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Development of an Integrated Framework Model for Sustainability Assessment 
of Materials used in Primary Food Packaging 

Harshit Jain 
Department of Design 

Indian Institute of Technology Delhi 
harshit.jain@design.iitd.ac.in 

Sumer Singh 
Department of Design 

Indian Institute of Technology Delhi 
Sumer.Singh@design.iitd.ac.in 

ABSTRACT 
Considering the current population growth rate, the global population is touted to reach 9 
billion by the year 2050. This means that we will have 9 billion mouths to be fed daily, food 
being the fundamental need for survival. To meet this staggering demand for food 
consumption, significant breakthroughs need to be made not only in agri-tech but also in the 
packaging of food products. Researchers are working relentlessly to develop food packages 
that minimise wastage, improve shelf life and ensure uncontaminated last-mile deliveries. 
Sustainability assessment of food packaging systems is paramount for ensuring longevity 
of the developed designs and materials, thereby ensuring their continuous supply in the 
longer time horizon. Sustainability encompasses economic, environmental, performance and 
social considerations; hence, sustainability assessment essentially involves a comprehensive 
evaluation of a material or a product across its life cycle stages. Developing a framework for a 
comprehensive sustainability assessment of food packaging systems is a pressing need in the 
current scenario to correctly evaluate the future potential of a food packaging system. The 
development of such a decision tool can assist the material engineers, packaging designers 
and packaging manufacturers in choosing the most sustainable materials for packaging their 
products. This study aims to develop an integrated framework model for sustainability 
assessment of materials used in primary food packaging, considering different dimensions of 
sustainability across life cycle phases using multi-criteria decision analysis (MCDA) 
methods. 
Keywords: Sustainability, Food Packaging, Framework, MCDA, Sustainability Assessment 
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1. Introduction 
 
In today’s consumerism-based ecosystem, packaging has become an essential part of our lives, 
protecting every product we consume. It provides various functional benefits related to the transport 
efficiency of products and their protection. Additionally, packaging is an evaluation metric for 
consumers, often symbolizing the quality and cost of a product (Ketelsen et al., 2020). The major 
demerit of packaging is that it is usually discarded or disposed of after the product is taken out, 
significantly adding to waste generation across the globe. In the European Union alone, 188.7 kg of 
packaging waste was generated by each resident in the year 2021(Eurostat, 2023). Packaging waste 
is driving ecological inefficiencies globally; however, minimal efforts are being made to address 
this alarming issue. The global share of environmentally sustainable or green products is less than 4 
%, whereas the green economy accounts for a meagre 6 % of the total market capitalization of 
corporations listed globally (FTSE Russell, 2018). 
 
It is estimated that 4300 billion packaging units or product packages were produced in 2015, out of 
which 3139 billion (73 % of total packaging units produced) packaging units were produced for the 
food and beverage industry (ALL4PACK, 2016). In the European Union alone, 1130 billion 
packaging units were produced for the packaging of foods and beverages in 2018. Packaging waste 
generation is estimated to increase annually by 4.2 % on a global level. Considering the above data, 
it is evident that the food packaging industry should be the starting point to reduce the ecological 
footprint of packaging units. The development of environmentally sustainable food packages is 
pivotal for reducing the overall ecological inefficiencies of packaging waste globally. 
 
The concept of sustainability is based on improving the social, economic and environmental 
performance of the present generation without compromising the ability of future generations to 
meet their social, economic and environmental needs. Multiple definitions exist for defining 
sustainable packaging. However, most of them emphasize environmental sustainability, often 
ignoring other important facets of sustainability, i.e. social and economic. In the case of food 
packaging, storage and protection of food are the primary functions of a food package. These 
functions should not be compromised during the development of food packages. Hence, 
performance sustainability should also be considered during the development of sustainable food 
packages (Magnier & Schoormans, 2015). 
 
To facilitate the adoption of sustainable food packages, requisite guidelines need to be developed 
and implemented by government agencies and related organizations, primarily through the adoption 
of sustainability assessment methodologies. Sustainability Assessment (SA) is essentially an 
organized approach towards decision-making, playing a pivotal role in governance for 
sustainability. In simple terms, it can be defined as a process that directs decision-making towards 
sustainability (Bond et al., 2012). 
 
The study aims to develop a framework for sustainability assessment of materials used in primary 
food packaging, considering all the facets of sustainability, i.e. environmental, economic, social and 
performance. The framework will cover the entire life cycle of a food package, starting from pre-
production to the end of life (EOL) phase. The development of such a framework will facilitate the 
decision-makers in the true assessment of sustainable food packages, leading to policies for their 
widespread adoption.   
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2. Discussion 
 
2.1 Primary food packaging 
 
The packaging which is in direct contact with the food product is termed as primary food 
packaging. The main objective of this packaging is to protect the food product from any type of 
damage or contamination during the distribution phase of the life cycle. Flexible packaging, trays, 
aseptic packaging, bags, cans and cartons are different forms of primary packaging in the food 
industry. These are used to pack a variety of food items like eggs, potato chips, dried fruits, fruit 
juices, soups and beans. Multi-layer polymers, biopolymers, coated papers and metals like 
aluminium and stainless steel are used for development of these primary packaging systems. The 
below figure (Refer to figure 1) demonstrates the type and materials used in development of 
primary food packaging systems. 

 
Figure 1: Types of primary food packages and materials used for their manufacturing 

 

2.2 Life cycle phases of a primary food package 

The lifecycle of a primary food packaging unit can be divided into five main stages or phases. 
These are preproduction stage, production stage, distribution stage, use stage and disposal or end of 
life (EOL) stage ((Markevičiūtė & Varžinskas, 2022). The preproduction phase involves material 
selection, package design, packaging material source, etc. The production stage involves the 
manufacturing process of the package, i.e., the type of equipment required for manufacturing, 
energy requirements, etc. The distribution phase encompasses the transportation and storage part of 
a product package. The use phase involves the actual consumer's use of the product and its package, 
generally pertaining to user-friendliness, proper information dissemination, etc. The disposal or 
EOL phase refers to the user's discarding action. After discarding the product package, multiple 
possibilities exist, i.e. the package can be disposed of in the landfill, incinerated, reused or recycled. 
The below figure (refer to figure 2) depicts the life cycle phases of a primary food packaging unit. 
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Figure 2:Life cycle phases of a primary packaging unit (Markevičiūtė & Varžinskas, 2022) 

 
2.3 Existing Frameworks in Food Packaging 
 
To understand the need of an integrated framework model for sustainability assessment of materials 
used in primary food packaging, it is imperative to analyse existing frameworks in the food 
packaging domain. 
 
Mahajan et al. developed a framework using weighted sum method (WSM), weighted product 
method (WPM) and Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) 
methods for selecting sustainable, biodegradable polymers for food packaging applications 
considering material performance and cost parameters (Mahajan et al., 2023). Maaskant et al. 
developed a framework for selecting thermoplastic materials for food packaging applications based 
on material performance parameters and environmental parameters (relevant during EOL phase) 
(Maaskant et al., 2023). Santi et al. developed a framework for assessing sustainable food 
packaging, considering environmental sustainability, social value and food safety (Santi et al., 
2022). Yokokawa et al.  developed a framework for assessing the design of a food packaging system 
considering environmental sustainability and consumer preferences (Yokokawa et al., 2021). 
Gerassimidou et al. worked on a framework for introducing bio-based plastics in the food 
packaging value chain considering social, economic, technical, and environmental parameters 
across life cycle phases. The study was restricted to identification of parameters with no clear 
roadmap on use of these parameters in selecting sustainable bio-based plastics in the food 
packaging value chain (Gerassimidou et al., 2021). Zeng et al. designed a framework for integrating 
eco-design in the food packaging sector, focusing on minimising food waste (Zeng & Durif, 2020). 
Konstantoglou et al. developed a framework for determining key packaging elements of 
agricultural-based food products (Konstantoglou et al., 2020) . Niero & Hauschild  developed a 
framework to operationalise circular economy strategies in food packaging (Niero & Hauschild, 
2017). Mumani et al. worked on a framework for the cost assessment of food packaging 
materials(Mumani et al., 2015). Manzini & Accorsi  developed a framework for the assessment of 
the supply chain in the food industry (Manzini & Accorsi, 2013). 
 
Reinales et al. developed a framework for social impact assessment of product value chains using a 
circular economy-based approach (Reinales et al., 2020). Blanc et al. developed a framework for 
environmental, economic and social sustainability assessment of bio-based plastics in the fruit 
supply chain using life cycle analysis, life cycle costing and externability assessment respectively 
(Blanc et al., 2019). Wohner et al. developed a framework for environmental and economic 
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sustainability assessment of a food packaging system with focus on food waste, deploying life cycle 
analysis and life cycle costing methods respectively (Wohner et al., 2020).  Krauter et al. developed 
a framework for environmental sustainability assessment of cereal and confectionary packaging 
with special focus on greenhouse gases (GHGs) (Krauter et al., 2022). Ahmad et al. developed a 
framework for triple bottom line (TBL) based sustainability assessment of tamar cocoa 
manufacturing and packaging using integrated stochastic method(Ahmad, 2023).  
 
As evident from the above studies, a lot of promising work is being carried out in the framework 
development domain in the food packaging industry. Research is happening around material 
selection, environmental and social sustainability domains, and supply chain assessment. However, 
the research work symbolises a scattered approach, which could lead to ambiguity for the concerned 
stakeholders. There is a clear lack of frameworks which consider the requirements of all the 
concerned stakeholders, i.e. material engineers (involved in the development of novel materials for 
food packaging), designers (involved in the design of food packaging systems), manufacturers 
(involved in the large-scale manufacturing of food packaging systems), consumers (involved in 
buying and usage of food packaging systems) and waste management personal (involved in 
managing packaging waste post their use phase). Additionally, existing frameworks cannot provide 
assessment across the life cycle phases of a food packaging material, considering environmental, 
economic, social and performance sustainability parameters. Thus, a large lacuna exists in terms of 
the lack of a comprehensive and integrated framework which can provide an effective decision-
making tool to engineers, designers, and manufacturers for the development of a primary food 
packaging system, with consideration of all life cycle phases and sustainability dimensions of a 
food packaging system. 
 

Table 1: Existing food packaging frameworks and gaps (green indicates covered dimensions) 

S.No Framework Environmental 
sustainability 

Social 
sustainability 

Economic 
sustainability 

Performance 
sustainability 

1. Selection of 
biodegradable 
polymers for 
food packaging 
(Mahajan et al., 
2023) 

    

2. Selection of 
thermoplastic 
materials for 
food packaging 
(Maaskant et al., 
2023) 

    

3. Sustainability 
assessment of 
food packaging 
(Santi et al., 
2022) 

    

4. Sustainability 
assessment of 
food packaging 
design 
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(Yokokawa et 
al., 2021) 

5. Introduction of 
bio-based 
plastics in food 
packaging value 
chain 
(Gerassimidou 
et al., 2021) 

    

6. Integration of 
eco-design in 
food packaging 
sector (Zeng & 
Durif, 2020) 

    

7. Determination 
of key 
packaging 
elements of 
agricultural-
based food 
products 
(Konstantoglou 
et al., 2020) 

    

8. Operationalising 
circular 
economy 
strategies in 
food packaging 
(Niero & 
Hauschild, 
2017) 

    

9. Cost assessment 
of food 
packaging 
materials 
(Mumani et al., 
2015) 

    

10. Assessment of 
supply chain in 
the food 
industry 
(Manzini & 
Accorsi, 2013) 

    

11. Social impact 
assessment of 
product value 
chains using a 
circular 
economy-based 
approach 
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(Reinales et al., 
2020) 

12. Introduction of 
bio-based 
plastics in the 
fruit supply 
chain (Blanc et 
al., 2019) 

    

13. Environmental 
and economic 
sustainability 
assessment of a 
food packaging 
system (Wohner 
et al., 2020) 

    

14. Environmental 
sustainability 
assessment of 
cereal and 
confectionary 
packaging 
(Krauter et al., 
2022) 

    

15. Sustainability 
assessment of 
tamar cocoa 
manufacturing 
and packaging 
(Ahmad, 2023) 

    

 
 

4. Methodology 
 
Existing sustainability assessment frameworks in the food packaging industry do not consider the 
relative significance of different dimensions of sustainability, thereby providing a single 
dimensional output in terms of sustainability assessment, restricting their usage by the stakeholders. 
Furthermore, these frameworks do not consider the relative significance of different life cycle 
phases of a food packaging system while determining sustainability, thereby providing output 
which may not provide the actual sustainability of a food packaging system. Relative significance 
of the assessment of parameters is also not considered while giving the sustainability assessment 
output. To address the above-mentioned bottlenecks, a methodology was developed to develop an 
integrated sustainability assessment model for primary food packaging materials. 
 
Identification of parameters would be the first and foremost step in the development of an 
integrated sustainability assessment framework. Parameters should be identified across the life 
cycle phases of the materials used in primary food packaging, i.e. pre-production, production, 
distribution, use and EOL. Identification of parameters should be done through extensive literature 
research (leveraging platforms like Google Scholar, Scopus, etc.) and expert interviews (with 
expertise and experience in the domain of food packaging). Experts in the food packaging domain 
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should further validate the identified parameters. Validation should be done via the deployment of a 
combination of qualitative and quantitative research methods like structured interviews, 
unstructured interviews, Delphi method etc. The validated list of parameters should be further used 
for the development of the sustainability assessment framework. 
 
The second step would be the significance assessment of parameters, life cycle phases and 
dimensions. Significance assessment is pivotal for developing a sustainability assessment 
framework. The exact significance of each aspect will decide its impact on the final output of the 
sustainability assessment. Significance assessment will be done for the final list of validated 
parameters, different life cycle phases, and different sustainability dimensions to be taken into 
consideration, i.e. environmental, economic, social and performance. Multi-criteria decision 
analysis methods (methods like Analytic Hierarchy Process (AHP), TOPSIS etc.) will be deployed 
to assess significance. These methods use qualitative research techniques like unstructured 
interviews, structured interviews, focus group discussions, etc., to gather inputs. These inputs are 
converted into datasets using quantitative methods, depicting the relevance and significance of each 
aspect in the final sustainability assessment output. 
 
The third and final step would be the integrated framework model development and its validation. 
The sustainability assessment framework will be developed based on the final set of validated 
parameters across life cycle phases and sustainability dimensions. Relative weightages computed in 
the previous step will be used for final calculation of scores. Sustainability assessment computation 
will be done using multi-criteria decision-making methods like AHP, TOPSIS etc. Different case 
studies would be done to demonstrate the functionality of the developed framework. Validation of 
the framework should be done via industry-relevant case studies. These case studies and their 
outputs will be shared with experts in the food packaging domain for their feedback and validation.  
 

 
Figure 3: Methodology for development of integrated sustainability assessment framework 
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4.1 Model demonstration 
 
For demonstration of the proposed framework, a case study on the selection of materials (out of a 
given set of alternatives) for manufacturing bread packages is considered. The given set of 
alternatives are polyethylene, polyethylene terephthalate and cellulose. The framework will suggest 
the most sustainable material out of the given set of alternatives, considering all life cycle phases 
and sustainability dimensions. The following is the stepwise process to arrive at the most 
sustainable material for manufacturing bread packages: 
 
Step 1: Relative weights are computed for all life cycle phases and sustainability dimensions. This 
is done through the deployment of MCDA methods. Following are the weights assigned (randomly 
decided, for demonstration purposes): 
 

Life cycle phase Weightage 
Preproduction 0.20 

Production 0.30 
Distribution 0.10 
Use 0.15 
Disposal (EOL) 0.25 
Total 1.00 

  
Step 2: Relative weights are computed for all parameters (comparisons done for parameters 
belonging to the same life cycle phase and sustainability dimension). The following table 
demonstrates a sample parameter grid, depicting placement of parameters under their respective life 
cycle phases and sustainability dimensions. Numbers in brackets represent the relative weightage of 
that parameter (randomly chosen for this demonstration), computed by deployment of MCDA 
methods. For sample calculation of environmental sustainability score (Ens), 10 parameters were 
chosen, denoted by P1-P10. 
 
Life cycle 
phases 

Sustainability dimensions 

 Environmental Economic Social Performance 
Preproduction Global warming 

potential (0.60) 
– P1 

Labour cost 
(0.55) 

Vermin and 
malodour 
reduction (0.60) 

Optical stability 
(0.45) 

Aquatic 
ecotoxicity 
(0.40) – P2 

Maintenance 
costs (0.45) 

Health impacts 
from bio-
hazardous 
materials (0.40) 

Physical 
stability (0.55) 

Production Eutrophication 
potential 
(0.50) – P3 

Labour cost 
(0.50) 

Vermin and 
malodour 
reduction (0.30) 

Tensile strength 
(0.60) 

Aquatic 
ecotoxicity 
(0.50) – P4 

Maintenance 
costs (0.50) 

Health impacts 
from bio-
hazardous 
materials (0.70) 

Oxygen 
transmission 
rate (0.40) 

Distribution Ozone depletion 
potential 
(0.35) – P5 

Labour cost 
(0.40) 

Distribution to 
poor households 
(0.55) 

Tear resistance 
(0.50) 

Sustainability 
dimension 

Weightage 

Environmental 0.30 
Economic 0.40 
Social 0.10 
Performance 0.20 
Total 1.00 
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Global warming 
potential 
(0.65) – P6 

Fuel cost (0.60) Reduced 
transport 
disruption 
(0.45) 

Bursting 
strength (0.50) 

Use Terrestrial 
ecotoxicity 
(0.30) – P7 

Package cost 
(0.25) 

Consumer 
safety (0.60) 

Thermal 
stability (0.60) 

Photochemical 
oxidation 
(0.70) – P8 

Usage cost 
(0.75) 

Maintenance of 
health standards 
(0.40) 

Optical stability 
(0.40) 

Disposal (EOL)  Aquatic 
ecotoxicity 
(0.45) 
 – P9 

Revenue from 
digestate (0.30)  

Improved 
working 
conditions for 
waste sector 
workers (0.65) 

Technical 
recyclability 
(0.35) 

Energy 
depletion (0.55) 
– P10 

Post-treatment 
costs (0.70) 

Job 
opportunities 
(0.35) 

Material 
recovery 
potential (0.65) 

 
Step 3: Once the relative weights are computed, parameter values are inserted for all the alternative 
materials. These values will be obtained from literature research and material testing (wherever 
required). For demonstration purposes, random values are assigned to alternative materials for 10 
environmental sustainability parameters. 
 

 
Step 4: Once material scores are inserted, relative weightage of each parameter is multiplied by the 
material score. This leads to incorporation of the weightage or significance of each parameter into 
the material score. 
 
Parameter 
weightage 
incorporation P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 
Parameter 
weightage 0.6 0.40 0.50 0.50 0.35 0.65 0.30 0.70 0.45 0.55 
Polyethylene 0.48 0.14 0.225 0.275 0.1575 0.1625 0.105 0.315 0.2925 0.1925 
Polyethylene 
Terephthalate 0.36 0.28 0.325 0.445 0.1575 0.1495 0.234 0.623 0.252 0.4895 
Cellulose 0.33 0.236 0.29 0.13 0.182 0.1625 0.078 0.392 0.1575 0.2475 

 
Step 5: Once weightage of parameters are inserted, relative weightage of each life cycle phase is 
multiplied by the material score. This leads to incorporation of the life cycle phase weightage into 
the material score. 

Alternative Environmental sustainability parameters 
Material scores P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 
Polyethylene 0.8 0.35 0.45 0.55 0.45 0.25 0.35 0.45 0.65 0.35 
Polyethylene  
 
Terephthalate 0.6 0.70 0.65 0.89 0.45 0.23 0.78 0.89 0.56 0.89 
Cellulose 0.55 0.59 0.58 0.26 0.52 0.25 0.26 0.56 0.35 0.45 
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Life cycle 
phase 
weightage 
incorporation P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 
Life cycle 
phase 
weightage  0.20 0.20 0.30 0.30 0.10 0.10 0.15 0.15 0.25 0.25 
Polyethylene 0.096 0.028 0.068 0.083 0.016 0.016 0.016 0.047 0.073 0.048 
Polyethylene 
Terephthalate 0.072 0.056 0.098 0.134 0.016 0.015 0.035 0.093 0.063 0.122 
Cellulose 0.066 0.047 0.087 0.039 0.018 0.016 0.012 0.059 0.039 0.062 
Sum 0.234 0.131 0.252 0.255 0.050 0.047 0.063 0.200 0.176 0.232 

 
Step 6: The obtained material scores were normalised by dividing each score by the sum total of all 
the scores of each parameter. 
 
Normalised 
scores P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 
Polyethylene 0.410 0.213 0.268 0.324 0.317 0.342 0.252 0.237 0.417 0.207 
Polyethylene 
Terephthalate 0.308 0.427 0.387 0.524 0.317 0.315 0.561 0.468 0.359 0.527 
Cellulose 0.282 0.360 0.345 0.153 0.366 0.342 0.187 0.295 0.224 0.266 

 
Step 7: For calculating the total environmental sustainability score (Ens), material scores are added.  
 
Total environmental sustainability score 
(Ens)  

Polyethylene 2.987 
Polyethylene Terephthalate 4.192 
Cellulose 2.821 
 
Step 8: The total environmental sustainability score (Ens) obtained in the previous step is multiplied 
with the weightage of environmental sustainability to incorporate its weightage in the final score for 
all the alternative materials.  
 

Sustainability dimension 
weightage incorporation 

Polyethylene 0.8960498057 
Polyethylene 
Terephthalate 1.257629808 
Cellulose 0.846320386 
Sum 3 
 
Step 9: The total environmental sustainability score (Ens) obtained in the previous step is 
normalised to achieve the final total environmental sustainability score (normalised) (Ens). 
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Total environmental sustainability 

score (normalised) – Ens 
Polyethylene 0.299 
Polyethylene 
Terephthalate 0.419 
Cellulose 0.282 
 
Step 10: Steps 2-9 are repeated to attain total economic, social and performance sustainability 
scores. The total sustainability score is calculated by adding environmental, economic, social and 
performance sustainability scores. The alternative with the maximum total sustainability score is the 
preferred alternative (for manufacturing bread packages in this case). 
 
Alternative Environmental 

(Ens ) 
Economic 
(Ecs ) 

Social (Ss )  Performance 
(Ps) 

Total 
sustainabil
ity score 

Polyethylene 0.299 0.285 0.46 0.56 1.604 
Polyethylene 
Terepthalate 

0.419 0.456 0.21 0.1 1.185 

Cellulose 0.282 0.259 0.33 0.34 1.211 
 
 
5. Conclusion 
 
The integrated sustainability assessment framework model would consider the entire life cycle of a 
primary food package across sustainability dimensions, giving requisite weightage to each 
assessment parameter, life cycle phase and sustainability dimension. Development of such a model 
will provide immense value in estimating the actual sustainability of a food packaging material, 
thereby enabling the food packaging manufacturers and other stakeholders in making the right 
material selection choices, if given with multiple alternatives. Such a model will help the 
policymakers in developing policies which are beneficial for all stakeholders, making their 
commercial production and use by consumers more viable. 
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ABSTRACT  

This study evaluates the environmental impacts of different end-of-life (EOL) scenarios for 
Refuse-Derived Fuel (RDF) waste from high-density residential buildings at Chulalongkorn 
University, Bangkok. Using Life Cycle Assessment (LCA), three scenarios were compared: 
landfill disposal, cement kiln co-processing, and incineration with energy recovery. Waste 
composition data from a seven-day audit were modeled in SimaPro with the ReCiPe 
Midpoint (H) method. Landfilling showed the highest environmental burdens, while thermal 
treatments (incineration and co-processing) offered significant improvements. Incineration 
performed best in reducing land use and ecotoxicity but increased climate impacts due to 
plastic combustion. Co-processing excelled in cutting fossil fuel depletion but was sensitive 
to transport distances. The findings support transitioning from landfilling to thermal 
treatments, with incineration being optimal for the studied buildings. The study underscores 
the role of transport logistics and waste composition in scenario performance, providing 
actionable insights for sustainable RDF management in urban residential settings. 
 
KEYWORDS: Refuse-Derived Fuel (RDF), Life Cycle Assessment (LCA), Waste 
Management, Urban Residential, Incineration, Co-processing, Landfill, Bangkok 
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1 INTRODUCTION 

Effective waste management is a critical challenge in rapidly urbanizing areas, particularly in 
developing countries. The generation of refuse-derived fuel (RDF) from municipal solid 
waste presents both opportunities and challenges for sustainable waste management. This 
study aims to evaluate the environmental impacts of different end-of-life (EOL) scenarios for 
RDF in a high-density residential setting in Bangkok, Thailand. The focus is on RDF waste 
generated from high-density residential buildings, using the student condominiums CU 
iHouse and CU Terrace at Chulalongkorn University as case studies. 
While research has addressed waste management practices in broader urban contexts and 
specific settings like university campuses, a gap exists in understanding the nuances of RDF 
management in high-density residential buildings. As Kaspanich et al. (2023) note, 
understanding waste dynamics in these settings is crucial for improving waste management 
strategies across the city. 
Specifically, there is a lack of comprehensive comparative analysis on the environmental 
impacts of different EOL scenarios for waste, such as co-processing in cement kilns versus 
incineration versus landfill, particularly in high-density residential environments. Existing 
studies often lack a targeted focus on these contexts (Boesch et al., 2014; Silva et al., 2021). 
This study aims to fill this gap by providing a context-specific LCA of RDF management 
scenarios at CU iHouse and CU Terrace, two high-density residential buildings in Bangkok. 
This localized research is crucial, as studies in other Southeast Asian cities have highlighted 
the importance of localized waste composition data for effective waste management systems 
(Anasstasia et al., 2020; Makarichi et al., 2018). The variability in waste composition, 
infrastructure, and regulatory frameworks necessitates a localized approach to accurately 
assess the environmental impacts of RDF management. 

2 RESULTS 

The LCA results revealed distinct environmental profiles for each scenario, highlighting the 
trade-offs and benefits associated with each RDF management option. 
 
2.1 Landfill Disposal 

Landfilling consistently showed environmental burdens across all impact categories. 
Aluminum alloy components, used to bail waste, dominated human and freshwater 
ecotoxicity, marine ecotoxicity, natural land transformation, land occupation, and metal 
depletion. Paper waste was a major contributor to climate change due to methane emissions 
from anaerobic decomposition. Transportation of RDF to the landfill had negligible impacts 
compared to the emissions from the waste itself. The normalization results indicate that 
freshwater eutrophication is a particularly significant impact category for landfilling, with a 
normalized value exceeding 1.4, indicating that landfilling alone surpasses the average annual 
European per-capita contribution in this category. 
 
2.2 Co-Processing in Cement Kiln 

Co-processing showed a more balanced profile. The substitution of lignite with RDF resulted 
in significant environmental benefits, particularly in fossil depletion and other resource-
related categories. However, energy consumption in the co-processing plant contributed to 
burdens in freshwater eutrophication and natural land transformation. Transportation also 
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contributed to some impact categories, though to a lesser extent than energy consumption. 
The normalization results show that avoided fossil depletion is the most significant benefit. 
 
