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Plenary Speech on
“How can Thailand achieve its net zero
goal?”

Dr. Somkiat Tangkitvanich, TDRI: Thailand
Development Research Institute
E-mail: somkiat@tdri.or.th

Dr. Somkiat Tangkitvanich is the research director (Information Economy), Science and
Technology Development Program, Thailand Development Research Institute (TDRI).

Area of Expertise:

Educat

Media and Telecommunication Policy
Economic Analysis of Laws

International Trade and Investment Policy
Research and Development Policy

ion:
1991-1994 Ph.D., Computer Science, Tokyo Institute of Technology, Japan
1989-1991 M.S., Computer Science, Tokyo Institute of Technology, Japan

1984-1988 B.E. (summa cum laude with Gold Medal) Computer Engineering,
Chulalongkorn University, Thailand

Work Experience:

2000-2012 Research Director (Information Economy), Science and Technology Development
Program, Thailand Development Research Institute (TDRI), Bangkok, Thailand

2012-present President, Thailand Development Research Institute (TDRI)

1996-2000 Industrial Policy Specialist, Sectoral Economics Program, Thailand Development
Research Institute (TDRI), Bangkok, Thailand

1996 Research Fellow, President Office, Thailand Development Research Institute (TDRI),
Bangkok, Thailand

1995-1996 Senior Researcher, Information Technology Research Department,Nomura
Research Institute, Japan

1994-1995 Researcher, Advanced Information Technology Research Department, Nomura
Research Institute, Japan

Awards:

2006  Outstanding research (Trade Policy), awarded by Thailand Research Fund

2004  Thailand Anti-corruption Award, awarded by Anti-corruption Network

2003  Man of the Year, selected by Than Sethakit Newspaper

2000  Outstanding research (E-Commerce Policy), awarded by Thailand Research Fund
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Plenary Speech on

“Environmental and Resource Impacts from an
Aggressive Regionalized Carbon Peak Policy”

Associate Professor Dr. TIAN Xu
Shanghai Jiao Tong University, P.R. China
E-mail: tianxu@sjtu.edu.cn

Dr. Xu Tian, Associate professor at the School of International and Public Affairs, Shanghai Jiao
Tong University, graduated from the University of Chinese Academy of Sciences and conducted
postdoctoral research at Shanghai Jiao Tong University and University College London. Her main
research areas include resource and environmental management, sustainable trade, and carbon policy
analysis. He has published over 60 academic works in international journals on resources and the
environment, such as Nature, Nature Climate Change, and Environmental Science and Technology.
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Dr. Porakrit Leophairatana, Director,
TPI Polene Public Company Limited

Dr. Porakrit Leophairatana currently serves as the Executive Vice President of Business
Development at TPI Polene Power PLC and previously held the position of Assistant Vice President in
the Specialty Polymers Division at TPI Polene PLC. At the TPI group, adhering to good environmental,
social, and governance (ESG) principles, he has led the development of various projects, including new
investments in green and renewable energy, such as solar, wind, and waste-to-energy; the development
of specialty plastic resins and encapsulant films for photovoltaic and safety-glass applications; as well
as the implementation of various electrification projects. He also serves on the board of directors for 15
companies across various industrial sectors, including renewable energy, pharmaceuticals, healthcare,
petrochemicals, construction materials, and life insurance.

Dr. Leophairatana obtained a doctorate and a master’s degree in chemical engineering from
Columbia University in 2017 and 2015, respectively. He also received a bachelor’s degree in chemical
and biological engineering from Tufts University in 2013. Based on his doctoral and post-doctoral
research work specializing in polymer physics and chemistry, he also co-founded a drug delivery
company in New York City where he served as the CTO from 2017-2018.
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The 5t Environment and Natural Resources International Conference

(ENRIC 2024): Net Zero Now: Action for a Sustainable World
14 - 15 November, 2024, Arnoma Grand Hotel, Bangkok, Thailand

Chair of the Conference

Associate Professor Kitikorn Charmondusit, Ph.D.

Faculty of Environment and Resource Studies, Mahidol University, Thailand

International Committee

1. Professor Can Wang, Ph.D. Tsinghua University, P.R. China

2. Professor Chongrak Polprasert, Ph.D. Thammasat University, Thailand

3. Professor Hermann Knoflacher, Ph.D. Vienna University of Technology, Austria

4. Professor Hideki Nakayama, Ph.D. Nagasaki University, Japan

5. Professor Mohamed F. Yassin, Ph.D. Kuwait Institute for Scientific Research,
Kuwait

6.  Professor Takehiko Kenzaka, Ph.D. Setsunan University (2023-) and Osaka Ohtani
University (-2023), Japan

7.  Professor Vivian Yam, Ph.D. University of Hong Kong (PRC)

Professor Yeonghee Ahn, Ph.D. Department of environmental engineering,

Dong-A University, South Korea

9. Professor Yong Geng, Ph.D. Shanghai Jiao Tong University, P.R. China

10. Emeritus Professor Ryusuke Hatano, Ph.D. Hokkaido University, Japan

11. Associate Professor Xu Tian, Ph.D. Shanghai Jiao Tong University, P.R. China

12. Merry Krisdawati Sipahutar, Ph.D. Universitas Balikpapan, Indonesia

13. Nguyen Thanh Giao, Ph.D. Can Tho University, Vietnam

Conference Committee

Professor Benjaphorn Prapagdee, Ph.D.
Professor Suvaluck Satumanatpan, Ph.D.

Assistant Professor Noppol Arunrat, Ph.D.

Mahidol University, Thailand
Mahidol University, Thailand
Mahidol University, Thailand

Associate Professor Sukanya Sereenonchai, Ph.D.
Associate Professor Thamarat Phutthai, Ph.D.

Associate Professor Sureewan Sittijunda, Ph.D.

Mabhidol University, Thailand
Mabhidol University, Thailand
Mabhidol University, Thailand
Mahidol University, Thailand
Mahidol University, Thailand
Mahidol University, Thailand
Mabhidol University, Thailand
Mabhidol University, Thailand

Assistant Professor Allan Sriratana Tabucanon, Ph.D.
Assistant Professor Monthira Yuttitham, Ph.D.

A A R

Assistant Professor Preeyaporn Koedrith, Ph.D.
10. Assistant Professor Wanwisa Pansak, Ph.D.
11. Jakkapon Phanthuwongpakdee, Ph.D.
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Conference Committee (cont.)

12. Praewa Wongburi, Ph.D.
13. Veenarat Ut-Tha, Ph.D.

14. Witchaya Rongsayamanont, Ph.D.

15. Chitsanupong Prathum, Ph.D.
16. Thomas Neal Stewart, Ph.D.

Organizing Committee

1. Chutintorn Moonthongnoi
3. Jirapatch Jumpasingha

5. Palida Charoensuk

7. Parynya Chwawiwathana

9. Sawatdirak Saingam

11. Srisuphang Limganjanawat
13. Sureekarn Totaiya

15. Vilinthorn Xuto

17. Yupa Viriyalai
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Mahidol University, Thailand
Mahidol University, Thailand
Mahidol University, Thailand
Mabhidol University, Thailand
Mabhidol University, Thailand

Isaree Apinya

Nattakarn Ratchakun

Panee Nakraikhing
Pathomphot Chinsawaspan
Sirinapat Charmondusit
Supalak Wattanachalarmyot
Thanchanok Onlamool
Wisarut Tiacharoen

Yutthapol Pongpleesal
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Tentative Program

Day 1: 14 November, 2024

Time

Event

Room: Arnoma Grand Ballroom 2-3

08.00 - 09.00

Registration

09.00 - 09.30

Opening Ceremony

Mahidol University’s Audio-Visual Presentation

Faculty of Environment and Resource Studies’s Audio Visual Presentation

The Environment and Natural Resources International Conference (ENRIC)’s Audio Visual Presentation

Conference Report by Associate Professor Dr. Kitikorn Charmondusit,

Dean of the Faculty of Environment and Resource Studies, Mahidol University

Welcome Speech and Conference Opening Remarks by Prof. Piyamitr Sritara, MD. FRCP, President of Mahidol University
Presentation of Souvenir to the Sponsor, Keynote Speaker and Honored Guest

Group Photograph

09.30 - 10.10

Keynote Speaker
“How can Thailand achieve its net zero goal?” by
by Dr. Somkiat Tangkitvanich, TDRI: Thailand Development Research Institute

10.10 - 10.45

Keynote Speaker
“Environmental and Resource Impacts from an Aggressive Regionalized Carbon Peak Policy”
by Associate Professor Dr. TIAN Xu, Shanghai Jiao Tong University, P.R. China

10.45 - 11.00

Break

11.00 - 11.30

“Net Zero Now Action for a Sustainable World”
by Dr. Porakrit Leophairatana, Director, TPl Polene Public Company Limited

11.30 - 12.00

Poster Session

No. 2024-11
Rearing Potential of Yellow Mealworm (Larvae of Tenebrio molitor L.) on Food wastes

Keita Kidera, Toru Kobayashi, Kai Hashizume, and Mitsuru Hattori

VI
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Time

Event

No. 2024-21
Environmental Impact of Prior Pesticides Occurring in Wetland Ecosystems

Yurin Choi, Dacho Kang, and Junho Jeon

No. 2024-22
Identification of Water-Soluble Chemicals in Leachate of Plastics and Their Kinetics Enhanced Under Photooxidative Conditions

Doyeon Kim, Heewon Jang, and Junho Jeon

No. 2024-23
Deletion of Glycine Betaine Transporter Gene Confers Increased Ectoine Accumulation in the Moderately Halophilic
Halomonas elongata

Yukino Baba, Ryo Kawamoto, Hiroyuki Tamino, Hanna Mitsunaga, Pulla Kaothien-Nakayama, and Hideki Nakayama

No. 2024-24
Cell Surface Engineering as a Tool to Transform the Moderately Halophilic Halomonas longata into a Nutritious Single-Cell Eco-Feed

Pattaranon Suklerd, Mei Shiota, Pulla Kaothien-Nakayama, and Hideki Nakayama

No. 2024-29
Esterification of Acetic Acid and Ethanol for Ethyl Acetate Production by Vanadium Catalyst on Biochar Support

Viputthawat Suwannaphan and Bunjerd Jongsomjit

No. 2024-34
Plant-Based Solutions to Air Pollution in Bangkok: The Role of Urban Green Spaces

Anh Tuan Ta, Nantikan Promchan, and Nguyen Tan Thong

No. 2024-38
Phenological Changes in Seaweed Community Structure and the Diversity of Fish Communities in Seaweed Eecosystems

Tomoyuki Aota, Hiroto Tateishiand, and Gregory N. Nishihara

No. 2024-46
Assessing the Influence of Climate Change and Its Relationship on Mass Culture of Live Feed (Microalgae) in Outdoor System Conditions

Wasana Arkronrat, Chonlada Leearam, and Vutthichai Oniam

Vil
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Time

Event

No. 2024-49
Impact of Rising Air Temperatures on the Growth and Water Quality of Blue Swimming Crab (Portunus pelagicus) Culture in Grow-Out
Ponds: A Comparative Study of 2022 and 2023

