despite being within MUNI's jurisdiction.
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Figure 14. Problematic Issues of Waste Management Process in Khuean Ubolratana Subdistrict

The criteria for each color code are as follows: red indicates a bad status, orange
denotes a poor condition, yellow signifies a fair situation, and green represents a good
practice. Further details for each criterion were elaborated in Appendix F.

Finding 4.1. Densely populated areas overseen by MUNI and SAO face source and
on-site waste management challenges

Beginning with the first key component, the source, it is evident that the densely
populated areas like M2 (Ubolrataphittayakhom School), M4 (the fresh market), and S3
(Bang Saen Song) are grappling with large amounts of waste. Therefore, they need help
managing this waste effectively to prevent subsequent issues with other key components.
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For example, M2 school, a high school in the Ubolratana district, hosts approximately
1,300 students from Grade 10 to Grade 12 and students from neighboring areas outside
MUNI. It is rated orange for its waste source, indicating a significant volume of waste
generated by the activities of over a thousand individuals exceeding manageable capacity.
This situation leads to adverse behaviors, such as improper waste dumping, as depicted in
Figure 15.

Figure 15. Improper Waste Dumping in M2

However, the most critical issue, rated red, arose at M4 (Fresh Market). Being the
only large fresh market in the district, it generates a substantial amount of waste due to its
bustling nature. Moreover, the market faces challenges with out-of-area trash deliberately
dumped in the vicinity, often mistaken for designated dumping spots due to trash being left
on the street aisle by surrounding households to avoid dogs scavenging. This situation is
reflected in Figure 16, exacerbated by dumping from unregistered residents in the thematic
coding analysis.

Figure 16. Trash from Commuters in Front of the Market

In SAO, S3 (Bang Saen Song) faces similar challenges. This area, known for its
bustling activities and owned by EGAT, has been entrusted to SAO’s oversight. Despite its
popularity among tourists and numerous restaurants, Bang Saen Song has a significant
accumulation of waste. Consequently, it has been rated as orange due to the high volume of
waste generated.

In short, the densely populated areas managed by MUNI and SAO have to deal with
high waste volumes, highlighting the need for more effective plans or systems to address this
challenge.
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Finding 4.2. Ineffective waste segregation practices occur in MUNI, in contrast with
SAO

While certain community members, such as those in M1 (Ban Phra Bat Village) and
M5 (Ubolratana Hospital), actively participate in waste segregation, reports from officials
and locals indicate low public involvement in the community waste separation process.
According to the thematic coding, this issue was highlighted as MUNI’s second most
mentioned concern.

A notable site facing these challenges is M2 (Ubolrataphittayakhom School).
Although effective processing of canteen food waste into fertilizers has been implemented,
overall on-site waste management needs to improve. Despite attempts to introduce a waste
bank policy, only plastic bottles could be collected due to limited space for waste storage and
moderate community participation. Moreover, there needs to be more public involvement in
the community waste separation process, with instances of waste dumping in public areas,
primarily by students, due to outdated personal norms and lack of awareness.

The most critical situation by far is observed at M4 (Fresh Market), rated red. A
notable lack of public involvement in waste segregation leads to insufficient sorting
influenced by outdated norms. Only some recyclable waste is separated, and with the
majority of waste generated in the market being organic, coupled with the high accumulation
of waste, the unsorted waste significantly complicates waste management efforts.

Furthermore, sites experiencing a high accumulation of waste tend to encounter issues
with on-site waste management, such as waste segregation. This is attributed to excessive
waste exceeding management capabilities and needing an effective plan.

As reported in interviews and observed, SAO has better waste segregation practices
than MUNI. This is attributed to effective waste management plans and strong village
leadership, particularly in places like S1 (Ban Nonjik Village). Here, community members
actively participate in waste separation initiatives due to the waste bank policy, which has
been notably successful, as depicted in Figure 17. The financial incentive gained from selling
segregated recyclable waste is a strong motivator for waste separation, which is well-received
by the locals. Additionally, organic waste is utilized for fertilizer or animal feed, aligning
with the agricultural activities of the community. Hazardous waste is also appropriately
managed by placing it in designated bins, as shown in Figure 18, awaiting collection by the
SAO for subsequent transport to PAO.
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Figure 18. The Drop-off Bins for Hazardous Waste in Ban Nonjik Village from Direct Observation

Currently, MUNI is implementing a waste bank policy similar to SAQO's, with hopes
for positive outcomes. However, managing organic waste, particularly in M4 (the fresh
market), remains challenging for MUNI.

Finding 4.3. Improper waste disposal methods, such as open-air burning, are commonly
practiced in SAO

As thematic coding results indicate, improper waste disposal methods, mainly
open-air burning, are widespread in SAO communities. This practice is common among
residents and officials, often disregarding environmental and public health concerns.
Additionally, SAQ's classification as a rural society community leads to significant
agricultural waste generation, further contributing to open-air burning. Locals find this
method convenient, as seen in interviews and observed in S1 (Ban Nonjik Village). The lack
of proper waste disposal sites exacerbates the problem, with residents primarily managing
waste. Only in S3 (Bang Saen Song) is waste occasionally collected and burned by officials.
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Figure 19. The Waste Burning Spot in Ban Nonjik Village from Direct Observation

In addition to open-air burning, other improper waste disposal methods are also
prevalent. For example, in S3 (Bang Saen Song), there needs to be more adequate waste
containers in public areas, often washed away by flood tides, which leads tourists to dump
trash on the streetsides. Furthermore, many workers or restaurant owners are unregistered or
non-local, leading to non-compliance with SAO waste management protocols. As a result,
residents often dump household waste in public open spaces or restricted areas, as depicted in
Figure 20.

Figure 20. A local was throwing trash bags at a location labeled "Do Not Dump Trash" in Bang Saen Song from
direct observation

It is important to note that MUNI also engages in these practices, albeit to a lesser
extent than SAO.

These improper waste disposal methods contribute to air pollution and pose serious
health risks to nearby communities, potentially leading to long-term health complications.
Additionally, they emit greenhouse gases, contributing to climate change and environmental
degradation. Addressing these issues immediately may prove challenging, given the current
absence of a proper waste disposal site. Therefore, it is crucial to prioritize efforts to
minimize these practices and explore alternative solutions.
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Finding 4.4. Waste disposal sites directly impact the waste collection efforts in both
MUNI and SAO

In Khuen Ubolratana Subdistrict, the absence of a dedicated waste disposal site
owned or accessible by MUNI and SAO presents a challenge. As a solution, both entities
have had to enter into contracts or memoranda of understanding (MOUs) with other
governmental or private organizations to utilize their waste disposal facilities. MUNI has
secured a contract with a waste-to-energy (WTE) plant located at Ban Kum Bon, enabling
them to dispose of approximately 90 tons of waste each month. However, this capacity needs
to be increased. Conversely, SAO recently initiated a contract with another WTE plant still
under construction. Consequently, SAO currently needs a proper waste disposal site for its
residents.