2.3 Incineration 

Incineration demonstrated the most favorable impact pattern across the three options. It 
achieved significant environmental benefits in categories such as terrestrial acidification, 
human toxicity, and photochemical oxidant formation, primarily due to the substitution of 
conventional energy sources. However, incineration also presented burdens in climate change 
due to CO2 emissions and water depletion due to cooling water requirements. The 
normalization results indicate that incineration has a substantial negative impact (benefit) on 
natural land transformation, with a normalized value of over -1.2. 
 
2.4 Comparative Analysis 

This section compares the environmental performance of the three waste management 
scenarios across 18 impact categories, using the ReCiPe 2016 Midpoint (H) characterization 
method. 

Figure 1 shows the landfill scenario consistently shows the highest environmental 
burdens across all categories, with no observed benefits. It exhibits the highest values (100%) 
in climate change, freshwater and marine eutrophication, and metal depletion, reinforcing its 
unfavorable environmental profile. 

 

 
Figure 1 Cross-Scenario Characterisation Analysis (Original) 
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Figure 2 Cross-Scenario Normalization Analysis (Original) 

In contrast, the co-processing scenario presents a more balanced profile with significant 
environmental benefits, notably in fossil depletion (-100%). Most other categories show 
moderate benefits (-5 to -20%), with only slight positive values in freshwater ecotoxicity, 
agricultural land occupation, urban land occupation, and natural land transformation (all 
below 5%). When normalized (Figure 2), co-processing shows a near-neutral impact profile, 
with negative values for fossil depletion, climate change, terrestrial acidification, and 
particulate matter formation. 

The incineration scenario demonstrates the most favorable impact pattern, achieving 
significant environmental savings with negative normalized values (-100%) in nine 
categories, including terrestrial acidification, human toxicity, and photochemical oxidant 
formation (Figure 1). However, it shows notable burdens in water depletion (100%) and 
climate change (around 40%). Normalized results (Figure 2) confirm its beneficial outcome, 
with the most pronounced advantage in natural land transformation (around -1.2), and most 
other categories falling between -0.3 and -0.4, with only minor positive values in climate 
change and ionizing radiation. 

Overall, both thermal treatment options (co-processing and incineration) significantly 
outperform landfilling. Incineration generally offers the greatest net environmental benefits 
across most impact categories, despite trade-offs in specific areas like water use and climate 
change. 
 
2.5 Sensitivity Analysis 

The sensitivity analysis tested two key parameters: transportation distance and waste 
composition. For transportation distance, the environmental impacts of co-processing are 
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significantly affected by the distance between the RDF source and the cement kiln. Longer 
transportation distances lead to increased fuel consumption and emissions, diminishing the 
benefits of fossil fuel substitution. In contrast, the impacts of landfilling and incineration are 
less sensitive to transportation distance within the ranges considered in this study. 
For waste composition, the proportion of different materials in the RDF stream, particularly 
the plastic content, has a substantial impact on the results. A higher plastic content increases 
the energy recovery potential of both co-processing and incineration but also leads to higher 
greenhouse gas emissions in the case of incineration. Conversely, a higher proportion of 
organic waste increases methane emissions in landfilling and reduces the efficiency of energy 
recovery in thermal treatment processes. 
These findings highlight the importance of considering these factors when designing and 
implementing RDF management strategies. In particular, efforts to minimize transportation 
distances for co-processing and to optimize the composition of RDF through source 
separation can significantly improve the environmental performance of RDF management 
systems. 

3 DISCUSSION 

This study aimed to evaluate and compare the environmental impacts of three end-of-life 
(EOL) scenarios for Refuse-Derived Fuel (RDF) waste generated at CU iHouse and CU 
Terrace in Bangkok, Thailand. The findings consistently indicate that landfilling is the least 
environmentally sound option, while both thermal treatment methods, co-processing and 
incineration, offer significant environmental advantages. While co-processing in a cement 
kiln was initially hypothesized as the most environmentally sound option, findings indicate 
that incineration with energy recovery demonstrated superior performance across most 
impact categories for this specific context. This outcome, consistent with studies highlighting 
energy recovery benefits and material substitution (Kumar & Samadder, 2017; Münster & 
Meibom, 2011), also revealed the critical role of local contexts and inherent trade-offs 
between various environmental impacts. Incineration, while yielding the greatest overall 
benefits, presented a significant trade-off due to increased climate change impacts. This was 
primarily attributed to the high plastic content in the RDF which, despite contributing to 
energy recovery, released substantial CO2 during combustion, aligning with research on 
plastic waste's contribution to incineration emissions (Liu et al., 2021). This highlights a key 
challenge for policymakers: balancing energy recovery benefits with the direct climate 
impacts of plastic incineration. Co-processing, conversely, effectively reduced fossil fuel 
depletion by substituting RDF for lignite in cement production. However, its environmental 
performance proved highly sensitive to transportation distances. This finding underscores the 
critical importance of considering the entire life cycle of RDF management, including 
transportation, when evaluating the sustainability of different EOL options. The study's 
findings bear several important implications for waste management in Bangkok and similar 
urban environments. Firstly, they provide a strong rationale for a definitive shift away from 
landfilling, currently the predominant waste disposal method in Thailand. Secondly, they 
highlight the significant potential of both incineration and co-processing as alternative EOL 
options but also emphasize the need for careful consideration of their respective trade-offs 
and contextual factors. Finally, these results underscore the importance of context-specific 
LCA for informed decision-making. It is important to acknowledge that this study faced 
several limitations inherent in its framework, notably the reliance on secondary data from 
LCA databases and stakeholder interviews for operational parameters and background 
processes, due to limited access to site-specific primary data. This means the modeled 
environmental impacts for landfill and incineration, particularly those based on generic EU-
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27 datasets, may not perfectly reflect the precise technological conditions or emission 
controls of actual Thai facilities. Furthermore, the study's scope was focused solely on the 
RDF fraction, excluding other waste streams, and its findings may have limited 
generalizability beyond the specific context of CU iHouse and CU Terrace. To address some 
of these, sensitivity analyses were employed to test the robustness of outcomes against 
variations in key parameters. 

4 METHODOLOGY 

This study employed a mixed-methods approach, with Life Cycle Assessment (LCA) as the 
primary tool, to evaluate the environmental impacts of three EOL scenarios for RDF waste: 
landfill disposal, co-processing in cement kilns, and incineration with energy recovery. The 
functional unit for the LCA was 3,268.4 kg of RDF waste, representing the average monthly 
generation of RDF waste at the CU iHouse and CU Terrace residential buildings. The ReCiPe 
Midpoint (H) method, version 1.13, was used for impact assessment. This method provides a 
comprehensive set of environmental indicators, including climate change, fossil depletion, 
and human toxicity. Sensitivity analyses were conducted to evaluate the influence of key 
parameters, namely transportation distance and waste composition, on the results. 
 
4.1 Data Collection 

A seven-day waste audit was conducted at CU iHouse and CU Terrace in July 2024 to 
characterize the composition of the RDF waste stream. Approximately 31.91 kg of RDF 
waste, representing 4% of the estimated weekly RDF waste generation, was sampled and 
analyzed. The RDF fraction was sorted into 13 categories: flexible plastic, rigid plastic, 
paper, multilayer plastic, textile, plastic-coated paper, UHT packaging, wood, styrofoam, 
general waste, food waste, glass, and aluminum. The waste composition can be seen in Figure 
3. This detailed categorization allows for a more accurate assessment of the environmental 
impacts associated with each material type. To ensure compatibility with the LCA software 
SimaPro 8.3, these categories were further broken down into their constituent materials, using 
data from sources like Roosen et al. (2020) and Dölle & Jeeva (2022). For example, flexible 
plastics were disaggregated into polyethylene (PE), polypropylene (PP), and other polymers, 
while rigid plastics were separated into polyvinyl chloride (PVC), polyethylene terephthalate 
(PET), and other types. 
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Figure 3 Average Waste Composition per 1-week Waste Audit (own graphic) 

 
Interviews were conducted with key stakeholders, including building management, waste 
processing facility operators, and relevant authorities, to gather qualitative data on RDF waste 
generation, segregation, and treatment processes. These interviews provided valuable insights 
into the current waste management practices, challenges, and opportunities at the study site. 
Secondary data from government reports, academic studies, and industry publications were 
also collected to provide a broader context for the study, including data on energy 
consumption, emission factors, and transportation distances. 
 
4.2 LCA Scenario Analysis 

This study utilized SimaPro 8.3 with ecoinvent data to conduct a Life Cycle Assessment 
(LCA), evaluating the environmental impacts of Refuse-Derived Fuel (RDF) waste 
management at CU iHouse and CU Terrace. The functional unit was defined as the 
"Management of 3,268.4 kg of RDF waste generated at CU iHouse and CU Terrace," 
representing the average monthly waste. A cradle-to-grave approach established the system 
boundaries, encompassing all stages from waste generation to final disposal. SimaPro 
modeled the three scenarios—landfill, co-processing in cement kilns, and incineration—using 
both primary data and existing Life Cycle Inventory (LCI) datasets and literature for inputs 
(transport, energy, materials) and outputs (emissions, avoided products). Emission factors, 
heating values, and substitution factors were derived from secondary data. Environmental 
impacts were assessed using the ReCiPe Midpoint (H) method, version 1.13, for 
both characterization and normalization, providing a comprehensive overview across 18 
midpoint impact categories. 
Three distinct end-of-life (EOL) scenarios were defined for waste management. In Scenario 1 
- Landfill Disposal, refuse-derived fuel (RDF) waste is transported to the On Nut transfer 
station, wrapped in plastic and aluminum for improved handling, and then moved to the 
Phanom Sarakham landfill. At the landfill, the waste undergoes compaction and is covered 
with soil, with this scenario accounting for methane and carbon dioxide emissions from 
anaerobic decomposition, as well as leachate formation. Scenario 2 - Co-Processing in a 
Cement Kiln involves transporting RDF waste to a compression station and subsequently to 
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INSEE Ecocycle in Saraburi. Here, the waste serves as an alternative fuel in cement 
production, partially replacing conventional fossil fuels such as lignite, with the scenario 
considering the energy recovery benefits and associated co-processing emissions. 
Finally, Scenario 3 - Incineration details the transport of RDF waste to the Nong Khaem 
incineration facility, where it is incinerated for energy recovery, using the generated heat to 
produce electricity. This scenario incorporates emissions from the incineration process, 
including greenhouse gases and other pollutants, along with the benefits of electricity 
generation. Ash residue from incineration is then transported to a landfill. 
A sensitivity analysis examined the impact of transportation distance variations (doubling and 
halving the tonne kilometre) and waste composition variations (higher plastic or organic 
content) on the results. 
Limitations include reliance on localized data from CU iHouse and CU Terrace and proxy 
data from secondary LCA databases due to limited access to primary facility data. The 
findings may have limited generalizability to other urban areas. Despite these constraints, the 
study offers valuable insights into RDF waste management. 

5 CONCLUSION 

This study provides a comprehensive assessment of the environmental impacts associated 
with different end-of-life (EOL) scenarios for RDF waste in a high-density urban setting. The 
findings clearly demonstrate that landfilling is the least sustainable option, while thermal 
treatment processes offer significant environmental advantages. Incineration, in particular, 
shows the greatest potential for overall environmental benefit in this context, but presents a 
trade-off with increased climate change impacts due to plastic combustion. Co-processing, on 
the other hand, excels in reducing fossil fuel depletion but is more sensitive to transportation 
distances. The implications of these results are significant for urban waste management, 
particularly in rapidly developing cities like Bangkok. The study underscores the need to 
move away from landfilling and adopt more sustainable EOL strategies that prioritize both 
energy recovery and the minimization of negative environmental impacts. Context-specific 
solutions are crucial, considering the unique waste composition, infrastructure, and regulatory 
frameworks of each locality. This research contributes significantly to the field of LCA by 
advancing its application within tropical megacities, particularly through examining the 
sensitivity of waste management scenarios to transportation distances. It also provides a more 
granular understanding of waste streams and their environmental impacts specifically within 
high-density residential environments, an area often aggregated in broader municipal waste 
studies. Furthermore, the study empirically compares distinct EOL pathways, enriching the 
academic discourse on effective waste management strategies by highlighting the 
environmental trade-offs and benefits of thermal treatment options. Looking forward, future 
research should focus on refining the data used in the LCA, particularly by obtaining primary 
data directly from waste treatment facilities, and on exploring strategies to mitigate the 
climate change impacts of incineration, such as improved plastic separation and alternative 
treatment technologies. Additionally, a more holistic understanding of RDF management's 
sustainability could be achieved by investigating its economic and social dimensions in future 
research. 
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ABSTRACT 

This study analyzes the integration of Environmental, Social, and Governance (ESG) 
practices in Thai commercial banks, benchmarking against global standards. Guided by 
Stakeholder Theory and the Triple Bottom Line (TBL) framework, the research employed 
document analysis and semi-structured interviews with 14 key stakeholders, including 
regulators, investors, bank employees, and a civil society representative, as data sources for 
this analysis. Findings reveal that Thai banks have made progress in environmental 
initiatives, particularly green lending and climate-related disclosures aligned with the Task 
Force on Climate-related Financial Disclosures (TCFD). However, challenges remain in 
collecting Scope 3 and financed emissions data and in advancing the social and governance 
dimensions. These issues stem from limited institutional capacity, inconsistent ESG metrics, 
and the absence of board-level ESG KPIs. Compared to global peers, ESG adoption in Thai 
banks remains slower and fragmented. The findings highlight the need for harmonized 
national ESG reporting standards, robust ESG data infrastructure and technical capacity, and 
institutionalized ESG KPIs at the executive level to accelerate ESG incorporation in Thai 
banking and align practices with global sustainability expectations. 
 
KEYWORDS: ESG integration, stakeholder perspectives, Thai commercial banks, 
sustainable finance, Triple Bottom Line (TBL) framework, Stakeholder Theory  
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1     INTRODUCTION 

Environmental, Social, and Governance (ESG) factors are increasingly recognized as 
pivotal elements in modern business strategy and risk management, particularly within the 
global financial sector. Financial institutions are integrating ESG principles into core 
operations, lending practices, and investment strategies, driven by increasing investor 
demand, evolving regulatory expectations, and growing empirical evidence of long-term 
financial benefits (KPMG, 2021; Friede et al., 2015). This shift underscores a growing 
institutional understanding that the effective management of non-financial risks is essential 
for long-term profitability and resilience against systemic threats (Costin Nitescu et al., 2025; 
Zhou & Chen, 2025). 

In Thailand, the integration of ESG considerations is gaining traction, supported by 
regulatory bodies and industry associations. The Bank of Thailand (BOT) has issued policies 
encouraging financial institutions to internalize environmental and climate-related risks, 
including guidelines for climate risk assessment and green product development (BOT, 
2023). Simultaneously, the Thai Bankers' Association (TBA) introduced a sector-wide ESG 
Declaration, demonstrating collective industry commitment to sustainable finance (TBA, 
2022). The Stock Exchange of Thailand (SET) has also institutionalized ESG evaluation 
through its SET ESG Ratings, which assess the performance of listed companies, including 
major commercial banks (SET, 2024). 

Despite these advances, challenges persist in the consistent and meaningful integration of 
ESG practices across Thai commercial banks. ESG adoption remains largely voluntary, 
leading to fragmented reporting, limited comparability, and uneven implementation across 
institutions (World Bank, 2024). Smaller banks in particular face constraints in institutional 
capacity and resources, while inconsistencies in ESG metrics and the lack of board-level ESG 
accountability mechanisms further hinder systemic progress. Compared to more mature 
markets, Thailand's ESG integration remains in a transitional phase, requiring more robust 
regulatory coordination, data infrastructure, and internal governance mechanisms. 

This study aims to analyze the current state of ESG integration in Thai commercial banks, 
benchmarked against global practices and standards. Grounded in Stakeholder Theory and the 
Triple Bottom Line (TBL) framework, the research employs document analysis and semi-
structured interviews to examine how ESG practices are being implemented in the Thai 
banking sector, what gaps remain, and how these practices compare to global peers. The 
study offers insights into the drivers and challenges of ESG adoption in emerging financial 
markets and contributes to the broader discourse on sustainable finance in Southeast Asia. 

 

2   LITERATURE REVIEW 

This study is underpinned by Stakeholder Theory (Freeman, 1984) and the Triple Bottom 
Line (TBL) framework (Elkington, 1997), which together provide a comprehensive lens for 
analyzing ESG integration in the banking sector. Stakeholder Theory emphasizes the 
importance of balancing diverse stakeholder interests to ensure long-term organizational 
success, a principle crucial for inclusive ESG adoption. The Triple Bottom Line (TBL) 
framework complements this by framing sustainability through three interdependent 
dimensions: environmental (“Planet”), social (“People”), and economic/governance 
(“Profit”). 
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Globally, ESG integration in banking has progressed unevenly across regions, shaped by 
regulatory pressures, market incentives, and institutional readiness. Europe stands out with its 
regulatory-driven approach, including the Sustainable Finance Disclosure Regulation 
(SFDR), which promotes transparency and accountability (European Central Bank, 2020). 
The UK complements these efforts with mandatory TCFD-aligned climate disclosures. The 
U.S., while lacking universal ESG mandates, sees investor-driven ESG adoption led by large 
asset managers such as BlackRock and Vanguard. Japan leads in green bond issuance but 
faces challenges in governance and social inclusion (Eccles et al., 2014; Buallay, 2019). 
Malaysia adopts a culturally aligned, regulation-led model through Islamic finance 
instruments like SRI Sukuk but struggles with enforcement consistency (Shakil et al., 2019). 
Singapore’s Green Finance Action Plan and South Africa’s emphasis on social ESG further 
illustrate varied approaches suited to local contexts. 

In Thailand, ESG integration is still at a formative stage. Efforts are primarily voluntary and 
led by key regulators such as the Bank of Thailand (BOT) and the Securities and Exchange 
Commission (SEC). Major banks are increasingly aligning with global frameworks such as 
the Task Force on Climate-related Financial Disclosures (TCFD) and the Global Reporting 
Initiative (GRI), while the SET ESG Ratings provide a national benchmarking tool (SET, 
2024; KBank, 2023; SCB, 2023). However, critical barriers persist: fragmented ESG 
reporting especially regarding Scope 3 emissions limited technical capacity, and the absence 
of board-level ESG KPIs (Clark et al., 2022; BOT, 2023). The absence of mandatory 
disclosure requirements leads to inconsistent practices across institutions, particularly among 
smaller banks with constrained resources (World Bank, 2024). 
 

Table 2.2: Comparative ESG Integration Insights Across Key Regions 
 

Region Key 
Approach/Focus Primary Drivers/Policies Implications/Lesson for Thai Banks 

Europe Regulatory-driven, 
Comprehensive 

SFDR, ECB guidelines, 
European Green Deal 

Model for strong governance, 
transparency, and building investor 

confidence. 

UK Climate-focused, 
Regulatory support 

UK Stewardship Code, 
Mandatory TCFD 

disclosures, FCA guidelines 

Attracts environmentally conscious 
investors; emphasizes climate 

resilience and sustainability standards. 

US Market-driven, 
Financial returns 

SEC proposed climate 
disclosure rules, Asset 
managers (BlackRock, 

Vanguard) 

Demonstrates investor-driven ESG 
without strict mandates; useful for 
attracting foreign ESG investment. 

Japan Investor-driven, 
Environmental focus 

Japanese Stewardship Code, 
Green bonds, Environmental 

Reporting Guidelines 

Highlights balancing environmental 
initiatives with governance for 

stakeholder trust. 

Malaysia Regulatory-driven, 
Culturally aligned 

SRI Sukuk framework, 
BNM, Securities 

Commission guidelines 

Shows value of culturally tailored 
regulatory support; need for strong 
enforcement against greenwashing. 

Singapore Regional leader, 
Green Finance Plan 

MAS Green Finance Action 
Plan, Environmental Risk 
Management guidelines, 
Sustainable Bond Grant 

Scheme 

Model for fostering ESG growth and 
regional cooperation through strong 

regulatory alignment. 

South Africa Social impact, 
Financial inclusion 

JSE ESG reporting mandate, 
King IV Code on Corporate 

Governance 
 

Suggests balancing social and financial 
objectives; emphasizes community 

trust and local needs. 

Thailand Emerging, Voluntary, BOT initiatives, SEC efforts Needs hybrid model: strong 
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Fragmented (Voluntary guidelines, 
limited stakeholder 

engagement, regulatory 
inconsistencies) 

governance + local alignment to meet 
evolving demands 

 
Despite increasing momentum, Thailand’s ESG practices remain less institutionalized 
compared to more mature markets. There is a critical gap in localized academic research that 
assesses the practical challenges of ESG implementation in emerging market banking 
contexts. This study aims to fill that gap by providing a context-specific analysis of ESG 
integration in Thai commercial banks, benchmarked against international standards and 
guided by Stakeholder Theory and the TBL framework. 
 
3      METHODOLOGY   
 
This study employed a qualitative research design to examine the integration of 
Environmental, Social, and Governance (ESG) practices in Thai commercial banks. A 
qualitative approach was chosen to capture the complex, context-specific institutional 
dynamics that influence ESG adoption factors often overlooked by quantitative methods. The 
analysis was guided by Stakeholder Theory (Freeman, 1984) and the Triple Bottom Line 
(TBL) framework (Elkington, 1997), which together framed the examination of institutional 
roles and the balance across environmental, social, and governance dimensions. 
 
3.1    Research Design Process 
 
The research process comprised the following steps: 
(1) Development of research instruments (interview guide and ESG document review 
framework); 
(2) Data collection through 14 semi-structured interviews with institutional actors; 
(3) Document analysis of ESG policies, bank disclosures, and global benchmarks; and 
(4) Deductive coding and thematic analysis using NVivo 15. 
 
3.2    Sample Selection and Participants 
 
A purposive sampling strategy (Patton, 2015) was used to select 14 participants across four 
stakeholder categories: commercial bank employees, regulators, institutional investors, and a 
civil society organization. All participants were based in Bangkok and selected for their 
institutional roles in ESG development, compliance, or investment influence. 
 

Table 3.2. Summary of Interview Participants by Stakeholder Group 
 

Stakeholder Group No. of 
Participants 

Affiliated Institutions Selection Criteria & 
Rationale 

 
            Employees 

 
 
6 

Kasikornbank (KBank), Siam 
Commercial Bank (SCB), 
TMBThanachart Bank (TTB), 
CIMB Thai Bank, Land and 
Houses Bank (LH Bank) 

Mid-to-senior ESG, 
sustainability, strategy, and 
risk professionals directly 
involved in ESG 
implementation 

 
Regulators 

 
3 
 
 

Bank of Thailand (BoT), 
Securities and Exchange 
Commission (SEC), Stock 
Exchange of Thailand (SET) 

Bank of Thailand (BoT), 
Securities and Exchange 
Commission (SEC), Stock 
Exchange of Thailand (SET) 
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 Institutional Investors 

            
           4 

Kasikorn Asset Management 
(KAsset), Kiatnakin Phatra Asset 
Management, SCB Asset 
Management, Government 
Pension Fund (GPF) 

ESG investment leaders 
influencing bank practices 
through capital allocation 
and stewardship. 

 
    Civil Society (CSO) 

            
           1 

 
Fair Finance Thailand 

Independent ESG advocate 
offering accountability and 
transparency insights. 

 
Interviews lasted 30 - 45 minutes and were conducted via Zoom, in-person, or written 
responses. All participants were selected for their institutional roles in ESG development, 
compliance, or investment. Ethical approval was obtained (Approval No. 152/68). Interview 
questions were developed based on the guiding theories and validated through the Index of 
Item-Objective Congruence (IOC) technique. Interviews were conducted in Thai, transcribed, 
and later translated into English for analysis. 
 
3.3.       Qualitative Data Analysis (NVivo 15) 
 
A deductive thematic analysis was conducted using NVivo 15. Coding categories were 
predefined using Stakeholder Theory (e.g., institutional influence, governance accountability) 
and the TBL framework (e.g., environmental sustainability, social equity, governance 
effectiveness). Both document and interview data were analyzed across the ESG dimensions 
to compare Thai banking practices against global benchmarks. 
The analysis focused solely on Objective 1, categorizing ESG practices as follows: 

• Environmental: e.g., green lending, climate risk disclosures 
• Social: e.g., financial inclusion, human capital investment 
• Governance: e.g., ESG committee oversight, board-level KPI alignment 

Emergent sub-themes were also incorporated, but interpretation remained grounded in the 
guiding theories. This structured, theory-driven approach enabled a robust, context-sensitive 
analysis of ESG integration in the Thai commercial banking sector. 
 
4     RESULTS AND DISCUSSION  
 
This section presents the empirical findings on the integration of Environmental, Social, and 
Governance (ESG) practices in Thai commercial banks, benchmarked against global 
standards. The analysis is guided by Stakeholder Theory (Freeman, 1984) and the Triple 
Bottom Line (TBL) framework (Elkington, 1997), enabling a multidimensional interpretation 
across the three ESG pillars. Drawing on comparative document analysis and interview 
insights from institutional stakeholders, the findings illustrate the current ESG 
implementation trajectory in Thailand, highlight critical integration gaps, and identify 
underlying structural barriers. 
 
4.1. Comparative ESG Integration: Global Benchmarks Vs. Thai Adaptation 
    
ESG integration in Thai commercial banks remains uneven. While environmental initiatives 
are comparatively more advanced, the social and governance dimensions significantly lag 
behind international benchmarks. 
 
Environmental (E) Dimension 
 
Globally, leading financial institutions demonstrate high ESG maturity through alignment 
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with international frameworks such as the Task Force on Climate-related Financial 
Disclosures (TCFD), Science-Based Targets initiative (SBTi), and the Partnership for Carbon 
Accounting Financials (PCAF). These include robust Scope 3 emissions tracking, data-driven 
decarbonization strategies, and net-zero commitments (Carnevale & Drago, 2024; KPMG, 
2022). Thai banks have begun aligning with TCFD and expanding green lending portfolios, 
yet efforts related to Scope 3 measurement and science-based targets remain limited, 
fragmented, and often aspirational rather than operational. Stakeholder interviews confirm 
that environmental practices are the most advanced ESG component in Thailand. However, 
significant technical and data-related gaps persist particularly around emissions tracking, 
internal ESG expertise, and reliable climate data. One institutional actor noted, “The 
ambition is clear, but technical capacity is still catching up.” This reflects a partial 
application of the TBL framework: while some eco-efficiency measures are visible, deeper 
integration across portfolios and inclusive access to sustainable finance especially for SMEs 
remains lacking due to cost and capacity barriers. 
 