Vutthichai Oniam, Wasana Arkronrat, and Rungtiwa Konsantad

No. 2024-55
Hydrochar Production from Lignocellulosic Biomass and Evaluating Its Value Added Utilization

HoLim Song and Jongkeun Lee

No. 2024-56
Effects of Hydrothermal Pretreatment Temperature on Product Properties and Biogas Producing Potential Using Lignocellulosic Biomass

JinHo Baek and Jongkeun Lee

No. 2024-57
Electrochemical Water Treatment and Hydrogen Production Using a PEM Electrolysis Cell

Yeji Seo and Jongkwan Park

No. 2024-59
Effect of Non-Thermal Plasma on Post-Harvest Quality of Tomato

Aishwarya Pant and Jirarat Anuntagoo

No. 2024-62
Evaluation of Ventilation Effectiveness After Kitchen Renovation in Schools of Gyeongsangnam-do Province

Jongwon Son and Taehyeung Kim

No. 2024-65
Analysis of Urban Microclimate Characteristics Using ENVI-Met Modeling

Jeong Da-Eun, Park Kyung-Hun, and Kim Tae-Gyeong

No. 2024-66
Analysis of GHG Reductions in Energy Transition Sector Based on National New and Renewable Energy Plan Scenarios in Korea

Haneul Kim and Teahyeung Kim

VIII
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Time Event

No. 2024-68
Analyzing the Relationship Between Local Climate Zones (LCZ) and Land Surface Temperature (LST) Focusing on Impervious Surfaces
Kim Tae-Gyeong, Moon Byung-Hyun, Park Kyung-Hun, Son Jong-Won, and Jeong Da-Eun

12.00 - 13.30 Lunch

13.30-16.30 |Oral Presentation

13.30 - 14.45 Session 1: Impact of Climate Change and Pollution Session 2: Mitigation, Adaptation, Policy and Governance Research
Chair: Associate Professor Dr. Dae-Woon Jeong Chair: Associate Professor Dr. Kitikorn Charmondusit
Co-chair: Associate Professor Dr. Kritana Prueksakorn Co-chair: Dr.Shreema Rana
Room: Arnoma Grand Ballroom 2-3 Room: Arnoma Grand Ballroom 1

13.30-13.45  |No. 2024-05 INo. 2024-01
Application of Geographic Information System for PM, s Risk Corporate Social Responsibility in Green Logistics Considering
Assessment in Din Daeng District, Bangkok Climate Change
Allan Sriratana Tabucanon, Jirutchaya Mingkaew, Wimolsiri Kinga Bir6 and Maria Szalmané Csete
Tiemrak, Pronpairin Moonaudom, and Wenchao Xue

13.45-14.00 |No.2024-10 INo. 2024-08
Carbon Footprint of Rice Straw Paper Plate IAn Empirical Study on Carbon Tracking for Thai Hotel Operation
Monthira Yuttitham, Punnisa Thongnueaoon, Ganokwan IAmphai Wejwithan, Pittha Phongpradist, and Tanawan Sintunawa
Noppradich, Nafeesa Mahamad, and Harin Sachdev

14.00 - 14.15  |[No. 2024-35 INo. 2024-15
Diversity of Urban Spontaneous Vegetation on Roadsides in Chaing [Soil Carbon Sequestration Assessment in Major Cropping Patterns of
Mai, Thailand the City of Batac, Philipines
Nadchawan Charoenlertthanakit and Pimonrat Tiansawat Dionisio S. Bucao, Arlene L. Gonzales, Aprilyn D. Bumanglag,

Kenneth P. Tapac, and Arlene Mia G. Ruguian

14.15-1430 |No. 2024-37 INo. 2024-28 Change to

Exploring the Impact of Marine Debris on Zostera marina Ecosystem|Project Efficiency Assessment for Eco-Industrial Area Sl’()ﬂ
ession

Productivity

Methavee Siangrai, Ratchaphong Klinsrisuk and Allan Sriratana Tabucanon*

IX
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Time Event

Alifro Maldini, Makoto Kabeyama, Shigetaka Matsumuro, Kaho
Yamaha, Taishun Kobayashi, Yoshiki Matsushita, Nozomu
Takashima, and Gregory N. Nishihara

14.30 - 14.45 | No. 2024-39 No. 2024-30
Do Undaria pinnatifida Seaweed Farms Have Potential to Sequester [A Study on Island Ecotourism Development Models Based on
Carbon? System Dynamics: A Case Study of Amami-Oshima Island
Taishun Kobayashi, Shigetaka Matsumuro, Maldini Alifro, Yoichi  |Yining Wang and Aiko Endo
Sato, Daisuke Saito, Hiroshi Sato, Kanako Hosoya, and Gregory N.
Nishihara

14.45 - 15.00 Break

15.00 - 16.30 | Session 3: Innovations and Technologies for Net Zero Session 2: Mitigation, Adaptation, Policy and Governance Research
Chair: Professor Dr. Hideki Nakayama Chair: Associate Professor Dr. Thamarat Phutthai
Co-chair: Associate Professor Dr. Sukanya Sereenonchai Co-chair: Assistant Professor Dr. Wanwisa Pansak
Room: Arnoma Grand Ballroom 2-3 Room: Arnoma Grand Ballroom 1

15.00 - 15.15 | No. 2024-03 No. 2024-67
Stability Investigation of Extracted Lignins from Bagasse, Coconut |[Exploring Extended Producer Responsibility in Thailand: Progress
Husk, Rice Straw, and Corn Stover: Kinetic and Thermodynamic and Opportunities for Alternative Waste Management Policy
Aspects

Napazz Asawachet and Phatra Samerwong

Tirapote Rattana-amron, Navadol Laosiripojana and Wiyong
Kangwansupamonkon

15.15-15.30 |No. 2024-04 No. 2024-45
Toward Net-Zero: Green Industry Prospects and Carbon Neutrality in[Thai Universities Performance in Global Sustainability Rankings for
Southeast Asia Educational Institutions
Xiaoyue Shi Sawatdirak Saingam and Kitikorn Charmondusit

15.30-15.45 | No. 2024-09 No. 2024-47

Optimizing Wastewater Treatment for a Carbon-Neutral Future: A
Data-Driven Approach

The Precautionary Behavior Against PM2s Exposure

Pailin Suntigul

Praifa Jaturus and Praewa Wongburi
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Time Event
15.45-16.00 [No. 2024-13 No. 2024-50
Stakeholder Engagements in Maintaining Marine Ecosystems in the [Strategies for Achieving Net Zero Emissions in the Beverage
Bali Sea, Indonesia Industry: A Case Study from Thailand's Carbon Footprint Analysis
Ratna Azis Prasetyo, Bagong Suyanto, Rahma Sugihartati, Nur Phanuwat Prasertpong, Parichat Limpaiboon and Sarut Prapatpong
Syamsiyah and Karnaji Karnaji
16.00 - 16.15  [No. 2024-18
Social Capital and Waste Management Practices in Jembrana and
Banyuwangi, Indonesia
Nur Syamsiyah, Sudarso, Ana VVoronkova, Kayleigh Wyles, Lesley
Henderson, Eddy Setiadi Soedjono, and Susan Jobling
16.15-16.30  [No. 2024-32
The Potential of Biomethane Recovery from Hemp Biomass Residue
(Cannabis sativa L.)
Sasithorn Saipa, Yanika Boonyuang, Todsapol Promwong, Supot
Boonraeng, Surasak Noommeesri, Chan Yodle and Chayanon
Sawatdeenarunat
18.00 - 21.00 | Welcome Reception (Gala Dinner with Special Event: Loi Krathong Festival)
Room: Swimming pool 4" FL.
18.00 - 18.30 Arrivals
18.30 - 19.30 Gala Dinner
19.30 - 19.40 Opening Speech by Associate Professor Dr. Kitikorn Charmondusit
Dean of the Faculty of Environment and Resource Studies, Mahidol University
19.40 - 20.00 Thai Dancing
20.00 - 21.00 Special Event: Loi Krathong Festival

XI
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The 5™ Environment and Natural Resources International
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Theme: Net Zero World: Action for a Sustainable Future \“ ".EN\']
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Time Event

08.00 - 09.00 Registration

09.00 - 12.00 Oral Presentation (cont.)

09.00 - 10.00 | Session 1: Impact of Climate Change and Pollution Session 2: Mitigation, Adaptation, Policy and Governance Research
Chair: Professor Dr. Sangam Shrestha Chair: Associate Professor Dr. TIAN Xu
Co-chair: Assistant Professor Dr. Allan Sriratana Tabucanon Co-chair: Associate Professor Dr. Noppol Arunrat
Room: Arnoma Grand Ballroom 2-3 Room: Arnoma Grand Ballroom 1
Women and the Risks of Using Polluted River Water: A Pioneering |Social Resilience of Communities Around Industrial Areas in Facing
Study on the Marginalization of Women from an Ecofeminist Environmental Changes and Preserving Ecosystems in Gresik
Perspective, a Unigue Contribution to the Field of Ecofeminism Regency, Indonesia
Tuti Budirahayu, Emy Susanti, and Sutinah Septi Ariadi, Muhammad Saud, and Siti Masudah

09.15-09.30 |No. 2024-44 No. 2024-33
Investigation of the Nutrient and Organic Matter Removal in Surface[Environmental Governance for Sustainable Natural Resource
Water by Aquatic Plants: A Laboratory Scale Study Management in Indonesia
Ngo Anh Dao Ho and Nguyen Thi Minh Trang Darmanto and Heri Wahyudi

09.30 - 09.45 No. 2024-58 No. 2024-41
Assessment of Greenhouse Gas Emissions and Reduction Strategies: [Reproductive Modifications of Marine Rotifer in Relation to Thermal
A Case Study of Foundry Plant in Thailand Conditions: Implications for Ecological Adaptations
Rungrote Sumarat and Maneerat Khemkao Chengyan Han, Yukina So, Atsushi Hagiwara, and Y oshitaka

Sakakura
09.45-10.00 [No. 2024-70 No. 2024-61

Boosting Tourism Resilience Through Enhanced Disaster
Mitigation: A Case Study of Batu City

Andini Risfandini, Ayu Fitriatul 6Ulya, Annisaa Hamidah
Imaduddina, and Irwan Yulianto

Exploring Greenwashing Awareness Among Thai Retail Investors
Towards Sustainable Investment Trends

Kotchanipha Vich Owen and Tawalhathai Suphasomboon

l
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Time Event

10.00 - 10.15  [No. 2024-14
Enhancing Thermal Performance of Cotton Facemasks through the
Integration of Phase Change Materials: A Simulation Study

Poptham Chaviengpop and Pimporn Ponpesh

10.15-10.30 Break

10.15 - 12.00 Session 3: Innovations and Technologies for Net Zero
Chair: Assistant Professor Dr.Anish Ghimire
Co-chair: Associate Professor Dr. Noppol Arunrat
Room: Arnoma Grand Ballroom 2-3

10.30-10.45 |No. 2024-26
Taurine Production in Engineered Halomonas elongata

Hideki Nakayama, Thu Ya Kyi Zin, and Pulla Kaothien-Nakayama

10.45-11.00 |No. 2024-36
Unlocking the Potential for Carbon Dioxide Removal (CDR) by Ulva prolifera: How Does the Addition of CO, Enhance Growth and
Photosynthesis Rates?