In MUNI, adherence to the quota of 90 tons per month for waste disposal necessitates
strict control over the amount of waste collected. The weekly schedule for the waste
collection remains fixed, even though more is needed in some areas. M2
(Ubolrataphittayakhom School) is particularly affected by this issue. MUNI’s scheduled
waste collection service once a week is inadequate for managing the waste generated by
nearly 1,300 individuals, leaving a high amount of residual trash. Consequently, the school
resorts to open-air burning practices every evening to dispose of the excess waste.
Accessibility to collection services remains challenging in M1 (Ban Phra Bat Village). Thus,
improper waste disposal practices also occur in this area, as shown in Figure 21, resulting in a
yellow rating on waste collection for both locations.
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Figure 21. The Waste Burning Spot in Ban

Due to the absence of a proper waste disposal site in SAO, the waste collection
service cannot be provided effectively, as there is no designated location to transport waste.
This critical lack of infrastructure is the primary reason for the prevalence of improper waste
disposal practices in the area.

Therefore, the presence of a proper waste disposal site with sufficient capacity is
crucial for ensuring effective waste collection and reducing the occurrence of improper
disposal practices.
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Finding 4.5. Ubolratana Hospital plays a significant role in disposing of infectious waste
within MUNI

MS5 (Ubolratana Hospital) plays a critical role in managing infectious waste generated
within MUNI by utilizing its incinerator for proper disposal. As a result, households in the
MUNI area are instructed to segregate infectious waste and deliver it to the hospital for
disposal. However, it is essential to highlight that the incinerator utilized for infectious waste
disposal is underperforming, resulting in pollution and potential long-term health effects for
individuals. Ideally, infectious waste management should be outsourced to a specialized
service provider, but no such service is currently available. The hospital's remote location,
which diverges from common service routes, makes it financially impractical for private
companies to offer their services exclusively to the hospital due to the higher costs involved.
Thus, the hospital continues to manage infectious waste internally despite the limitations of
its incinerator.

Finding 4.6. The waste management system at Ubolratana Dam is highly effective

The Ubolratana Dam, under the jurisdiction of the Electricity Generating Authority of
Thailand (EGAT), stands out for its exemplary waste management practices. With EGAT
overseeing operations, the dam benefits from adequate budget and human resources,
surpassing those available to MUNI. Consequently, the dam consistently earns green ratings
across key components. Waste segregation bins are strategically placed, as shown in Figure
22, and various waste streams are managed effectively: organic waste is converted into
fertilizer, hazardous waste is transferred to the PAO, and recyclable materials are sent to
Nonsang Subdistrict Municipality through a MOU. Waste collection services are provided
daily, and waste is sorted at the transfer station before dispatch, facilitating proper waste
separation. This highlights the significance of waste transfer stations, which are absent in
MUNI and SAO. Finally, waste is directed to the MSW Management Center for further
processing, with no reported concerns about disposal methods during interviews.

The dam sets a high standard compared to other sites, excluding the hospital. Its
success 1s a potential model for implementing similar practices in other areas, demonstrating
the feasibility of adapting their methods for broader waste management improvement.
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Figure 22. Well-Labeled Waste Segregation Bins at the Ubolratana Dam from Direct Observation

Finding 4.7. Lack of resources and bureaucratic constraints are the significant
challenges in improving the waste management system in MUNI

The thematic analysis revealed that both "Lack of resources" and "Bureaucratic
constraints" were mentioned to some extent in MUNI, indicating their impact on the waste
management system. The absence of adequate budgetary allocations, manpower, and
infrastructure impedes the development of comprehensive waste management programs.
Specifically, the need for more human resources was emphasized as a significant concern,
impacting the implementation of policies, such as the EM fertilizer policy, which had to be
paused due to staff problems. Additionally, bureaucratic constraints impede progress in waste
management practices, as evidenced by MUNI's low-quality garbage truck purchased due to
organizational regulations.

While not explicitly mentioned in SAO, similar challenges may exist due to its shared
governance structure and environmental context with MUNI. Therefore, collaborative efforts
between MUNI and SAO are essential to address the need for more resources and
bureaucratic constraints and develop sustainable waste management strategies.
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Finding 5. Key findings from interviewing waste-related organizations and their
implications to the case in Khuean Ubolratana Subdistrict

(1) Pollution Control Department

The team intended to obtain information on waste management policy in Thailand.
The Pollution Control Department has a section that oversees waste management. The team
has gained valuable insights that can be applied to the situations in Khuean Ubolratana
Subdistrict.

The key takeaway the team received was an overview of the trend of how waste is
currently treated in the country and the world. Upstream waste management is the area of
focus, with it having the most impact on the amount of waste that can be treated. This means
the design of products should be eco-friendly, such as using biodegradable materials that may
need to be implemented in Khuean Ubolratana Subdistrict to ensure that waste generation is
minimized as much as possible. Although important, improving the waste management
system is needed to effectively deal with the increase in consumption of products and the
inevitable waste that will be produced as a result. People should be encouraged to be
responsible for their waste and reap its benefits instead of being punished for not doing so.
Policies penalizing improper waste management should be less than rewarding efforts of
correct waste management. Residents in Khuean Ubolratana Subdistrict should see the
benefits of proper waste management and voluntarily participate in waste-related practices.

To conclude, the information obtained from this interview helped the team visualize
the scale and complexity of waste management and what areas should be prioritized to have
the most impact on the well-being of residents in the subdistrict.

(2) Rung Aroon School

Gaining insights from Rung Aroon School, which excels in waste management,
provided valuable lessons and inspiration for implementing effective waste management
practices elsewhere. By studying the methods and approaches employed by the school, we
identified strategies that promote sustainability and reduce waste generation. Through this
exploration, the team uncovered actionable insights and best practices that can contribute to
building a more sustainable and environmentally conscious future for Khuean Ubolratana
Subdistrict.

Everyone conducts proper waste management practices at the school. Recyclable
items, like plastic bottles and foams, are carefully sorted. Then, they are either recycled or
processed, so less waste goes to the dump. Food scraps like mango peels are separated and
put into compost bins, as shown in Figure 23. There, microorganisms help break them down
into substances good for the soil.
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Figure 23. Compost Bins for Organic Waste at the School

The school goes beyond sorting and composting. It also ensures that the water from
the school building and kitchen is cleaned before returning to nature. It does not just keep its
good waste habits to itself but educates the nearby community. Parents and people nearby
join in by sorting waste. By making waste management easy and getting everyone involved,
Rung Aroon School sets a great example for caring for the environment together.

Though the Khuean Ubolratana Subdistrict has made some effort in waste
management practices, many techniques from Rung Aroon School can be applied to the
subdistrict to improve their on-site waste management in MUNI and SAO.

(3) Chulalongkorn University Zero Waste (Chula Zero Waste)

Chula Zero Waste aims to have a waste management system that can serve as a model
for waste management in the university area. They aim to educate students, faculty, and staff
at Chulalongkorn University to be equipped with knowledge, understanding, and awareness
of waste reduction and segregation. The team has learned about various creative programs
that Chula Zero Waste has been implementing in the past and how successful they were for
both waste reduction and segregation in the university area.
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For example, Chula Zero Waste has initiated a program that offers free water to those
who bring their bottles, promoting sustainability by reducing single-use plastic consumption.
The initiative fosters environmental consciousness, encourages hydration, and cultivates
community engagement in waste reduction efforts by incentivizing reusable bottle use. This
effective program demonstrates the power of small actions in creating a more eco-friendly
campus and beyond.