Social (S) Dimension 
 
Globally, the social pillar is increasingly institutionalized through mechanisms such as human 
rights due diligence, inclusive finance strategies, and workplace equity policies (UNEP FI, 
2021; Busch et al., 2021). In contrast, Thai banks predominantly approach the social 
dimension through ad hoc Corporate Social Responsibility (CSR) campaigns or internal 
welfare programs, rather than structurally embedding social equity into business models. 
Institutional perspectives revealed that structured commitments to equitable lending, 
stakeholder engagement, or grievance mechanisms are minimal. One interviewee observed, 
“Banks focus on selling products, but there’s little education for clients to understand their 
financial rights.” These insights align with regional critiques that social ESG in Asia is often 
reactive and compliance-driven, rather than transformative. Within the TBL framing, the 
“People” dimension remains underdeveloped and disconnected from risk and performance 
frameworks. 
 
Governance (G) Dimension 
 
Globally, governance has become a critical enabler of ESG transformation, with banks 
integrating ESG risks into enterprise-wide frameworks, establishing board-level 
accountability, and linking executive performance to ESG key performance indicators (KPIs) 
(Clark et al., 2015). Thai banks, however, continue to operate under fragmented ESG 
governance systems. Findings reveal that ESG oversight structures are inconsistently defined, 
with limited board accountability and weak enforcement. ESG issues are often confined to 
reporting units, rather than being embedded into credit risk assessments or strategic planning. 
One regulator emphasized, “Without governance integration, ESG remains a reporting 
formality, not a risk management tool.” This disconnect reflects what DiMaggio and Powell 
(1983) term mimetic isomorphism where surface-level reforms imitate global norms without 
achieving structural transformation.   
 
Stakeholder Insights: Enablers and Constraints  
 
Stakeholder perspectives further contextualize the observed implementation gaps. A range of 
enablers and barriers were identified. Strong leadership commitment was frequently cited as a 
key success factor: “If ESG doesn’t come from the top, it won’t go beyond sustainability 
units” (bank employee). Internal knowledge-sharing platforms supported ESG awareness 
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among staff, though coverage remained uneven. Institutional investors emphasized growing 
demand for transparent disclosures and ESG-aligned products. Yet, limited consumer 
awareness and ESG literacy constrain bottom-up momentum. 
Regulatory institutions namely the Bank of Thailand (BOT), Securities and Exchange 
Commission (SEC), and Stock Exchange of Thailand (SET) have adopted global 
frameworks, but their voluntary nature has resulted in inconsistent application. Civil society 
actors urged a broader interpretation of ESG beyond climate-centric approaches. As one CSO 
representative observed, “ESG isn’t only about climate—it’s about labor, justice, and 
people.” Across all stakeholder groups, there was shared consensus on the need for clearer 
regulatory mandates, stronger enforcement mechanisms, and cross-functional ESG 
integration within banking operations. 
  

Table 4.1: Comparative Maturity of ESG Pillars (Global vs. Thai Banks) 
 

Dimension Global ESG 
Practices Thai ESG Practices 

Key Observations 
(Stakeholder 
Interviews + 
Literature) 

Environmental 

Advanced adoption 
of TCFD, Scope 3 
accounting, Net Zero 
targets (SBTi, 
PCAF), green 
finance 

Growing TCFD 
alignment and green 
lending; limited Scope 
3 disclosure and target-
setting 

 
Visible progress in 
reporting and green 
finance; technical and 
data gaps persist 

Social 

Human rights due 
diligence, inclusive 
finance, equity and 
diversity policies 

CSR-driven activities, 
basic financial literacy; 
limited systemic 
inclusion 

Social ESG remains 
superficial; lacks 
institutionalized 
mechanisms and risk 
integration 

Governance 

Board-level ESG 
accountability, 
integrated risk 
systems, ESG-linked 
KPIs 

Referenced 
frameworks but weak 
enforcement; minimal 
board oversight 

 
Governance is the 
weakest pillar; ESG 
often siloed and 
detached from strategic 
governance 

 
 
 
4.2.       Challenges to ESG Integration 
   
Stakeholders identified a series of interrelated challenges that continue to constrain effective 
ESG integration within Thai commercial banks. Compared to jurisdictions with mandatory 
ESG disclosure regimes such as those in Europe or the UK. Thailand’s reliance on voluntary 
frameworks and evolving regulatory expectations results in fragmented implementation and 
slower systemic progress. As illustrated in Figure 4.2, the most frequently cited challenge 
was the lack of comprehensive ESG and climate-related legislation, which creates ambiguity 
and hinders uniform adoption across the sector. 
 
A major constraint is the absence of a centralized ESG data infrastructure and the 
inconsistency of disclosures from corporate clients, particularly in supply chains. These gaps 
limit banks’ ability to assess environmental and social risks with sufficient accuracy. Limited 
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ESG literacy and preparedness especially among small and medium enterprises (SMEs) and 
retail clients further exacerbate this issue, reflecting broader educational and institutional 
capacity gaps beyond large financial institutions. Operationally, banks face challenges in 
embedding ESG responsibilities throughout their organizations. Respondents emphasized the 
limited engagement of senior management and the difficulty of translating ESG principles 
into cross-departmental action. Technical barriers, such as unsettled taxonomies, evolving 
ESG standards, and the complexity of Scope 3 emissions accounting, also pose significant 
hurdles to integration. Moreover, smaller banks and those with limited resources are 
disproportionately burdened. High verification costs, insufficient financial or technical 
support, and capacity deficits widen the ESG adoption gap across the sector. Additional 
concerns were raised regarding commercial sensitivity, complexity in structuring ESG-linked 
financial products, and uncertainty over profitability all of which may dampen innovation and 
reduce institutional incentives to scale sustainable finance solutions.  
 

Figure 4.1: Top Challenges Impeding ESG Integration in Thai Commercial Banks 

 
 
 
4.3. Discussion and Synthesis 
    
To fulfill the objective of this study analyzing the current state of ESG integration in Thai 
commercial banks. This synthesis draws together findings across the environmental, social, 
and governance dimensions. Overall, Thailand’s commercial banking sector remains at a 
transitional stage of ESG integration. Among the three pillars, environmental initiatives show 
the most visible advancement, particularly through green lending and TCFD-aligned 
reporting. However, deeper integration such as Scope 3 emissions management and science-
based target setting is hindered by technical limitations and data infrastructure gaps. 
 
In contrast, the social and governance dimensions remain underdeveloped. Social ESG is 
frequently reduced to peripheral CSR activities or internal employee welfare programs, 
lacking systemic integration into business models or client protections. Governance practices, 
similarly, are often symbolic, characterized by siloed sustainability units without board-level 
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accountability or risk-based ESG oversight. This imbalance reflects an overemphasis on the 
“Planet” component of the Triple Bottom Line (Elkington, 1997), while the “People” and 
“Profit with integrity” dimensions receive insufficient strategic attention. This fragmented 
ESG progression is rooted in Thailand’s voluntary regulatory landscape, which permits 
selective compliance and elevates the risk of greenwashing (Delmas & Burbano, 2011). The 
lack of standardized ESG data, especially for SMEs, and low public ESG literacy further 
constrains effective implementation and market demand. Drawing from Stakeholder Theory, 
the absence of institutional mechanisms to balance diverse stakeholder interests results in 
ESG efforts that remain reactive and reputational, rather than embedded within core 
operations. Nevertheless, the findings also reveal important enablers for progress. Strong 
senior leadership commitment, growing investor pressure, and incremental regulatory 
guidance (e.g., by BOT and SEC) present opportunities to accelerate ESG mainstreaming. 
Achieving comprehensive ESG integration aligned with global benchmarks will require 
embedding ESG within governance structures, risk management systems, and stakeholder 
engagement processes. This strategic alignment is essential not only for sustainability 
outcomes but also for securing long-term market credibility, resilience, and access to global 
capital. 
 
5. Conclusion  
 
          This study analyzed the integration of Environmental, Social, and Governance (ESG) 
practices in Thailand’s commercial banking sector, benchmarked against global standards. 
The findings reveal that ESG integration remains uneven, with environmental initiatives such 
as green lending and TCFD alignment more advanced than the underdeveloped social and 
governance dimensions. This imbalance reflects broader institutional and regulatory 
limitations, including fragmented policy guidance, weak ESG data infrastructure, and 
inconsistent internal capabilities. The study highlights three core propositions: (1) Thai banks 
exhibit uneven ESG maturity, with strong environmental but weak social and governance 
practices; (2) reliance on voluntary ESG frameworks constrains deep institutional change; 
and (3) effective ESG integration requires alignment across regulatory mandates, 
organizational systems, and stakeholder expectations. Practically, this suggests that banks 
must embed ESG into risk management, performance metrics, and strategy execution not just 
reporting. Regulators can accelerate progress through mandatory disclosure, data 
standardization, and capacity-building mechanisms. Ultimately, strengthening ESG 
integration is essential for enhancing the credibility, resilience, and global competitiveness of 
Thailand’s financial system. 
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EXPLORING THE KEY FACTORS AFFECTING THE DEVELOPMENT OF 

THE TRIBES THROUGH THE HOT SPRING BUSINESS OPERATED BY 

INDIGENOUS PEOPLES 

Chang Hsien-Sheng 

Ph.D. Candidate in Business and Operations Management, Chang Jung Christian University 

Abstract 

Due to Taiwan’s unique geological structure at the junction of the Eurasian and Philippine 

tectonic plates, active crustal movements and intense geothermal activity have resulted in 

island-wide hot spring distribution, featuring diverse types such as cold springs, hot springs, 

and submarine springs. Developed since the Japanese colonial era, hot springs have become 

one of the most beloved leisure activities among Taiwanese. Approximately 70% of natural 

hot springs are located in mountainous indigenous tribal areas. However, due to regulatory 

restrictions and policies governing indigenous reserved land development, very few operators 

obtain hot spring certification. This study employs on-site observation, expert interviews, and 

questionnaires, utilizing the Best-Worst Method (BWM) to examine the factors influencing 

indigenous hot spring operations. Five dimensions and fifteen criteria were evaluated, with 

relative weight values calculated. The results rank thedimensions as follows: legal policies > 

funding sources > environmental conditions > marketing methods > management 

mechanisms. The top five criteria are: diverse activities > jurisdiction under hot spring 

management regulations > transportation convenience > sustainable operation > joint 

funding. These findings serve as a critical tool for indigenous operators in site selection and 

investment evaluation, reducing development failure risks. They also highlight key factors for 

decision-makers to prioritize when assessing the development potential of hot spring areas. 

Keywords: Indigenous peoples, hot springs, decision-making factors, Best-Worst    

Method (BWM) 
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1. Introduction   

    Taiwan's unique crustal structure is located at the boundary between the Eurasian and 

Philippine tectonic plates, belonging to the Pacific Ring of Fire region, resulting in 

geothermal activity throughout the entire island. Except for Yunlin, Changhua, and Penghu 

counties, nearly all other cities and counties have traces of hot spring geothermal activity. For 

Taiwanese people, "hot springs" are no longer just a term but have long become part of daily 

life. During hot spring season, "soaking in hot springs" has become a new lifestyle movement 

for the public. Wherever there are hot spring sites, they easily become focal points for media 

coverage, whether it's new hotel developments by construction companies or resort 

destinations planned by travel service industries—they are seen as guaranteed money-makers.   

    The charm of hot springs lies not only in providing the pleasure of soaking in hot water 

to relieve stress but also in their miraculous therapeutic and rehabilitative effects (Weng 

Hsuan-Ying, 2013), which cannot be replaced by ordinary warm water. Since the discovery 

of hot springs, countries such as Japan, Turkey, Hungary, and Iceland have regarded them as 

national treasures and integral resources for developing leisure tourism and wellness (Huang 

Chun-Yao, 2012). Taiwan's hot springs are densely distributed. According to historical 

records, their use by the public dates back to the Qing Dynasty, spanning over a century. The 

subsequent development of hot spring industry clusters was heavily influenced by Japan (Lin 

Chih-Hung, 2018). Starting from the Japanese colonial era in 1895, hot springs in northern 

areas like Beitou and Yangmingshan, as well as southern regions such as Guanziling and 

Sichongxi, were developed. These areas still maintain the hot spring styles and cultural 

prestige from the Japanese era. After 1990, Taiwan began emulating Japan's hot spring 

management models, incorporating improvements to create a hot spring culture centered 

around leisure, fitness, beauty, skincare, and therapy (Lu Fu-Ting, 2012). 

Taiwan currently has over 130 natural hot springs, with approximately 70% located in 

indigenous territories. Consequently, many indigenous tribes situated in scenic mountainous 

areas with abundant hot spring resources possess significant potential for developing hot 

spring industries (Chang Hsiao-ming et al., 2021). The Council of Indigenous Peoples aims to 

utilize tourism development to improve indigenous livelihoods and enhance tribal economic 

capabilities. For indigenous individuals interested in operating hot spring businesses, the 

council has established specific development subsidy programs. However, applicants must 

still obtain development permits, which are subject to regulation (Liu An-yun, 2012). 
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    Due to legal constraints such as the "Hot Spring Act" and "Regulations on the 

Development and Management of Indigenous Reserved Lands," coupled with some hot 

spring areas being located in natural disaster-prone and environmentally sensitive zones, the 

number of indigenous operators who can legally obtain hot spring certification remains 

limited. In response, the Control Yuan conducted a special investigation report in 2016 on 

Taiwan's hot spring development and management mechanisms (Control Yuan National 

Website, 2017). It recommended that the Council of Indigenous Peoples focus on developing 

demonstration projects for hot spring areas in indigenous townships, categorizing them into 

mass-market, premium, and hidden-gem types, rather than pursuing large-scale facilities 

exclusively. This approach would provide indigenous operators with practical models to 

create business opportunities and benefit local tribes.  

    This study focuses on hot spring areas in indigenous tribes across Nantou, Taichung, and 

Miaoli, employing expert interviews, field observations, and questionnaires to understand the 

key operational factors and outcomes for indigenous hot spring businesses. This constitutes 

the first research motivation. 

    Under the significant impacts of global climate change, post-disaster community 

industry recovery has become a critical issue (Lin Wen-yuan, Li Chia-yen, 2015). Given the 

limited economic resources in indigenous communities, constructing large-scale hot spring 

hotels or resorts is challenging. Initial operations should adopt diverse, small-scale models 

(e.g., hot spring campsites or B&Bs), with facility expansion considered only after stable 

customer bases and operational success are achieved. Current literature on indigenous-

operated hot springs includes studies such as Hsu Shang-ling (2017) on indigenous tribal 

tourism using the Taroko Hongye Tribe as a case study, Wang Hsien (2022) on cultural 

experiences and indigenous tourism in Wufeng Township, the Control Yuan's (2018) special 

investigation report on hot spring development, Liu An-yun (2012) on preliminary 

assessments for indigenous hot spring development, and Lee Hsin-chieh (2011) on 

indigenous leisure participation. Most existing research employs qualitative methods,withfew 

quantitative management studies on tribal hot spring operations.  

    Therefore, this study applies the Best-Worst Method (BWM) to examine key factors in 

indigenous hot spring operations, analyzing five dimensions—legal policies, funding sources, 

environmental conditions, operational mechanisms, and marketing strategies—to provide 
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decision-making references for industry, government, and academia. This constitutes the 

second research motivation. 

2. Literature Review 

    The development and utilization of hot springs in Taiwan have a considerable history. 

With the improvement in national living standards, hot spring bathing has become a 

mainstream leisure trend. As indigenous tribal areas possess rich ethnic cultures and natural 

ecological resources, tribal tourism development has become a major policy focus in recent 

years. However, indigenous operators must obtain legal hot spring certification to operate, 

which requires completing four statutory application procedures as shown in Table 1. 

Table 1: Four-stage Application Process for Hot Spring Legalization 

Application 

Stage 
I II III IV 

Issuing 

Authority 

Hot Spring 

Development 

Permit 

Hot Spring Water 

Rights 

Operating 

Permit 

Hot Spring 

Certification 

 

Local Water 

Authority

（Water 

Resources） 

Central or Local 

Water Authority

（Water 

Resources） 

Local Industry 

or Tourism 

Authority 

(Industry or 

Tourism) 

Local Tourism 

Authority 

(Tourism) 

Source: Ministry of Economic Affairs 

    The term "hot spring" refers to "natural hot water emerging from the ground," defined as 

water with a temperature at least 5°C higher than the local average (Tsai Wen-chin, 2012). 

According to Taiwan's Hot Spring Act, hot springs must meet established standards for water 

and steam, with surface temperatures measuring ≥30°C. For springs below 30°C, water quality 

must comply with compositional standards. The three essential elements of hot springs are: 

heat source, water, and flow channels (Chang Pao-tang, 2001).Japan and South Korea define 

hot springs as groundwater, mineral water, or vapor (excluding hydrocarbon-based natural gas) 

with temperatures ≥25°C and harmless compositions. Some Western countries like Italy, 
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France, and Germany classify springs >20°C as hot springs, while the U.S. sets the threshold 

at ≥21.1°C. 

    Taiwan's hot spring resources are remarkably diverse and abundant, encompassing 

various types such as carbonated springs, sodium bicarbonate springs, salt springs, simple 

thermal springs, and sulfur springs, which facilitate the development and utilization of hot 

spring leisure activities (Shen Chin-cheng, Tseng Tzu-hui, 2006). Despite over a century of 

development, Taiwan's hot spring industry has accumulated numerous issues, including 

incomplete resource surveys, unclear management responsibilities, and inadequate operational 

governance (Hsueh Kuo-chuan, 2012). The failure to implement total quantity control has 

resulted in ineffective centralized management of hot spring development and utilization, 

leading to resource depletion. Consequently, the "Hot Spring Act" was promulgated on July 2, 

2003, mandating competent authorities to designate hot spring zones and entrust local 

governments with management plans to establish a centralized regulatory framework. This 

aims to ensure effective and sustainable utilization of hot spring resources. Starting in 2007, 

the Tourism Bureau promoted nationwide workshops on hot spring regulations and 

management for operators and local governments to foster consensus on sustainable 

development (Kuo Hsiu-ling, 2012). 

    Domestic research on hot springs includes studies such as Yeh Po-liang (2015) on how 

hot springs influence tourists' health and revisit intentions, Chang Pao-tang (2004) on hot 

spring resources and their role in green energy and tourism, Lee Tsung-hung (2007) on 

recreational behaviors at wild hot springs, and Lee Cheng-hui et al. (2010) on the 

competitiveness of Taiwan's hot spring tourism industry. Chang Lan-lan (2001) examined the 

relationship between tourists' vacation lifestyles and destination preferences, while Lin Chen-

li (2004) analyzed the critical success factors of Japanese hot spring inns. William (2007) 

noted that external interventions to control tourism development often prioritize ecological 

conservation at the expense of local residents' rights, such as land loss and natural resource 

deprivation. Wu Tsung-chiung (2003) highlighted how indigenous tourism, influenced by 

tourist influxes, can significantly impact local ecosystems and cultures. Other studies indicate 

that tribal tourism development may lead to environmental pollution, resource destruction, 

rising prices, social system collapse, cultural distortion, and inequitable benefit distribution in 

indigenous areas. Nevertheless, regardless of perspective, the analysis frameworks provided 

by experts and scholars can guide indigenous hot spring operators—through learning, 
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emulation, innovation, and ultimately surpassing benchmarks—to establish a more 

distinctive, promising, and sustainable hot spring industry 

3. Research Methodology 

   

    The Best-Worst Method (BWM) does not require a complete pairwise comparison 

matrix like the Analytic Hierarchy Process (AHP), offering the advantage of fewer 

comparative data points (while AHP requires multiple comparisons, BWM needs only one). 

Moreover, BWM's structured pairwise comparison system yields more consistent evaluation 

results (Ding, J. F., & Kang, C. K. T., 2023). When dealing with numerous evaluation criteria, 

using AHP for pairwise comparisons increases the number of comparisons needed, often 

leading to inconsistencies in the results.  

    In contrast, the BWM approach eliminates the need for decision-makers to conduct 

pairwise comparisons among all criteria. Instead, they simply identify the best and worst 

criteria from all evaluation criteria, then compare these best and worst criteria separately with 

other criteria. This makes BWM easier to use than AHP while simultaneously resolving 

AHP's consistency issues. Accordingly, this study adopts BWM to measure the relative 

importance of evaluation criteria. The BWM solution steps are briefly outlined below: 

Step 1: Define the evaluation criteria for the decision-making problem. 

Step 2: From  n  evaluation criteria, identify the best criterion (e.g., the most desired or 

most important) and the worst criterion (e.g., the least desired or least important). This step 

requires only a subjective ranking of criteria without pairwise comparisons. 

Step 3: Use a scale of 1–9 to assess the preference degree of the best criterion over all other 

criteria, generating the Best-to-Others (BO) vector, expressed as: 

A_B=(a_B1, a_B2, …, a_Bn) 

Here, a_Bj represents the preference importance of the best criterion B over criterion j, 

while the pairwise comparison value of the worst criterion W itself must be 1. 

 Step 4: Determine the optimal weight values for each criterion. 

),,,( **

2

*

1 nwww 
 

   The calculation of optimal weight values for all evaluation criteria can be solved 

through a linear programming (LP) model. First, input the Best-to-Others (BO) and Others-

to-Worst (OW) vector data, then maximize the absolute deviation between expert-defined 

47 
SDC2025

11th Sustainable Development Conference, 15th - 17th of July 2025 - Bangkok, Thailand 
SDC Proceedings 2025                        ISBN-978-86-83004-05-8



values. 

 

Finally, the minimum value is taken as the optimal objective function value. The complete 

model can be expressed as: 
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Subsequently, the above objective function formula is transformed into a linear objective 

function, expressed as: 
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Step 5: Verify the Consistency Ratio (CR). 

When the condition is met, it indicates that the expert's pairwise comparisons are fully 

consistent. At this point, the Consistency Index (CI) (as shown in Table 2) can be used to 

calculate CR. 

Table 2: CI Table for BWa  

BWa  1 2 3 4 5 6 7 8 9 

CI (max  ) 0.00 0.44 1.00 1.63 2.30 3.00 3.73 4.47 5.23 

Source: Rezaei (2016) 

Since CR ranges between 0 and 1, a smaller  value results in a relatively smaller CR (CR < 
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or approaches 0), indicating higher consistency in pairwise comparisons and more reliable 

evaluation results. Conversely, if CR is relatively large (CR > 0.1), the evaluation process 

should return to Step 3 to revise the pairwise comparison values of each criterion. This 

ensures a logical review of the expert questionnaire responses, significantly reducing CR to 

obtain more consistent weight values. 

 

4. Empirical Analysis 

4.1 Research Process 

   This study targeted indigenous hot spring operators in central Taiwan, employing field 

observations and expert interviews conducted through questionnaires. The interview and 

survey data collected were systematically compiled and analyzed using the Best-Worst 

Method (BWM) to derive the relative weight percentages of each dimension and criterion. 

Key factors were evaluated through the interplay of five dimensions and fifteen criteria, with 

the final total weight values calculated accordingly. 

The interview period spanned from December 1, 2024, to April 12, 2025. Participants 

included industry practitioners, government officials, and academic experts (anonymous 

responses), all with over ten years of experience in hot spring operations. To ensure response 

accuracy and comprehension, the researcher personally distributed and explained the 

questionnaires. 

    The expert interviews involved nearly six months of one-on-one sessions, averaging 120 

minutes per interview. The ten interviewed experts demonstrated profound familiarity with 

hot spring business strategies, offering diverse perspectives and recommendations that 

informed the data synthesis. The interviewee profiles are detailed in Table 3. 

Table 3: Expert Interviewee Profiles 

Expert Code Position Years of Operation/Service 

A1 Hot Spring Hotel Manager 20 

A2 Composite Hot Spring B&B Owner 18 

A3 Composite Hot Spring B&B Owner 18 

A4 Composite Hot Spring B&B Owner 16 
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Expert Code Position Years of Operation/Service 

A5 Composite Hot Spring Campsite Owner 15 

A6 Composite Hot Spring Campsite Owner 13 

A7 Composite Hot Spring Campsite Owner 12 

A8 Composite Hot Spring Campsite Owner 12 

A9 Indigenous Township Chief 8 

A10 Indigenous County Council Member 12 

 

Source: Compiled by the researcher 

4.2 Analysis Results 

    Experts from different fields and departments sometimes had varying perceptions of the 

relative importance between dimensions and criteria. Through interviews and questionnaire 

responses, practical operational issues were evaluated to select the best and worst criteria. 

Table 4 summarizes the best and worst dimensions/criteria as assessed by the ten experts. 

Among the five evaluation dimensions, "Legal Regulations" and "Funding Sources" were 

rated as the best dimensions by four and six experts respectively, while "Management 

Mechanisms" and "Marketing Methods" were both rated as the worst dimensions. This 

indicates that legal regulations and funding sources are the most critical factors affecting hot 

spring operations, whereas the importance of management mechanisms and marketing 

methods depends on the water quality and environmental conditions of specific hot spring 

areas. 

    Among the evaluation criteria, seven criteria including "Jurisdiction under Hot Spring 

Management Regulations," "Sole Proprietorship," "Incentives and Guidance," "Natural 

Landscapes," "Transportation Convenience," "Sustainable Operations," and "Diverse 

Activities" were rated as the best criteria by four to seven experts. Meanwhile, five criteria 

including "Other Relevant Regulations," "Joint Funding," "Parking Convenience," "Strategic 

Alliances," and "Membership Benefits" were rated as the worst criteria by three to eight 

experts. 
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Table 4 Experts' Assessment of Best/Worst Dimensions/Criteria 

Evaluation 

Dimension 

Best 

Dimension 

Worst 

Dimension 
Evaluation Criteria 

 

Best 

Criteria 

 

Worst Best 

Criteria 

Legal 

Regulations 
5.6.9.10 2 

Jurisdiction under Hot 

Spring Management 

Regulations 

Hot Spring Certification 

Management Regulations

 Other Relevant 

Regulations 

1.4.5.6.7     

 9.10 

 

3、8 

 

2 

 

2 

 

 

 

 

1.3.4.5.6.7.8.9 

9.10 

 

Funding Sources 1.3.4.7.8  

Sole 

Proprietorship 

Joint 

Funding  

  Incentives and 

Guidance 

1.2.3.4.8. 

 9 

5.6.7.10 

9 

1.3.4.5.6.7.8.10 

      2 

Environmental  

Conditions 
2  

 Natural 

Landscapes  

 Parking 

Convenience  

  Transportation 

Convenience 

2.3.6.7.8 

 1 

 4.5.9.10 

4.5.9 

   2.3.6.7.8.10 

1 

 

Management 

Mechanisms 

3 8 

 

 

Strategic Alliances 

Sustainable 

Operations 

Service Management  

 

                  

 8.9 

.2.3.4.5.6.7.9 

10 

1.8.10 

1.2.3.4.5.6.7.8.9.10 

 

Marketing 

Methods 

 1.3.4.5.6.7.9.10 

Membership 

Benefits 

Diverse Activities 

Media Networks      

8.9 

 

1.2.3.4.5.6.7 

10 

1.2.3.4.5.6.7.8.9.10 

Source: Compiled by researcher Note: Numbers (1-12) in the table represent expert codes. 
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1. Good decision-making factors constitute the most critical dimensional conditions for 

indigenous tribes operating hot spring businesses, with the underlying considerations 

and management plans serving as the most important criteria. 