Kaho Yamaha, Eri Inomata, Hikari Nagoe, Yoichi Sato, and Gregory N. Nishihara

11.00-11.15  |No. 2024-52
Advanced Analytical Approaches to Dissolved Organic Matter for a Sustainable Future: Innovations for a Net Zero Future

Liza Saharani Hamzah and Jongkwan Park

11.15-11.30  |No. 2024-69
Generating Low Lipid and Protein Food Waste Hydrolysate by a Dilute Sulfuric Acid Thermohydrolysis for Biorefinery Applications

Julkipli Julkipli and Sandhya Babe

11.30-11.45 | No. 2024-64
Effect of MOF-derived Cu/CeQ, Catalysts Depending on Calcination Temperature in Water-Gas Shift Reaction

Su-Bin Min, Hak-Min Kim, and Dae-Woon Jeong

XHI
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Time Event

11.45-12.00 |No. 2024-71
Modulating the Co-CoOx Interface in Co-Nb-CeQ; Catalysts through Controlling Titration Rate for Enhanced Performance in Water-Gas
Shift Reaction
J.S Bang, H.M. Kim, and D.W Jeong

12.00-12.30 |Closing Ceremony
Conferenceds Audio-Visual Presentation
Conference Overall Conclusions Reported by Associate Professor Dr. Noppol Arunrat, Conference Chair
Occasion - Presentation of Certificate to Chair and Co-chair Session

- Outstanding Conference Papers Award

Closing Speech by Associate Professor Dr. Kitikorn Charmondusit
Dean of the Faculty of Environment and Resource Studies, Mahidol University

12.30 - 13.30 Lunch

13.30- 16.00 | Special Trip in Bangkok

XIv
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ABSTRACT

The influence of different biomasses on lignin extraction impacts the thermal stability of lignin. Four
extracted lignins from the soda pulping process were prepared from agricultural wastes, including bagasse, coconut
husk, rice straw and corn stover. Kinetic and thermodynamic analyses were utilized to compare and investigate the
thermal-oxidative stability behavior of all lignins. Experiments were conducted using the non-isothermal method
for four heating rates with a thermogravimetric analyzer. The Friedman, FWO, KAS and Starink kinetic methods
were used to investigate the oxidative kinetics of lignins. Thermodynamic parameters involving enthalpy (AH),
Gibbs free energy (AG) and entropy (AS) were considered for observing thermal characteristics. Thermal
degradation of lignin consists of three consecutive regimes: moisture content, lignin degradation and decomposition
of residues. All kinetic models showed average activation energies between 132.89 and 144.52 kJ/mol, 109.75 and
121.72 kJ/mol, 156.62 and 167.98 kJ/mol and 160.11 and 171.64 kJ/mol for BG, CH, RS and CS, respectively. The
coefficient of determination revealed that all models are promising kinetic methods for calculating kinetic
parameters. The fluctuation of kinetic and thermodynamic parameters showed that the thermal oxidative degradation
of lignin was a complicated mechanism. The conversion process corresponds to a non-spontaneous endothermic
reaction. The results provide valuable information to deeply understand the thermochemical conversion for
characterizing the thermal stability of lignins.

Keyword: Soda lignin extraction/ Agricultural wastes/ Thermal oxidative degradation/ Kinetic and
thermodynamic

1. INTRODUCTION

The production of agricultural waste increases as a result of the growing worldwide population and
rising demand for agricultural products [1]. Agriculture is the most important sector to drive the Thai
economy with high domestic and overseas demands for rice, sugar, coconut and corn [2]. The production
of these agricultural wastes is created by the harvesting operations and the food processing industries.
Currently, burning is an efficient method for removing excessive residues due to its inexpensive, rapid
and uncomplicated approach [3]. The combustion process releases particulate matter, black carbon and
greenhouse gases (GHGs) into the atmosphere, affecting air pollution, climate change and human health.
Therefore, managing agricultural residues illustrates the greatest challenge for waste management in
agricultural countries. Converting agricultural waste into high value products, including polysaccharides
(cellulose and hemicelluloses) and lignin as aromatic polymers, remains economical, sustainable and
advantageous for humans and the environment [4].

Lignin demonstrates excellent antioxidant properties; it has been promisingly utilized in many
applications, such as film fabrication, thermo-oxidation stabilizers, and polymer additives [5]. Thermal
stability and decomposition profiles are normally evaluated via thermal gravimetric analysis (TGA). But
the results of TGA thermograms cannot disclose the reaction mechanisms during thermal degradation.

Kinetic and thermodynamic analyses provide beneficial information through kinetic and
thermodynamic parameters for revealing the mechanisms and thermal degradation behavior. Kinetic
analysis focuses on the determination of kinetic parameters such as activation energy (E) and pre-
exponential factor (A). The obtained kinetic parameters are calculated from different kinetic models.
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Model-free methods are generally used for predicting kinetic parameters. Model-free techniques have
isoconversional bases. This method works well for uncovering intricate chemical reaction processes that
involve multiple elementary steps in their mechanisms. The rate of reaction is related to temperature and
the kinetic parameters are assessed at a constant conversion degree [6]. Model-free approaches can be
categorized into two main categories: differential and integral kinetic methods. The differential kinetic
methods such as Friedman produce the most precise kinetic findings, but they have a defect in that noise
from data amplification through numerical differentiation may influence accuracy [7]. The methods of
studying material stability that have gained widespread acceptance include the integral isoconversional
kinetics of Flynn-Wall-Ozawa (FWO), Kissinger-Akahira-Sunose (KAS), and Starink. However, because
of the Arrhenius integral's oversimplified estimation and the activation energy constant assumption used
in their derivation, these kinetic techniques would lead to systematic calculation errors [8].
Thermodynamic analysis is used to forecast the possibility of a chemical or physical reaction, which
includes occurring on its own initiative, based on the distribution of energy contained in reactants and
products. Thermodynamic parameters involving enthalpy (AH), Gibbs free energy (AG) and entropy (AS)
are utilized to describe spontaneous reactions, absorbed or released energy, stability determination as well
as the degree of disorder [9]. The study of oxidative degradation kinetics in lignin in terms of
characteristics, kinetic mechanism, thermodynamic analysis and comparison between different kinetic
methods is limited and not well understood.

Determining the thermal oxidative stability of lignins derived from bagasse, coconut husk, rice
straw, and maize stover was the primary objective of this study. Kissinger-Akahira-Sunose (KAS), Flynn-
Wall-Ozawa (FWO), Friedman, and Starink models' kinetic parameters were predicted using the TGA
and DTG results of soda lignin degradation, which were based on the kinetic analysis. Activation energy
data were used to determine thermodynamic parameters such as entropy (AS), Gibbs free energy (AG),
and enthalpy (AH). The results of thermodynamic and kinetic assessments included comparisons of
various kinetic techniques, kinetic mechanisms, and features of thermal degradation. The variance of
lignin compounds in these various biomasses was also seen by analyzing a number of other factors,
including chemical composition, molecular structure, and glass transition temperature.

2. METHODOLOGY
2.1 Materials and methods

Four agricultural residues were used to extract the soda lignin. Coconut husk (CH), rice straw (RS)
and corn stover (CS) were collected from local fields in Thailand and bagasse (BG) was obtained from
the sugar factory in the central region. Dry samples were carried out in an oven at 50 °C for 4 days to
remove the moisture content and crushed with a laboratory grinder mixture. The particle size of lignin
samples was controlled to less than 3 mm with a sieve and stored at room temperature in zip lock plastic
bag.

2.2 Lignin dissolution and precipitation

Soda lignin was prepared by the soda pulping process utilizing an alkaline hydrolysis based on
sodium hydroxide (NaOH). Four samples were mixed with 3% (w/v) of NaOH solution at a ratio of solid
to liquid of 1:12 (w/v). The reaction temperature was adopted at 121 °C for 1 h for reaction time and the
pressure was kept at 15 psi. Next, fibers and excess pulp residues were separated by vacuum filtration
several times. Black liquor had a high alkali content, showing a pH of approximately 11. The precipitation
of lignin was carried out by adding 20% (v/v) of sulfuric acid to black liquor under magnetic stirring. The
amount of sulfuric acid in black liquor was controlled by reaching pH 2 and samples were set for 1 day
at 25 °C. Subsequently, precipitated lignin was filtrated to remove excess water with a centrifugation
speed of 4,000 rpm and a time of 15 minutes. The washing process with hot water at 60 °C was adopted
many times to neutralize the pH of lignin. Finally, all soda lignins were dried for 5 days in an oven at 55
°C to reduce moisture and then milled to powder. Extraction processes are expressed in Figure 1.
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2.3 Thermogravimetric analysis (TGA)

The thermal oxidative degradation characteristics and kinetic analysis of soda lignins were tested
by a thermogravimetric analyzer (TGA/DSC Mettler-Toledo). The weight loss profile was a function of
mass change under increasing temperatures. Approximately 10 mg of lignin was allowed to stabilize at
25 °C in an alumina crucible. Thermal oxidative degradation behavior was achieved at temperatures from
25 to 800 °C under heating rates of 5, 10, 20 and 30 °C/min. TGA results are not only used to describe
data on weight loss but also to determine kinetic parameters. To ensure reproducibility, a minimum of
three replications were conducted.

2.4 Kinetics analysis

Evaluating the reaction mechanism of lignin degradation becomes more difficult because of the
complicated chemical composition. The model-free isoconversional methods, including Friedman, Flynn-
Wall-Ozawa (FWO), Kissinger-Akahira-Sunose (KAS) and Starink were employed for approximating
the activation energy and pre-exponential factor. Generally, when biomass is thermally degraded, a
number of parallel and simultaneous processes take place and the reaction is described in Eq. (1).

Biomass (s) — Volatile (g) + Residue (3) (D

The reaction rate is dominated by the conversion function f («) and can be defined by the following
equation:

da E
= aelw(a) @
dt
The terms of E, A, R, T and t represent the activation energy of reaction, pre-exponential/frequency
factor, gas constant, absolute temperature and reaction time, respectively. The instantaneous conversion
ratio (@) of biomass can be expressed as:
m; — My

=+t 't 3
R 3)

Where m, is the mass at a considered time, m; and m; designate initial mass and final mass. A

constant heating rate (8 = dT/dt) for non-isothermal condition is added to Eq. (2), the new function
can be generated as follows:

da _ Ee(f—r) f() 4)
dT B

Based on Eq. (4), rearranging and integrating can be expresses as:

« da A T (E AE rae™* AE
g(a) =/, %: E TOe(RT)dT =B_R N x—zdx =ﬁ‘_R p(x) (5)
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Biomass Bagasse, Coconut husk, Rice straw and Corn stover

|—“ Drying Remove moisture at 50 °C for 4 days

|—— Soda NaOH 3% at 121 °C for 1h

process
B_‘aCk Lignin-rich fraction
Liquor
' Precipitation | H,SO, 20 % until pH 2
Fibers and
residues
‘—> Centrifugation | 4000 rpm at 15 min
Cellulose, hemicellulose and excess pulp residues
[_. Washing Hot water at 60 °C

Lignin | Dry 60 °C 5 days

Acid solution

H,SO, residue

Figure 1. Schematic diagram of lignin extraction from agricultural residues.