Segregation bins are well placed across the campus; the types and numbers of bins
presented are also very detailed, as shown in Figure 24. More than proper waste infrastructure
is needed, as many other factors must be considered. Students and staff need to have a proper
mindset for waste segregation for the efforts to be meaningful. Chula Zero Waste has found a
way to deal with this issue by placing pre-sorted correct waste in the correct bin and showing
how it is done so that people are more likely to follow along and rightfully dispose of their
waste.

x s

Figure 24. Waste Segregation Bins at Chulalongkorn University Campus

Chula Zero Waste serves as a beacon of sustainability in waste management, offering
valuable lessons and inspiration for schools and communities seeking to enhance their
environmental practices. By implementing innovative initiatives like incentivizing reusable
bottle use, Chula Zero Waste demonstrates practical strategies that can be replicated and
adapted in various educational settings. By following Chula Zero Waste's example, schools,
particularly in the subdistrict, can strive to reduce waste and promote sustainability within
their communities.
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4.2 SWOT Analysis of the Official’s Waste Management in Khuean
Ubolratana Subdistrict

SWOT analysis of the official waste management in Khuean Ubolratana Subdistrict
helped produce practical recommendations for enhancing waste management systems. The
current waste management system was thoroughly examined by evaluating its strengths,
flaws, possibilities, and dangers. The analysis helped identify strengths that could be
harnessed, weaknesses that needed to be addressed, development opportunities, and potential
dangers that might prevent growth. Understanding these characteristics enabled the creation
of focused and viable solutions customized to the unique requirements of Khuean Ubolratana
Subdistrict. As a result, SWOT analysis recommendations were more likely to be practical,
actionable, and effective in optimizing waste management processes while encouraging
environmentally conscientious behaviors.

4.2.1. SWOT Analysis of MUNI

Strength (S) Weakness (W)
e Experience of municipal leaders actively e Limited incinerator capacity (90
addressing waste issues. tons/month).

e Recognition of waste problems within the e Need more human resources.

area.
e Improper waste disposal practices in the

e Abundance of resources compared to community.
surrounding local government

organizations. e Lack of trash sorting by residents.

e Waste management education is provided | ® Wastt? generation exceeds the area’s
to residents, including information to village capacity.

chiefs. e Underperforming infectious waste disposal

infrastructure at the hospital.
e Inadequate waste storage facilities.

e [t is a challenge to find external
organizations for waste management
services.

e Improper waste dumping by locals.

e Limited community engagement and
awareness.

39



Opportunities (O) Threats (T)

e Cooperation with the Electricity e Presence of a significant non-registered
Generating Authority of Thailand (EGAT) population.

for solutions.
e An influx of non-local individuals for work

e Implementation of technology for improved contributes to waste challenges.

waste management, i.e., waste-to-energy.
o Unclear laws and unstructured policies.

e Increasing waste management awareness

within Thai society. e The hot spot area of Khon Kaen is leading

to increased waste from external sources.

e Implement targeted public awareness .
e Urbanization in the Khuean Ubolratana

campaigns to educate residents about .
Subdistrict.

responsible waste disposal and recycling.

e Political ambiguity affecting waste
management initiatives.

o Ineffective educational system impacting
waste awareness and practices.

Table 3. SWOT Analysis of MUNI
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4.2.2. SWOT Analysis of SAO

Strength (S)

Weakness (W)

e Local policies promoting recycling have
been in place for an extended period,
contributing to public understanding.

e Active community participation fosters

e The community’s agricultural nature
allows for recycling agricultural waste.

e Manageable waste due to the small size of
the community.

shared responsibility for waste management.

More waste collection points and a
proper disposal site need to be established.

Burning of waste is a common practice.

Limited waste coverage due to the
expansive area.

Unclear land jurisdiction contributes to
unclear waste management responsibilities.

Challenges with dog scavenging and
inconsistent trash sorting in some areas.

Government policies need more
adaptability for diverse community needs.

Limited resources, both budget and human,
hamper waste management efforts.

Some residents need more consistent
adherence to authority policies.

Opportunities (O)

Threats (T)

e Collaboration with Kud Namsai to create a
Memorandum of Understanding (MOU) on
Refuse-Derived Fuel (RDF).

e Partnership with local businesses for
additional resources and support, mainly
due to the area’s organic waste profile.

e Implement targeted public awareness
campaigns to educate residents about
responsible waste disposal and recycling.

Growing urbanization may lead to
increased waste generation

Overlapping area and Local
Administrative Organization (LAO)
functions.

Ineffective educational systems impacting
waste awareness.

Lack of collaboration poses a threat to
comprehensive waste management
initiatives.

Table 4. SWOT Analysis of SAO
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Chapter 5

Conclusion and Recommendation

As part of our comprehensive analysis of waste management systems in the Khuean
Ubolratana Subdistrict, our team has identified key challenges and opportunities for
improvement. Our investigation has uncovered several issues in the current waste
management practices overseen by the MUNI and the SAO, including deficiencies in waste
disposal infrastructure, inadequate waste segregation practices, and improper waste disposal
methods. SWOT analyses were conducted for both organizations to comprehensively assess
the situation to evaluate their internal capabilities and external factors concerning their waste
management systems, as illustrated in Tables 4 and 5.

According to Finding 4, which identified recurring waste situations in the Khuean
Ubolratana Subdistrict, waste collection is contingent upon waste disposal infrastructure.
Although both components were rated red in the SAO sites, the MUNI currently hires an
out-of-area WTE waste contractor to collect waste while waiting for the construction of the
local WTE plant. Until the operation of the area WTE plant, efforts should focus on
minimizing general waste accumulation to meet the monthly waste collection quota.
Therefore, our recommendations primarily target the source, on-site waste management, and
waste transfer. The recommendations cover all the key parts of waste management, as shown
in the next section. They aim to provide various options for both officials to improve their
current waste situations.

5.2. Recommendations for Improving Waste Management of the Officials

Based on our findings, we identified critical areas for improvement. We formulated
recommendations according to the key components of MSW waste management, including
the source, on-site waste management, waste transfer station, and waste transfer. These
recommendations are detailed below.

5.2.1. Source

This critical component received a red rating primarily due to two main issues: the
dumping of out-of-area trash from commuters and the high accumulation of waste, according
to Finding 4.1. The following recommendations are provided to address each root cause
effectively.
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Recommendation 1: Tackling the influx of out-of-area trash from commuters

Intentionally dumping out-of-area trash has increased waste management costs and
imposed limitations on MUNI's local waste quota. According to interviews, commuters
without waste collection services in their area dump trash on the street aisle in front of the
market, where MUNI provides waste collection services. However, this practice stems from
surrounding households dumping their trash on the street aisle to prevent dogs from
scavenging for food, indicating a mixture of organic waste. Sorting out organic waste may
incentivize locals to keep their trash at home, alleviating out-of-area trash dumping.
Therefore, the recommendations provided for on-site waste management can be applied to
address this problem as well.