2. Familiarity with legal regulations and sufficient funding sources are the highest impact 

criteria for initial hot spring business planning. 

3. Criteria including transportation convenience, incentive programs, environmental 

protection, and diverse activities are the most essential for sustainable operation of hot 

spring businesses in indigenous communities. 

     These findings indicate that among the 15 evaluation criteria for hot spring operations 

in indigenous communities, these three aspects represent the most influential success factors. 

They should be prioritized as the three main considerations for future hot spring business 

evaluations. 

Table 5 Expert-Evaluated Dimensions and Overall Criteria 

 

Main Weight Name 

Main 

Weight 
Sub-Weight Name 

Sub-

Weight 

Total 

Weight 

Legal Regulations 0.334 

Hot Spring Management Regulations 

Hot Spring Certification Management 

Other Relevant Regulations 

0.610 

0.210 

0.179 

20.39% 

7.02% 

6.01% 

Funding Sources 0.314 

Sole Proprietorship 

Joint Funding 

Incentives and Guidance 

0.301 

0.396 

0.301 

6.01% 

12.48% 

9.50% 

 

Environmental 

Conditions 

0.13 

Natural Landscapes 

Parking Convenience 

Transportation Convenience 

0.305 

0.123 

0.570 

4.27% 

1.73% 

7.97% 

Marketing Methods 0.109 

 

Membership Benefits 

Diverse Activities 

Media Networks 

 

0.114 

0.692 

0.192 

 

1.25% 

7.55% 

2.10% 

Table 5 presents the criterion weights calculated using BWM. The five evaluation dimensions 

are ranked as follows: Legal Policies (C1) > Funding Sources (C2) > Environmental 

Conditions (C3) > Marketing Methods (C5) > Management Mechanisms (C4). This indicates 

that "legal policies" and "funding sources" are the key factors influencing hot spring 

operations. The top five criteria are ranked as: Diverse Activities (C52) > Jurisdiction under 

Hot Spring Management Regulations (C12) > Transportation Convenience (C33) > 

Sustainable Operations (C42) > Joint Funding (C22). Among these, "Diverse Activities" has 
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the highest weight value of 0.6922. This criterion falls under management mechanisms, 

demonstrating that all ten experts highly recognize its critical importance in hot spring 

operations. 

Table 6 Weights of Evaluation Dimensions and Criteria 

Sub-Weight Name 
Sub-

Weight 

Total 

Weight 

Overall 

Ranking  

Cumulative 

% |  

Joint Funding (C22) 0.683 32.31% 1 32.31% 

Diverse Activities (C52) 0.752 19.32% 2 51.63% 

Incentives and Guidance (C23) 0.233 11.02% 3 62.65% 

Jurisdiction under Hot Spring Mgmt. 

Regulations (C11) 
0.739 9.50% 4 72.15% 

Transportation Convenience (C33) 0.723 6.20% 5 78.35% 

Membership Benefits (C51) 
0.163 4.19% 6 82.54% 

Sole Proprietorship(C21) 0.083 3.92% 7 86.46% 

Strategic Alliances(C41) 0.693 3.92% 8 90.38% 

Other Relevant Regulations(C13) 0.171 2.21% 9 92.59% 

Media Networks(C53) 0.084 2.18% 10 94.77%   

Natural Landscapes(C31) 0.182 2.18% 11 96.33% 

Sustainable Operation (C42 ) 0.218 1.56% 12 97.56% 

Hot Spring Certification Mgmt. 

Regulations(C12) 

0.084 1.23% 13 98.70% 

Parking Convenience(C32) 0.093 0.80% 14 99.50% 

Service Management (C43) 0.088 

5.000 

0.50% 

100.00% 

15 100.00%15 
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Among the evaluation criteria, the top three rankings assessed by the ten experts are:   

1.   Joint Funding (C22)     

   - Sub-weight: 0.683   

   - Total weight: 32.37%   

2.   Diverse Activities (C52)     

   - Sub-weight: 0.752   

   - Total weight: 19.32%   

3.   Incentives and Guidance (C23)     

   - Sub-weight: 0.233   

   - Total weight: 11.02%   

    The cumulative weight of these top three criteria reaches 62.65%. Other notable criteria 

include:  

Jurisdiction under Hot Spring Management Regulations (C11): Sub-weight 0.7398(Total 

weight 9.50%)   

Transportation Convenience (C33): Sub-weight 0.723(Total weight 6.20%)   

 This demonstrates that: For indigenous tribes operating hot spring businesses, securing 

funding sources remains the most critical factor in hot spring operations to date. During 

expert interviews, the "Diverse Activities" criterion was also identified as highly significant. 

For hot spring visitors, arranging additional activities—such as fruit picking, cultural heritage 

tours, river tracing, and traditional hunting experiences—before or after hot spring bathing 

undoubtedly enhances the overall leisure tourism experience. 

4.3. Consistency Ratio Verification 

    The Best-Worst Method requires consistency ratio verification. A C.R. value closer to 0 

indicates better consistency, while a value closer to 1 suggests poorer questionnaire consistency. 

The target C.R. value for BWM in this study is 0.018. Table 7 presents the C.R. values for BWM 

dimensions and criteria, confirming the robustness of the results through consistency ratio 

verification. 
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Table 7: C.R. Values for BWM Dimensions and Criteria 

Dimension BWM C.R Criterion   BWM C.R 

Legal Regulations 0.111 

Jurisdiction under Hot Spring Mgmt. 

Hot Spring Certification Mgmt. 

Other Relevant Regulations  

0.203 

0.070 

0.060 

Funding Sources 0.104 

Sole Proprietorship 

Joint Funding   

Incentives and Guidance  

0.095 

0.124 

0.095 

Environmental Conditions  0.138 

Natural Landscapes 

Parking Convenience  

Transportation Convenience  

0.042 

0.017 

0.079 

Management Mechanisms  0.100 

Strategic Alliances  

Sustainable Operations   

Service Management  

0.027 

0.042 

0.031 

Marketing Methods  0.108 

Membership Benefits  

Diverse Activities 

Media Networks    

0.012 

0.075 

0.021 

As shown in Table 7, the C.R. values for both dimensions and criteria in this study’s BWM 

evaluation are   close to 0, confirming strong consistency in the results 

 

5. Conclusions and Recommendations     

    With the awakening of indigenous self-identity consciousness, many tribes have begun 

contemplating how to restore their ancestors' traditional wisdom and lifestyles, while 

simultaneously reviving tribal economies through industrial and commercial means, 

encouraging indigenous youth to return to their ancestral lands. As most tribal environments 

are in mountainous areas with abundant hot spring resources, if these hot spring resources can 

be integrated with local indigenous cultural characteristics to improve tribal restaurants and 

lodging industries, this represents the most promising development path. The following 

recommendations are proposed:   

(1) Regulatory Compliance  

   Secure legal rights for land and resource usage by verifying whether hot spring locations 

are situated on indigenous reserved lands or traditional territories. For state-owned or private 

lands, obtain relevant development permits, water rights, construction licenses, and other 

statutory procedures. For traditional territories, emphasize the "priority operational rights" 

guaranteed by the Indigenous Peoples Basic Act.  
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(2) Funding and Resource Integration  

    Given the high initial costs of constructing hot spring facilities (pipelines, buildings, 

wastewater treatment, etc.), pursue startup subsidies from the Council of Indigenous Peoples 

and local governments, tourism development grants from nonprofit foundations, social 

enterprise resources, and cooperative models.   

    In indigenous tribes rich in hot spring resources, operational strategies should initially 

adopt small-scale hybrid models (e.g., hot spring B&Bs, campsite-hot spring combos). After 

stabilizing customer bases and establishing strong reputations, facilities can then be 

expanded.   

(3) Cultural and Hot Spring Packaging  

   Relying solely on "hot springs" may not be competitive against other regions. By 

incorporating indigenous cultural elements into hot spring tourism itineraries—such as 

traditional crafts, tribal storytelling, ceremonial practices, and hunting culture—diverse and 

differentiated product values can be created.   

   Combining indigenous-language guided tours to craft an "immersive" tribal hot spring 

experience, rather than offering mere hot spring bathing tourism, will significantly enhance 

visitor retention rates.   

(4) Management and Talent Development 

   As hot spring lodging falls under the service industry, professional management and 

stable staffing are essential. Training is required for reception, food and beverage services, 

guided tours, marketing, and customer service.   

   -Collaborate with the Council of Indigenous Peoples and Tourism Bureau to develop 

training programs or leverage elder knowledge for cultural tour content. Once funding and 

resources are secured, recruiting and training management personnel must be prioritized 

early. Only with strong management systems and high-quality service can marketing efforts 

succeed.   

(5) Environmental Sustainability and Tribal Consensus  

   - Hot spring development that neglects environmental considerations may lead to 

overexploitation of water resources and ecological damage. Incorporate "eco-tourism" and 

"low-carbon facility" concepts, ensuring all plans undergo internal tribal coordination to 

prevent future disputes. 
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ABSTRACT 

This study investigates the factors that enhance household waste sorting behavior, focusing 
on the Klong Lad Pah Chi community in Bangkok. It applies Ajzen's extended Theory of 
Planned Behavior as the research framework, examining both psychological and contextual 
influences. Based on field observations and interviews, the research identifies key drivers of 
waste sorting behavior and explores how these factors interact to support sustainable 
practices. Psychological elements, such as attitudes toward waste sorting and perceived 
behavioral control, along with contextual factors like access to waste sorting facilities, play a 
critical role. This study demonstrates that while both psychological and contextual factors 
play critical and interdependent roles in influencing household waste sorting behavior in 
Bangkok, contextual factors emerge as the more powerful drivers for long-term behavioral 
change. The findings aim to inform the development of sustainable waste management 
practices that are applicable and scalable in similar community and urban contexts in 
Bangkok, Thailand. 
 
KEYWORDS: Household Waste Sorting, Theory of Planned Behavior, Sustainable Urban 
Practices 
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1 INTRODUCTION 

This chapter provides an overview of the rationale and purpose of the study, highlighting the 
urgency of addressing household waste management as a critical component in improving the 
overall waste system of the city. By applying behavioural insights and conducting field 
research, the study aims to generate practical recommendations for promoting sustainable 
waste practices from the upstream level. To contextualize this approach, the chapter also 
illustrates global waste management challenges by examining international data, best 
practices, and successful case studies of household waste sorting initiatives driven by 
community collaboration. 
 
1.1 Rationale 

Effective household waste management is a pressing global concern, particularly in urban 
settings where population growth and increased consumption significantly contribute to rising 
municipal solid waste (MSW). This research investigates the psychological and contextual 
factors that influence waste sorting behavior at the household level in Bangkok, Thailand. 
The study draws upon Ajzen's extended Theory of Planned Behavior (TPB) to understand 
how individual attitudes, perceived behavioral control, and subjective norms intersect with 
contextual elements such as infrastructure, knowledge, and trust in the waste management 
system. Field research was conducted in the Klong Lad Pah Chi community in Bangkok, 
combining observational and interview data to identify key behavioral drivers and barriers. 
Waste separation at the source is widely regarded as a cost-effective and low-impact strategy, 
reducing the burden on downstream waste systems and minimizing environmental harm. 
Globally, the World Bank projects MSW volumes could rise to 3.40 billion tons annually by 
2050 if current trends continue (Kaza et al., 2018). Within Southeast Asia, Thailand ranks 
among the top three generators of MSW, and the situation is particularly critical in Bangkok 
where food waste constitutes nearly half of the daily waste stream (Public Relations 
Department, BMA, 2024). The Bangkok Metropolitan Administration (BMA) allocates 17% 
of its budget—over 13,000 million Baht—toward cleaning and waste management 
(Workpoint Today, 2022), underscoring the urgency of upstream waste interventions. 

 
1.2 Behavioral Interventions and International Practices 

In 2022, Bangkok introduced the "Do Not Mix" campaign as a behavioral intervention to 
promote the separation of food waste from general waste. This campaign utilized targeted 
outreach and separate food waste collection services to reduce contamination and increase 
participation. During its five-month pilot, 180 tons of food waste were diverted from the 
general waste stream, contributing to an annual reduction of 74,460 tons and cost savings of 
141 million Baht in 2023 (Matichon Online, 2022; Nikorn, 2024). These outcomes align with 
international examples of successful household waste sorting. In Taipei, citizens are required 
to use designated garbage bags, and classical music signals the arrival of waste trucks, 
encouraging routine waste separation (Davidson & Lin, 2022). Venice, Italy, has 
implemented clear collection schedules and free bulky waste services, reducing incineration 
volumes (C40 Cities, 2018). Germany employs a color-coded bin system and a bottle deposit 
return scheme known as Pfand, achieving recycling rates exceeding 66% (Botham, 2022). In 
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Sweden, public guidance with detailed infographics supports residents in sorting waste into 
up to 12 categories (ÖGRAB, 2016). These global cases demonstrate that combining 
infrastructure, education, and community norms leads to more sustainable waste management 
behavior. 

 
1.3 Southeast Asia and Bangkok’s Waste Landscape 

Among Southeast Asian countries, Thailand generates approximately 26.77 million tons of 
MSW annually, second only to Indonesia (UNEP, 2017). Despite policy frameworks such as 
the 2018 national roadmap and circular economy targets for 2027, only 34% of waste is 
recycled (PCD, 2023). In Bangkok, over 9,000 tons of waste are produced daily, with organic 
waste making up around 50%. The BMA currently promotes four waste categories: 
recyclables, organics, hazardous waste, and general waste. However, mismanagement 
remains prevalent due to weak regulatory enforcement, limited incentives, and insufficient 
sorting infrastructure (ESCAP, 2019). The waste management flow is divided into upstream 
(household sorting), midstream (collection and transport), and downstream (disposal). Recent 
initiatives also include surplus food redistribution, composting programs, and energy 
recovery from general waste. Yet, informal actors such as waste pickers and junk shops 
remain critical to Bangkok’s recycling ecosystem. While the city has implemented 
differentiated disposal methods—including for hazardous and infectious waste—operational 
costs still exceed revenue from collection fees. The lack of a robust “pay-as-you-throw” 
scheme further undermines efforts to align consumer behavior with waste generation. 
 
1.4 Policy Frameworks and Community Engagement 

Bangkok’s waste collection fees are structured by volume, with discounts for households 
practicing proper sorting. However, penalties primarily apply to improper disposal of large 
items, leaving small household waste unregulated. The city’s collaborative six-step waste 
reduction strategy includes baseline data collection, infrastructure development, community 
training, communication campaigns, and continuous evaluation. In 2022, the BMA launched 
a pilot program in three districts—Nong Khaem, Pathumwan, and Phaya Thai—advocating 
tiered sorting levels from basic food/general separation to advanced six-category models. 
Trust-building efforts include deploying new waste trucks with separate compartments and 
expanding drop-off points. These strategies have yielded significant waste reductions and 
cost savings, prompting expansion citywide in 2024. To maintain momentum, BMA 
partnered with the Environmental Research Institute at Chulalongkorn University to develop 
the “BKK Zero Waste” platform, which provides transparent data, operational tools, and 
incentive programs. Public participation is encouraged through mobile app reporting, reduced 
service fees, and NGO-supported collection networks. These efforts aim to transform waste 
sorting from an isolated action to a city-wide norm embedded in daily life. 
 
1.5 Theoretical and Practical Insights 

The research applies Ajzen’s Theory of Planned Behavior (TPB) to analyze how 
psychological factors influence household waste sorting. Attitudes, subjective norms, and 
perceived behavioral control collectively shape behavioral intentions and, ultimately, actions.  
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However, research shows that intentions can fade over time without contextual support 
(Wang & Mangmeechai, 2021). Thus, the study incorporates contextual variables such as 
knowledge, facility conditions, and trust. Knowledge and skill development enhance self-
efficacy and sorting accuracy (Ittiravivongs, 2011; Vassanadumrongdee & Kittipongvises, 
2018). Accessible, clean, and well-labeled infrastructure reduces physical and cognitive 
barriers. Trust in municipal operations correlates strongly with sorting frequency (Leknoi et 
al., 2024). When residents believe their efforts yield meaningful results, participation 
increases.  

Additionally, concepts from Nudge Theory support interventions like default options, 
signage, and incentives to reinforce behavior (Thaler & Sunstein, 2008; Lehner et al., 2016). 
These findings underscore the value of integrating psychological and contextual strategies. 
Ultimately, the research contributes both theoretical insight and practical guidance for scaling 
community-based waste management, offering a model for Bangkok and comparable urban 
contexts globally. 

Table 1 Detail of Variables Used in the Study 

 
1.6 Research Design 

This study investigates the psychological and contextual determinants of household waste 
sorting behavior in Bangkok, with a focus on the Khlong Lad Pachi community. Drawing 

Factor Description Positive Indicator Negative Indicator 
Psychological Factors 
Attitude An individual’s belief about 

and evaluation of the 
benefits of a behavior. 

Positive: “Waste segregation 
helps improve the 
environment.” 

Negative: “Sorting waste is 
useless and unhygienic.” 

Subjective norms An individual’s perception 
of perceived social pressure 
to perform or not perform a 
behavior. 

“Everyone in my community 
supports waste sorting.” 

“I mix all waste in one bag 
because my neighbor does 
too.” 

Perceived Behavioral 
Control 

One’s confidence in their 
ability to perform the 
behavior. 

“Since I know how and 
where to sort, I do it at 
home.” 

“I don’t know how to sort 
properly, so I don’t do it or do 
it incorrectly.” 

Contextual Factors 
Knowledge and Skill Knowledge involves 

awareness and 
understanding, such as 
benefits of sorting, correct 
methods, and eco-friendly 
practices. Skills refer to 
practical ability, like 
composting or consistent 
separation. 

Informed residents make 
fewer mistakes, sort 
accurately, and develop 
better waste-sorting habits. 

Lack of knowledge or 
inexperience leads to mixed 
or contaminated waste 
disposal. 

Environment and 
Facility Condition 

Encompasses the conditions 
of public waste 
infrastructure, including 
bins, drop-off areas, signage, 
and instructions. 

Clean, accessible stations 
with clear instructions 
enable proper and prompt 
sorting. 

Poorly maintained, distant, or 
confusing facilities discourage 
correct sorting and increase 
contamination. 

Trust in Local Waste 
Management  

Refers to confidence in the 
transparency and 
effectiveness of local waste 
policies, programs, and 
operations. 

Transparent systems (clear 
policies, regulations, and 
programs) foster consistent 
household sorting. 

Mistrust in community or 
authority systems discourages 
sorting behavior at home. 
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from past research and grounded in the extended Theory of Planned Behavior (TPB), the 
research aims to understand how internal factors, attitude, subjective norms, and perceived 
behavioral control, interact with external conditions such as knowledge, infrastructure, and 
trust in local systems to influence waste sorting practices. The central research question asks: 
How do psychological and contextual factors, both individually and interactively, influence 
household waste sorting behavior in Bangkok? 

To explore this, the study is structured around three main hypotheses. The first posits that 
psychological factors positively affect behavior, with each TPB component influencing waste 
sorting either directly or through intention. The second hypothesis addresses contextual 
elements, knowledge and skill, environmental and facility conditions, and system trust, and 
their direct influence on behavior. The third proposes that contextual factors also enhance 
perceived behavioral control, thereby reinforcing behavioral intentions. 

The research employs a qualitative approach using mixed methods. Data collection includes 
secondary research on community background, field observations of waste composition 
following BMA sorting guidelines, and semi-structured interviews to gather in-depth insights. 
The interview questions probe behavioral patterns, perceived ease or difficulty of sorting, and 
influences ranging from social pressure to system trust. Efforts are made to minimize bias by 
ensuring participant anonymity and employing indirect questioning techniques. 

The study focuses on the Khlong Lad Pachi community, recognized as a model Zero Waste 
area by the BMA. The sampling strategy includes purposive and snowball methods, with 
seven participants selected to represent both community leaders and general households. 
Despite the small sample size, careful participant selection and validation against prior Thai 
studies enhance the reliability and relevance of the findings. Through this methodology, the 
research aims to generate practical recommendations to support sustainable waste sorting at 
the household level. 
 

 
Figure 1 Research theorical framework, the extended TPB with knowledge and skill, 

environment and facility condition, and system trust. Diagrams illustrated by the author. 
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2 RESULT 

The field observation and interview data from Klong Lad Phachi community reveal that 
effective household waste sorting is shaped by an interplay of psychological and contextual 
factors. Observations confirmed that the community’s well-structured facilities, seven waste 
drop-off stations within close proximity, enable consistent sorting behavior. Households 
routinely cleaned, dried, and separated waste before disposal, with food waste being 
processed on-site into compost or bio-fermented products, reducing municipal waste output 
by 50%. 

Interviews with residents further underscored these findings. Attitude and perceived 
behavioral control emerged as key psychological enablers, while subjective norms played a 
minimal direct role but showed signs of evolving into shared community values. Participants 
described initial challenges in sorting behavior that diminished with experience, suggesting 
that perceived behavioral control improves over time. Contextual factors such as knowledge, 
facility accessibility, and trust in the local system were repeatedly cited as critical. Trust in 
the community’s transparent and incentivized waste management model, rather than city 
regulations, proved essential in sustaining engagement. Together, these findings support a 
model of integrated behavioral and contextual influences in fostering sustainable household 
waste sorting. 
 
2.1 Community Waste System 

The Klong Lad Phachi community, founded in 2005, is a model of self-managed 
development under Thailand’s Community Organizations Development Institute (CODI). 
The community was relocated to a donated 2,000 square meter area and built a collaborative 
residential plan anchored in mutual support through a daily savings program, welfare funds, 
and a revolving debt-relief scheme. Guided by four pillars—secure housing, health, society, 
and local economy—the community embedded environmental stewardship into its vision 
from the beginning. Since its inception, the community has advanced its waste management 
through the establishment of waste banks, organic farms, composting programs, and BSF 
(black soldier fly) larvae facilities. By 2023, it had been officially recognized by Bangkok 
Metropolitan Administration (BMA) as a model zero-waste community. 

The community’s waste management objectives are clear: to improve cleanliness, promote 
household-level sorting, and foster multi-stakeholder collaboration. Seven waste facilities 
serve the area, including recycling banks, drop-off centers, composting units, and general 
waste bins—all within 150 meters of residents’ homes. Waste is cleaned, sorted, and brought 
to designated locations by households, then collected weekly by the BMA and private 
partners. Community-level food waste is processed into compost or bio-fermented liquids on 
site. These efforts have halved the volume of waste sent to municipal facilities. A volunteer 
committee oversees the operation, from daily drop-off maintenance to organizing awareness 
training and managing incentive-based savings through the waste bank program. Success is 
rooted in consistent engagement, shared accountability, and internal leadership. 
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Figure 2 The community map: extracted from Google Maps and illustrated by the author, 
shows the location of waste management facilities, all within 150 meters of households. 

 
Figure 3 Waste drop-off station with signage and clear instructions for waste sorting 

 
Figure 4 A junk buyer rides their bicycle through the community daily to collect recyclable 

waste at the Waste Bank Center and Recycling bank savings record book. 
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Table 2 Waste Category and Instructions in Klong Lad Pachi Community 

 Type of waste generated from 
household 

Source separation method in household 

1 
 

1.1a) Recyclables those sellable 
with junk buyers 
1.1 b) Recycle waste those 
unable to sell with junk buyer 

1. clean the contaminated part with water 
2. ensure that waste is dry before being brought out to dispose 
3. drop off at Recyclable Waste Bank & Unsellable recycle waste 
drop-off point 

1.2 a) used clothes, bags, and 
shoes 
1.2 b) used papers and books 

1. ensure that items are clean and dry before being brought out to 
dispose of items 
2. drop off at Waste drop-off station 

2 2.1 Leftover cooked food 1. segregated solid food waste out from liquid. 
2. bring solid food waste to drop off at Green Cone or at Worm house 

2.2a) Vegetables and fruits 
2.2 b) Organic waste that is not 
food waste i.e., leaves 

Bring leftover vegetables and fruits to drop off at Bio-fermented 
liquid jar or at Green Cone or at Worm house 

2.3 Used cooking oil segregate only used liquid cooking oil and filled in the bottle. Bring 
out to drop at Recycle Waste Bank 

3 Hazardous waste drop off at Waste drop-off station 

4 General waste To collect all general waste in the bag, ensure no leaking, and drop 
off at the General waste bin on the main road. 

 
2.2 Interview Findings – Psychological Factors 

Semi-structured interviews were conducted with seven residents aged 48–75, comprising 
homemakers, retirees, and self-employed individuals. Key psychological enablers identified 
include positive attitudes, strong perceived behavioral control, and a nuanced role for 
subjective norms. Many residents expressed a moral obligation to sort waste, citing 
environmental and public health benefits. Respondents frequently emphasized that waste 
sorting improves hygiene, reduces health risks, and generates economic value through the 
waste bank exchange system. 

Interestingly, social pressure (subjective norms) had limited impact. Residents consistently 
noted that their waste sorting behaviors stemmed from internal values rather than community 
expectations. However, deeper reflection revealed a latent social dimension—many 
interviewees hoped others would adopt similar practices and were willing to help neighbors 
sort waste. This reflects the formation of emergent social norms, even if they’re not overtly 
enforced. 

Perceived behavioral control emerged as a major determinant. Although waste sorting was 
initially perceived as challenging, most participants adapted through hands-on learning and 
problem-solving. Even in small or shared homes, residents found creative solutions to 
separate, clean, and store waste. Confidence in one’s ability to manage sorting practices 
ultimately shaped whether and how consistently sorted. 
 
2.3 Interview Findings – Contextual Factors 

Three contextual elements—knowledge and skill, facility conditions, and trust in systems—
strongly influenced waste sorting behaviors. Knowledge was both informational 
(understanding what and why to sort) and practical (how to sort). Residents reported 
increased confidence and frequency of sorting after understanding health impacts and 
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learning specific techniques. This supports prior literature emphasizing knowledge as a 
prerequisite to environmental behavior. 

Environmental and facility conditions had a nuanced role. While limited space at home was 
not a major barrier, poorly managed drop-off points discouraged participation. Conversely, 
clean, well-organized community sorting stations with clear signage enabled better 
compliance and reduced confusion. This highlights the importance of external “choice 
architecture” in promoting sustainable behavior. 

Trust in the local waste management system proved critical. Although municipal policies had 
little influence, trust in the community’s cooperative system—including waste bank savings, 
composting, and visible results—reinforced participation. Respondents noted that clear 
benefits (e.g., savings, cleaner surroundings) made their efforts feel meaningful and 
worthwhile. In contrast, skepticism about municipal follow-through could demotivate sorting 
behavior. Overall, the findings affirm that transparent, accountable community systems can 
substitute for weaker formal regulations, promoting voluntary and sustained behavior change. 

3 DISCUSSION 

This section interprets the findings in relation to the extended Theory of Planned Behavior, 
highlighting how psychological and contextual factors jointly shape household waste sorting 
behavior. It explores how positive attitudes, perceived behavioral control, and enabling 
community systems reinforce sustainable practices, and discusses the implications for 
behavior change strategies and policy design in urban waste management. 