The term g(a) is the reaction model function of integral form and p(x) represents the Arrhenius
integral/temperature integral function. It has no analytical solution except utilizing different
approximation approaches for determination [10].

2.4.1. Friedman method

The assumption of Friedman method proposes the conversion function f («) will be constant. This
indicates that thermal degradation depends on the mass loss rate but is not influenced by temperature [11].
By taking natural logarithm of Eq. (4), Friedman differential isoconversional method can be obtained
[12]:

In (i—f) —In [ﬁ (‘;—i‘)] = A+ In(f(a)) - 15_7" 6)

Plotting In(da/dt) against 1/T for a specified conversion value provides the slope and — E /R can
be evaluated from a slope.

2.4.2. Flynn-wall-ozawa (FWO) method
FWO applied Doyle’s approximation at Inp(x) = —5.3305 — 1.051x. Based on the method
developed by FWO, it can be expressed as follows [13,14]:

AE
g(@)R

)—5.3305 — 1.0516 (i) )

In(B) = ln( —

Since In(AE/g(a)R) keeps constant, the relationship of In(B) relates to 1/T to offer a linear
function. The E can be determined by the slope of this line —1.0516 (E/RT).

*Corresponding Author: Tirapote Rattana-amron
E-mail address: tirapote@nanotec.or.th



The 5™ Environment and Natural Resources International Theme: Net Zero World: Action for a Sustainable Future
Conference (ENRIC 2024) 14 - 15 November 2024, Bangkok, Thailand

2.4.3. Kissinger -Akahira -Sunose (KAS) method

This integral isoconversional method is commonly used in the comparative kinetic study of several
materials. The assumption of KAS method fixed the value of the conversion and applied Doyle
approximation for substituting the temperature integral function [15]. The general equation of KAS is
presented in Eq. (8) [16,17].

() =nlps) - £

Similar as FWO method, the plot of In(/T?) versus 1/T provides a linear function. The slope of
this line equals to —E/RT.

2.4.4. Starink method

Starink considered both FWO and KAS kinetic approaches and proposed a more accurate kinetic
method by combining both FWO and KAS with correct approximation [18,19]. Starink method cab be
express as follow [20]:

B AR09? E

The slope of In(B/T?) versus 1/T give a linear function and E can be achieved from the slope
of —1.0008(E/RT).

2.5 Thermodynamic analysis

Kinetic information from Friedman, FWO, KAS and Starink kinetic models is utilized to estimate
the parameters of thermodynamic in various extracted lignins. The frequency factor can be obtained from
Eq. (10). Thermodynamic determinations, involving the changes of enthalpy (AH), Gibbs free energy
(AG) and entropy (AS) are presented in Eq. (11) to (12) [21]:

E 1
A= |BEexp|— ] > (10)
RT,)| RT,
AH = E —RT 11D
KT,
14
_ (AH — AG)
AS = —— (13)
Tp

Where K represents the Boltzmann constant of 1.381 x 1072* (J/K), h corresponds to the Plank
constant of 6.626 x 107 (J-s) and T,, denotes the temperature (K) of the DTG peak.

3. RESULTS AND DISCUSSION
3.1 Yields of lignin extraction

Four different biomasses of bagasse (BG), coconut husk (CH), rice straw (RS) and corn stover (CS)
were selected to extract lignin through soda pulping. The percentage yield of lignin from different sources
was determined by the gravimetric method and the results are presented in Table 1. CH yielded the highest
lignin level of 38.51%, followed by BG, RS and CS with yields of 31.34%, 19.37% and 15.85%,
respectively. Regarding the separation of fiber in black liquor, rapid clogging was found in rice straw and
corn stover using filtration. However, this problem could not be observed in bagasse and coconut husk.
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3.2 Thermogravimetric analysis

The thermogravimetry (TG) and derivative thermogravimetry (DTG) representing mass loss and
degradation rate with respect to temperature under the air are shown in Figure 2. The first regime under
100 °C could be attributed to moisture evaporation, which was relatively small (4-5%). The second regime
described the major degradation stage of lignin. It was observed predominantly in the range of 180—400
°C. This can be assigned to the degradation of lignin showing dehydrogenation of the hydroxyl group of
benzyl and the fragmentation of a-O-4 and B-O-4 ether bonds at inter-unit linkages [22]. The third regime
of lignin degradation occurred at a temperature above 400 °C. This segment occurred slowly to form char
and various volatiles (H,, CO,, CH4 and hydrocarbons) were produced and finalized with char combustion
in the presence of oxygen [23-25]. The ash residue could be observed at the final stage of thermal
oxidative degradation. The amount of ash from RS and CS samples was higher than that from BG and
CH around 1-2%. The formation of these inorganic salts and mineral components influences

The amount of lignin ash and its thermochemical properties [26]. According to this study, low ash
formation was observed for all four lignin samples. This indicated that the washing process in this study
was effective enough to remove contaminants. The thermal degradation of lignin is obviously controlled
by variations in heating rates. As shown in Table 2, shifting to a higher temperature was evident with
increasing heating rates from 5 to 40 °C/min. The shifting temperature is attributed to the effect of heat
transfer limitations. At high heating rates, samples cannot maintain a homogeneity of temperature
between core and surface. It extends the temperature gradients and results in faster devolatilization [27-
29]. The effect of different heating rates is also significant on the yield of residue (ash or char) at the end
of thermal degradation. Results showed that the residue after thermal degradation using heating rates of
5,10 and 20 °C/min yielded ash, while increasing the heating rate up to 40 °C/min only char was observed
at the end of the degradation process. Thermal oxidative degradation of lignin requires a period to
complete the degradation step for converting char to ash. At the highest heating rate of 40 °C/min cannot
provide sufficient time to complete the combustion process [30].
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The linear regression plots of four model-free methods for all lignins are shown in Figure 3. The

average activation energy (E) values are summarized in Figure 4. The linear correlation coefficient
(R?) is typically used to compare several kinetic models with respect to the acceptable accuracy of the
results. High R? signifies the optimal kinetic model with experimental data. Moreover, the causes of poor
fits may be due to the high heterogeneous secondary formation of char and ash residues [8,31]. The results
of thermal degradation in BG, CH, RS and CS lignins in this study show in Table 3 that high R? values
were apparent using the Friedman, FWO, KAS and Starink methods. Therefore, all kinetic models were
considered promising methods to apply for determining the stability of lignin from different biomasses at

a high level of acceptable accuracy.

The combination of Friedman, FWO, KAS and Starink kinetic models to determine the average E
values is shown in Figure 4. By comparing the individual biomasses, the horizontal lines represented the
means of the E throughout the whole degradation process. These lines indicated that extracted lignin from
CS (164.05 kJ/mol) and RS (159.96 kJ/mol) had higher activation energies than BG (136.24 kJ/mol) and

*Corresponding Author: Tirapote Rattana-amron
E-mail address: tirapote@nanotec.or.th

1000



The 5t Environment and Natural Resources International Theme: Net Zero World: Action for a Sustainable Future
Conference (ENRIC 2024) 14 - 15 November 2024, Bangkok, Thailand

CH (114.01 kJ/mol). With an increase in conversion, the degradation behavior of all lignin samples could
be observed to indicate that high energy requirements occurred in the beginning and decreased
continuously until the end of the degradation process. The thermal degradation profiles of combination
kinetic models also confirmed that the thermal oxidative degradation of soda lignin was the result of
multiple reaction systems.

The statistical analysis for comparing the variances of four kinetic models showed that at the p =
0.05 level of significance, the critical F-distribution was adapted with a 95% confidence interval and
correlated with the right tail area. The error degree of freedom connected with the number of observations
was 64, whereas the treatment degree of freedom related to the number of kinetic models was 3. The
critical F-distribution (Fp=0.05364) Was 2.7481 and the F-test results of BG (0.1188), CH (0.1634), RS
(0.0717) and CS (0.0575) were lower than the critical value, accepting them for analysis of statistical
data. It can be stated that there is no difference in the average of these four kinetic methods within the
test population. The A results of soda lignins from four different biomasses are exhibited in Table 1. The
A value of CH lignin degradation at a. = 0.2 was 10'® s, while BG, RS and CS lignins were degraded at
different a of 0.35 and showed A values between 10** and 102 s”!. The value of A is less than 10° s7!,
indicating a surface-control reaction but the A value is higher than 10° s!, meaning that the reaction is
independent of surface area [30,32].

3.4 Thermodynamic analysis

According to thermodynamic analysis, kinetic parameters (E and A) of lignin degradation derived
from four model-free methods were applied for thermodynamic parameter determination (Table 1). The
AH corresponds to a specific amount of heat energy that is necessary for degradation to break the
heterometric linkages in the lignocellulosic biomass structure. The order of the average AH from lower
to higher is as follows: lignin CS > RS > BG > CH. A small AH value is connected with the formation of
the transition state at a lower energy barrier [33]. This means that CH lignin requires the lowest energy
demand to degrade when compared with the others. The positive AH were found during lignin
degradation. This suggests that the energy required for the lignin thermal decomposition is a naturally
endothermic process.
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Figure 3. Linear regression plots of the Friedman, FWO, KAS and Starink models.
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The direction of the chemical process and the energy change throughout the formation of the
activated complex are observed using the AG value [34]. The variation of AG at the conversion extent
of 0.1-0.9 could be observed in Table 1. The average AG for BG, CH, RS and CS obtained from four
kinetic models were 163.61, 157.90, 167.99 and 167.96 kJ/mol, respectively. The greater AG value of
RS and CS pointed out that both lignins were more difficult to thermally convert than BG and CH. The
positive magnitude of AG is apparent at the thermal conversion of all soda lignins. It is evident from
the results that the thermal oxidative degradation of lignin correlates with a non-spontaneous reaction
[35].

According to the higher AS degree, the substance is out of equilibrium with itself, resulting in an
increasing degree of disorder in the system [36]. Results from Table 1 showed that thermal degradation
soda lignin had a higher minus value of AS at the end of conversion. This implies that the disordered
degree of lignin is decreased after thermal oxidative degradation. In addition, the co-occurrence of both
positive and negative AS values can be observed during the process. This characteristic confirms that
the specific thermal degradation processes of lignin have complex reactions [37].

4. CONCLUSIONS

Based on the obtained data and kinetic and thermodynamic analyses, the following conclusions
were created as follows:

1. Thermogravimetric analysis showed that the thermal degradation of lignin could be separated
into three regimes, representing the moisture content, lignin degradation and decomposition of residue.

2. Friedman, FWO, KAS and Starink kinetic models were reliable for predicting the thermal
stability of lignin at an acceptable level of accuracy.