However, effectively implementing this approach requires concurrent public relations
efforts with locals and commuters, stressing that streets are not for dumping. Raising
awareness about proper waste disposal practices among both groups is essential to mitigate
the out-of-area trash problem. Utilizing large, visible signs and direct communication
methods, such as visiting surrounding households to explain the importance of proper waste
disposal, can alleviate the problem. The village health volunteers (a@¥.) could assist with this
matter.

To enhance the effectiveness of this approach, undertaking a big cleanup of the area
and its surroundings is crucial. Drawing from the case study of Ban Chum Het in Mueang
Buri Ram District, Buri Ram, where a similar issue of out-of-area trash was addressed,
implementing a Big Cleaning strategy proved effective in discouraging people from littering.
Additionally, the collected waste was utilized to educate the community about proper waste
separation and processing methods, fostering understanding and compliance with waste
management practices (Pbs, 2019). Hence, cleaning up the area where trash is dumped may
alleviate this problem.

Recommendation 2: Prevention of single-use plastic

The accumulation of waste in the hot spots is primarily due to its bustling nature,
posing challenges in waste management. Nevertheless, certain types of waste are avoidable.
According to insights gathered from the interview conducted by Chula Zero Waste, focusing
on reducing single-use plastics can significantly decrease the volume of waste in the fresh
market and its environmental impact. Chula Zero Waste serves as a notable case study,
demonstrating the effectiveness of its waste prevention policy. By eliminating free single-use
plastic bags and implementing a charge of 2 baht per plastic bag, they successfully reduced
single-use plastic bag usage by 90% (Green News, 2018). Therefore, by adopting a similar
policy, MUNI and SAO could significantly reduce waste quantities that adversely affect the
environment on a larger scale. However, to make this strategy more applicable in a semi-rural
setting, utilizing locally abundant natural materials or promoting bringing reusable bags could
be explored through public outreach efforts.
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5.2.2. On-site Waste Management

This crucial component’s orange and red color rating is due to significantly low public
participation in the community waste separation process, resulting in inadequate waste
segregation driven by outdated personal norms. Furthermore, more waste containers must be
placed in MUNI and SAO to promote proper waste dumping. These challenges have
numerous adverse effects and require urgent attention. Therefore, we present
recommendations for on-site waste management for both officials as follows.

Recommendation 3: Public relations in promoting public waste segregation

The market in MUNI and the restaurants in Bang Saen Song can be an example of
how to enhance their on-site waste management. First of all, the most important part is to let
each vendor know the procedure as well as the importance of waste segregation.
Understanding the nature of the place, which is packed with people, each vendor should have
a concise way to separate their waste, which is practical and straightforward. The vendor
should only focus on separating their organic waste using a clearly labeled bag, preferably
green, for consistency and to make it easier for them to see where the waste should go when
working. The MUNI and SAO will then be able to collect the trash bags quite conveniently
into two piles: black trash bags to send to WTE in the MUNI case and to be subjected to
open-air burning for SAQO, as they are already doing and the green trash bags containing
organic waste, which will be elaborated later in the next section on the procedure of handling
them.

Furthermore, MUNI and SAO can leverage various channels to announce the
importance of waste sorting, including social media platforms, local newspapers, and
community bulletin boards. Announcements can emphasize the significance of waste
segregation in preserving the environment, reducing pollution, and promoting a healthier
community. Also, with efficient waste segregation in the market, the out-of-area trash
problem mentioned previously in the source section would be alleviated, as the area would
have less trash.

Recommendation 4: Employment of waste segregation staff to utilize components of
organic waste

Providing jobs to people in the area for waste separation can significantly impact the
environment and the local community. Firstly, it creates opportunities in regions where job
opportunities may be limited, thereby improving livelihoods and reducing poverty.
Additionally, according to the case of Ban Takli in Nakhon Sawan province, this job should
be praised as it is increasingly more critical in today’s world, with more and more numbers
and types of waste generated each year (Ban Takhli Municipality, 2021). They would handle
the waste collected in the green bags to segregate the organic waste further and provide
practical paths for each waste.
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Finally, the workers can separate the organic waste discarded by the vendors into
various valuable parts. These could be the vendors in the market of MUNI as well as vendors
in Bang Saen Song, as they would primarily have organic waste to dispose of regularly.
Organic waste, mainly food waste, holds significant potential for conversion into valuable
resources. One example is composting, where organic waste such as fruit and vegetable
scraps, coffee grounds, and eggshells are decomposed to create nutrient-rich compost. This
compost can then enrich the soil in the area seen fit by the MUNI and SAO.

Moreover, certain food waste materials, such as animal bones, can be processed and
repurposed for various applications. For example, bones can be ground into bone meal, a
calcium-rich fertilizer to improve soil quality and promote plant growth. These valuable
animal bones can then be sent to specific factories for further processing after separating
them from the rest of the trash.

The waste to be separated is not limited to the ones mentioned, as many more depend
on the waste generated in the market and the available options after the segregation process
seen by both officials. The funds obtained from selling particular waste like animal bones
could be returned to the places that sold them and provide a means for them to promote
further good practices and buy necessary infrastructure like waste bins. This would ensure
that the place would keep improving as time went by and eventually become a clean and
sustainable place for the community in Khuean Ubolratana Subdistrict.

5.2.3. Waste Transfer
Recommendation 5: Implementing waste transfer station

A waste transfer station operated by the MUNI can be a hub for optimizing waste
management processes. By separating collected trash again, this facility efficiently sorts the
remaining waste besides the organic waste. Valuable materials are systematically sorted and
processed for resale or can be utilized further as the MUNI approves. Moreover, hazardous or
toxic waste can be identified and managed safely, mitigating environmental risks and
ensuring compliance with regulations. Ultimately, these facilities play a vital role in ensuring
the maximum waste sorting for the MUNI before finally sending them to the WTE plant.
Lastly, following the success of utilizing a waste transfer station, valuable waste from SAO
may also be processed here, which helps alleviate the waste situation in SAO while
increasing the station’s productivity in MUNI.

Several factors should be considered in successfully implementing a waste transfer
station. The most important factor is the station’s location. This location should be centralized
following the waste collection route to minimize the distance of the garbage truck to the
station. Proper staff training is also essential to ensure the safe waste transfer from collection
to the station.
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5.2.4. Waste Disposal

Recommendation 6: Adjusting waste collection routes and implementing MOU for
proper waste disposal sites

As mentioned, SAO needs more proper waste disposal sites. However, although there
is a WTE plant accessible by the MUNI, the distance from it to the plant is quite far and
inconvenient.

Factors such as waste collection routes should be considered, especially in MUNI. As
shown by the map in Figure 6, most of the important sites in MUNI are packed together.
Route planning can be simplified by creating compact routes covering multiple nearby
collection points. Collection schedules can be tailored to suit the concentrated waste
generation, with more frequent pickups. Regular reviews and adjustments based on feedback
can further enhance efficiency in waste collection practices.

In SAO, where there is no waste disposal site due to ongoing construction, it is crucial
to prioritize waste minimization efforts. Recommendations 2-4 are particularly beneficial in
addressing this issue. Implementing these recommendations aims to reduce the amount of
waste burned in the open air. This practice not only adversely affects the residents but also
harms the environment of Khuean Ubolratana Subdistrict.