 
3.1 Key Findings and Theoretical Insights 

This study analyzes how psychological and contextual factors influence household waste 
sorting behavior in Bangkok, with data collected from the Klong Lad Phachi community. The 
findings affirm that both dimensions work in tandem—psychological drivers like attitude and 
perceived behavioral control interact with contextual conditions such as practical knowledge, 
accessible infrastructure, and system trust. Importantly, contextual elements not only have a 
direct influence on sorting behavior but also enhance perceived behavioral control, indirectly 
reinforcing intention and behavior. 

All three hypotheses were validated. Attitude and subjective norms influenced behavior 
indirectly through intention, while perceived behavioral control affected both intention and 
behavior directly. Contextual variables—knowledge and skills, accessible facilities, and 
trust—also exerted significant direct effects. Moreover, these contextual factors strengthened 
perceived behavioral control, indirectly shaping behavioral outcomes. These results support 
the extended Theory of Planned Behavior (TPB), demonstrating that contextual support plays 
a vital role in sustaining waste sorting behaviors. 
 
3.2 Psychological and Contextual Drivers 

Psychological factors, especially perceived behavioral control and attitude—emerged as the 
most influential internal determinants of waste sorting behavior. Residents reported that a 
positive outlook toward waste sorting, viewing it as a socially responsible and 
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environmentally beneficial practice, encouraged their participation. Confidence in one's 
ability to sort waste, developed over time through repetition and familiarity, further 
embedded the behavior into household routines. While subjective norms were less directly 
influential, the interviews revealed that a sense of shared responsibility and communal 
aspiration is taking root, signaling the emergence of social norms in support of waste sorting. 

On the contextual side, three primary factors—knowledge and skill, facility accessibility, and 
trust—were identified. Practical knowledge enhanced sorting accuracy, while informational 
awareness increased understanding of environmental benefits, thereby reinforcing attitudes. 
Clean, accessible, and well-labeled community drop-off points significantly reduced friction 
in the sorting process. Finally, trust in the local system, including waste bank benefits, 
transparency, and cooperative incentives—proved vital. Conversely, skepticism toward 
municipal regulations or concerns about post-collection mismanagement discouraged 
engagement. 

 
3.3 Interconnection and Behavioral Reinforcement 

One of the study’s key findings is the synergistic effect of contextual factors in reinforcing 
psychological drivers. Workshops and ongoing education improved knowledge and skills, 
enhancing perceived behavioral control. Well-maintained and clearly organized waste 
facilities facilitated user compliance, reducing the physical and cognitive burden of sorting. 
Most importantly, trust in the community-led waste system amplifies the psychological sense 
of efficacy and meaning, motivating sustained behavior over time. These findings confirm 
Hypothesis 3, underscoring that external support systems not only directly foster behavior but 
also strengthen internal intention and confidence. 

Additionally, the role of internalization was evident residents independently adopted 
behaviors they initially learned through community engagement, which in turn spread 
organically to others. Voluntary actions, such as helping neighbors or encouraging proper 
sorting, suggest that behavioral norms are evolving toward a more sustainable community-
wide practice. This interconnectedness highlights the feedback loop between psychological 
and contextual mechanisms. 

 
3.4 Community Systems and Broader Implications 

The site visit and interviews further emphasize that community-led initiatives and localized 
infrastructure are powerful catalysts for behavior change. Waste banks, trade-off programs, 
compost stations, edible gardens, and organized drop-off points not only improve 
convenience but also build a sense of collective responsibility. These features foster a deeper 
connection to environmental stewardship and create opportunities for residents to actively 
engage with sustainable living. The cumulative result is a durable shift in daily behavior 
aligned with broader sustainability goals. 

Klong Lad Phachi’s recognition by the BMA as a zero-waste model underscores the 
effectiveness of grassroots innovation, particularly when supported by visionary leadership 
and trust-based systems. Leadership has proven essential in mobilizing participation and 
maintaining behavioral continuity. Combined with incentives, household training programs, 
and multi-stakeholder collaboration, the community offers a scalable and replicable 
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framework for waste management and sustainable living. These findings contribute to both 
academic theory and practical strategy, offering a pathway for municipalities to enable 
resident-led sustainability transitions through empowered community design. 

 

Figure 5 Factors influences waste sorting behavior in household in Klong Lad Phachi 
Community (author, 2024) 

4 CONCLUSION 

This final section synthesizes the study’s key findings, offering a comprehensive 
interpretation of how household waste sorting behavior in Bangkok is shaped by both internal 
and external factors. It outlines practical recommendations for policy and community design, 
acknowledges the study’s limitations, and proposes directions for future research to enhance 
sustainable waste management across diverse urban contexts. 
 
4.1 Conclusion and Strategic Insights 

This study concludes that while both psychological and contextual factors significantly shape 
household waste sorting behavior, contextual influences play a more dominant and enduring 
role. Elements such as knowledge and skills, accessible facilities, and trust in transparent 
systems not only foster independent behavioral change but also reinforce internal drivers like 
confidence and perceived ease. The community of Khlong Lad Phachi demonstrates how 
robust contextual support systems can reinforce perceived behavioral control, which in turn 
strengthens attitude and intention—resulting in more consistent sorting behavior. These 
findings extend the Theory of Planned Behavior by emphasizing the structural enablers 
necessary to sustain psychological engagement and long-term behavior change. The practical 
implication is clear: campaigns alone are insufficient; sustained behavior change depends on 
embedded infrastructure, community participation, and a feedback loop of incentives and 
trust. 
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4.2 Strategic Recommendations for Bangkok 

Based on these findings, four key recommendations are proposed to support effective 
household waste sorting across Bangkok: 

1. Enhance Knowledge and Skills Through Hands-On Education: Implement interactive 
workshops and coaching sessions that build practical sorting skills and deepen 
awareness of environmental and health impacts. This improves confidence, corrects 
sorting errors, and sustains motivation. 

2. Co-create Accessible Facilities with Community Involvement: Collaborate with 
residents to design convenient, clearly labeled, and well-maintained waste 
management infrastructure. This participatory approach ensures that systems reflect 
local needs, cultivating shared ownership and long-term engagement. 

3. Build Trust in Municipal Systems Through Transparency and Incentives: Establish 
public-facing reporting systems that showcase how sorted waste is processed. Ensure 
consistency in collection and support community waste exchange programs. These 
measures counter skepticism and build credibility. 

4. Strengthen Policy with Proven Behavior-Change Models: Adopt international best 
practices, such as Taipei’s “pay-as-you-throw” model, Venice’s segmented pick-up 
schedule, Germany’s deposit-return system, and Sweden’s user education strategies. 
Tailor these to Bangkok’s local context to align infrastructure with behavioral science. 

Such integrated strategies—combining enforcement, incentives, scheduling, and education—
can help Bangkok evolve toward a sustainable urban waste management model aligned with 
circular economy principles. 
 
4.3 Study Limitations and Future Research Directions 

While the study provides valuable insights, two limitations should be noted. First, reliance on 
self-reported behavior may introduce bias due to social desirability or memory lapses. Future 
research should incorporate diary studies or digital tracking to validate reported practices 
over time. Second, the scope was limited to a single community under the Community 
Organization Development Institute (CODI), which benefits from strong internal organization 
and resident participation. These structural supports may not exist in other settings, limiting 
the generalizability of results. 

Future research should explore a broader range of communities across Bangkok with varying 
population densities, organizational structures, and demographic profiles. Comparative 
studies will help identify context-specific and scalable interventions. Expanding the evidence 
base will further clarify the conditions under which sustainable waste behaviors can be most 
effectively promoted, providing a roadmap for urban sustainability at scale. 
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ABSTRACT 
 
Informed decision-making is necessary for sustainability in the automotive sector at every 
stage of a vehicle's life cycle. The chassis frame is a crucial part of any automobile, and the 
choice of material has a big impact on sustainability results. This study offers a methodology 
to assist in choosing materials for car chassis frames based on a systematic evaluation of 
sustainability throughout the manufacturing, usage, and end-of-life stages of the life cycle. 
The four main aspects of sustainability i.e environmental, economic, social, and technical & 
performance, are taken into account. To find pertinent parameters under each dimension, a 
thorough literature review was carried out. The relative importance of these four criteria in 
relation to sustainable chassis frame design was then determined through a quantitative 
analysis. A more balanced and data-driven approach to decision-making is made possible by 
this weighting, which offers crucial insights into the ways in which various sustainability 
factors influence material evaluation. The final framework is meant to serve as the basis for a 
decision support system (DSS) that helps stakeholders, such as manufacturers, designers, and 
legislators, choose materials that support sustainability objectives without sacrificing 
functionality. Expanding the parameter set and confirming the framework with expert input 
such as Delphi studies will be the main goals of future development. By encouraging life 
cycle thinking and providing a clear framework for including sustainability considerations 
early in the design process, this research advances sustainable mobility. It makes it easier for 
automotive engineers to choose materials in a more responsible, knowledgeable, and 
comprehensive manner.  
 
KEYWORDS: Decision support system, Sustainability, Automobile, Chassis frame  
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1. Introduction 
 
The automobile chassis frame is a critical structural component that forms the foundation of a 
vehicle, supporting essential mechanical systems such as the engine, axles, suspension, 
braking, and steering mechanisms (Prasad et al., 2020). It serves as the structural backbone of 
the vehicle, providing rigidity, strength, and stability under diverse operational 
conditions(Mounika et al., 2021). Traditionally, chassis frames have been manufactured 
using steel due to its mechanical robustness and cost-effectiveness. However, in the context 
of increasing environmental concerns and regulatory pressures, there is a growing emphasis 
on re-evaluating material choices to enhance the overall sustainability of automotive 
components(Jasiński et al., 2016). 
Sustainable material selection for chassis frames has emerged as a key focus area in 
automotive engineering, with attention shifting toward lightweight alternatives such as 
aluminium, advanced high-strength steels (AHSS), and composite materials. These 
alternatives contribute to reduced vehicle weight, improved fuel efficiency, and lower 
greenhouse gas emissions over the vehicle's lifecycle. Moreover, the choice of chassis 
material has implications for environmental performance and economic viability, social 
acceptability, and technical functionality. In this context, assessing sustainability parameters 
spanning manufacturing processes, in-use performance, and end-of-life recyclability has 
become essential in guiding material selection decisions. Therefore, a sustainable chassis 
frame must strike a balance between performance requirements and long-term environmental 
and economic goals, aligning with the broader objective of sustainable mobility. 
Previous studies have demonstrated the importance of material selection in achieving 
sustainability goals and used life cycle assessment (LCA) methodologies to evaluate the 
environmental performance of various vehicle types, emphasising that upstream material 
decisions largely determine downstream ecological impacts. Similarly, (Othman et al., 2018) 
explored the use of lightweight materials like aluminium and carbon-fibre-reinforced plastics 
(CFRPs), which significantly reduce vehicle weight and thus fuel consumption. However, 
these studies often prioritise environmental aspects and fail to adequately consider economic, 
social, and technical dimensions. 
The current literature often treats sustainability dimensions in isolation. For instance, (Das et 
al., 2010) discussed the economic benefits of aluminium but did not adequately account for 
its high energy consumption during processing. Similarly, (Risaliti et al., 2025) highlighted 
the mechanical advantages of alternative materials but did not incorporate social factors such 
as worker safety or community impact. Studies like those of (Singh et al., 2009) and 
(Forcellese et al., 2021) have examined recyclability and end-of-life processes but lack cost 
and technical feasibility integration. 
Furthermore, there is a noticeable scarcity of studies incorporating stakeholder input through 
structured methodologies like multi-criteria decision-making (MCDM). Most frameworks 
lack flexibility and fail to reflect industry-specific or region-specific sustainability priorities. 
This fragmentation in the literature presents a clear gap for a comprehensive, integrative 
approach to material selection that accommodates diverse sustainability indicators and 
stakeholder preferences. 
This research seeks to bridge these gaps by developing a holistic framework for sustainable 
material selection, explicitly focusing on automotive chassis frames. The proposed model 
considers sustainability's environmental, economic, social, technical & performance 
dimensions across the vehicle life cycle. Applying the Analytic Hierarchy Process (AHP), 
expert opinion is systematically incorporated to assign relative importance to each 
sustainability dimension. This enables a balanced, data-driven material evaluation process. 
The outcome of this research contributes a practical decision support system (DSS) that can 
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guide automotive engineers, manufacturers, and policymakers in selecting materials that 
align with sustainability goals while maintaining performance standards. 
 
2. Background and Literature Review 
 
In recent years, a growing emphasis on sustainability in the automotive industry has been 
driven by environmental regulations, resource depletion concerns, and consumer awareness. 
Sustainability in automotive design is inherently multi-dimensional, incorporating 
environmental, economic, social, and technical perspectives (Wellbrock et al., 2020). The 
challenge lies in balancing these often conflicting dimensions, especially when selecting 
materials for components such as the chassis frame, which plays a critical structural role and 
contributes significantly to the vehicle's overall weight and environmental footprint. 
Environmental impacts of materials have traditionally been assessed using Life Cycle 
Assessment (LCA), a method popularised by ISO 14040 standards (International 
Organization for Standardization, 2006). LCA-based studies, such as those by (Burchart-
Korol & Folęga 2019), have shown that emissions during the production stage can outweigh 
use-phase savings if high-energy materials like aluminium or CFRP are used without 
adequate recycling strategies. (Das et al., 2010) emphasised that although lightweight metals 
reduce operational emissions, their extraction and processing are often energy-intensive and 
polluting, making end-of-life management crucial. 
Economic considerations in material selection have often focused on raw material costs and 
manufacturability. (Zhou et al., 2015) developed a cost-optimisation model for automotive 
parts but did not integrate sustainability criteria. Moreover, though conceptually strong, life 
cycle costing approaches often lack practical implementation in early design due to data 
limitations. Recent advances, such as those by (Hariram et al., 2023), suggest that economic 
models must be integrated with sustainability metrics to reflect the long-term value of 
material decisions. 
Social sustainability has historically been underrepresented in engineering design literature. 
Parameters such as worker safety, labour rights, and community impact are rarely quantified 
or incorporated into material selection decisions (Karlewski et al., 2019). This exclusion 
creates blind spots that may affect long-term brand reputation, regulatory compliance, and 
ethical operations. The Global Reporting Initiative (GRI) and the United Nations Sustainable 
Development Goals (UN SDGs) increasingly encourage manufacturers to consider social 
criteria in design and procurement processes. Yet, systematic tools for doing so remain 
limited. 
Technical performance parameters—such as strength, stiffness, corrosion resistance, and 
fatigue life—have long been the focal point in materials engineering. Studies such as (Risaliti 
et al., 2025) and (Singh et al., 2009) have demonstrated the advantages of high-strength steel 
and magnesium alloys in meeting vehicle performance standards. However, these studies 
often evaluate performance in isolation from other sustainability concerns. A lack of multi-
dimensional frameworks means that materials optimal in one category may perform poorly in 
others, leading to sub-optimal or unsustainable design decisions. 
Multi-Criteria Decision Making (MCDM) approaches have emerged to fill this gap, offering 
techniques to integrate various performance indicators. Methods like TOPSIS, VIKOR, and 
AHP have been utilised in broader sustainability assessments (Ding et al., 2021; Oliveira et 
al., 2014). While useful, many of these implementations are not specific to chassis design and 
lack parameter standardisation, which limits their transferability. Moreover, few studies have 
actively involved experts from different domains (e.g., manufacturing, environmental 
science, policy) to ensure that the criteria and weightings used reflect real-world priorities. 
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The present study addresses these limitations by developing a decision support framework 
explicitly tailored to the sustainability-oriented material selection of chassis frames. It 
employs AHP to incorporate expert judgment in a structured manner and considers a 
comprehensive set of parameters spanning the environmental, economic, social, and technical 
domains. This research builds on and extends the literature by providing a replicable 
methodology, validated parameter set, and customisable decision-support interface for use in 
academia and industry. 
 
3. Results and Discussion 
 
The results of the AHP-based expert survey provided crucial insights into how professionals 
from diverse backgrounds perceive the relative importance of sustainability dimensions in the 
context of automotive chassis frame material selection. 
 
3.1 Sustainability Dimension Weightage 
Based on responses from the 36 validated experts, the aggregated relative weights of the four 
sustainability dimensions were presented in figure 1. 

 
Figure 1: Weightage of sustainability Dimensions after AHP calculation. 

These results indicate that environmental considerations are currently the most critical factor 
influencing material choices, followed closely by economic. While less prioritised, social 
dimensions and technical performance remain integral to a well-rounded sustainability 
assessment. 
This weighting pattern is consistent with the automotive industry's push toward carbon 
neutrality, light-weighting, and circular economy strategies. It also reflects the regulatory 
emphasis on environmental reporting and lifecycle emissions, such as those mandated by the 
EU's End-of-Life Vehicles Directive and the U.S. Corporate Average Fuel Economy (CAFE) 
standards. 
 
3.2 Selected Sustainability Parameters and Sub-Parameters 
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The following parameters in Table 1 were finalised for inclusion in the decision support 
framework. Each is discussed in brief based on its relevance, assessment method, and impact 
on sustainability outcomes. 
 
3.3 Comparative Assessment: Steel, Aluminium, CFRP 

When these characteristics were evaluated across three commonly used materials for 
automobile chassis frames—high-strength steel (HSS), aluminium alloys (such as AA7075), 
and carbon fibre-reinforced polymers (CFRP)—distinct advantages and limitations were 
observed. High-strength steel offers a balanced combination of strength, cost-effectiveness, 
and recyclability. Although it adds to the overall weight of the vehicle, it remains the most 
established material in automotive applications, supported by mature supply chains and 
minimal social or environmental risks during production and recycling. Aluminium, in 
contrast, is significantly lighter and relatively affordable, contributing to improved fuel 
efficiency. However, its production process is energy-intensive, and while it offers 
reasonable mechanical strength, its fatigue resistance is moderate compared to other 
alternatives. CFRP stands out in terms of exceptional strength-to-weight ratio, delivering 
substantial weight reductions and superior mechanical performance. Nevertheless, its 
widespread application is constrained by high costs, energy-intensive manufacturing 
processes, and significant challenges in recycling at the end of the product's life cycle. These 
comparisons highlight the necessity for a comprehensive, multi-criteria sustainability 
framework for material selection. A material that performs exceptionally well in one 
dimension, be it environmental, economic, social, or technical, may demonstrate 
shortcomings in another. Therefore, the proposed sustainability assessment framework 
facilitates a balanced evaluation of such trade-offs, enabling more informed and responsible 
decision-making in the context of sustainable automotive design. 

 
Table 1 Selected Parameters for Sustainability Assessment Based on Material Selection 

Across Life Cycle Phases 

 Parameters 
Category 

Metric Phase of 
assessment  

Description 

En
vi

ro
nm

en
ta

l S
us

ta
in

ab
ili

ty
 

Energy 
consumption 

MJ/Kg All Phases The energy required to extract, 
process, and fabricate the material 
into components, energy 
consumed by the element during 
use and at the EOL energy needed 
to recycle or recover 

Emissions Co2-eq/kg All Phases GHG emissions generated during 
manufacturing, operation of 
vehicles and at the EOL 

Water Usage Liters/Kg Manufacturing 
and EOL 

Water used in the processing and 
manufacturing of components and 
at the EOL is required to be 
recycled or recovered. 
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Vehicle weight 
contribution 

% weight 
reduction 

Use It influences the total vehicle 
weight reduction and emissions 
during use. 

Waste 
generation 

% Manufacturing 
and Use 

Total waste generated during the 
processing of material for making 
a component, and waste generated 
at the EOL 

Recyclability % EOL At the EOL, how much material 
gets recycled 

Ecotoxicity  - All Phases Environmental harm during the 
material life cycle 

Biodegradability - EOL To check the landfill impact of the 
material at the end of its life 

Resource 
scarcity 

- All Phases Concern over rare and non-
renewable material 

Ec
on

om
ic

 S
us

ta
in

ab
ili

ty
 

Material Cost $/Kg Manufacturing The cost of raw materials varies 
depending on the availability 

Processing Cost $/component  Manufacturing Fabrication costs like casting and 
machining. 

Capital 
equipment 
Cos/Investment 

%/unit Manufacturing  Cost of special processing 
equipment. 

Lifecycle 
Operating Cost 

$/Lifetime Use Fuel, repair, and maintenance 
costs. 

Disposal Cost $/kg EOL Safe disposal costs of the material 
at the EOL 

Value retention $/unit Use and EOL The resale value of the product 
during use and at the EOL should 
have some value 

So
ci

al
 S

us
ta

in
ab

ili
ty

 

Worker Safety Risk Score Manufacturing Hazards in material processing. 

Labor Rights 
Compliance 

ILO/SA8000 Manufacturing Ethical sourcing and fair labour. 

Occupational 
Health Impact 

LTIFR Manufacturing Health burden on workers. 

Consumer 
Safety 

Crash safety, 
fire 
resistance 

Use End-user safety impacts. 

Noise & 
Vibration 

dB levels Use Comfort and operator health. 

Community 
Impact 

EJ Index End-of-Life Effects on local communities from 
waste. 
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Transparency & 
Traceability 

Audit 
Availability 

All Phases Supply chain traceability. 
Te

ch
ni

ca
l &

Fu
nc

tio
na

l 

Machinability Tool wear, 
cutting 
speed 

Manufacturing Ease and precision of machining. 

Weldability Heat input, 
distortion 

Manufacturing Material behaviour in welding. 

Formability Elongation 
% 

Manufacturing Complexity of shapes is formable. 

Mechanical 
Properties 

Strength, 
Modulus 

Use Tensile, yield, and stiffness. 

Thermal 
Properties 

Conductivity
, expansion 

Use Heat dissipation and deformation 
resistance. 

Fatigue 
Resistance 

Fatigue life Use Performance under cyclic loading. 

Creep & Wear 
Resistance 

Wear 
coefficient 

Use Heat and wear performance. 

NVH 
Performance 

Natural 
frequency 

Use Noise, vibration, harshness 
properties. 

Durability Index Years All Phases Resistance to corrosion and 
fatigue. 

Repairability Ease of 
repair 

All Phases Maintenance and part availability. 

 
 
3.4. Implementation and Application 
 
The sustainability evaluation framework developed in this study is designed as an academic 
exercise and a practical tool to support real-world decision-making in the automotive 
industry. The framework's modular design and reliance on measurable sustainability 
indicators allow it to be implemented as part of a Decision Support System (DSS). This 
digital platform can be integrated into early-stage vehicle design and material selection 
processes. A mock-up model is presented in Figure 2. 
 
3.4.1 Integration into a Decision Support System (DSS) 
The envisioned DSS will allow manufacturers, engineers, and policymakers to input various 
chassis frame materials and assess their sustainability based on pre-defined and customisable 
parameters. The system will consist of the following modules: 
 
Input Interface: Enables users to select materials and enter data such as production region, 
processing technology, and recycling capabilities. The interface can also accommodate user-
defined weightings for each sustainability dimension, enabling the system to reflect different 
priorities across companies or regulatory environments.  
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Parameter Evaluation Engine: This module evaluates the performance of each material 
against the defined parameters using built-in databases and user inputs. It uses weighted 
scoring models based on AHP-derived priorities to calculate aggregate sustainability scores. 
Visualisation Dashboard: Provides comparative charts, radar plots, and ranking outputs, 
communicating trade-offs. Stakeholders can easily see which materials score best under 
specific conditions or how trade-offs manifest across dimensions.  

Scenario Modelling Tool: Allows users to explore "what-if" scenarios, such as changes in 
raw material prices, stricter environmental regulations, or supply disruptions. This 
anticipatory capability supports strategic planning and risk mitigation. 

3.4.2 Benefits of Implementation 
 
Implementing a Decision Support System (DSS) based on this sustainability assessment 
framework offers several strategic advantages for organisations within the automotive sector. 
One of the primary benefits is enhanced transparency, allowing stakeholders to understand 
and justify material selection decisions using objective sustainability data. This is particularly 
valuable during regulatory audits, certification processes, or communications with investors 
and customers. Additionally, the DSS provides flexibility through customisation, enabling the 
adjustment of parameter weights to accommodate regional regulatory requirements, 
organisational sustainability priorities, or specific vehicle applications such as electric 
vehicles or heavy-duty commercial vehicles. Another key advantage is regulatory alignment, 
as the framework assists organisations in proactively meeting evolving standards, including 
ISO 14040 for life cycle assessment (LCA), ISO 26000 for social responsibility, and 
increasingly stringent vehicle-specific emissions regulations. 
Furthermore, using the DSS significantly improves cost and time efficiency by streamlining 
the material screening and assessment process, which would otherwise demand extensive 
expert involvement and prolonged deliberations. Beyond operational efficiency, the 
framework fosters cross-departmental collaboration by establishing a unified decision-
making basis for teams across design, sustainability, procurement, and compliance functions. 
As a result, the proposed DSS framework supports sustainable material selection and 
enhances organisational coherence in achieving sustainability goals. 
 

81 
SDC2025

11th Sustainable Development Conference, 15th - 17th of July 2025 - Bangkok, Thailand 
SDC Proceedings 2025                        ISBN-978-86-83004-05-8



 
Figure 2: A mock-up model of the Decision Support System (DSS) for the Sustainability 

Assessment of the chassis frame based on the selected material. 
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4. Methodology 
 
To estimate weights for sustainability aspects, this study uses a structured scientific approach 
that consists of four stages: parameter identification, expert selection, a pairwise comparison 
survey, and AHP analysis. The methodology attempts to develop a comprehensive and 
transparent framework for selecting sustainable materials in vehicle chassis design. 
 
4.1 Parameter Identification 
 
A comprehensive literature review was undertaken to identify and extract relevant 
sustainability parameters for material selection for automobile chassis frames. These 
parameters were systematically categorised into four key dimensions of sustainability: 
environmental, economic, social, technical, and performance. These parameters were selected 
by their frequency of appearance in previous scholarly works, their direct relevance to 
automotive applications, and their potential for quantifiable measurement and assessment. 
Within the environmental dimension, critical factors such as carbon dioxide (CO₂) emissions, 
energy consumption during production, recyclability rates, and material scarcity were 
identified as significant contributors to the sustainability profile of materials. The economic 
dimension encompassed parameters including raw material costs, processing costs, and life 
cycle costs, reflecting both immediate and long-term financial implications. Social 
sustainability parameters focused on aspects such as worker safety during manufacturing, the 
broader community impact of material sourcing and production, and adherence to labour law 
regulations. Finally, the technical and performance dimension included key engineering 
properties such as tensile strength, fatigue resistance, stiffness, manufacturability, and 
strength-to-weight ratio. Collectively, these parameters provide a holistic representation of 
both the life cycle impacts and the technical performance requirements associated with 
materials used in chassis frame manufacturing, thereby forming a robust foundation for 
sustainability assessment. 
 
4.2 Expert Survey Design 
 
A targeted survey was designed to capture the relative importance of each sustainability 
dimension. The survey used the AHP methodology, requiring participants to perform 
pairwise comparisons among the four dimensions. Each comparison was rated on a 1–9 scale 
to express how much more one criterion matters over another. 
 