3. Rice straw and corn stover had the highest thermal stability compared to the others.

4. Thermodynamic parameters (AH, AG and AS) are obtained based on E values, revealing that
thermal degradation of soda lignins is an endothermic reaction, which corresponds to a complex
mechanism and degradation has never been spontaneous in nature.
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ABSTRACT

Air pollution from particulate matter smaller than 2.5 microns (PM2.5) is a global concern. In Din Daeng
District, Bangkok, PM2.5 levels frequently exceed Thailand's air quality standards from January to April in every
year due to traffic pollution and temperature inversions. Furthermore, climate change is expected to exacerbate
the inversion phenomenon, significantly elevating risks to vulnerable populations, including children, the elderly,
and individuals with respiratory and cardiovascular conditions. This study employs Geographic Information
System (GIS) technology to create risk maps for PM2.5, aiding local governments in developing strategies to
mitigate its impact. Data on PM2.5 concentrations, building footprints, and the distribution of vulnerable
populations were collected and analysed for risks using Weighted Linear Combination (WLC) with assigned
scores based on expert inputs. According to the assigned scores, people vulnerability is the most critical factor in
assessing PM2.5 risk with a score of 45.00%, followed by PM2.5 concentration (33.33%) and population density
(21.67%). Because of different patterns of population distribution in the area, the study also reveals that risk levels
are higher during the day than at night, with 11.20% of the population at the highest risk during daytime, compared
to 1.11% at night under worst case scenario. The study recommends different mitigation measures based on the
time of day and suggests three actionable strategies: 1) distributing PM2.5 masks to all children monthly, 2)
installing outdoor PM2.5 monitoring devices, and 3) constructing PM2.5 pollution control rooms for use when
pollution levels exceed standards. The first two measures are short-term actions that local governments can
implement immediately, while the third requires long-term investment and is particularly effective for protecting
vulnerable groups.

Keyword: PM2.5/ Geographical Information System/ Risk assessment

1. INTRODUCTION

Air pollution, particularly Particulate Matter with a diameter of less than 2.5 microns (PM2.5),
poses a significant threat to human health, especially for vulnerable groups in densely populated urban
areas [1,2,3]. Exposure to high PM2.5 concentrations can severely impact respiratory and
cardiovascular systems, increasing mortality risk [4,5]. Air pollution is closely linked to meteorological
conditions; hence, climate change affects PM2.5 concentrations by altering patterns of precipitation,
atmospheric circulation, temperature, radiation, and ventilation. These changes raise concerns about the
intensity and frequency of PM2.5 events [6,7,8]. Consequently, assessing PM2.5 exposure has become
a critical focus for governments and researchers [5,9]. Therefore, research on PM2.5 risk mapping is
essential for helping national and local governments develop effective measures to mitigate its impact,
particularly in urban areas.

Risk assessment is complex, relying on mathematical models to estimate the likelihood and
intensity of specific events at particular locations [10]. Historically, spatial risk assessment was
challenging due to the lack of advanced Geographic Information Systems (GIS), limited access to high-
quality spatial data, and computational constraints that hindered accurate modeling of spatial
distribution and risk intensity. However, advancements in GIS technology and improved access to high-
quality spatial data, such as building footprints, have significantly enhanced the accuracy of urban
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population distribution analysis, which is crucial for risk assessment. The successful application of GIS
in risk assessments has been demonstrated in numerous studies [11,12,13].

This study focuses on Din Daeng District, a densely populated urban area in the northern part of
Bangkok, Thailand, to demonstrate the application of GIS for PM2.5 risk assessment. The district
consistently experiences high PM2.5 concentrations between January and April each year [14,15]. In
addition, this study proposes PM2.5 impact mitigation measures based on field surveys. The goal is to
provide the local government of Din Daeng District with high-resolution PM2.5 risk maps to inform
appropriate responses and actions to combat air pollution.

2. METHODOLOGY
2.1 Study area

Din Daeng District, located in the Bangkok Metropolitan Area, covers a total area of 8.35 km?,
comprising Din Daeng Subdistrict (3.73 km?) and Ratchadaphisek Subdistrict (4.62 km?), as shown in
Figure 1. According to the Department of Provincial Administration, in 2023, the district had 109,802
registered residents and 64,834 households. Din Daeng is considered a key economic area in Bangkok
due to its high concentration of department stores, condominiums, offices, government agencies, and
schools, which attract people from nearby districts and provinces. The latent population is estimated to
add an additional 75% to the registered population in the area [16]. Pollution Control Department
reported that in 2021, there were 101 days, and in 2022, there were 91 days when the monitored PM2.5
concentrations exceeded Thailand’s air quality standards [17].

Thailand .¢,

010 20 40 Kilometers
[ e e

0 075 15 3 Kilometers
o o o e e e

Din Daeng
District

560 Kilometers.

Figure 1. Location of Din Daeng District and 12 air quality monitoring stations in Bangkok

2.2 Development of PM2.5 risk map

The methodological flow is illustrated in Figure 2. PM2.5 risk is determined by three factors:
PM2.5 concentration, population density, and vulnerability. All maps were generated using ArcGIS
Version 10.8 (ESRI), grided into 20 m x 20 m.

The PM2.5 concentration map was created using the Inverse Distance Weighting (IDW)
technique with data from 12 Pollution Control Department (PCD) air quality monitoring stations in
Bangkok as shown in Figure 1 [18]. Daily PM2.5 concentration data from 1 January 2023 to 31 March
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2023, were used to produce spatial distribution maps at the 50", 95" and 99" percentiles. The
population distribution maps were based on building footprints in the Din Daeng District in 2022,
sourced from the Department of City Planning and Urban Development under the Bangkok
Metropolitan Administration (BMA). The maps were divided into daytime and nighttime to reflect
different settlement patterns: during the day, people are assumed to reside in non-residential buildings
such as offices, schools, and government buildings, while at night, they reside in residential buildings
including hotels. Daytime population density was calculated by summing the surveyed census data from
2020 with the commuter population [16], then dividing by the total non-residential building area.
Nighttime population density was calculated by summing the surveyed census data from 2020 with the
estimated non-registered population in the area [16], then dividing by the total residential building area.
The gridded population for each building was determined by multiplying the population density by the
floor area (number of floors multiplied by the building area), then dividing by 400 (as a grid size is 20
m x 20 m). The vulnerability map shows the locations of nurseries, schools, hospitals, and nursing
homes, along with the number of occupants, as collected during field surveys.

Din Daeng District

Secondary data
1. PM2.5 air concentration
2. Location of air monitoring
stations
3. Building footprints
4. Distribution and numbers of
Data collection F vulnerable groups

l l
PM2.5 Population Vulnerable group
concentration map distribution map in distribution map
based on Inverse day and night times based on Google
Distance Weighting based on building map engine and
(IDW) mterpolation footprints tield survey

Weighted Linear
Combination (WLC)
with expert judgement

PM2.5 risk
mapping

In-depth interview with
vulnerable groups

Proposal of measures and recommendation
for minimizing PM2.5 impacts emphasizing on vulnerable groups

Figure 2. Methodological flow

A Weighted Linear Combination (WLC) method was applied to calculate PM2.5 risks,
incorporating PM2.5 concentration, population distribution, and vulnerability factors. These factors
were weighted to a total score of 100 by three academic experts in the fields of air pollution, population
studies, and health. The selection criteria for experts include relevant academic backgrounds and
extensive journal publications in the fields especially in Bangkok area. Similarly, spatial values across
the three maps were converted to ordinal values based on expert judgment. All maps were then
rasterized, and PM2.5 risks were calculated using the equation below:
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B WXij
K WY

Where; Aj=risk score of grid [; Wj=weighting based on expert judgement for factor j; X;=ordinal
value of factor j at grid i; Yj/=maximum ordinal value of factor j. The risk scores are categorized into

99 G

“very low”, “low”, “medium”, “high” and “very high” and the definitions are summarized in Table 1.

Table 1. Risk score categorization

Risk level Risk score Definition

Very low 0.00-0.20 Carrying out activities or operations does not necessarily require risk
management or further control improvements.

Low 0.21-0.40 Carrying out activities or operations does not necessarily require additional risk
management. However, activities or operations involving vulnerable groups
should reduce outdoor activities, and risk management should be consistently
maintained to ensure that adequate risk controls are still in place.

Medium 0.41-0.60 Carrying out activities or operations should reduce outdoor activities. For
activities or operations involving vulnerable groups, wearing dust masks is
recommended. At this level of risk, information on air pollution and self-
protection methods should be communicated to the public.

High 0.61-0.80 Activities or operations during this period may be considered for cancellation as
appropriate until the risk is reduced. If going outdoors is necessary, wearing a
dust mask is recommended. At this level of risk, information about air pollution
conditions and self-protection methods should be communicated to the public.

Very high 0.81-1.00 Activities currently underway cannot continue until the risk is reduced. If the
risk cannot be mitigated, the activity must be halted or suspended. At this level
of risk, information about air pollution conditions and self-protection methods
should be communicated to the public.

2.3 Proposal of PM2.5 impact minimization measure

Field surveys were conducted in March 2024 for face-to-face interviews with vulnerable groups
in Din Daeng District. Response to time with PM2.5 concentration exceeding the air quality standards
and expected support from local governments were inquired. Costs of implementing the expected
support is estimated following Thailand market prices as of 30 April 2024.

3. RESULTS AND DISCUSSION
3.1 PM2.5 risk map

Figure 3 shows PM2.5 concentration maps at the 50, 95" and 99" percentiles. According to
Thailand’s air quality standards, ambient PM2.5 concentrations should not exceed 37.5 pg/m® over a
24-hour period or 15 pg/m? annually. The ranges of minimum and maximum concentrations at the 50,
95%, and 99 percentiles were 29.0-37.0 pg/m?, 63.4-72.5 pg/m?, and 77.11-91.33 pg/m?, respectively.
Figure 4 illustrates the population distribution maps for daytime and nighttime. During the day, people
are assumed to be at their workplaces, leading to minimal population dispersion but high density in
outer areas along the main roads. At night, people return to their residences, resulting in greater
population dispersion across all residential zones. From these maps, considering different population
patterns between daytime and nighttime can overcome shortcomings of remote sensing as described in
the previous study [19]. As for the vulnerable group map shown in Figure 5, these groups tend to cluster
on the west side, which accounts for 75% of all vulnerable buildings, while the Ratchadaphisek
Subdistrict accounts for the remaining 25%.
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The weighting and criteria for ordinal conversion values determined by experts for PM2.5
concentration, population distribution, and vulnerability are presented in Table 2 and Table 3,
respectively. The weighting scores show that vulnerable groups (45.00%) are the most significant factor
influencing PM2.5 risk, followed by PM2.5 concentration (33.33%) and population distribution
(21.67%). Older adults are positively and strongly associated with natural mortality due to short-term
exposure to PM2.5 [20, 21]. Additionally, high population density significantly increases the risk of
PM2.5 due to pollution centralization and congestion effects [22, 23].
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Figure 3. PM2.5 concentration maps at 50" percentile (left), 95" percentile (middle) and 99™ percentile (right)
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Figure 5. Location of vulnerable groups

Table 2. Weighting scores of PM2.5 risk factors by experts

PM2.5 Risk factor Expert scoring Average score
Expert No.1 Expert No.2 Expert No.3

PM2.5 concentration 40 30 40 33.33

Population density 30 10 25 21.67

Vulnerability 30 60 35 45

Total 100 100 100 100

Table 3. Criterion for ordinal conversion by experts

PM2.5 concentration

PM2.5 concentration Definition Ordinal score
>75.0 pg/m’ Air quality affects health 5

37.6 — 75.0 pg/m? Air quality is likely to affect health 4

25.1 -37.5 pg/m? Moderate air quality 3

15.0 — 25.0 ug/m? Good air quality 2

<15 pg/m? Very good air quality 1

Population density

Population Density Definition Ordinal score
> 50 person/m? Relatively high density 5