5.3. Conclusion

In conclusion, the research project aimed to address waste management issues in
Khuean Ubolratana Subdistrict through thorough data analysis and investigation. The
objectives were to understand the current waste management system, compare it with
benchmark systems, identify problems, and propose potential solutions.

Through interviews, observations, and analysis, several key findings emerged. The
waste management approaches of the MUNI and SAO were analyzed, revealing similarities
in upstream waste management protocols and differences in infrastructure. Mapping and
thematic analysis provided further insights into waste situations across different areas,
highlighting issues like ineffective waste management processes, lack of Public awareness
and attitude, and resource limitations, particularly evident in M2 (Ubolrataphittayakhom
School), M4 (Fresh Market), and S3 (Bang Saen Song). The limitations of proper waste
disposal sites, including restricted quotas in MUNI and the absence of such sites in SAO,
have emerged as a significant challenge. This deficiency has led to improper waste disposal
practices, such as open burning and dumping, exacerbating environmental and health
concerns within the community, and the discontinuation of SAO waste collection service.
Interviews with waste-related organizations shed light on broader waste management trends
and successful practices, offering valuable lessons for improvement.
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Based on these findings, recommendations were proposed for the officials responsible
for waste management in the area. Firstly, we propose tackling the dumping of out-of-area
trash from commuters by incentivizing locals to keep their trash at home through effective
waste segregation and public relations efforts to raise awareness about proper waste disposal
practices. Additionally, a big cleanup of the dumping area and its surroundings can help deter
further littering. Secondly, we advocate for implementing a single-use plastic reduction
policy, drawing inspiration from the success of Chula Zero Waste in drastically reducing
single-use plastic bag usage to minimize the volume of waste in the area. Thirdly, we
emphasize the importance of public relations in promoting waste segregation among vendors
and consumers in the fresh market and the restaurants in Bang Saen Song. Clear
communication channels and educational campaigns can encourage active participation in
waste segregation practices, enhancing overall waste management effectiveness. Fourthly, we
recommend employing waste segregation staff to facilitate the proper sorting and processing
of organic waste discarded by vendors. These workers can help create valuable resources
from organic waste, such as compost and bone meal, contributing to a more sustainable waste
management system. We propose establishing a waste transfer station to optimize waste
management processes and ensure maximum waste sorting before disposal. Proper location
selection and staff training are crucial for the successful operation of this facility, which plays
a vital role in managing hazardous waste and complying with regulations. Finally, due to the
considerable distance to MUNI’s waste disposal, our suggestion to MUNI involves
optimizing waste collection routes by considering the clustering of key locations, leading to
more efficient routes and customized schedules. Conversely, in SAO, the absence of a waste
disposal site due to construction underscores the importance of prioritizing waste
minimization efforts to mitigate open-air burning, which poses risks to residents and the local
environment.

In conclusion, the research project comprehensively analyzed waste management
issues in Khuean Ubolratana Subdistrict and offered actionable recommendations for
improvement. We strongly believe that by implementing these recommendations and learning
from successful initiatives, the community can work towards a more sustainable and
environmentally conscious future.
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Appendix A: Comparison of Receipts Between the MUNI and the
SAO According to the Official Document of the Fiscal Year B.E. 2567
(2023) Budget for Both Local Administrative Organizations.

Khuean Ubolratana Subdistrict Administrative

Organization

Khuean Ubolratana Subdistrict Municipality

Subject Act. Est. Est. Act. Est. Est.
2565 2566 2567 2565 2566 2567
THB THB THB THB THB THB
Revenue 188,301.72 184,260.00 415250.00 | 2,584,344.18 | 2,970,000.00 |  3,200,000.00

Allocated from the
government
Supported from the
government

16,694,050.88

10,239,546.06

15,815,740.00

11,000,000.00

17,932,950.00

11,251,800.00

23,587,006.87

20,578,975.00

25,030,000.00

25,000,000.00

25,300,000.00

24,500,000.00

Grand total

27,121,898.66

27,000,000.00

29,600,000.00

46,750,326.05

53,000,000.00

53,000,000.00

Figure 25

. Budget Receipts Between the MUNI and SAO
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Appendix B: Interview Question

B.1. Questions for Authorities Working in the MUNI and the SAO in the
Khuean Ubolratana Subdistrict Regarding the Working Procedure of Both
Organizations

1)

2)

3)

4)

5)

6)

7)

Can you provide information about the population within your responsibility
community in the Khuean Ubolratana Subdistrict?

agnnIITIMszmnylwiiuiioua / nashuaieuguasan

Can you provide an overview of your responsibility community’s current waste
management system in the Khuean Ubolratana Subdistrict?

X 2 a v ]
1uwumaum / n@ N‘igﬂﬂﬂ’l’iQﬂﬂ'l‘i?lUé‘i@ﬂ'l\‘]vl‘i

What are the primary methods (guidelines) used for waste collection in the
community?

a) How is household waste currently collected in the subdistrict? (downstream)

wnmsiuuNogluiuittlwegialslunimsin wazdmsuaszluasnsouiin
agls

Could you describe your upstream and midstream (reusing) waste management
policy? Is there any specific policy you use?

MyvamyzgzdumanagnannumunsauuwIaa luunwl jiifaumssamssseseduilsane
arfudiga Twiimniuagnls

Are there specific waste management methods employed for the different types of
waste (e.g., recyclables, organic waste)?

dmsonosudazilazian 019 negdlaida 109wdun3g M ITanvaeg dandliususn auda
mia Muandaiunialy

What are the most common types of waste? And which types are the hardest to
manage?

‘filﬂgﬂigLﬂﬂiﬂﬁWUN1ﬂﬁQG}ﬂluﬁuﬁ LLagﬂﬂgﬂigLﬂm%ﬁ’ﬂm’;‘mnﬁqc'\
Where is the collected waste typically disposed of or processed? (downstream)
a) Are there designated landfill sites or waste treatment facilities?

Undudrnssigniiusiusminasgninmyaniewilspldeaily uagluniuioua / na i
ammnmanes 01i enss 1lunesdiowmiala
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8) What are the main challenges or issues in the current waste management system?

a) Ask the SAO: We have heard that this area still needs more supportive waste
management, such as no trucks. How is the situation right now? What were
the causes?

b) Are there any specific difficulties faced regarding collection, transportation, or
disposal?

flymimlunmsfanmiyassluiuida?

]
=

(eua) ldsudoyamriluinsniuieuadamassuunssanmysssidunasananluiun  aon
nmunamumsoiaeniitinegilyiin

9) Are there community engagement programs in place to promote responsible waste
disposal?

ffanssnefumstamsnesiuinmaiidmsinnosanlugumnu \iadaniadritnnes
Usgmaunsolal

10) Does the community dispose of waste using the method according to the
policy/guideline provided by the authority?

Usemsml jifdmuanasmstanmsnoznesona / na wio i

11) What budget is allocated for waste management in the Khuean Ubolratana
Subdistrict?

2 1% o 1) . 5 = 9
Nm’ﬁﬂﬁ’iiﬂuﬂizmmm‘ﬁiumiﬂﬂm‘i?lEJZE)EJNVli‘]JNiuL?IE]HQ‘]Ja‘mu

12) Are there any resource constraints that impact the effectiveness of waste management
efforts?