4.3 Expert Panel 
 
The study was carried out with the involvement of a carefully selected panel of 36 specialists 
representing diverse yet complementary areas of expertise. The panel comprised 18 academic 
researchers with backgrounds in materials science, sustainable engineering, and automotive 
design, alongside 10 professionals from original equipment manufacturers (OEMs) within the 
automotive sector, specialising in vehicle design, sustainability integration, and materials 
sourcing. Additionally, the panel included eight policy experts and sustainability consultants, 
each bringing specialised knowledge in regulatory frameworks and the social dimensions of 
sustainability assessments. All participating experts possessed at least four years of relevant 
professional or academic experience, ensuring credibility and depth in the evaluation process. 
To further validate the robustness of the pairwise comparison data collected during the study, 
each respondent's consistency ratio (CR) was calculated. Following established analytic 
hierarchy process (AHP) guidelines, only responses demonstrating a CR value of less than 
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0.1 were considered acceptable and were subsequently included in the final analysis. This 
methodological rigour contributed to the reliability and accuracy of the sustainability 
parameter prioritisation process. 
 
4.4 AHP Analysis 
 
The AHP approach was used to calculate normalised weights from the verified survey 
replies. Each expert was assigned a pairwise comparison matrix, and the eigenvalues, 
consistency index (CI), and consistency ratio (CR) were calculated. After establishing 
uniformity, the weights of individual experts were combined to provide the final numbers.  
This quantitative approach provides neutrality and includes a variety of perspectives while 
balancing academic, industry, and policy factors.  
 
5. Conclusion 
 
This study bridges the gap between life cycle thinking and real-world engineering decision-
making by presenting a thorough, multifaceted framework for sustainable material selection 
in car chassis frame design. The research incorporates technical, social, economic, and 
environmental performance issues into a structured evaluation approach, acknowledging that 
the chassis frame is a fundamental component with substantial effects throughout a vehicle's 
life cycle. 
The suggested framework uses the Analytic Hierarchy Process (AHP) to obtain quantitative 
weightings from expert input and includes comprehensive sustainability parameters for each 
category. By doing this, objectivity is improved, and material selection aligns with actual 
industry priorities. According to the findings of the AHP-based expert poll, environmental 
and economic factors are given the most weight (45% and 24%, respectively), followed by 
social (18%) and technical performance (13%) factors. This is a reflection of engineering 
priorities and regulatory pressures in contemporary automotive procedures. 
The development of a comprehensive parameter set that encompasses, among other things, 
greenhouse gas emissions, energy consumption, recyclability, strength-to-weight ratio, 
worker safety, and life cycle cost is a noteworthy contribution of this work. Through detailed 
explanations of the interactions between factors, the framework offers a sophisticated basis 
for the creation of decision support systems (DSS). Stakeholders may now more clearly 
weigh trade-offs and adjust important choices to meet particular sustainability objectives. 
Furthermore, the framework can be tailored to different vehicle kinds, business objectives, or 
area policies thanks to its modular design. Long-term relevance and adaptability are ensured 
by its capacity to handle changing material technologies, regulatory frameworks, and circular 
economy efforts. 
 
By providing automotive engineers, designers, and policymakers with a rigorous, flexible, 
and useful tool, our research advances the sustainable mobility goal. It establishes the 
foundation for smart DSS tools that support safer, more environmentally friendly, and more 
commercially feasible car designs. Such integrated approaches will be essential as vehicle 
technologies develop further to guarantee that material selections support performance as 
well as the more general objectives of social responsibility, environmental stewardship, and 
economic resilience. 
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Abstract 

The Bangladeshi banking sector has historically relied on traditional credit risk evaluation 

tools. Although some banks incorporate environmental and social considerations qualitatively, 

a comprehensive, standardized framework that integrates credit and sustainability risks remains 

absent. This study assesses the feasibility of adopting the Global Reporting Initiative (GRI) 

standards to develop an Integrated Credit & Sustainability Risk Rating Model (ICSRRM) 

tailored for Bangladesh. Employing a mixed-method approach—comprising surveys of 30 

banks and interviews with senior executives—the research identifies existing gaps and 

proposes a unified risk assessment tool. The findings indicate significant variability in current 

risk evaluation practices, underscoring the need for a standardized system that aligns with 

global sustainability principles. The proposed ICSRRM combines internal credit ratings, 

environmental and social risk management, and GRI-reporting standards, enabling banks to 

evaluate economic, environmental, and social risks concurrently. The model aims to support 

sustainable lending, mitigate non-performing loans (NPLs), and foster responsible banking 

aligned with the Sustainable Development Goals (SDGs). This framework is envisaged as a 

universally applicable tool for Bangladeshi banks, promoting transparency, risk mitigation, and 

sustainable development. 

Keywords: GRI, Credit Risk, Environmental & Social Risks, ICSRRM, Sustainable Banking, 

Bangladesh 
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Introduction 

Bangladesh’s banking industry faces mounting challenges, primarily due to high levels of 

classified (non-performing) loans—often linked to inadequate risk assessment mechanisms. 

The current landscape involves diverse, often inconsistent tools for credit evaluation and a 

qualitative, non-standardized approach to sustainability risk assessment. Consequently, banks 

struggle to integrate environmental, social, and governance (ESG) factors systematically into 

lending decisions. 

Historically, banks’ risk management centered on financial metrics—loan repayment capacity 

and collateral adequacy. Recently, however, there is a paradigm shift towards integrating 

sustainability considerations into credit decisions, aligning with global trends emphasizing 

responsible banking and sustainable development. Sustainability reporting, particularly 

through frameworks like the GRI, offers a structured way for organizations to disclose their 

ESG impacts. Yet, in Bangladesh, formal adoption of such frameworks within banking remains 

nascent. 

This research aims to bridge this gap by developing an ICSRRM aligned with GRI standards, 

fostering a holistic risk evaluation process that incorporates creditworthiness alongside 

environmental and social impacts. This integrated approach promises to enhance the quality of 

decision-making, reduce default risks, and ensure compliance with evolving regulatory 

standards. 

 

Problem Statement 

Traditional credit risk assessment in Bangladesh largely overlooks the sustainability 

dimension, leading to potential mismatches in risk evaluation, higher default rates, and missed 

opportunities for sustainable development. The absence of a unified, GRI-based risk model 

hampers banks’ ability to systematically evaluate risk factors beyond financial data, including 

environmental and social impacts. 

Furthermore, there is limited awareness and capacity among stakeholders regarding 

sustainability reporting and its integration into credit processes. The lack of standardization 

leads to inconsistent practices, redundancy, and inefficiencies. The challenge is compounded 

by limited technological infrastructure and regulatory frameworks supporting integrated 

assessments. 

The core issues include:  

• Absence of a standardized, GRI-aligned risk assessment tool 

• Limited stakeholder engagement and awareness 
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• Ineffective data collection and verification processes 

• Inadequate integration of ESG factors into credit decisions 

• Need for a practical, replicable model tailored for Bangladesh’s banking context 

 

Rationale of the Study 

The Bangladesh Bank’s "Green Banking Policy" (2011) laid the groundwork for 

environmentally conscious banking, requiring sustainability disclosures. Despite this, concrete 

frameworks for integrating sustainability and credit risk remain underdeveloped. Existing 

literature portrays Bangladesh’s banking sector as largely reactive, with limited proactive 

integration of sustainability principles. 

This study pioneers the development of an ICSRRM based on GRI standards—providing a 

comprehensive risk evaluation framework tailored for Bangladeshi banks. It offers insights into 

how sustainability disclosures influence creditworthiness, aiming to promote responsible 

lending, align with SDGs, and reduce NPLs. 

The model advances the sector’s capacity by standardizing sustainability assessment, 

enhancing transparency, and enabling banks to better manage risks associated with 

environmental and social factors. This aligns with global best practices and regulatory trends, 

positioning Bangladesh as an emerging hub for sustainable banking. 

 

Research Questions & Hypotheses 

Primary Questions:  

i. How can integrated credit and sustainability risk assessment under GRI improve risk 

management and reduce NPLs in Bangladesh? 

ii. Why is sustainability reporting vital for non-financial risk evaluation in Bangladeshi 

banks? 

iii. What mechanisms are necessary to implement the ICSRRM in the Bangladeshi 

banking sector? 

Secondary Questions: 

(i) What are the potential benefits and challenges of adopting an integrated approach? 

Hypotheses:  

Hypothesis 1  

Null Hypothesis (Ho): There is no critical difference between integrated credit & sustainability 

risk assessment under global reporting initiative for banking sector and the current situation of 

non-performing loans in Bangladesh  
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Alternative Hypothesis (H1): There is a significant difference of integrated credit between 

sustainability risk assessment under global reporting initiative for banking sector and the 

current situation of non-performing loans in Bangladesh  

Hypothesis 2  

Null Hypothesis (Ho): There is no significant difference between integrated credit and 

sustainability risk assessment under GRI and the financial reporting in banking sector in 

Bangladesh.  

Alternative Hypothesis (H1): There is a notable difference between integrated credit and 

sustainability risk assessment under GRI and the financial reporting in banking sector in 

Bangladesh.  

Hypothesis 3  

Null Hypothesis (Ho): There is no significant difference among the mechanisms to implement 

the practice of integrated credit and sustainability risk Assessment under Global Reporting 

Initiative (GRI) in banking sector in Bangladesh.  

Alternative Hypothesis (H1): There is a remarkable difference among the mechanisms to 

implement the practice of integrated credit and sustainability risk assessment in banking sector 

in Bangladesh.  

Hypothesis 4  

Null Hypothesis (Ho): There is no significant difference between the encouraging and 

discouraging outcomes of credit and sustainability risk assessment in the banking sector of 

Bangladesh. Alternative Hypothesis (H1): There is a distinct difference between the 

encouraging and discouraging outcomes of credit and sustainability risk assessment in the 

banking sector of Bangladesh. 

 

Research Objectives 

This study aims to:  

• Develop an Integrated Credit & Sustainability Risk Rating Model (ICSRRM) aligned 

with GRI standards for flood- and drought-prone Bangladesh. 

• Evaluate current practices in credit and sustainability risk assessments among 

Bangladeshi banks. 

• Identify barriers and enablers for adopting a unified risk assessment framework. 

• Provide policy recommendations for regulators and banking institutions to 

institutionalize sustainable risk management. 
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• Promote awareness and capacity-building among stakeholders on sustainability 

integration. 

Significance of the Study 

This research bridges the gap between international sustainability frameworks and local 

banking practices in Bangladesh. It offers a scalable, practical model enabling banks to assess 

both financial and non-financial risks comprehensively. By providing empirically grounded 

insights, it supports policymakers, regulators, and banking executives in fostering a resilient, 

responsible financial sector committed to SDGs. 

 

Literature Review 

The literature underscores the evolving landscape of sustainability reporting and risk 

management. Globally, frameworks like GRI have gained prominence, aiding organizations in 

transparent disclosure and risk mitigation. Various studies demonstrate that integrating ESG 

factors improves risk assessment, stakeholder confidence, and long-term financial performance 

(e.g., Serafeim, 2015; Eccles & Krzus, 2018). 

 

In the context of Bangladesh 

Existing studies highlight the sector's nascent stage of sustainability adoption (Khan, 2010; 

Yunus & Momen, 2017). While some banks publish sustainability reports aligning with GRI, 

practices are inconsistent. Much literature emphasizes the need for a harmonized, context-

specific framework to incorporate ESG risks systematically into credit decisions (Uddin & 

Alam, 2020).  

Research gaps include:  

• Lack of a comprehensive, GRI-based risk assessment model tailored for Bangladesh. 

• Limited empirical evidence on how sustainability disclosures influence credit 

evaluations and loan performance. 

• Insufficient understanding of stakeholder perceptions regarding environmental and 

social risks. 

This study addresses these gaps by proposing a unified model and empirically analyzing its 

potential in Bangladesh’s banking environment. 

 

Conceptual Framework 

The foundation of this research rests on three core components: 
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a. Internal Credit Risk Rating (ICRR): Traditional financial assessment focusing on 

borrower creditworthiness. 

b. Environmental and Social Risk Management (ESRM): Non-financial evaluation based 

on stakeholder engagement, environmental impact, and social responsibility, guided by 

GRI indicators. 

c. GRI Standards for Reporting: A comprehensive set of disclosures covering 

environmental, social, and governance (ESG) metrics. 

The integrated framework combines these elements into the ICSRRM, enabling a holistic 

assessment of risks that considers financial stability alongside sustainability impacts. This 

framework aligns with global best practices and local regulatory directives (Bangladesh Bank’s 

Green Banking Guidelines, 2011). 

Methodology 

This study adopts a mixed-method approach, blending quantitative surveys and qualitative 

interviews: 

• Sample: 30 Bangladeshi banks (both with and without GRI-aligned sustainability 

reports), covering private commercial, Islamic, and foreign banks. 

• Data collection: 

o Primary: Structured questionnaires (Likert-scale) with senior bank executives; 

in-depth interviews to explore perceptions and implementation barriers. 

o Secondary: Annual reports, sustainability disclosures, regulatory documents, 

and existing literature. 

• Data analysis: 

o Descriptive statistics, correlation, and ANOVA tests using SPSS. 

o Thematic coding of interview transcripts. 

o Development of the ICSRRM framework based on GRI indicators and risk 

assessment criteria. 

Validity and reliability are ensured through triangulation, pilot testing, and expert validation. 

Findings and Discussion 

Current Practices: 

Most Bangladeshi banks employ basic credit assessment tools, with limited or no formal 

sustainability risk evaluation. A small number, about 16.67%, publish sustainability reports 

aligned with GRI, but the majority (83.33%) lack systematic sustainability disclosures. 

Challenges:  

• Limited awareness and capacity among staff regarding sustainability appraisal. 
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• Fragmented data collection with inconsistent quality. 

• Lack of regulatory mandates enforcing integrated risk assessment. 

• Technological constraints and resource limitations, especially among smaller banks. 

Opportunities:  

• Growing stakeholder demand for transparency. 

• Regulatory support from Bangladesh Bank’s green initiatives. 

• Potential for technological adoption, e.g., AI, for data analysis. 

Impact of GRI Adoption: 

Banks that align with GRI standards demonstrate higher transparency and may better assess 

borrower risks. The proposed ICSRRM leverages GRI indices to systematically evaluate 

environmental and social risks alongside financial metrics. 

 

Development of the ICSRRM 

The ICSRRM involves assessing borrowers via weighted scores across several dimensions: 

• Financial Risks: Based on traditional creditworthiness (e.g., repayment capacity, 

liquidity ratios). 

• Environmental Risks: Evaluated through indicators such as carbon footprint, resource 

use, pollution levels, and environmental management systems as outlined by GRI 

standards. 

• Social Risks: Assessed via stakeholder engagement, community impact, labor 

practices, and social responsibility disclosures per GRI indicators. 

• Management & Governance: Encompasses corporate governance practices, 

transparency, and stakeholder communication aligned with GRI recommendations. 

The scoring system weights each component based on its relevance, with 60% emphasis on 

sustainability risks (environmental, social, and economic) and 40% on traditional financial and 

management risks, aligning with best practices in sustainability assessment. 

The resulting aggregate score provides a comprehensive view of a borrower's risk profile, 

enabling banks to rate and categorize borrowers objectively. This integrated assessment helps 

in making informed lending decisions, setting appropriate credit limits, and implementing risk 

mitigation strategies that incorporate environmental and social considerations. 

 

Conclusions and Recommendations 

Conclusions: 

This research asserts the necessity of integrating sustainability risks into credit assessments to 
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mitigate NPLs and promote responsible banking in Bangladesh. The existing disparity and 

fragmentation in risk appraisal practices hinder effective decision-making. The proposed 

ICSRRM offers a structured, internationally aligned, adaptable framework enabling banks to 

systematically evaluate ecological, social, and financial risks simultaneously. 

Adapting the GRI standards for local conditions provides banks with a credible, transparent 

basis for sustainability reporting, building stakeholder trust and aligning with SDGs. Early 

adopters can realize benefits such as enhanced risk management, reputation improvement, and 

long-term financial stability. 

Key insights include:  

• A significant portion of Bangladeshi banks currently lack a formalized integrated risk 

assessment process. 

• Awareness and capacity-building are critical to fostering sustainable banking practices. 

• Regulatory support and technological infrastructure are vital for widespread 

implementation on GRI-aligned assessments. 

• The ICSRRM can serve as a standardized tool adaptable for different bank sizes and 

operational contexts. 

 

Policy Recommendations 

Based on the findings, the following policy directives are recommended: 

i. Develop a Regulatory Framework: 

Bangladesh Bank should mandate the adoption of an integrated risk assessment 

framework based on GRI standards, requiring all banks to disclose sustainability 

metrics alongside financial data. 

ii. Promote Capacity Building: 

Establish dedicated training programs through institutions like Bangladesh Institute of 

Bank Management (BIBM) to elevate understanding of sustainability risks and 

reporting standards among bankers, risk managers, and loan officers. 

iii. Enhance Data Infrastructure: 

Invest in technological tools, including AI and big data analytics, to collect, verify, 

and analyze sustainability data efficiently. Developing centralized databases can 

improve data quality and accessibility. 

iv. Integrate Sustainability into Core Policies: 

Embed environmental and social criteria into credit policies, loan approval processes, 

and risk management systems via customized guidelines drawing on GRI indicators. 
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v. Stakeholder Engagement: 

Foster dialogue among regulators, banks, NGOs, investors, and civil society to 

promote transparency, share best practices, and align sustainability goals. 

vi. Pilot and Scale Implementation: 

Initiate pilot projects implementing ICSRRM in select banks, evaluate performance, 

and gradually scale across the sector. 

 

Future Research Directions 

Further studies could explore:  

• The impact of ICSRRM on actual NPL reduction over time. 

• The role of technological innovations (AI, blockchain) in streamlining sustainability 

data collection. 

• Stakeholder perceptions of sustainability disclosures and their influence on lending 

behavior. 

• Sector-specific adaptations, such as MSMEs, to address unique risk profiles and 

resource constraints. 

 

Final Remarks 

In a developing economy like Bangladesh, responsible banking that integrates environmental 

and social risks with traditional financial assessments is not only prudent but essential for 

sustainable growth. The ICSRRM based on the GRI framework provides a practical, credible 

pathway to this integration. By institutionalizing such practices, the banking sector can 

significantly contribute to Bangladesh’s SDGs while safeguarding its financial stability and 

reputation. 

Adoption of this model aligns with global sustainability standards, enhances risk mitigation, 

and fosters a culture of transparency and accountability. Ultimately, embedding sustainability 

into credit risk assessment will promote responsible lending, attract sustainable investments, 

and catalyze economic development that is equitable and environmentally sound. 

 
The author is the Managing Director & CEO of NRBC Bank PLC in Bangladesh and a fellow 
Cost & Management Accountant from the Institute of Cost & Management Accountants of 
Bangladesh. He is the first Certified Sustainability Reporting Assurer (CSRA) in Bangladesh. 
His PhD research centered on the subject of this article. He can be contacted: 
touhid1969@gmail.com 
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Majuli, known as the world’s largest river island, exemplifies how capitalism, particularly in 
the Anthropocene, reconfigures critiques of itself to drive new forms of commodification. 
This paper does not offer a direct critique of capitalism, but rather investigates how its 
creative-destructive forces transcend neoliberal logic in the context of tourism-driven 
placemaking. Since the late 1990s - and especially following Majuli’s inclusion in the 
tentative list of UNESCO World Heritage Sites - the island has seen a surge in tourism, 
accompanied by narratives of ecological and cultural vulnerability, such as ‘the shrinking 
island’, ‘annual floods’, ‘vanishing cultural legacy’ and ‘ecological refugees.’ 

These narratives attract state and non-state interventions, positioning the island as a tourism 
hub while risking further ecological degradation. Islanders, drawn into this process, often 
participate uncritically, unintentionally accelerating the island’s fragility. Emerging forms of 
‘Anthropocene tourism’ like geotourism, disaster tourism, extinction tourism, voluntourism, 
development tourism and creative tourism capitalize on these vulnerabilities, embedding 
capitalist logics deeper into environmental and social landscapes. 

Based on ethnographic fieldwork (2018-2024), this study explores how local residents, 
including migrants and returnees, are adapting to and shaping life around these 
vulnerabilities. It also highlights how local resilience merges with tourism resilience to 
produce spaces of empowerment, of diverse economies, and of alternate sustainable realities. 
Informed by political ecology and developmental anthropology, the paper critically engages 
with the contradictions and possibilities inherent in Majuli’s transformation and proposes 
policies regarding narrative regulation in branding and placemaking of the region for 
sustainable growth.  

Keywords: Sustainability, Anthropocene Tourism, Majuli, Vulnerability Narratives, 
Placemaking 
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Abstract  

      The oil and gas sector is pivotal for national energy security & driving economic growth. 
However, it faces increasing pressure to align with Environmental, Social, and Governance (ESG) 
standards amidst the global transition to a low-carbon economy. Materiality mapping (or matrix), is 
a systematic process for identifying, prioritizing, and visualizing key ESG issues— is central to this 
alignment, with frameworks like GRI, IPIECA, and SASB offering sector-specific guidance. As 
natural gas increasingly emerges as a transitional or bridging fuel, its unique operational and 
environmental characteristics call for a more tailored approach to ESG materiality to reflect its 
evolving role and stakeholder expectations. 

This study aims to develop a sub-sector-specific materiality mapping framework for the natural gas 
industry covering upstream, midstream, downstream, & integrated segments by analyzing how ESG 
issues vary across these segments. A mixed-methods approach was adopted, combining secondary 
analysis of ESG disclosures from 100 global natural gas companies yielding over 2,000 materiality 
topics with benchmarking against GRI, SASB, and IPIECA standards. Primary data were collected 
through structured interviews with stakeholders across India’s natural gas sub-sectors, using a 
standardized questionnaire to capture ESG priorities and challenges. 

The findings were synthesized to evaluate the alignment between global ESG frameworks and 
regional (Indian) ESG priorities. Based on this analysis, sub-sector-specific materiality matrices were 
developed to visualize and differentiate ESG concerns across the natural gas value chain, offering a 
more targeted and informed approach to ESG strategy and disclosure. 

Key words: ESG, Materiality, Natural gas, Benchmarking, Low carbon economy 
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ABSTRACT 

Access to safe drinking water remains a significant challenge in many remote and Indigenous 
communities globally, including in Australia. This is particularly evident in parts of 
Queensland, where elevated levels of iron (Fe) and manganese (Mn) persist in drinking water 
sources. Despite conventional treatment technologies, water quality often remains non-
compliant with Australian Drinking Water Guidelines (ADWG), especially regarding Fe and 
Mn concentrations. This study presents a comprehensive analysis of drinking water quality 
data from 61 remote and Indigenous councils in Queensland, identifying critical exceedances 
in water quality parameters. In response to these challenges, two low-cost, sustainable 
treatment approaches were developed and evaluated: (i) biochar and activated carbon derived 
from locally sourced agricultural biomass including sugar cane bagasse, sugar cane mulch, 
barley straw, wood shaving, chickpea stubble, sorghum stubble and (ii) calcined clay-biomass 
composite media using common brick mix, harvest cream clay, enhanced with selected 
agricultural wastes. Among these materials, biochar derived from chickpea stubble achieved 
over 90% removal of Fe and Mn in both single and binary ion systems. When chemically 
activated, wood shavings proved highly efficient for dual-ion removal with lower feedstock 
mass. Meanwhile, the clay-biomass composites (25% common brick mix and 75% harvest 
cream, referred to as CH4, with 1%–6% agricultural waste additions) exhibited excellent 
removal capacity, offering a viable, chemical-free filtration solution for application in 
decentralized water treatment systems. These findings underscore the potential of locally 
sourced, circular economy-driven materials to serve as sustainable solutions for improving 
drinking water quality in remote, and Indigenous communities. 
 
KEYWORDS: Safe drinking water, biochar, activated carbon, calcined clay, iron and 
manganese removal, remote communities, Indigenous Australia 
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1 INTRODUCTION 

Access to clean and safe drinking water is essential for protecting human health, 
fostering economic development, and maintaining social equity. Yet, it remains a critical 
challenge in many remote and Indigenous communities globally, including in Australia 
(Rajapakse et al., 2022).  Despite considerable global progress, a significant number of 
people still lack reliable access to potable water. In 2022, while around 6 billion individuals 
had access to safely managed drinking water services, approximately 2.2 billion remained 
dependent on basic or limited sources such as untreated surface water, springs, or unprotected 
wells. This disparity is most severe in low-income, informal, or marginalized communities 
where geographic and socioeconomic factors compound existing inequalities (World Health 
Organization, 2023).  

In the Australian context, water security challenges are particularly acute in regional 
and remote areas. According to recent estimates, over 400 such communities lack access to 
consistently safe and dependable drinking water (CSIRO, 2023). While Australia has made 
marginal progress in the United Nations Sustainable Development Goals (SDGs), advancing 
from 38th in 2022 to 37th in 2024, its performance under SDG 6 focused on clean water and 
sanitation remains moderate. 

In Queensland, a number of remote and Indigenous communities face persistent water 
quality issues. Elevated levels of hardness, turbidity, total dissolved solids (TDS), fluoride, 
iron, and manganese have been reported, often exceeding the limits outlined in the Australian 
Drinking Water Guidelines (Balasooriya et al., 2023, 2024). In some instances, iron levels 
have reached as high as 13.6 mg/L in raw water and 6.33 mg/L in treated water, while 
manganese has been detected at concentrations of up to 61 mg/L in raw and 4.5 mg/L in 
treated water far above the recommended limits of 0.3 mg/L for iron and 0.1 mg/L for 
manganese. 

A variety of treatment technologies have been explored to tackle these contaminants, 
including biological filtration, electrochemical processes, and membrane-based systems such 
as forward osmosis and hybrid forward osmosis (FO) - Reverse osmosis (RO) configurations. 
While effective under specific conditions, these methods are often unsuitable for rural and 
remote application due to their complexity, operational costs, maintenance requirements, and 
energy demands (Doble et al., 2023). Other promising methods involve gas chlorination, 
ozonation, membrane filtration systems such as (FO) and FO–RO hybrids, membrane 
distillation, and adsorption. Despite their effectiveness, these technologies face notable 
limitations, including the production of disinfection by-products, the need for high 
operational concentrations, significant capital investment, frequent chemical cleaning, and 
substantial energy demands.  

Given these challenges, a comprehensive water quality analysis was undertaken to 
investigate drinking water issues specific to remote regions, particularly within the Australian 
context, and to explore emerging alternative solutions. Among the promising solutions 
identified is the use of locally available clay and biomass as low-cost filtration media. These 
materials offer a sustainable and practical approach to removing iron and manganese without 
reliance on chemical oxidants. Early laboratory and bench-scale trials have shown 
encouraging results, suggesting strong potential for application in rural and Indigenous water 
treatment systems.  
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2 MATERIALS AND METHODS 

2.1 Comprehensive drinking water quality data analysis 

Drinking water quality data from 45 rural and remote councils and 16 Indigenous councils in 
Queensland were collected and reviewed using their publicly available Drinking Water 
Quality Management Plans (DWQMPs). The analysis focused on identifying exceedances of 
the Australian Drinking Water Guidelines (ADWG) across 61 councils. Key water quality 
parameters assessed included iron, manganese, turbidity, total dissolved solids (TDS), 
hardness, colour, fluoride, and others known to be problematic in remote supply systems. 
 