20.0 — 50.0 person/m? High density 4

10.0 — 20.0 person/m? Medium density 3

4.0 — 10.0 person/m> Low density 2

< 4 person/m? Very low density 1
Vulnerability

Vulnerable group Definition Ordinal score
Young children (ages 0-5), elderly (60 years and High vulnerability 3

above), and patients

Primary school children (ages 6-12) Medium vulnerability 2

Secondary school children Low vulnerability

(ages 13-18) and older
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PM2.5 risk maps are shown in Figure 6, and the affected population during daytime and nighttime
is summarized in Table 4 and Table 5, respectively. The results indicate that, during the daytime, high-
risk grids were predominantly located in areas with vulnerable groups, such as children, the elderly, and
patients, who are at greater risk. Medium risk was the most common in scenarios with PM2.5
concentrations at the 50 percentile (85.38%) and 95" percentile (84.65%), while high risk was
primarily observed in the 99" percentile scenario (82.56%). At nighttime, high-risk areas were
identified in hotels and condominiums in the central part. Similarly, medium risk accounted for the
majority in the 50" percentile (85.34%) and 95™ percentile (95.78%) scenarios, while high risk was
mainly observed in the 99" percentile scenario (72.93%). This detailed information can help local
governments develop effective responses tailored to the different risk profiles of daytime and nighttime
during periods of high PM2.5 concentration.
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Figure 6. PM2.5 risk map: (a) Daytime at 50 percentile, (b) Daytime at 95t percentile, (c) Daytime at 99" percentile, (d)
Night time at 50" percentile, (¢) Night time at 95™ percentile and (f) Night time at 99" percentile
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Table 4. Affected population in daytime

Risk score category Affected population impacted by PM2.5 at different percentiles in daytime

50 95 99
Very low 50 (0.04%) 0 (0%) 0 (0%)
Low 511 (0.37%) 70 (0.05%) 50 (0.04%)
Medium 116,768 (85.38%) 115,775 (84.65%) 8,478 (6.20%)
High 11,615 (8.49%) 5,773 (4.22%) 112,915 (82.56%)
Very high 7,824 (5.72%) 15,151 (11.08%) 15,325 (11.20%)
Total 136,768 (100%) 136,768 (100%) 136,768 (100%)

Table 5. Affected population in nighttime

Risk score category Affected population impacted by PM2.5 at different percentiles in nighttime

50 95 99
Very low 9 (0.01%) 9 (0.01%) 9(0.01%)
Low 21,865 (13.42%) 4,770 (2.93%) 0 (0.00%)
Medium 138,972 (85.34%) 155,972 (95.78%) 42,263 (25.95%)
High 1,704 (1.05%) 355 (0.22%) 118,765 (72.93%)
Very high 290 (0.18%) 1,734 (1.06%) 1,803 (1.11%)
Total 162,840 (100%) 162,840 (100%) 162,840 (100%)

3.2 PM2.5 impact minimization measure

Based on the interviews, three measures supported by local governments were proposed by
vulnerable groups in the study area: Measure (1) is the monthly distribution of PM2.5 masks to all
children (43.75% of total respondents), Measure (2) is the construction of PM2.5 pollution control
rooms to be used when pollution levels exceed standards (37.50% of total respondents), and Measure
(3) is the installation of outdoor PM2.5 monitoring devices (18.75% of total respondents). Respirator
face masks, as a personal-level intervention, can effectively reduce ambient particle concentrations by
68.1% [24]. However, caution should be exercised when using N95 masks, as they can increase the
workload on the metabolic system, particularly for pregnant workers, potentially causing dizziness and
hypoxia [25]. Furthermore, ventilation and air conditioning systems in buildings or rooms can
effectively control indoor PM2.5 concentrations. For example, the China Academy of Building
Research has developed the T/CECS 586-2019 standard, titled "Technical Specification for Pollution
Control of Fine Particulate Matter (PM2.5) in Buildings," under the China Engineering Construction
Standardization Association [26]. In Thailand, the adoption of PM2.5 pollution control rooms is still
relatively limited and primarily implemented by the national government due to the high investment
costs, which are not feasible for private uses. Regarding outdoor PM2.5 monitoring devices, several
low-cost sensors have recently been introduced to the market. This suggests that, initially, the
government can easily provide these devices to vulnerable groups to enhance awareness, encourage
timely responses, and prompt action when PM2.5 concentrations are high. A successful example of a
participatory urban sensing framework for PM2.5 monitoring can be observed in Taiwan [27].
Currently, the ground-based monitoring devices called DustBoy, initiated by the National Research
Council of Thailand (NRCT), are widely used across several provinces in Thailand. However, their
intelligent application in urban areas is still under investigation [28].

When considering their application for vulnerable groups, the estimated annual cost for Measure
(1) is 67,126,055 Baht, for Measure (2) is 7,035,750 Baht, and for Measure (3) is 160,072 Baht, based
on current Thailand market prices. However, integrating all three measures is recommended: Measure
(1) offers a short-term solution, Measure (3) facilitates immediate action during peak pollution levels,
and Measure (2) should be considered for medium-to-long-term implementation.
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4. CONCLUSIONS

This study demonstrates the successful application of GIS for PM2.5 risk assessment. The
primary factors influencing PM2.5 risk are receptor vulnerability, PM2.5 concentration, and population
density, with vulnerability being the most significant factor. Notably, there is a considerable difference
in population distribution between daytime and nighttime, underscoring the need for tailored
implementation strategies throughout the day. To ensure the proposed measures are practical and
effective, it is recommended to conduct interviews with local governments. Short-term plans include
providing N95 masks and installing additional PM2.5 monitoring devices to facilitate timely responses
and actions. The construction of PM2.5 pollution control rooms is considered a long-term plan due to
its high investment costs.
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ABSTRACT

Thailand relies on the tourism industry as a major industry that can contribute to Thai business, jobs, and
other tourism supply chains. Tourists’ demand focuses on significant areas in the megacity of tourist destinations
around Thailand. The study focuses on carbon emissions by tracking hotel operations in Thailand. Data analysis
shows how much carbon emissions are in three major tourism destinations in Thailand namely, Bangkok, Chonburi,
and Phuket. The areas are coastal or seaside vacations in the tourism industry and are classified as megacities.
Additionally, behavior changes in the hotel business can be observed by using the number of hotel establishments.
The increasing number of rooms registered throughout Thailand. The observation found that the number of hotels
in study areas has continuously increased for years. The increasing figures showed from 2,958 hotels in 2016 to
3,857 hotels in 2024 (TAT intelligence center, 2024). Converting to the number of rooms will be calculated along
with tracking carbon emission by using average data from the Hotel Sustainability Benchmarking Index from
Cornell Hotel Sustainability Benchmarking study (CHSB), in 2023 (Ricaurte & Jagarajan, 2023). The study
measures the relative content of the number of rooms and carbon emission per room night (occupied room).
According to the CHSB report, the tracking of carbon emissions shows a significant result in increasing trends in
the operation of the hotels. The means figures of a kilogram of carbon dioxide emission equivalent (kgCO>) in 2023
showed that Bangkok is 123.7 kilograms per room night, Chonburi is 54.2 kilograms per room night and Phuket is
126.5 kilograms per room night. Furthermore, carbon dioxide emission tracking will be observed by rooms sold and
occupancies in each area. The results in the study areas can be applied to all hotels in the whole country.

Keywords: Carbon tracking/ Tourism/ Sustainability hotel / Low carbon tourism

1. INTRODUCTION

An Empirical Study on Carbon Tracking for Thai Hotel Operations study is the primarily study for
Thai Hotel and Carbon emission equivalence to total Green House Gases Emission. Three main tourist
destinations in this study are; Bangkok; Thailand metropolitan, which can be identified as a megacity in
the region. Pattaya is one of the most popular tourist destinations not far from Bangkok. The last
destination which is taking place as a famous tourist destination located along the Andaman coastal line
is Phuket.

1.1 Why three main destinations are selected?

The reason for selecting the 3 main tourist areas, Bangkok, Phuket, and Chonburi, is because these
are the main areas that tourists will travel to. Bangkok is considered the initial area where tourists will
enter the country. Phuket is the area where tourists intend to go to relax. Chonburi is the area closest to
Bangkok. Therefore, there is a connection between the number of tourists, both Thai and foreigners. The
reason why this study selected 3 areas for comparison and initially studied the amount of carbon dioxide
equivalent produced by providing accommodation services in the 3 areas.

1.1.1 Bangkok

Bangkok is one of the world's top tourist destinations of 162 cities worldwide, Master Card ranked
Bangkok as the top destination city by international visitor arrivals in its Global Destination Cities Index
2018, ahead of London, with just over 20 million overnight visitors in 2017.

This was a repeat of its 2017 ranking (for 2016). Euromonitor International ranked Bangkok fourth
in its Top City Destinations Ranking for 2016. Bangkok was also named "World's Best City" by Travel
+ Leisure magazine's survey of its readers for four consecutive years, from 2010 to 2013.As the main
gateway through which visitors arrive in Thailand, Bangkok is visited by the majority of international
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tourists to the country. Domestic tourism is also prominent. The Department of Tourism recorded
26,861,095 Thai and 11,361,808 foreign visitors to Bangkok in 2010. Lodgings were made by 15,031,244
guests, who occupied 49.9 percent of the city's 86,687 hotel rooms. Bangkok also topped the list as the
world's most popular tourist destinations in 2017 rankings (wikipedia, 2024a).

1.1.2 Chonburi

Following the end of World War II, coastal towns particularly Ang Sila witnessed an influx of
Teochew Chinese migrants.

The Vietnam War would also cause an influx of American G.1.S to arrive, particularly in Pattaya.

This would go on to lead Chonburi province to become popular among foreign tourists (wikipedia,
2024b).

1.1.3 Phuket

The development of Phuket's tourism sector began in earnest in the 1980s, with the west coast
beaches, notably Patong, Karon, and Kata, emerging as key tourist destinations. Following the 2004
tsunami, efforts were made to restore all affected buildings and attractions. The island has since
undergone extensive development, evidenced by the construction of new hotels, apartments, and houses.

In a 2005 report by Fortune Magazine, Phuket was listed among the top five global retirement
destinations. The island's appeal as a retirement location is attributed to various factors, including its
climate, lifestyle, and amenities.

The year 2017 marked a significant influx of tourists to Phuket, with the island welcoming
approximately 10 million visitors, predominantly from overseas. China was noted as the primary source
of these foreign tourists. The tourism sector in Phuket played a crucial role in Thailand's economy,
generating about 385 billion baht in revenue, which constituted nearly 14% of the nation's total earnings
of 2.77 trillion baht in that year.

In the first half of 2019, Phuket experienced a decrease in tourist arrivals, which impacted the local
hospitality industry. This trend was marked by reduced hotel occupancy rates and intensified price
competition among accommodations. Consequently, there was a noted decrease in revenue per available
room (RevPAR). Analysts attribute this downturn to the fewer tourists and an oversupply of hotel rooms.
However, despite the decline in tourist numbers, the Tourism Authority of Thailand (TAT) reported a
3.1% increase in tourism revenues for the same period.