Ao dadmunsugnrndinadelszansninaeamatamynsznio

13) Are there any upcoming plans or initiatives to enhance the waste management
system?

fununzinmifnlypmiaamssuomatamsnes lueniaanialy
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B.2. Questions for the Community Members Within the Responsibility of
the MUNI and the SAQO in the Khuean Ubolratana Subdistrict.

1) How do you currently dispose of your household waste in the community?

Tasndguienozainlslugusunaedies?
a) Are there any specific places where waste is commonly discarded?

P 4o o X
Talndusrfianuidmsunanos I ngumuasln?

2) What are your thoughts on the current waste management system in your authority’s

3)

4)

5)

6)

responsibility community?
fanudaiuednlsdessunmstamsnos Inguruiigqualasminonusyiisuiianon?
a) Are there aspects of the system that you believe could be improved?
fawluunesssuumatamynssidanagdesgaiiam lua?
Are there specific challenges or issues you face in managing your waste?
ﬁ@muﬁmmﬁ%aﬂaummgvlsﬁqmwummﬁmﬁmﬁumﬁﬂmimmquﬂm?
How satisfied are you with the community waste management practice?

Fanwalaudluufunmyvamynosluguaunasdies?

a) How would you describe the level of cooperation among community members
in waste management efforts?

v oy o o, . & 4 &
ﬂ']G]ﬂ\ﬂ%ﬂguuuigﬂﬂﬂj'l“i')uﬂﬂ?lﬂ\?ﬂuiu"ﬁq“ﬁuélulﬁa\‘]ﬂ']'l?»lﬁ\ﬂ/‘al,l,ﬂgws]'lﬂ'lﬂ?lﬂﬁﬂ'ﬁ

Y

Famsvogliiussun asldasunuiinlug?
b) Are there community-led initiatives to promote responsible waste disposal?
Tugnaufigirnassnssduliausniionusudagseudomyiazagiailussunlnn?

Have you noticed any differences in how waste is managed in your community
compared to neighboring communities?

amlddanaindsanuuandrmasmytamsnsgysninlugumuaesqoiy Tugazu
ianiiuouguio lu?

Do community members have opportunities to provide input or feedback on waste
management decisions
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aulugunuiilomaldlidalanaunsnioanuinaesdiesluizosnasnssanisnes lugunu
wia lai?

a) Are there concerns or inconveniences related to waste disposal that you want
to highlight?

o

) a 4 i 4 = 4 o < '
aﬂmamanaﬂmzmn‘hLsaﬂﬁmﬁuwmﬂmiawmm’mmm'ﬁlﬂsmamﬂﬂan

=
il
dalun?

b) How does the current waste management system affect your daily life and

living environment?

souumy¥amangs lugusuluilyiuiinanssnodemsliiimlssiuuag
dwadensaudiamadtlyniola?

c) How would you like to be involved in shaping waste management policies in
your area?

amamnfidmdnlunsiminaulomsssuumssanmynoslugusunosqunioly
agly?

7) How informed do you feel about the impact of improper waste disposal on yourself
and the environment?

amidanndaaldsuinamamieanailuizosranssnuiiiasunnmsyanynesi i
mngandaadnmuasdandontnialuu
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Appendix C: Consent Letter Forms

C.1. The Consent Letter Form is Made for the MUNI and the SAO Officers
Responsible for the Waste Management in the Communities in Khuean
Ubolratana Subdistrict.

Hello,

We are a group of students from the Faculty of Science in Applied Chemistry,
Chulalongkorn University completing our Interactive Science and Social Project (ISSP). Our
team consists of four third-year undergraduate students and two Singapore exchange students
completing the ISSP1 at Chulalongkorn University: Kittipit Maruthaphongsathorn, Zehra
Tinwalla, Pimnapat Supmee, Phanpanadda Lertamornmongkol, Adithep Srichawla, Gabriella
Roselyn, and Seow Yu Xuan. The Ubolratana Hospital Foundation sponsors us. Our research
project aims to investigate issues in household waste management and the perspective of the
local communities of the Subdistrict Municipality and the Subdistrict Administrative
Organization in the Khuean Ubolratana Subdistrict, Khon Kaen Province, Thailand. The aim
is to identify whether household waste is managed differently in neighboring communities
and how it affects community waste disposal methods of choice and community well-being.

We invite you to participate in the interview regarding our research project to gather
direct information on waste management within the communities in Khuen Ubolratana
Subdistrict, which is under the responsibility of both the Subdistrict Municipality and the
Subdistrict Administrative Organization. We seek to collect information regarding your
current waste management policy. We would also like to gain insights into the collection
method, disposal processes, and the organization’s existing challenges. This interview should
take about an hour of your time.

The information that you disclose during this interview will be used to direct further
research and otherwise advance our project. The interview will be recorded digitally upon
your consent. Please remember that this interview process is entirely voluntary, and you may
choose not to participate. Should we ask a question you do not want to answer, you may skip
it. You are invited to ask questions about the interview before it begins and review anything
we quote from your interview before publication. Please email us below if you have any
questions or concerns following the interview.

We will begin the interview by verbally stating your full name and consent.
Best,

ISSP1: Kittipit Maruthaphongsathorn, Zehra Tinwalla, Pimnapat Supmee, Phanpanadda
Lertamornmongkol, Adithep Srichawla, Gabriella Roselyn, Seow Yu Xuan
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Chulalongkorn University
Email: bsac.issp1.2023@gmail.com

For more information about this research or the rights of research participants, or in
case of research-related injury, contact: ISSP 1 (see email above); Our advisor (Siripastr
Jayanta, Email: Siripastr.Ja@chula.ac.th; Numpon Injin, Email: Numpon.l@chula.ac.th;

Patompong Leksomboon, Email:patomple@gmail.com)
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C.2. The Consent Letter Form is Made for the Community Members
Within the Communities Responsible by the MUNI and the SAO in
Khuean Ubolratana Subdistrict.

Hello,

We are a group of students from the Faculty of Science in Applied Chemistry,
Chulalongkorn University completing our Interactive Science and Social Project (ISSP). Our
team consists of four third-year undergraduate students and two Singapore exchange students
completing the ISSP1 at Chulalongkorn University: Kittipit Maruthaphongsathorn, Zehra
Tinwalla, Pimnapat Supmee, Phanpanadda Lertamornmongkol, Adithep Srichawla, Gabriella
Roselyn, and Seow Yu Xuan. The Ubolratana Hospital Foundation sponsors us. Our research
project aims to investigate issues in household waste management and the perspective of the
local communities of the Subdistrict Municipality and the Subdistrict Administrative
Organization in the Khuean Ubolratana Subdistrict, Khon Kaen Province, Thailand. The aim
is to identify if household waste is managed differently in neighboring communities and how
it affects community waste disposal methods of choice and community well-being.

We invite you to participate in the interview regarding our research project to gather
direct information related to waste management within the communities in Khuen Ubolratana
Subdistrict under the responsibility of both the Subdistrict Municipality and the Subdistrict
Administrative Organization. We seek to collect information regarding your perspective on
waste management in your community and the effects of the management on the
community’s well-being, such as the behavior in disposing of waste. This interview should
take about an hour of your time.