2.2 Biochar and Activated carbon from biomass feedstock 

Agricultural waste materials were sourced from remote areas of Queensland, including 
sugarcane bagasse (SCB), sugarcane mulch (SCM), barley straw (BS), wood shavings (WS), 
chickpea stubble (CS), and sorghum stubble (SS). These feedstocks were first converted into 
biochar via low-temperature pyrolysis at 450°C. For activated carbon production, selected 
biomass samples were chemically treated with 85 wt.% phosphoric acid (H₃PO₄) and then 
subjected to thermal activation at 450°C for 40 minutes. The resulting biochar and activated 
carbon were characterized through a series of physical and chemical analyses to assess their 
potential as filtration media. 
 
2.3 Calcined clay-biomass composite filter media 

Two locally available clays; Common Brick Mix (CBM) and Harvest Cream (HC)—were 
selected to assess their suitability for filtration applications. Both clays are rich in kaolinite, a 
clay mineral with the formula Al₂Si₂O₅(OH)₄, known for its contribution to water treatment. 
HC contains approximately 41% kaolinite, while CBM contains 33%. To identify the optimal 
base composition for filter media, the two clays were blended in various ratios (as outlined in 
Table 1). Spherical clay balls with a 50 mm diameter were formed from each mixture, this 
size was chosen based on a prior, unpublished study conducted at QUT. The samples were 
then subjected to firing across a temperature range of 450°C to 1050°C to evaluate their 
thermal behaviour and physical integrity. 
 
To enhance porosity and filtration performance, selected organic waste materials (sugarcane 
bagasse (SCB), sugarcane mulch (SCM), barley straw (BS), wood shavings (WS), chickpea 
stubble (CS), and sorghum stubble (SS)) were added in small percentages (1–6%) to the 
optimal clay mixture. The final formulation was identified based on its mechanical stability, 
porosity, and removal efficiency for iron and manganese. 

Table 1 Mixing schedule of main materials 

Sample ID Common Brick Mix Harvest Cream 
CH1 100 0 
CH2 75 25 
CH3 50 50 
CH4 25 75 
CH5 0 100 

Note: In the sample IDs CH1, CH2, CH3, CH4, and CH5, ‘C’ represents Common Brick Mix (CBM) and ‘H’ represents Harvest Cream 

(HC). 
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3 RESULTS AND DISCUSSION 

3.1 Water quality data analysis 

An analysis of drinking water quality data from remote regional councils in Queensland, 
compared against the Australian Drinking Water Guidelines (ADWG), revealed several 
significant exceedances across key parameters (Table 2). While treatment processes typically 
reduce contaminant concentrations, raw water in many locations exceeds ADWG thresholds 
for parameters such as total hardness, total dissolved solids (TDS), colour, turbidity, silica, 
sodium, chloride, fluoride, iron, and manganese. Nitrate was the only parameter consistently 
within guideline limits. Alarmingly, even after treatment, almost all the parameters including 
iron, manganese and turbidity continue to surpass ADWG limits, indicating the need for 
improved treatment technologies or enhanced source water management strategies. 

Table 2 Reported maximum parametric concentrations in remote regional councils 

Parameter ADWG 
Max value 

in Raw 
water 

Location 
Max value 
in finished 

water 
Location 

Conductivity N/A 5100 Quilpie SC 2500 Quilpie SC 
Total 
Hardness 

200 as 
CaCO3 1145 Isaac RC 510 Isaac RC 

TDS 600 mg/L 2970 Quilpie SC 1500 Quilpie SC 
Colour 15 1940 Isaac RC 120 Isaac RC 
Turbidity 5 NTU 2242 Isaac RC 30.1 Isaac RC 

Silica 80 mg/L 88 Quilpie SC 147 Goondiwindi 
RC 

Sodium 180 mg/L 640 Quilpie SC 350 Quilpie SC 
Chloride 250 mg/L 1300 Quilpie SC 560 Quilpie SC 

Fluoride 1.5 mg/L 1.8 Boulia SC 1.9 Boulia SC, 
Quilpie SC 

Nitrate 50 mg/L 46 Burdekin SC 53 Goondiwindi 
RC 

Iron 0.3 mg/L 13.6 Tablelands RC 6.33 Blackall-Tambo 
RC 

Manganese 0.1 mg/L 61 South Burnett 
RC 4.5 Isaac RC 

 
The water quality data from all 16 Aboriginal council highlights the Pormpuraaw ASC and 
Yarrabah ASC where report highest value for every parameter (Table 3). In the raw water, 
Pormpuraaw ASC exceeds the ADWG recommendations for conductivity, total hardness, and 
TDS, while Yarrabah ASC surpasses the guidelines for total hardness, TDS, colour, and 
turbidity. While treatment improved water quality in both communities, several key 
indicators particularly turbidity, colour, iron, and manganese remained above guideline levels 
in finished water. 
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Table 3 Reported maximum parametric concentrations in Aboriginal councils 

Parameter ADWG 
Max value 

in Raw 
water 

Location 
Max value in 

finished 
water 

Location 

Conductivity N/A 1100 Pormpuraaw 
ASC 200 Yarrabah ASC 

Total 
Hardness 

200 as 
CaCO3 240 Pormpuraaw 

ASC 25 Yarrabah ASC 

TDS 600 mg/L 610 Pormpuraaw 
ASC 160 Yarrabah ASC 

Colour 15 110 Yarrabah ASC 53 Yarrabah ASC 
Turbidity 5 NTU 54 Yarrabah ASC 12 Yarrabah ASC 
Iron 0.3 mg/L 8.54 Yarrabah ASC 4.89 Yarrabah ASC 
Manganese 0.1 mg/L 0.191 Yarrabah ASC 0.271 Yarrabah ASC 
 
Iron and manganese remain critical concerns. Conventional chemical oxidation methods—
such as potassium permanganate (KMnO₄) are commonly used to precipitate these metals. 
However, these methods often produce fine colloidal particles, especially for manganese, 
which are difficult to filter and lead to rapid filter clogging, reduced run times, and increased 
backwashing frequency.  

3.2 Biochar and Activated carbon produced from agricultural wastes 

The biochar and activated carbon produced from agricultural waste shows high removal 
efficiencies, as shown in Figure 1 and 2, with yields above 24% for biochar and 34% for 
activated carbon. Both materials demonstrated high porosity and surface area compared to 
raw biomass, which explains their superior removal performance. 

 
Figure 1: Fe and Mn removal efficiencies of different biochar 
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Figure 2: Fe and Mn removal efficiencies of different activated carbon 

Activated carbon derived from sugarcane bagasse (SCB), sugarcane mulch (SCM), 
barley straw (BS), and wheat straw (WS) demonstrated over 90% removal efficiency for both 
Fe and Mn in single ion systems, although efficiency decreased in binary ion systems. 
However, chemical activation is necessary for producing activated carbon.  

Conversely, biochar showed excellent Fe removal efficiency for SCB and SCM in both 
single and binary ion systems, while manganese removal was notably high for chickpea 
stubble (CS) and sorghum stubble (SS). Remarkably, chickpea stubble biochar achieved over 
90% removal for both Fe and Mn in single and binary ion systems. Therefore, biochar could 
be considered an alternative to activated carbon despite requiring approximately 10% more 
raw material, with the choice depending on specific treatment requirements and material 
availability. 
 
3.3 Calcined clay-biomass composite 

As an initial phase of batch testing, Common Brick Mix and Harvest Cream were used 
in various proportions to identify the most favorable material combination. Five formulations 
of clay balls were created by mixing Common Brick Mix and Harvest Cream as outlined in 
Table 1. Mass changes at 1050°C were recorded at each stage and summarized in Table 4. 

Table 4: Changes in the mass of clay balls at the end of each stage 

Material 
Label 

Common 
Brick Mix 

(%) 

Harvest 
Cream (%) 

Average mass of the clay ball 

Wet/bulk Air-dry Oven Dry Burned 
CH1 100 0 135.805 117.965 116.875 104.1 
CH2 75 25 135.175 116.945 115.92 103.105 
CH3 50 50 134.385 116.05 115.08 102.16 
CH4 25 75 132.215 113.4 112.485 99.63 
CH5 0 100 126.015 106.84 106.01 93.825 

 
Increasing the proportion of Harvest Cream (HC) in the clay mixtures led to a reduction 

in the density of the clay balls. To evaluate performance, removal efficiencies were compared 
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in both single-ion and binary-ion solutions. Among the formulations, CH4 demonstrated 
superior removal of both Fe and Mn in the binary system. Based on this performance, CH4 
was selected for further investigation by incorporating varying percentages of selected 
agricultural waste materials. Final products were produced by adding 1–6% of these waste 
materials to the CH4 clay mixture, as supported by laboratory-scale experiments. 

4 CONCLUSION 

This study addressed the persistent challenge of iron and manganese contamination in 
drinking water across remote and Indigenous communities in Queensland, Australia, regions 
where conventional treatment systems often fall short due to cost, complexity, and 
operational demands. A comprehensive analysis of water quality data from 61 local councils 
confirmed widespread exceedances of Australian Drinking Water Guidelines (ADWG) for 
multiple parameters, with Fe and Mn posing particularly significant risks to public health. 
To provide sustainable, context-appropriate solutions, two low-cost treatment media were 
developed and evaluated: (i) biochar and activated carbon derived from locally available 
agricultural residues, and (ii) a calcined clay-biomass composite using regional clays and 
selected organic agri-wastes. The study found that biochar from chickpea stubble achieved 
high Fe and Mn removal efficiencies (>90%) in both single and binary ion systems, while 
chemically activated wood shavings showed strong performance with lower feedstock input. 
Additionally, the optimized clay-biomass composite (CH4 formulation, incorporating 25% 
common brick mix, 75% harvest cream clay, and 1–6% agricultural waste) demonstrated 
excellent removal efficiency without the need for chemical additives. 
These findings support the viability of circular economy-inspired materials as sustainable, 
scalable, and locally implementable alternatives for improving drinking water quality in 
underserved regions. Future work should focus on long-term pilot-scale testing, integration 
into existing infrastructure, and engagement with local communities to ensure adoption and 
operational sustainability. 
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ABSTRACT 

IT Service Management (ITSM) constitutes a pivotal element in in the digital transformation 
of modern organizations, ensuring efficient, scalable and high-quality IT services. Among the 
various ITSM frameworks and relevant best practices in ITSM, the Information Technology 
Infrastructure Library (ITIL) has come to represent the most prominent one in current practice. 
While ITIL has evolved to incorporate modern IT practices such as Agile and DevOps, the 
systemic integration of sustainability principles and their structured implementation guidance 
remains outstanding. In sustainability research, the Circular Economy (CE) has recently gained 
prominence, advocating principles such as resource efficiency, waste minimization, and closed 
product lifecycles. However, while CE principles have gained popularity in manufacturing and 
supply chain management, their integration into IT services remains underexplored. This paper 
investigates the extent to which ITIL can support CE principles and explores the necessary 
modifications to enhance its sustainability impact. Based on a Systematic Literature Review 
(SLR), this research identifies sustainability-relevant components in ITIL® V4, compares them 
with CE characteristics, and maps alignment gaps. Findings emphasize ITIL’s potential to 
support resource optimization through its management practices, guiding principles and a 
circular service value chain. However, the framework lacks explicit promotion and inclusion 
of circular strategies and metrics, and faces significant infrastructural, organizational and 
cultural barriers. The results provide an evaluation of ITIL’s compatibility with CE principles, 
highlight critical enablers and barriers, and offer initially derived recommendations for 
embedding CE principles into ITIL to advance sustainable ITSM. 
 
 
KEYWORDS: IT Service Management (ITSM), Circular Economy (CE), Sustainability, 
ITIL. 
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1 INTRODUCTION 

As digital technologies continue to reshape the operational landscape of modern organizations, 
sustainability is increasingly emerging as a strategic priority [2; 8; 33; 16]. While discussions 
around ´green IT´ have primarily addressed hardware efficiency, energy consumption, and 
device recycling [24], the strategic role of IT services in advancing broader sustainability goals 
remains underexplored [31]. Although organizations are progressively recognizing the 
strategic relevance of sustainability, only 21% currently leverage digital technologies to 
support sustainability strategies [34]. Sustainable IT services is regarded as a core element to a 
new wave of digital transformation that integrates the three pillars of sustainability: economic, 
environmental and social responsibility [24].  
A prominent framework that reflects and supports these pillars is the CE [13]. CE promotes 
resource efficiency, waste minimization and closed-loop systems designed to prioritize reuse, 
regeneration and long-term value retention [14; 18]. Although CE principles have gained 
considerable traction in manufacturing and supply chain management, their application in IT 
services remains limited; and a targeted adaptation for ITSM has yet to be developed [18; 31]. 
This gap is further widened by the environmental impact of digital services themselves, which 
include energy-intensive computing infrastructures and carbon-heavy software delivery 
pipelines [8]. Accordingly, understanding, promoting and implementing circular practices 
within the IT services sector, and specifically ITSM, is undoubtedly important [2]. 
In response to this research gap, this study critically examines the ITIL framework through a 
sustainability lens to address the intersection of ITSM and CE. As the most widely adopted 
ITSM framework, ITIL has evolved continuously to incorporate modern practices [4; 7]. 
However, the latest version ITIL® V4 still lacks structured integration of sustainability 
principles. Accordingly, this study conducts a SLR to assess the extent to which ITIL® V4 
supports the implementation of CE principles. Accordingly, the study aims to identify 
conceptual and structural gaps, and provide recommendations for integrating CE strategies into 
ITSM using ITIL as an exemplary framework.  
 

2 STATE OF RESEARCH 

ITSM emerges as a promising enabler of sustainable digital transformation, ensuring that IT 
services are delivered in a structured, scalable, and quality-assured manner [21]. By definition, 
effective ITSM requires IT-related services to be carefully planned, designed, managed and 
executed to maximize efficiency and ensure alignment with business objectives [37]. Well-
executed ITSM optimizes business processes and supports strategic goals, thereby, fostering 
opportunity towards sustainable innovation and value creation in data driven businesses [40; 
47; 9]. The management of digital technologies can enable data-driven decision-making, 
improve transparency, and thus, support sustainable innovation across organizational levels 
[34]. However, most existing research treats ITSM and sustainability as separate domains and 
the few attempts to integrate both remain largely conceptual, lacking empirical validation and 
practical guidance for businesses. Harmon & Auseklis ([24]) provide a valuable perspective by 
defining sustainable IT services as those that go beyond economic performance to incorporate 
environmental and social dimensions, thereby embedding broader societal values into IT 
strategies. More broadly, sustainability is increasingly understood as the systemic integration 
of economic, environmental, and social efforts [25]. This integrated approach, often referred 
to as the "triple bottom line” (TBL) [15], highlights the interdependence of all three pillars and 
emphasizes that sustainability extends far beyond mere climate action. IT service organizations 
must critically assess how past decisions constrain or enable future sustainability pathways, 
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with particular attention to efficiency, risk mitigation, and innovation potential [41]. 
Companies that postpone sustainability efforts risk undermining their long-term resilience in 
favor of short-term gains [41], since the consequences of insufficient sustainability measures 
extend beyond IT service delivery, affecting employee behavior, supply chains, and 
international trade relations [28; 50]. Moreover, external stakeholders such as regulators, 
investors and customers are increasingly demanding standardized sustainability performance 
[5]. Despite the expansion of policy initiatives for sustainable development, many corporate IT 
strategies still lack sufficient alignment with these goals [8]. The IT services sector, in 
particular, has yet to fully grasp the critical importance of adopting sustainable resource 
management practices to protect ecosystems and optimize resource efficiency [48]. A 
comprehensive and systematic sustainability strategy is therefore essential [1]. 
In line with this, ITIL has become popular as the most widely adopted ITSM framework for 
aligning IT services with business needs [11; 12]. Initially developed in the late 1980s by the 
Central Computer and Telecommunications Agency (CCTA), a UK government agency, ITIL 
has evolved from a compilation of organizational best practices into a modern framework that 
incorporates methodologies such as Agile and DevOps [4; 11; 7]. Today, ITIL is maintained 
by Axelos ([4]) and is currently in its fourth version (V4), which places a stronger focus on 
stakeholder value creation [17]. The ITIL framework comprises a Service Value System (SVS), 
a service value chain, several management practices and a four-dimension ITSM model [46]. 
ITIL® V4 helps organizations co-create value, drive strategy and enable digital transformation 
[5]. Consequently, it holds significant potential as a practical guide for aligning digital 
transformation with both value creation and sustainability objectives [5]. Particularly, IT 
service providers, situated between producers and consumers, play a pivotal role and can act 
as critical intermediaries in the transition toward sustainable strategies and frameworks [6]. 
Nevertheless, a comprehensive integration of sustainability into ITIL practices remains 
undeveloped [7].  
Undoubtedly, a transition is imperative, as the traditional linear economy is recognized as 
unsustainable in light of rising consumption and mounting environmental pressures [20]. In 
contrast, the ascending CE promotes restoration, reuse and regeneration within organizational 
systems [13]. Its core principles include extending the lifespan of materials, products, and 
services, minimizing or eliminating pollution and restoring natural ecosystems [48]. The 
overall goal is to reduce environmental harm while supporting economic and social value [14]. 
Given the close link between climate change and material usage, CE offers a viable and 
regenerative alternative by fostering systems that prioritize resource efficiency [30]. The 
scarcity of raw materials and their rising costs are already triggering strategic changes [22]. At 
the policy level for instance, the European Union (EU) has explicitly promoted the CE as a 
high-impact strategy to counter the prevailing logic of infinite economic growth [6]. As such, 
CE is essential for addressing the challenges posed by resource depletion, escalating waste and 
increasing emissions [3]. However, successful transformation toward circularity requires IT 
service companies to fundamentally redesign their business models and ITSM practices with a 
focus on sustainability and resource efficiency [22; 31]. Despite this necessity, several barriers 
continue to impede CE adoption in the IT service sector, including the absence of a shared 
understanding of CE in this context and the lack of operational models to support its 
implementation – specifically for ITSM context [8; 30]. To address this gap, a dedicated 
framework for circular ITSM is required, grounded in the principles and structure of ITIL® V4. 
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3 METHODOLOGY 

The scientific method chosen for this research study is a Systematic Literature Review (SLR) 
to synthesize existing interdisciplinary knowledge from literature. The conducted SLR follows 
the guideline proposed by Kitchenham ([29]), which provides a framework for evidence-based 
research in software engineering and related disciplines. The structured approach ensures 
transparency in the identification, selection and synthesis of existing literature. Kitchenham’s 
([29]) approach comprises nine distinct phases, each described in detail below. 
Phase 1. Research Question: The review was initiated by defining the central research 
question of this study: To what extent can the ITIL framework support the implementation of 
CE principles in ITSM and what adaptations are required to enhance its sustainability impact? 
Phase 2. Definitions: The key concepts of CE, sustainability, ITSM and ITIL were defined in 
the preceding chapter to ensure consistency and clarity throughout the SLR. Definitions were 
refined throughout the SLR, with the final interpretations presented in the results chapter. 
Phase 3. Keywords: Based on the defined concepts and terminology, a set of four relevant 
keywords was formulated prior to forming the search strings. These keywords consist of the 
baseline concepts of the topic and research question, including: CE, Sustainability, ITSM / IT 
Service Management and ITIL / IT Infrastructure Library. 
Phase 4. Databases: The SLR was conducted using six different databases: ScienceDirect, 
SpringerLink, the German National Library (Ger. Nat. Lib.), the University of Stuttgart Library 
(UoS Lib.), the Stuttgart Media University Library (HdM Lib.) and ResearchGate. These 
databases were selected based on accessibility and their relevance to the academic and thematic 
scope of the study. 
Phase 5. Search strategy: The search strings were derived from the predefined keywords and 
constructed using Boolean operators. They were applied to titles, abstracts and full texts, 
depending on the technical capabilities of each database. The search string design aimed to 
capture the relevant thematic intersections of the topic and keywords. Therefore, following 
Boolean search query was used: (´Sustainable ITIL` OR ´Sustainable IT Infrastructure 
Library`) OR (´Circular Economy ITIL` OR ´Circular Economy IT Infrastructure Library` OR 
´CE ITIL`) OR (´Sustainable ITSM` OR ´Sustainable IT Service Management`) OR (´CE 
ITSM` OR ´Circular Economy IT Service Management`). 
Phase 6. Exclusion and inclusion criteria: Studies were included if they met the following 
criteria: they addressed at least three of the five predefined thematic areas (or two, if the content 
offered substantial insight into both); they were published after the year 2011; they were written 
in English or German; and they were accessible in full text through the selected databases. 
Studies were excluded if they lacked conceptual or methodological relevance, focused purely 
on technical aspects without connection to CE application, addressed unrelated sectors with no 
similarity to ITSM, or were duplicates. Furthermore, the review was limited to peer-reviewed 
journal articles, book chapters and books, explicitly excluding publication types such as notes, 
editorials and reports. 
Phase 7. Screening process: The screening process was conducted in multiple inclusion- and 
exclusion-stages (see Fig. 1). Initially, all identified entries were reviewed to remove 
publications prior to 2012, documents not written in English or German and sources that are 
not of the required publication type. In the subsequent topical screening phase, titles and 
keywords were assessed to evaluate their relevance in addressing the intersections of ITIL, 
ITSM, sustainability and CE. Following this, abstracts were examined to further narrow down 
the selection based on thematic fit. Finally, a full-text review was conducted to evaluate the 
depth and quality of the content in relation to the research question and the predefined inclusion 
and exclusion criteria. Ultimately, 33 publications were selected for inclusion. 
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Figure 1: Screening Process of SLR 
 
Phase 8. Data extraction: In the final step of the review process, the 33 selected publications 
were subjected to a structured data extraction procedure. To systematically organize the 
findings of each publication in relation to the research question, a coding approach was 
employed. Initially, four overarching thematic categories were defined, based on the research 
scope: (1) Sustainability, (2) CE, (3) ITSM and (4) ITIL. Based on the findings and goal of the 
research question to apply CE and sustainability to ITSM/ITIL, a fifth category was added 
regarding 5) Sustainable ITIL/ITSM application. These five categories served as analytical 
pillars and were refined throughout the coding process. Each paper was reviewed in detail and 
assigned to one or more categories depending on its thematic content. Within these five main 
categories, a set of subcategories (SC) emerged inductively to reflect the recurring patterns in 
the literature. The Sustainability category (addressed in 22 papers) included the subtopics of 
environmental (SC11), economic (SC12) and social sustainability (SC13), as well as 
sustainability frameworks (SC14) and strategy development (SC15). The CE category (13 
papers) encompassed CE definitions (SC21), circular strategies (SC22) and CE applications 
within IT services (SC23). The ITSM category (19 papers) involved ITSM definitions (SC31), 
key processes (SC32), frameworks (SC33), application (SC34) and considerations of 
sustainable ITSM practices (SC35). In the ITIL category (15 papers), the literature discussed 
aspects such as the ITIL® V4 concept (SC41), the SVS (SC42), guiding principles (SC43), 
ITIL practices (SC44) and the ITIL application (SC45). The largest category, Sustainable 
ITIL/ITSM Application (28 papers), included content related to the alignment of ITSM/ITIL 
practices with sustainability goals (SC51), application examples from practice (SC52), relevant 
tools and metrics (SC53), the integration of CE principles into service or process design 
(SC54), identified barriers (SC55) and enablers for future implementation (SC56). This 
structured categorization enabled a nuanced synthesis of the extracted data. The detailed 
distribution of the analyzed literature across the five coding clusters is shown in Table 1. An 
overview of the categories and SCs is presented with the results. 
Phase 9. Data analysis and results: The categorized and coded data form the basis for the 
subsequent analysis. The key findings derived from the SLR are presented and discussed in 
detail in the following chapter. 
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Table 1: Classification of SLR literature 

Literature (1) 
Sustainability 

(2) 
CE 

(3) 
ITSM 

(4) 
ITIL 

(5) 
Sustainable 
ITSM/ ITIL 
Application 

[1] x    x 
[3] x x   x 
[5] x x x x x 
[6] x x   x 
[9] x  x  x 

[10] x x   x 
[11]   x x  
[12] x  x x x 
[19]   x x  
[20] x x   x 
[21] x  x x x 
[22] x x   x 
[23]   x x x 
[26]   x x  
[27] x x   x 
[28] x x   x 
[31] x x x  x 
[32] x  x x x 
[35] x  x  x 
[37]   x x x 
[38] x x   x 
[39]   x x  
[40]   x x x 
[42] x  x  x 
[43]   x x x 
[44]   x x x 
[45] x x   x 
[46]   x x  
[47]   x x x 
[48] x x   x 
[49] x x   x 
[50] x    x 
[51] x    x 

 

4 RESULTS 

This chapter presents the results of the SLR conducted to investigate the integration of 
sustainability and CE principles into ITSM, particularly through the ITIL framework (here: 
ITIL® V4). The findings were structured according to five thematic clusters, derived from the 
coding process: (1) Sustainability, (2) Circular Economy, (3) ITSM, (4) ITIL and (5) 
Sustainable ITIL/ITSM Application. Each section synthesizes the relevant literature and 
highlights recurring themes, practical implications and key insights. Their associated SCs are 
presented in Figure 2 and the result for each of them, will be discussed in the following. 