Estimates of the total number of hotel rooms in Phuket vary. According to Oxfam, Phuket has
approximately 60,000 hotel rooms to cater to its 9.1 million annual visitors. Contrasting figures were
presented in reports by the Bangkok Post in September 2019. One report indicated that Phuket has around
600 hotels comprising 40,000 rooms. A separate report from three weeks earlier estimated 93,941
available hotel rooms, excluding villas and hostels, with an expectation of an additional 15,000 rooms by
2024. These varying figures highlight the difficulty in accurately quantifying the total number of hotel
accommodations in the region.(wikipedia, 2024c)

1.2 Hotel business

Hospitality includes a range of businesses, such as hotels, restaurants, bars, resorts, cruise ships,
theme parks, and other service-oriented businesses that provide accommodations, food, and beverages.
Hospitality is all about creating a welcoming and comfortable environment for guests and meeting their
needs. (insider, 2024)

1.3 Climate change and tourism

The world has agreed to keep global warming at 1.5 to 2°C compared to pre-industrial levels, for
which it will be necessary to reduce emissions of greenhouse gases to net zero by mid-century (Singh et
al.,2018). Asaresult, there is a pressing need to identify strategies that can significantly reduce emissions
throughout the world economy. Tourism has considerable relevance for achieving this goal, as it includes
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various vital emission subsectors such as aviation and is estimated to have been responsible for 8% of
global CO»-equivalent emissions in 2013 (Lenzen et al., 2018).Tourism is also a growth sector, further
emphasizing the importance of mitigation, specifically since a COVID-19 rebound is evident and future
high growth rates are expected (Citaristi, 2022). Carbon management, including CO- as well as other
greenhouse gases, is thus a key management challenge for the sector (Stefan Gossling, 2023).

The impossibility of accommodating further growth and emission reductions aligned with scientific
targets was already outlined in the(UNWTO & Change, 2008) report “Climate Change and Tourism —
Responding to Global Challenges”. Even in the most ambitious mitigation scenario, the sector's emissions
were projected to fall by just 16% (2005-2035) if growth continued. National studies confirm this. For
example, research for Norway has shown that under a continued tourism growth scenario, country-wide
decarbonization rates would have to be 30 times higher than observed rates to approach net zero by 2050
(Sun et al., 2022) . Decarbonization challenges for tourism have now been repeatedly outlined (Scott &
Gossling, 2021), with the central conclusion that tourism will not achieve carbon neutrality under
continued growth scenarios.

1.4 Sustainability benchmarking for hotel business

Tourism places pressures on the environment through the services provided (accommodation, food,
leisure activities, and transport), meanwhile it is particularly vulnerable to global warming as climate is a
crucial component of destinations’ attractiveness. As a result, research focusing on the impacts of tourism
has increased significantly. Practitioners consult a plethora of frameworks and publications to
environmentally assess tourism but none of the existing guidelines provides specific recommendations
making it difficult to obtain reliable results that can be properly replicated and compared. This paper
discusses the use of Footprint family indicators in tourism through a review of studies that measure the
Water, Carbon, and Ecological Footprint of tourists (Miralles et al., 2023).

1.5 Carbon footprint for hotel business

The Carbon Footprint as a concept was born from the Ecological Footprint. Considering the
definition by (Ewing et al., 2012) “the CF measures the total amount of GHG emissions that are directly
and indirectly caused by an activity or are accumulated over the life stages of a product” and is expressed
in mass units of CO; or mass units of CO; Equivalent if other GHG besides CO- have been accounted for.
Several standards and methodologies tackle the CF issue of products and services.

* Energy in kilowatt-hours (kWh),

» Water in liters (L) and

»  Waste generation (kg)

Greenhouse gas emissions (also termed carbon footprint) in kilograms of carbon dioxide equivalent
(kgCOse), converting each energy source of GHG emissions into kgCO.e (using only carbon dioxide,
methane, and nitrous oxide).

The data provided on the following pages in Exhibits 6, 7, and 8 show the average change in the
following six measures from 2019 to 2022 and from 2021 to 2022: (1) GHG emissions per occupied
room, (2) GHG emissions per square meter, (3) energy per occupied room, (4) energy per square meter,
(5) water per occupied room, and (6) water per square meter.

2. METHODOLOGY
2.1 Tracking for hotel consumption profile

Hotels and resorts are required to conduct assessments or city measurements to assess their energy
and resource consumption, which we call tracking for the Hotel consumption Profile.

The hotel's resource usage tracking will be used in this study are energy, water, and waste.

The factor that may have an impact on resource consumption or what will be used to calculate the
hotel's carbon footprint is climate change at different times of the year.
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However, Bangkok and Pattaya are connected by being tourist cities for tourism throughout the

year.

In Phuket province, there may be fluctuations depending on the tourist seasonal change, which
includes both the high season and the location due to the southwest monsoon.

However, since these three areas are the main tourist areas of Thailand, there is a campaign to
promote tourism throughout the year, which may have different customer groups using the services.

2.2 Carbon footprint and calculation
This study, specifically on carbon emission, will refer to the carbon calculation CHSB in 2023.
Carbon calculation of the number of rooms sold throughout the year in the study area is compared
with the standard value obtained from the calculation per room sold of the reference value.
The preliminary calculations will be shown in the study results and study analysis.

3. RESULTS AND DISCUSSION
3.1 Comparison of CO; profile in the study area

From the graph on the number of hotels in the 3 study areas, namely Bangkok, Phuket, and
Chonburi, the number of hotels registered in Phuket has increased each year with a relatively high trend
followed by an increase in the number of hotels in Chonburi. In Bangkok, the number is quite stable.

That is, from 2016 onwards until the present at the time of the study, which is mid-2024, it was
found that the number of hotels registered in Bangkok was 625 hotels in 2016, increasing to 669 hotels
in 2024,

In the number of hotels in Phuket Province in 2016, there were 1,473, increasing to 2151 in 2024,
which is a very high percentage increase of 86.41%.

Meanwhile, Chonburi Province has 860 registered hotels in 2016 and will increase to 1,037 in the
middle of this year in 2024. (See Figure 1.)

Number of Accommodation establishment

2500.00 y = 1459 100408
R?=0.8666
2000.00 asesesss et
L rasacastaatabeteetoAetetS aaneAASASSY
1500.00 u”"“""ﬂ”- y = 820.77¢00193x
R>=0.7706
1000.00
500.00 y=52x+62633
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0.00
2016 2017 2018 2019 2020 2021 2022 2023 2024
Bangkok 625.00 639 639 647 663 663 663 663 669
Phuket 1,473 1,672 1,673 1,716 1,789 1,791 1,799 2,143 2,151
Chonburi 860 861 871 872 893 893 915 948 1,037
Bangkok Phuket Chonburi
-------- Linear (Bangkok) weeeeeeo Linear (Bangkok) ¢++++++« Linear (Phuket)
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Figure 1. Number of accommodation establishment (Source: TAT Intelligence 2024, complied by Authors)
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If we consider the number of rooms registered in three areas, Phuket Province will certainly have
the largest number of rooms, followed by Bangkok and Chonburi respectively (See Figure 2).

The conclusion of the study, if we consider the number of rooms sold since 2018, except during
the COVID-19 crisis, it was found that the trend of room sales has increased and the amount of carbon
dioxide emissions per room sold has also increased.

Number of Room registration in 2016-2024 y = 70346¢0050«
120,000 R2=09038
et
100,000 k‘.‘;‘»l-“""“'.-"“"“‘““ y= 85211e0-01x
............. RE=6%75
80,000 —mee =
y = 5738100315
60,000 R2=0.8847
40,000
20,000
0
2016 2017 2018 2019 2020 2021 2022 2023 2024
Bangkok Phuket Chonburi
-------- Expon. (Bangkok) eeeeeeee Linear (Phuket) eeeeee-« Expon. (Phuket)
------------- Expon. (Phuket) Expon. (Chonburi )

Figure 2. Number of room registration in 2016-2024 (Source: TAT Intelligence 2024, complied by Authors)

However, the highest number of occupancy or rooms sold each month of each year will be in the
area with relatively consistent travel in Bangkok.

Occupancy Rate in study area in 2023
Phuket

Chonburi Bangkok

January
100

February

November March

October

September May

July

Figure 3. Room occupancy in 2016-2024 in three destinations (Source: TAT Intelligence 2024, complied by Authors)

From Table 1, when the Total Number of rooms in 2023 is multiplied by the average of the per
room in each area, what will be the number of groups in each area. Phuket had approximately 32 million
room-sold per year follow by Bangkok was around 26 million room-sold and 19.5 million room-sold in
Chonburi.
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Table 1. Shows the total room-night in 2023

Area Number of Room Average occupancy rate Room-Night Total Room-night in 2023
Bangkok 91,421 78.44 71,711 26,174,381
Phuket 113,065 77.59 87,727 32,020,404
Chonburi 72,557 73.98 53,678 19,592,349

Source: TAT Intelligence 2024, complied by Authors

From the CHSB study, it was found that Chonburi has carbon dioxide emissions of 54.2 kilograms
per room-night, which is the lowest in the three study areas, followed by Bangkok with carbon dioxide
equivalent emissions of 123.7 kilograms per room-night, while Phuket has the highest with an average of
126.5 kilograms of carbon equivalent per room-night.

Table 2. Shows the total COze in 2023

Area Room-Night Emission Per Room-night (kg:CO2¢)  Ton COze/day Total of COze/year (ton)
Bangkok 71,711 123.7 8,870.61 3,237,770.91
Phuket 87,727 126.5 11,097.48 4,050,581.07
Chonburi 53,678 54.2 2,909.33 1,061,905.32

Source: TAT Intelligence 2024, complied by Authors

Table 2, the equivalent amount of carbon emission per day, found that Bangkok accounted carbon
from selling rooms at about 324 tons, Phuket at about 405 tons, and Chonburi at about 106 tons. However,
when taking the average number of days that rooms can be sold in each area, it will be found that Bangkok
has a total of carbon emissions of 2023, Phuket has a total of 2023, and Chonburi has a total of 2023.

However, such quantity, even though the technology is introduced, or some issues are debated and
used as indicators for management and sustainability management in the tourism and hotel industries, is
still an issue that hotels must manage the release of carbon dioxide or greenhouse gases, especially the
management of resources that are the cause of greenhouse gases that were studied this time.

3.2 Discussion

In summary, if there is a need to study further in the area and in-depth the consumption profile in
each category that will be used to calculate carbon dioxide, at least 3 categories: energy, which is the
main calculation of water, which is a necessary resource for hotels, and finally, waste production or
resource use that will create waste for hotels, all 3 elements can be studied in depth in future research.
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ABSTRACT

The research explores the pivotal role of wastewater treatment plants (WWTPs) in addressing energy
consumption and greenhouse gas (GHG) emissions to achieve carbon neutrality (CN) and the United Nations'
Sustainable Development Goals (SDGs), notably promoting health, clean water, and sustainable energy while
mitigating climate change impacts. In 2023, Thailand will have wastewater treatment plants capable of handling
around 620 million cubic meters, or about 45% of wastewater produced, and data reveals that 3,621.574 thousand
kg CO> eq/year is emitted from wastewater treatment, highlighting the need for sustainable practices to reduce
emissions. The objective of this research is to develop a framework that integrates structured query language
(SQL) with life cycle inventory (LCI) methodologies to create a comprehensive database for WWTPs. This
includes goal and scope determination in assessment to identify inputs, outputs, and emissions throughout the
WWTPs process lifecycle. This framework aims to analyze energy consumption and reduce GHG emissions by
examining the correlations between WWTPs operational parameters and electricity consumption, thereby
contributing to carbon neutrality, and supporting the United Nations' Sustainable Development Goals (SDGs).
These findings emphasize the critical importance of understanding the relationship between WWTP operational
efficiency and energy consumption to effectively mitigation for enhance and optimize efficiency in reducing
energy consumption and GHG emissions in WWTPs. Ultimately, this framework aims to enhance and optimize
the efficiency of reducing energy consumption and GHG emissions in WWTPs, thereby contributing to CN and
the SDGs.