The information that you disclose during this interview will be used to direct further
research and otherwise advance our project. The interview will be recorded digitally upon
your consent. Please remember that this interview process is entirely voluntary, and you may
choose not to participate. Should we ask a question you do not want to answer, you may skip
it. You are invited to ask questions about the interview before it begins and review anything
we quote from your interview before publication. Please email us below if you have any
questions or concerns following the interview.

We will begin the interview by verbally stating your full name and consent.
Best,

ISSP1: Kittipit Maruthaphongsathorn, Zehra Tinwalla, Pimnapat Supmee, Phanpanadda
Lertamornmongkol, Adithep Srichawla, Gabriella Roselyn, Seow Yu Xuan
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Chulalongkorn University
Email: bsac.issp1.2023@gmail.com

For more information about this research or the rights of research participants, or in
case of research-related injury, contact: ISSP 1 (see email above); Our advisor (Siripastr
Jayanta, Email: Siripastr.Ja@chula.ac.th; Numpon Injin, Email: Numpon.l@chula.ac.th;

Patompong Leksomboon, Email:patomple@gmail.com)
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Appendix D: Flowchart of the MSW Process Analysis

D.1. Flowcharts of the Waste Management Protocol Proposed by the MUNI
and SAO in Khuean Ubolratana Subdistrict

MUNI

2. On-site Waste Management

o

Q‘;“m
Organic

Composting Insect protein

5. Waste Disposal
52 .;
U ¢

2)
Recyclable Waste Bank Segf%%‘:al

e PAO

Hazardous Send to PAO

o |
= Incinerator : WTE
C.j a | 90 tons / month
Infectious

Incinerator

PROTOCOL : UPSTREAM WASTE MANAGEMENT

Figure 26. Flowchart of the Waste Management Protocol of the MUNI
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Open-air burning

(No proper waste disposal site)
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*ONLY in Bang Saen Song in festive time

PROTOCOL : UPSTREAM WASTE MANAGEMENT

Figure 27. Flowchart of the Waste Management Protocol of the SAO
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D.2. Flowcharts of the Waste Management Practices for Each Specific Area
Done by the Community Members Within Khuean Ubolratana Subdistrict

D.2.1. Residential Area

M U N I 2. On-site Waste Management M1
Co)

BAN PHRA BAT VILLAGE Q‘é —_—) g‘,“”'

Organic Composting Insect protein 5. Waste Disposal
) o) e &
ﬁ — W
Recyclable Waste Bank

4 — PAO

Hazardous Send to PAO

Incinerator : WTE
v 90 tons / month

Infectious

1. Source

4. Waste Transfer

PROTOCOL : UPSTREAM WASTE MANAGEMENT BY MUNI
Figure 28. Flowchart of Waste Management System in Ban Phra Bat Village
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(No proper waste disposal site)
C.,> S0l

Infectious

1. Source

Open-air —
burning — el 4. Was* : Ta nsfer

PROTOCOL : UPSTREAM WASTE MANAGEMENT
Figure 29. Flowchart of Waste Management System in Ban Non Jik Village
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D.2.2. School Area

MUNI

UBOLRATAPHITTA 2. On-site Waste Management
YAKHOM SCHOOL

M2

oD

at —>
Organic Composting ”
d5)
a m
Recyclable Waste Bank &
s
’ laboratory

o teacher Incinerator : WTE
fiazardous 90 tons / month
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[} 't

PROTOCOL : UPSTREAM WASTE MANAGEMENT BY MUNI
Figure 30. Flowchart of Waste Management System in Ubolrataphittayakhom School
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Figure 31. Flowchart of Waste Management System in Phukambao School
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D.2.3. Tourist Area

C

UBOLRATANA DAM “{,

Organic Composting

1. Source
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o and send to PAO MSW Management
Center of Nonsang
Sell to related Subdistrict Municipality
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Figure 32. Flowchart of Waste Management System in Ubolratana Dam
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Figure 33. Flowchart of Waste Management System in Bang Saen Song
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D.2.4. Market Area

MUNI

FRESH MARKET

. 5. Final Disposal
2. On-site Waste Management -

M4

Recyclable

Incinerator : WTE
90 tons / month

PROTOCOL : UPSTREAM WASTE MANAGEMENT BY MUNI
Figure 34. Flowchart of Waste Management System in Khuean Ubolratana Subdistrict Municipality Fresh
Market
D.2.5. Hospital Area
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Figure 35. Flowchart of Waste Management System in Ubolratana Hospital
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Appendix E: Thematic Analysis Results

E.1. The Twenty-Eight Codes and Six Themes Obtained from Interviews
Conducted in the Khuean Ubolratana Subdistrict Area

K K
No. |Theme Coding Y Y
component 1 |component 2
1.1 Commuter population (visitors and passersby)
Unregistered ; .
1.2 . 8 Unregistered population (out-of-the-area workers)
residents source on-site waste
1.3 Tourists
management
2.1 Waste quantity beyond the manageable capability
2.2 Open dump and open burning practices waste disposal
23 Inadequate waste containers
. on-site waste
2.4 Lack of waste-segregated bins
management
2.5 Inadequate room for storing waste
26 |Meffective {1 0agion of stray animals
waste - -
2.7 management No collection service waste
2.8 |processes Collection day frequency collection
9 There is no proper waste disposal site in the
' community
2.10 Limit waste capacity at community disposal site. | waste disposal
2.11 Underperforming waste disposal infrastructure
2.12 No provider of infectious waste service
31 |Civic waste Low pu-bhc participation in the community waste
management separation process
3.2 |behavior and |Dumping of household waste in public open spaces
3.3 |participation |y ooy of community engagement program
. . on-site waste
4.1 Did not acknowledge the importance
management
4.2 |Public Lack of waste management knowledge
43 awarencss No integration of waste management in the school
= land attitude  |curriculum
4.4 Outdated personal norm
5.1 Lack of budget
Lack of
5.2 [resource Lack of human resource
others
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6.1

6.2 Bureaucratic
' constraints

6.3

6.4

Change of chief officer/policy direction too often

Abided by national regulations and administrative
rules

Overlapping responsibility and function of LAOs

Lack of cooperation from other organizations

Table 5. The Codes and Themes Obtained from Interviews Conducted in the Khuean Ubolratana Subdistrict

Area
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E.2. The Bar Graphs of Thematic Coding Analysis

The bar graphs below depict the frequency of mentions for various topics, separated
for the MUNI and SAO. Only codes mentioned more than three times are included.