Keyword: Carbon neutrality / Greenhouse gas emissions / Wastewater treatment plants / Life cycle inventory /
Database

1. INTRODUCTION

Wastewater treatment plants (WWTPs) play significant role in realizing the United Nations'
Sustainable Development Goals (SDGs), contributing to clean water (SDG 6), clean energy (SDG 7),
good health (SDG 3), sustainable cities (SDG 11), responsible consumption and production (SDG 12),
and climate action (SDG 13) (Obaideen et al., 2022). Evaluating wastewater treatment infrastructure
through the lens of SDGs is crucial for global water quality improvement, particularly in addressing
issues like greenhouse gas emissions (Ho et al., 2021). The emphasis of SDG 6.3 on reducing untreated
wastewater discharge necessitates a forward-looking strategy beyond the 2030 targets, addressing
challenges such as greenhouse gas emissions for effective climate change (Adhikari & Halden, 2022).
The importance of accurate greenhouse gas accounting, especially for NO and CH4 emissions,
underscores the significance of adopting a multi-criteria approach for sustainable wastewater
management (Farago et al., 2022). Monitoring and managing greenhouse gas emissions are crucial for
countries addressing wastewater challenges, aligning with climate targets, and participating in the
UNFCCC negotiations. Supporting partner countries, such as Thailand, in preparing Intended
Nationally Determined Contributions (INDCs), is essential for collectively addressing climate-related
challenges (GIZ, 2021). In 2023, Thailand's wastewater treatment capacity will cover 45% of treatable
wastewater, and data reveals that 3.6 thousand kg CO; eq/year is emitted as greenhouse gasses from
wastewater treatment (DSPOT, 2023). This underscores the need for sustainable practices in emissions
reduction, aligning with the United Nations' Sustainable Development Goal by 2030.

The objective of this research is to identify and analyze the correlations between various
operational parameters and electricity consumption in WWTPs. By understanding these correlations,

Qs
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the aim is to optimize energy efficiency and reduce greenhouse gas (GHG) emissions. This analysis
provides insights into managing influent and effluent parameters and optimizing aeration processes to
improve treatment efficiency and reduce energy consumption. The findings from this research are
intended to contribute to the development of sustainable practices within wastewater management,
ultimately supporting the achievement of carbon neutrality and the UN's SDGs.

2. LITERATURE REVIEW
2.1 Evaluating Wastewater Treatment Infrastructure Systems Based

Challenges for Wastewater Treatment Plants (WWTPs) play a vital role in addressing the United
Nations' Sustainable Development Goals (SDGs), influencing various dimensions such as clean water,
sanitation, clean energy, responsible consumption, climate action, and life below water (Obaideen et
al., 2022). In 2015, the United Nations General Assembly established 17 interlinked goals as part of the
SDGs. These goals cover a range of areas, including poverty reduction, good health, sustainable land
use, zero hunger, gender equality, quality education, economic growth, clean water, reducing inequality,
affordable energy, sustainable communities, life below water, responsible production and consumption,
climate action, partnership for the goals, peace, industry, innovation, and infrastructure (Bebbington &
Unerman, 2018). The SDGs are embedded in the United Nations Resolution known as the 2030 Agenda,
with a target completion date of 2030. It mentions that while most SDG targets are set to be achieved
between 2020 and 2030, some targets do not have a specific end date (Costanza et al., 2016). Monitoring
progress toward these goals is essential, and various tools and techniques have been presented to track
and evaluate progress. The latest data from the United Nations SDGs dashboard indicates that many
countries still face significant challenges in achieving the SDG targets, with only two countries
(Andorra and Monaco) doing well in SDG 6. However, the detailed data reveals that even these
countries are not performing well in achieving SDG 6 targets, as illustrated in Figure 1.

® SDG achieved
Challenges remain
® Significant challenges remain
@ Major challenges remain
Information unavailable

Figure 1. Status of SDG 6 (Clean Water and Sanitation) (Sustainable Development Report 2023, 2024)

According to the UN World Water Development Report 2023, global water use has increased by
approximately 1% per year over the past 40 years, particularly in middle- and low-income countries,
notably in emerging economies. Population growth, economic and social development, and changing
consumption patterns all contribute to the increased demand for water, leading to water stress and
ultimately contributing to water scarcity (United Nations, 2023). Achieving SDG 6 by 2030, as depicted
in Figure 2, requires each country to commit to systematic monitoring and review of progress toward
the SDGs and associated goals (Kanchanamala Delanka-Pedige et al., 2021).
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Figure 2. Trends indicate whether a country is on track to achieve the SDG 6 by 2030 (Sustainable Development Report 2023,
2024)

2.2.1 Sustainable development goals (SDGs)

Sustainable development is defined as development that meets the needs of the present without
compromising the ability of future generations to meet their own needs. The challenges faced by
societies globally, such as poverty, environmental degradation, climate change, and inequality,
underscore the importance of SDGs as a blueprint for achieving sustainability and a better future
(Obaideen et al., 2022). The broader aim of sustainable development includes mitigating poverty,
protecting the planet, and ensuring prosperity and peace for individuals. It is highlighted as an approach
that influences businesses and individuals to adopt behaviors that benefit societies and communities.
Governments adopting a sustainable development approach are expected to bring benefits to the entire
country, protecting society on all fronts. Achieving SDGs requires a commitment to social progress,
economic growth, and environmental balance. Strategies to attain SDGs include promoting education,
initiating fundraising campaigns, encouraging volunteering, empowering change-makers, and more
(Malik et al., 2015). Wastewater infrastructure and the 17 Sustainable Development Goals can be linked
by defining seven characteristics related to challenges and opportunities related to wastewater
infrastructure: 1. effluent quality, 2. pathogen removal, 3. energy consumption, 4. gaseous emissions,
5. nutrient recovery, 6. footprint, and 7. reliability. The above opportunities and challenges are then
mapped with appropriate SDGs and targets to achieve the following 30 sustainability
indicators/measures in Table 1 (Kanchanamala Delanka-Pedige et al., 2021).

Table 1. Parameters to evaluate the sustainability of wastewater treatment technologies.

Attributes of Opportunities Challenges Linkages to  Process parameters
wastewater SDG targets  considered
infrastructure
Effluent quality Potential for reuse high-quality Poor quality effluent can 23,24 Effluent BOD
effluent for potable and non-potable  contaminate surface waters,
applications; combat water scarcity;  promote eutrophication, 33,39 Effluent NH+-N
improve resource use efficiency and  degrade soil quality; 6.1,63,64, Effluent POs
conserve ecology aggravate water scarcity; 6.6
additional cost for effluent
treatment, and ecological 9.1,94 Effluent COD

impact mitigation.
11.3,11.6, Effluent TN
11.9
12.4 Effluent TP
14.1,14.3
15.1,15.3

17.7
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Attributes of Opportunities Challenges Linkages to  Process parameters
wastewater SDG targets  considered
infrastructure
Pathogen control Pathogen free effluents are safe for =~ Health and safety issues due  3.3,3.9 LRV of E. coli
reuse; reduced disinfectant demand  to pathogen outbreak; higher
and lower possibilities of subsequent disinfection demand and 9.1 LRY of Fecal
disinfection by-products (DBP) DBP formation; increased coliform
formation health risk in water reuse; 115.11.9 LRV of Somatic
trar.lsmlssmn of antibiotic coliphages
resistance.
12.4 LRV of F-specific
coliphages
LRV of ARBs
Energy demand Low energy consumption and High energy consumption 7.3,74,7.5  Energy for WW
energy-efficient treatment can contributes to depletion of treatment
conserve fossil- fuel reserves; limited fossil-fuel reserves;
reduction in operation and Increased emission of GHG &4 Energy for
maintenance costs; reduction in during energy generation resource recovery
indirect emission of gregnhouse process degrades o 92,94 N reduction per
gases (GHGs); opportunities to environmental sustainability. unit energy
recover energy from resulting
biomass add revenue 11.3,11.6, P reduction per
11.9 unit energy
12.2,12.9, BOD reduction per
12.11 unit energy
13.2 Gross energy
recovery
17.7
Emissions Technologies with low harmful Technologies with higher 33,39 GHG-
emissions promote better air quality, emission degrade air quality; CO2 emissions
livable cities; prevent the greenhouse contribute to greenhouse (direct)*
effect, and subsequent climate- effects and climate-change
change i : 9.1,94 GHG -
ge impacts. scenarios. o
CO2 emission
(indirect)**
11.3,11.6, GHG- N20
11.9 emissions
124 GHG-
CH4 emissions
13.2 Odor-
NH3 emissions
17.7
Resources Ability to recover energy and If energy and nutrients 23,24 N partitioning into
recovery nutrients embedded in wastewater as embedded in wastewater are gas phase
biogas, fertilizers add revenue; not recovered, they are o
conserve natural resources; mitigate  dissipated into atmosphere, 33,39 N partmf)mng into
environmental impacts of energy and surface water bodies, and sludge/biomass
fertilizer production lan(% causing a series of 9.1,92,9.4 P partitioning into
environmental impacts. sludge/biomass
11.3,11.6, Potential N
119122, recovery
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Attributes of Opportunities Challenges Linkages to  Process parameters
wastewater SDG targets  considered
infrastructure
124,125
12.9
17.7 Potential P
recovery
Footprint Lower space requirement of sewage  Larger land requirement will 8.4 Time for
treatment technologies best suited be challenging for urban wastewater
for dense urban areas with limited areas; can promote treatment
space; conserves natural ecosystems  deforestation and loss of
(e.g.: Forests) biodiversity; loss of visual 92,94 Area
appeal 11.9
17.7
Reliability/accepta  Technologies with longer history Reluctance of industries to 8.2 Years of operation
bility imply greater reliability and adopt innovative and novel
acceptance. technologies. Limited 9.1,9.2,9.3,
9.4;9.5,9.6,

opportunities to introduce

sustainable technologies 9.7;

17.6,17.7

Remark: *CO: emission due to biogenic oxidation is excluded. **CO2 emission during electricity generation. (Kanchanamala
Delanka-Pedige et al., 2021)

2.2 Carbon Neutrality of Wastewater Treatment

Wastewater treatment plays a critical role in sanitation systems, contributing to nearly 5% of total
global greenhouse gas (GHG) emissions, with projections indicating a potential 22% increase by 2030
(Li et al., 2024; Maktabifard et al., 2023). Within the wastew