Open dump and burning practices

Limit waste capacity at community
disposal site

Collection day frequency 4

Waste quantity beyond
manageable capability

11

Inadequate room for storing waste 8

Low public participation in the

15 )

waste separation process

Dumping of household waste in 4
public open spaces

Lack of community engagement
program

Lack of budget 3

Lack of human resource 4

Commuter population

16 |

Unregistered population 8]
Change of chief officer too often 3
Overlapping functions of LAOs 5|

Lack of cooperation from other org. 3

10 15 20

Number of times mentioned during interviews

Figure 36. The Thematic Coding Analysis from the Interviews at MUNI

Open dump and burning
practices

23

No proper waste disposal site in 3
the community

No collection service 5

Lack of waste-segregation bins 5

Low public participation in the
waste separation process

Dumping of household waste in 5

public open spaces

Outdated personal norm 3

Tourists 3

10 15 20

Number of times mentioned during interviews

Figure 37. The Thematic Coding Analysis from the Interviews at SAO
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Appendix F: The Criteria for the Effectiveness
Components of the MSW Management System

of the Key

special events only

scheduled waste
collection

Key
components/colors
1. Source - High quantity of |- High quantity of |Normal quantity - Normal quantity
Waste waste beyond
manageable - Have a waste
- Have an capability management plan
insufficient waste
management plan |- Insufficient
management plan
- Have waste from
unforeseen sources
2. On-site waste  |Lack of waste Inefficient waste Some efficient Efficient Waste
management management management efforts |waste management |Management
practices efforts Practices
3. Waste collection |No waste collection |Waste collection on |Inadequate Good waste

collection system

4. Waste transfer

Lack of waste
transfer station, no

There is a waste
collection station,

There is a waste
collection station,

There is a waste
collection station,

disposal site

- Practice open
dumping and
burning

disposal site

- May use
ineffective methods
to dispose of waste

disposal site
presence but
insufficient
capacity, leading to
leftover trash

further waste no waste some waste thorough waste
segregation segregation segregation segregation
5. Waste disposal |- No proper waste |- No proper waste |Proper waste Proper waste

disposal site
presence and
enough capacity

Table 6. The Criteria for the Effectiveness of the Key Components of the MSW Management System
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Appendix G: Organization with Good Waste Management Practice

G.1. Chulalongkorn University ZeroWaste (CUZeroWaste)

Chula Zero Waste is an organization that was initiated through collaboration between
the Environmental Research Institute at Chulalongkorn University and the Physical Plant and
Property Management Office at Chulalongkorn University. Its mission is to become a
globally recognized university in sustainability, focusing on addressing environmental issues.
The organization aims to achieve Net Zero Greenhouse Gas emissions by 2050. This goal
involves promoting awareness of environmentally friendly lifestyles among faculty, staff,
students, and Chulalongkorn University Demonstration School students. Additionally, it
extends to the university’s surrounding community.

G.2. Rung Aroon School

Rung Aroon School, catering to kindergarten through high school students, is located
amidst the shade of large, lush trees and a shady forest garden. The school recognizes the
value of environmental resources and integrates them into everyday life. In the past, the
school needed a better waste management system, where wastes would be gathered in plastic
bags and awaited collection by the truck collection service provided in the area. However, the
irregularity of the truck collection services resulted in the accumulation of waste on the
school premises, giving rise to unpleasant odors and environmental concerns.

. 1HE ZERO WASTE PROJECT &
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wondumaodud Tzo15uug90Y
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Figure 38. The Zero Waste Project at Rung Aroon School
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In response to the issue, Figure 35 above shows initiated efforts to identify the source
of the odor and implement measures to mitigate its occurrence. The first step involved
systematically sorting waste into designated garbage bins, prioritizing separating organic
waste due to its propensity for decomposition. This marked the beginning of the Zero Waste
Project within the Rung Aroon School community, including active participation from
students, teachers, parents, officials, and other community members.

At present, Rung Aroon School has facilitated proper waste management for each
different type of waste, as follows:

(1) Recyclable waste:

The waste is sorted based on the product’s material to be disposed of. The common
waste is plastic bottles and foams. This waste will eventually be sold to vendors, reused for
arts and crafts, and companies to produce a new product. The school has a designated place to
sort the different types of waste into labeled bins with an expert teacher, Khun Mon, who is
passionate about waste, stationed at the waste sorting place. Students and teachers come to
the waste sorting place with their waste that has been cleaned and dried, sorting them into the
type of waste. When students are unsure about the types of waste, they will be assisted by an
expert teacher who will help them learn simultaneously.

|
|

T

Figure 39. Waste Sorting Category at Roong Aroon School

As shown in Figure D, waste is sorted according to the type of material it is made of.
Plastics are sorted based on the type of plastic: Low-Density Polyethylene (LDPE),
High-Density Polyethylene (HDPE), Polyvinyl Chloride (PVC), etc. Glassware and metal
cans are also sorted into the designated bins.
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After the waste is sorted under Khun Mon's supervision, saleable waste will be
collected by the person from the factory for further processing, such as melting or recycling.
For instance, the plastic lids from plastic bottles can be recycled by melting them. Once
melted, it will be molded into plastic coasters, display items, or baskets. Waste that cannot be
sold, such as foams, will be separated into pieces, and the vendor from the market will come
to pick them up for use.

(2) Organic waste:

The school has sorted its organic waste, starting from the kitchen area. For instance,
the food waste is mango fruit. The different parts of the mango are separated into bins—the
skin and the seed. This allows the person in charge of decomposing the food waste to use all
the waste produced effectively.

Figure 40. The Before and After Decomposition of the Fruit Skins

a. Compost

The process involves layering various organic materials, including
leaves, eggshells, banana shoots, and food waste, to promote the growth of
beneficial microorganisms and maintain optimal conditions for decomposition.

It is essential to decompose food waste with leaves; thick leaves are
avoided to allow air circulation. Food with oil content is not recommended.
Then, cover the compost with wooden boards for a day to prevent odor, add
water, and allow air entry. Beneficial microorganisms will decompose the
materials, and adding dried cow feces as food for microorganisms will
accelerate the process.

To accelerate microbial activity, increase protein-rich animal manure
and avoid cooking enzymes. Wetting the leaves enhances microbial activity,
and a thick solid base allows water drainage. An open-air system is better than
a closed tank, allowing sunlight and airflow. Water flow and aeration are
crucial factors for decomposition.
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Earthworms

The food waste that has been decomposed over some time will
then be mixed with the soil. Earthworms present in the soil will eat the
decomposed food wastes. When incorporated into the soil, food wastes
act as organic matter. As decomposers, earthworms eat these food
scraps and convert them into nutrient castings. By adding vital
nutrients and strengthening the soil's structure, these castings, also
known as worm manure, increase the fertility of the soil. In exchange,
soil enhanced with organic matter provides earthworms with a
favorable habitat. Through the activities of earthworms, food scraps
contribute to soil health through this harmonious circle of
interdependence, producing a balanced and nutrient-rich ecosystem.

Effective Microorganisms (EM) and SCOBY Fertilizers

The organic waste is treated using the microorganisms to be
composted as bio-fertilizers. There is the EM fertilizer and the liquid
fertilizer, which would be used for the school compound plants or sold
to the locals around the area.

Figure 41. Effective Microorganisms (EM) and SCOBY Fertilizers

(3) Used water and wastewater:

A closed and open treatment pond is used to clean used water and wastewater from
the school building and kitchen. High school students participate in this wastewater treatment
project. It is utilized for plant irrigation before it clears up and flows back into the public

This sorting involves people starting with students, parents, and people staying around
Rung Aroon School. This engagement is mainly present in the sorting of recyclable items.
Parents who have their children studying at the school can drop their trash in the school for
sorting on Mondays to Wednesdays. This makes waste management more accessible to
parents and their children, fostering a shared understanding of waste.
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