111 
SDC2025

11th Sustainable Development Conference, 15th - 17th of July 2025 - Bangkok, Thailand 
SDC Proceedings 2025                        ISBN-978-86-83004-05-8



 
 

 

Figure 2: Coding Structure of the SLR findings 
 
4.1 Sustainability 

The environmental sustainability aspect (SC11) is discussed as the main aspect of 
sustainability. Main indication for environmental well-being is the reduction of environmental 
stressors [27]. Environmental suffering, however, is indicated by a shift in the average 
temperature as well as extreme weather [27; 1; 28]. Overall, authors show a growing concern 
over climate change, loss of biodiversity and pollution [38; 1; 28]. The main contributors to 
negative environmental changes are the linear economy [27], fossil energy [50] and an 
escalating demand for raw materials due to the population growth and urbanization [27; 48]. 
Pressure is put on businesses to adopt sustainable models [38; 27]. An alternative approach, 
such as CE, is seen as necessary [27; 48; 42]. SC12 is less discussed by authors. The main 
point, discussed by all authors speaking of SC12, is that environmental and economic 
sustainability go hand in hand with economic benefits such as optimized resource use, 
profitability through cost reduction, job creation and competitiveness on the market [50; 27; 
42; 5]. Axelos ([5]) further mentions an improved resilience and agility of organizations 
through the implementation of sustainable practices. SC12 is seen as a positive correlation to 
SC11. Last of the TBL, SC13 shows that the relevance of social equity is increasingly seen as 
a part of the sustainability definition [1; 27; 42]. Social sustainability is described as equitable 
access to services, education, resources and other various social elements of society [27; 1]. 
Equality, inclusion & diversity are seen as essential. Nonetheless, SC is the least mentioned 
pillar of sustainability by authors in this SLR.  
In regards to a holistic understanding of sustainability, a range of the most popular frameworks 
is depicted in SC14. Many authors referenced TBL as an approach to ensure a comprehensive 
and progressive view of sustainability [1; 27; 5; 32]. Some, however, extend the TBL to include 
intersections of each pillar [5] or regard a fourth pillar regarding governance aspects of 
sustainability [1]. In addition to the TBL, multiple authors explore the 17 sustainable 
development goals (SDGs) [27; 48; 5] and the “5Ps” (people, planet, prosperity, peace, and 
partnerships) developed by the United Nations [5; 27; 35] are the only ones introducing an IT 
services specific Framework for Energy Efficiency Testing to Improve eNvironmental Goals 
of the Software (FEETINGS) [36]. Lastly, when it comes to sustainable strategy (SC15), there 
is a consensus that collaboration across all levels and the entire ecosystem is needed to achieve 
sustainability [1; 5; 27; 28]. There is an increasing demand, to include government officials 
and to push sustainability advocacy [1; 28]. Initiatives have to be planned, leveled and 
documented [5; 1]. 
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4.2 CE 

SC21 defines a joint definition for CE. According to the SLR authors, CE is currently gaining 
attention and relevance as a response to rapidly growing problems in society, economy and the 
environment [27; 48]. CE is regarded as an enabler for sustainable development [27; 22; 3; 48] 
by simultaneously addressing economic, environmental and social efforts [38; 27; 6; 20; 10; 
31; 48; 45]. To specify, multiple authors state the benefits of CE are resource minimization, 
regeneration of natural systems, financial gains, social responsibility and (sustainable) 
innovation [45; 38; 3; 10; 20; 49; 28; 6]. In their definitions of CE, authors emphasize a shift 
away from the traditional linear economy, described as a “take-make-dispose” model, toward 
a restorative system that keeps resources in use for as long as possible [27; 38; 45; 31]. Notably, 
Singh et al. ([48]) criticized the current CE definitions to cover an unprecise definition of 
resource utilization and a lack over resource utilization strategies. However, a commonly used 
list of principles for CE revolves around the R-strategies, including resource-optimization 
strategies such as reducing, reusing, repairing, refurbishing, recycling and recovering [45; 6; 
1; 20, 31; 49; 10; 27]. Though many seem to include the R-strategies into their definition of 
CE, there is no consensus on which strategies are to be included and which are not. Beyond 
them, several authors build on the slowing, closing and narrowing of resource loops as core 
characteristics of CE [31; 38]. These principles aim to minimize throughput in production 
systems by extending product longevity and fostering closed-loop models [3]. Finally, a 
recurring theme in many definitions is that CE is regenerative by design [27; 49; 10; 5; 31].  
In order for the CE advantages to be achieved, SC22 constitutes that CE and sustainability 
efforts have to be integrated into the overall business strategy of an organization [28; 6]. CE 
demands strategic planning [27] and responsibility and priority have to be given to CE 
implementation [6; 48]. In doing so, sustainable innovation and value creation is being fostered 
[49; 10]. This comes through different CE implementation strategies, such as the R-strategies 
mentioned in SC21, or other forms of “waste-to-resource transformation” [10]. Extending the 
lifespan of raw materials, reintegrating waste into the production process as valuable resource 
and designing “waste out of the system” [27] defines the main strategies for CE implementation 
[3; 10; 49; 27]. But as CE and supply chains are getting more complex, it is also becoming 
more difficult to understand and implement fully [48]. Recommendations within SC22 to tackle 
that are on one side decreasing a dependency on suppliers [31] while also acknowledging the 
interconnectedness of the industries and their necessary collaboration for a transformative shift 
[28; 31]. A joint approach to rethink traditional supply chain models is necessary [20; 3]. 
In terms of industry application, SC23 first and foremost states that CE is relevant to a range 
of sectors [27; 31]. Nevertheless, the IT (services) sector specifically has a growing negative 
impact on the environment. Energy demand of IT and Information Systems, software resources 
and especially the growing use of digital technologies can be rooted as the cause [32; 35; 48; 
50; 42; 5]. Within (IT) service-based organizations and processes, circular value creation has 
to be looked at with special regards to continue enhancing value over time and providing 
sustainable development and innovation [27; 28; 10; 49]. One of the main aspects mentioned 
for SC23 and the use of CE for IT services, is the potential of digital technologies. Digital 
technologies can help monitoring and managing resource usage and digital goods in real-time, 
providing valuable tracking, analysis and connection of ecosystems [10; 49; 28; 51; 11]. The 
primarily digital technologies mentioned to support this are: Artificial Intelligence [28; 49; 10], 
Internet of things [10; 49], Blockchain [10; 49] and digital platforms [28]. 
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4.3 ITSM 

ITSM is defined by the service-oriented implementation and management of IT-organizations 
and operations (SC31) [21; 26; 44]. It follows the goal of technology and service-oriented 
development and monitoring ([44]). One of the main aims of ITSM is to align the needs of 
businesses and IT departments to maximize business value and shape overall management 
strategies [21; 37; 40; 43]. Cronholm et al. ([11]) particularly emphasize ITSM as a necessity 
due to the challenges that many organizations are still facing regarding service perspective 
inclusion in IT operations. Authors, therefore, recognize a strong potential and need in ITSM 
for organizations to improve and strengthen their IT operations [9; 40]. As SC32 goes on to 
show, ITSM stems in a combination of process management and industry perspectives, with 
the goal of lifecycle and service-analysis put in focus [44; 43]. Moreover, SC32 constitutes an 
emphasis on IT customers, service level agreements and IT function’s handling of daily IT 
activities throughout those ITSM processes [26]. 
Regarding ITSM implementation, multiple frameworks were discussed within the SLR 
literature as part of SC33. Undoubtedly, ITIL has been identified as the most widespread and 
accepted approach for ITSM [11; 46; 44; 23; 26; 40; 43]. It should be noted, that almost half 
the papers talking about ITSM identified ITIL as the main framework for ITSM best practices 
and operational guidelines. Nonetheless, other frameworks such as COBIT (Control Objectives 
for Information and related Technologies) [23; 32] and other individual best practice 
frameworks were highlighted as well [11; 44]. The ITSM application within these frameworks 
(SC34) is, according to the literature, achieved by placing ITSM strategies within a high-level 
intersection of business and IT [11; 47] and an inclusion of relevant stakeholders, such as 
customers, senior management and IT staff [39; 32; 11; 21]. With rapidly changing demands 
from customers, society and other relevant parts of an ITSM process [50; 44], SC34 clearly 
highlights the need for stakeholder management. 
With a look at sustainability, only a couple of authors have directly identified the potential of 
ITSM and IT services as a driver for sustainability directives within SC35 [12; 32; 31]. 
However, with a look at the individual pillars of sustainability from the previously mentioned 
TBL, multiple authors talk about at least one perspective and thus, recognize sustainable ITSM 
efforts. Similar to SC11, the environmental aspects of ITSM are recognized the most, with 
sustainable IT strategies being identified as a strategy to protect the environment from the harm 
which unsustainable use of IT is doing [12; 32; 42]. Nonetheless, economic [42] and social 
impact of IT and ITSM being able to help with that is also discussed by individual authors [32; 
5]. In parallel to SC23, digital technologies are seen as supporting opportunities to drive 
sustainable ITSM processes and practices [5]. Yet, SC35 also presents conditions that need to 
be complied with for achieving sustainable ITSM. Wiedemeier ([51]) proposes the example of 
increased open-source, inclusive programs and software in order to promote transparency and 
enable data connection for sustainable improvements. Conscious decisions are needed to 
promote sustainable ITSM [5], which could be established by strategic planning, multi-layer 
collaboration and an adaptation of standards and frameworks [32; 42; 44]. 
 
4.4 ITIL 

An example of a framework, that could promote sustainable ITSM, is ITIL. In SC33 it was 
presented as the most-recognized ITSM framework and the focus of the following 
subcategories will give further insight into what ITIL consists of according to literature. 
Regarding SC41 and the ITIL® V4 definition and understanding, the literature review showed 
clearly, that ITIL primarily is recognized as a collection of best practices for ITSM in order to 
provide better IT-services [11; 19; 21; 23; 40; 39; 46]. ITILs purpose has been established as 
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providing guidance for ITSM organizations, all with its main focus lying on the efficiency and 
effectiveness of IT [32]. The alignment of business & IT and general increased IT services 
performance are listed goals of ITIL within SC41 [37; 40; 39; 19; 47; 26], however, criticize 
that there is no “best way of organizing” and disagree with the idea of a set collection of best 
practices. Part of this is being acknowledged by the base of the systematic ITIL framework 
itself [12], with a continual evolvement in terms of structure, processes and guidelines [37; 26; 
23; 21]. Nevertheless, ITIL is still focused on services – with ITIL® V4 revolving around 
service design, service transition and service operation [43; 39; 47]. The framework consists 
of a SVS [11; 46; 5], as well as four set dimensions revolving around organizations & people, 
information & technology, partners & suppliers and finally, value streams & processes [5; 17; 
23].  
SC42 describes, that ITIL consists of the SVS, with service value creation being central [11; 
19]. The SVS consists of a holistic approach, including the in SC41 mentioned ITIL-
dimensions, as well as an understanding of the key elements of a typical service value chain 
(SVC) [5; 23; 46]. Furthermore, the aspects of government [23; 5] and continual improvement 
[46; 37; 47; 19] are regarded as indispensable for ITSM. Additionally, the ITIL framework 
offers seven guiding principles (SC43), that form a recommended common understanding and 
approach to ITSM [23; 5; 46]. They range from focusing on value and leveraging what already 
exists, to progressing iteratively with feedback, fostering collaboration and transparency, 
working holistically, keeping things simple and practical, and optimizing through automation. 
Another part of the ITIL SVS is an organizational set of management practices (SC44) [5; 46]. 
These range from extend from general management practices such as knowledge management 
or project management [5; 23; 19], over to service management practices such as incident 
management [5; 19; 43] to technical management practices such as platform management [5]. 
It is worth mentioning that Dubey & Helfey ([12]) mention the option of expanding the 
management practices catalog to include sustainable practices, which will be discussed in 
SC51. Lastly, when it comes to ITIL as a framework, SC45 comprises the most-mentioned 
steps one has to regard when adopting ITIL. These include defining a shared understanding of 
value [11], a strengthened relationship between provider and customer [11; 37], securing senior 
management support [26; 37], aligning IT and business goals [39; 37], and fostering 
communication, training and cultural change [26; 37]. Adopting ITIL further requires planning 
sufficient resources, managing resistance and allowing for flexible, context-specific 
implementation due to its complex nature [37; 46; 40]. 
 
4.5 Sustainable ITIL and ITSM Application 

Within SC51, it is becoming clear, that integrating sustainability into ITIL requires embedding 
TBL considerations across all components of the ITIL SVS [23; 5; 28]. Governance must 
ensure strategic oversight, allocating authority and resources for sustainability [42], while the 
guiding principles (explained in SC43) responsible, outcome-based decision-making [5]. 
Within the SVC, each activity should be designed to support sustainability: from setting goals 
in a Planning-phase, ensuring ethical sourcing in the obtaining/building-phase, to monitoring 
compliance in the delivering/supporting-phase and lastly, driving sustainable directives 
through improvement [32; 5]. As of now, the SVC is still in a linear design, meaning that the 
potential to adapt to a circular lifecycle of the SVC should be explored [12; 1]. The main focus 
of SC51, however, lies on the alignment of the ITIL practices with sustainability. 
Among general management practices of ITIL, Strategy Management can be adopted to 
include a green vision, align sustainability goals with business objectives and supports agile, 
long-term planning [12; 5]. Architecture Management can help ensure that IT systems are 
designed for reuse and are aligned with sustainability strategy [12; 5]. Continual Improvement 
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drives sustainable change by embedding environmental metrics into iterative service 
enhancements and supporting cultural shifts toward long-term value [12; 23; 32; 27; 19]. 
Notably, continual improvement was the most mentioned practice within SC51 that would be 
applicable to help align ITSM with sustainability. Risk Management should be used to identify 
and mitigate sustainability risks across projects and operations, and Measurement & Reporting 
should be adjusted to establishes relevant metrics to track environmental and social 
performance [5]. Knowledge Management can help captures green insights, promote 
sustainability-aligned collaboration tools, and should be used to share sustainability centered 
best practices internally [20; 12; [5]. Lastly, effective change and project management, 
combined with proactive relationship management, enable organizations to overcome internal 
resistance, engage stakeholders and align IT services with evolving customer and employee 
needs [47; 20; 5; 23; 28]. For the service management practices within SC51, Business 
Analysis and performance management should be focused towards sustainability requirements 
early in the solution design process, enabling responsible service development and resource 
optimization through sustainability related data [5]. Performance indicators targeting 
sustainability (e.g. “in climate”) should be added [50]. Configuration & Asset Management can 
help to maximize the asset value while prioritizing the necessary transparency and reuse [23; 
5]. The Service Design, Catalogue Management and Testing practices also have to be adjusted 
to reflect circular and sustainable priorities, while confirming compliance with green standards 
before deployment [32; 5]. Incident, Event, and Problem Management can support through an 
expansion of their scope to include sustainability-related disruptions and data [5]. Lastly, in 
terms of the technical management practices, Infrastructure and Platform Management and 
Software Development and Management show potential to embed sustainable methods 
throughout the infrastructure and software lifecycles, ensuring energy efficiency, responsible 
sourcing, and adherence to sustainability standards [5].  
Within SC52, application examples of sustainable IT practices include aligning services with 
a clear Green Vision and strategy that emphasizes energy efficiency, green sourcing and 
minimal environmental impact [12]. An extended management practices catalog with 
sustainability-specific services helps quantify and communicate sustainability performance per 
service [12; 5], while a sustainability roadmap guided by key SDGs structures long-term 
organizational efforts [22]. Examples such as green data centers show how site selection and 
heat reuse can reduce energy use [12; 5], while optimized development practices like limiting 
computing pipelines or end-to-end testing help lower computational load [50]. Finally, the 
digital technologies mentioned in SC23 can help enable smarter resource use, automation and 
transparency to drive circularity and reduce environmental impacts [5]. 
Effective sustainability measurement (SC53) starts with a thorough assessment of an 
organization’s full value chain and their current practices across the TBL dimensions, using 
broad evidence such as interviews or direct observation [1; 22; 5]. A clear sustainability vision 
anchored in relevant UN SDGs, ITILs guiding principles, and prioritized capitals (natural, 
social or human) guides strategy and requires organization-wide commitment [5]. Following 
up, materiality assessments and ongoing risk management can help identify and prioritize 
sustainability topics and threats, integrating stakeholder perspectives to focus resources and 
mitigate impacts [5; 22]. Tracking and reporting progress through relevant Key Performance 
Indicators (KPIs), management dashboards and benchmarking approaches ensures 
transparency and accountability [1; 12; 23; 28; 5], while expanding metrics beyond energy to 
include waste, social equity, and economic benefits. Examples include the use of carbon credits 
and offsets for energy tracking [1; 12], power usage effectiveness for evaluating data center 
efficiency [12], the share of reused resources in services and products [5], tracking profit gains 
from reduced resource waste [5], or social indicators such as ensuring pay equity across 
employee demographics [5]. Finally, continuous improvement is driven by adaptive processes, 
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embedding sustainability into organizational culture and supported by tools like iterative 
feedback loops and mechanisms [1; 23]. 
To adapt ITSM processes for CE implementation (SC54), organizations must redesign them 
to enable reuse, recycling, and modularity [6; 20], supported by standardized procedures and 
eco-design principles across the lifecycle [10; 48; 45]. An overall shift toward service-based 
business models like Product-as-a-Service promotes resource efficiency, longevity, and 
decouples value creation from raw material consumption, not just within the IT department [6; 
27; 20; 48]. The technological innovations and digital technologies mentioned in SC23 can 
support enabling traceability, predictive maintenance, and efficient resource management, 
facilitating circular transitions [10; 45; 49; 31]. In this regard, [20] further highlights the 
specific potential of digital sharing platforms. Supply chains must become transparent and 
closed-loop [3; 6; 27], integrating circular procurement [22] and fostering cross-stakeholder 
collaboration for value recovery and reduced waste [31; 20; 27]. Ultimately, aligning ITSM 
with CE demands customer-centricity [48; 22; 45], regulatory alignment [20; 31], and 
competency development to drive systemic, sustainable transformation [6; 48; 27]. 
Key enablers for sustainable and circular ITSM/ITIL (SC55) include a long-term vision and 
strategy with aligned financial and operational goals, supported by quick wins to maintain 
stakeholder engagement [5; 1; 12]. Generally, management endorsement and decentralized 
leadership are critical to embed sustainability in governance and decision-making [40; 51; 5]. 
Nonetheless, active staff involvement and making sustainability a regular agenda item further 
ensure ownership and continuity [1; 5]. Overall, CE and sustainability needs the entire 
ecosystem to collaborate [28; 10; 31; 38], especially, when it comes to regulatory compliance 
[22; 23; 49]. As potential enablers, the use of digital technologies mentioned in SC23 and 
comprehensive education and communication also are beneficial to support innovation, 
transparency and understanding of new CE processes and practices [20; 9; 38; 47; 45; 50; 42; 
28; 51]. Lastly, two lesser mentioned aspects of SC55, are the use of agile methodologies to 
drive continuous, flexible customer collaboration and improved risk management [39], as well 
as increased personalization based on customer needs to reduce overall waste [28]. 
Barriers (SC56), on the other hand, are for example the fact that CE is still in its infancy, 
particularly in ITSM, with a lack of empirical evidence and mature frameworks [3; 9; 31]. 
Adoption is further hindered by high upfront investments [6; 9] and technological infrastructure 
limitations [38; 49], often intensified by the need to redesign processes and systems entirely 
[20]. Efforts are also slowed by difficulties in securing funding [38], unclear and changing 
regulations [48; 51], and limited consumer awareness [38; 31], all of which increase complexity 
and reduce market traction. Additionally, resistance to change, both cultural and political, 
presents a serious challenge, especially when sustainability lacks urgency or alignment with 
organizational priorities [43; 5]. Ultimately, success depends on embedding sustainability as 
part of the company culture and fostering ecosystem-wide collaboration and shared 
understanding [5; 6; 20]. 
 

5 DISCUSSION 

The aim of this research was to answer the question to what extent the ITIL framework can 
support the implementation of CE principles and what adaptations it requires to enhance 
sustainable ITSM. For this, a SLR analyzing 33 relevant papers was conducted and evaluated 
based on five categories and a total of 24 SCs. The SLR highlights environmental sustainability 
as the core focus, emphasizing a shift from linear to circular ITSM to address climate change 
and resource challenges. It identifies ITSM and particularly the ITIL framework, as a key 
approach to improving IT efficiency and supporting sustainability through strategic integration 
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and digital technologies. The results of SC51 specifically demonstrate that while ITIL 
encompasses several practices with inherent potential to promote sustainability (most notably 
Continual Improvement, Strategy Management and Architecture Management), its prevailing 
linear SVC and limited integration of circular lifecycle thinking restrict its capacity for CE 
implementation. Moreover, although practical examples (SC52) and sustainability 
measurement approaches (SC53) indicate emerging efforts, these remain fragmented and 
insufficiently institutionalized, limiting their strategic impact. The adaptation of ITSM 
processes to enable reuse, modularity and circular supply chains (SC54) faces significant 
infrastructural and cultural challenges. Enablers such as visionary leadership and collaboration 
across the ecosystem (SC55) are crucial but fragile without systemic embedding. Finally, 
persistent barriers including high upfront costs, regulatory uncertainty, and organizational 
resistance (SC56) significantly hinder broad adoption. 
Methodologically, while the SLR offers a valuable synthesis of existing research, it is 
constrained by its dependence on published literature, which may bias findings and overlook 
emerging or unpublished practices in sustainable ITSM. Furthermore, the limited volume of 
research at the intersection of CE principles and ITSM restricts possible insights and empirical 
validation. The identified infrastructural and cultural barriers also highlight that conceptual 
alignment between ITIL and CE principles alone is insufficient without thorough investigation 
into organizational dynamics and real-world implementation challenges. These limitations 
underscore the need for empirical studies that validate and extend the theoretical insights. 
Accordingly, future research should adopt a more granular approach by focusing on specific 
ITIL practices and guiding principles that have been identified as potential enablers for 
integrating CE principles. This includes exploring how these elements can be operationalized 
or adapted to incorporate CE-specific dimensions and evaluating their effectiveness in driving 
sustainable transformations within ITSM contexts. Building on the broad conceptual 
foundation of this study, subsequent work should aim to generate targeted, practice-level 
recommendations. In accordance to the ITIL guiding principle “Start where you are” [4], it is 
recommended to initially focus on the quick-wins and easily implementable changes such as 
adding new, sustainability-centered guiding principles and practices. In parallel, empirical 
research is essential to assess ITIL’s applicability in real-world CE-aligned ITSM 
implementations. Such research could take the form of case studies of organizations adopting 
developed sustainable ITSM recommendations, as well as qualitative investigations involving 
ITSM professionals to capture practical challenges, opportunities and best practices. 
Comparative analyses of ITIL alongside other ITSM frameworks (referenced in SC33) would 
further validate this researches outcome and highlight structural strengths and weaknesses 
related to CE support. All in all, the SLR has, however, proven valuable in providing a 
comprehensive overview of ITIL’s potential and current limitations for supporting CE 
principles in sustainable ITSM, despite its methodological constraints. The presented results 
only underscore the need for the suggested future research and practical adaptations to address 
identified gaps, thereby systematically enabling circular ITSM implementation. 
 

6 CONCLUSION 

This paper has demonstrated that while the ITIL framework contains valuable components that 
can support the integration of CE principles within ITSM frameworks such as ITIL, its current 
linear design and limited sustainability institutionalization hinder its full potential. Key 
contributions of the research are identified ITIL practices, that offer low entry points for 
embedding sustainability and circularity, as well as highlighting critical enablers and barriers 
that should be regarded in order to support CE adoption within the ITSM context. Ultimately, 
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the findings contribute to the ongoing discourse on sustainable IT by mapping alignment 
opportunities between ITSM and CE – offering a foundation for sustainable transformation in 
service-centric digital infrastructures. Practically, these findings suggest that organizations 
aiming for sustainable ITSM should focus on evolving ITIL’s SVS to embrace circular 
lifecycle thinking, include comprehensive sustainability metrics and foster management 
practices aligned with systemic sustainability goals. Leadership commitment, stakeholder 
engagement and the use of enabling digital technologies are vital for overcoming challenges. 
In this regard, the suggested future research directions from the previous chapter provide a 
pathway to deepen and operationalize these insights. All in all, it is clear, that continuing this 
research and its development is crucial to turn ITSM frameworks like ITIL into practical 
enablers of sustainable transformation that contribute to the long-term goal of environmentally 
responsible and circular IT service operations. 
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Recreational trails offer a range of trail-related tourism (TRT) activities, including horseback 
riding, biking, rafting, and hiking. Although TRT has recently attracted the interest of 
academics and practitioners, the economic benefits of trails have typically been examined at 
the national level. However, rural communities - often the primary beneficiaries of TRT - 
should be actively engaged and equipped with new skills to meet increasing demand and 
achieve economic independence, especially through entrepreneurship and business 
development. 

Despite this, little is known about how different TRT business sectors contribute to the 
development of local rural communities, particularly in terms of trail visitors’ expenditure 
patterns and economic impact. To establish a sustainable endogenous TRT sector with its 
own economic infrastructure, rural TRT is crucial both as a strategic sector and as a driver of 
rural growth - supporting local populations and attracting businesses and entrepreneurs.  

This study aims to review existing research and provide a comprehensive overview of the key 
factors in TRT development that contribute to the economic empowerment of rural 
communities. Using the Scopus database, a systematic literature review and bibliometric 
analysis were conducted on academic articles published between 1994 and 2024, focusing on 
sustainable local economic development through TRT and rural community economic 
empowerment. A mixed-method analysis - both quantitative and qualitative - was applied to 
identify key themes, patterns, emerging trends, and future research directions.  

This research identifies and categorizes the key endogenous and exogenous factors as themes 
that drive economic empowerment in rural communities. The first theme includes 
endogenous factors such as accommodation, transportation, food services, and guided tours, 
which help minimize economic leakage and ensure that benefits remain within the 
community. The second theme encompasses exogenous investments, including formal 
economic education and land ownership, which are equally important. Together, these factors 
show that TRT can promote sustainable development, strengthen local economies, and 
preserve local culture - ultimately empowering rural communities.  

This research provides an important theoretical contribution to the understanding of key 
factors for successful TRT development to economically empower local rural communities 
and their independence, which until now has not been systematically studied. Moreover, 
expansion of theoretical knowledge provides a framework for new empirical research. New 
research agendas will be fundamental to provide innovative, clear, and actionable guidance 
for rural policymakers, development agencies, and local entrepreneurs interested in 
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harnessing TRT for sustainable development with regards to community skill development, 
support for local businesses, infrastructure planning or public-private partnerships.  

KEYWORDS: trail-related tourism, rural community, economic growth, systematic 
literature review, endogenous and exogenous factors, sustainable development. 
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Abstract  

As the global climate crisis intensifies and social inequalities widen, the need to 

redefine the role of business in society has never been more urgent. Traditional profit-

maximizing models often overlook long-term environmental and societal consequences, 

reinforcing systems that are unsustainable. This paper proposes a transformative 

framework for business that integrates sustainability as a core value—positioning 

companies not only as economic actors but also as stewards of ecological and social 

well-being. Drawing from environmental psychology, systems thinking, and 

sustainability research, the framework addresses the structural and behavioral barriers 

that currently inhibit meaningful business transformation. By spotlighting real-world 

case studies and pioneering models, the article explores how enterprises can transition 

toward regenerative economies, circular value chains, and stakeholder-centered 

decision-making processes. It discusses the implications of redefining business as an 

entity that solves social issues and creates social value in a financially sustainable way. 

Key themes include integrating sustainability into governance structures, aligning 

internal culture with long-term impact, fostering cross-sector collaborations that 

amplify systemic change, and challenging profit-driven incentives that undermine 

problem-solving outcomes. 

 

Keywords: sustainability, business models, circular economy, regenerative economy, 

systemic change, stakeholder value, degrowth 
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Introduction 

The dominant model of business in the 21st century remains anchored in a paradigm of 

infinite economic growth and short-term shareholder value. This model, rooted in the 

industrial age and accelerated by global finance, has led to mounting ecological 

degradation, persistent inequalities, and systemic fragilities. From collapsing 

ecosystems and exploitative labor practices to mental health epidemics and widening 

economic gaps, the unintended consequences of this paradigm are becoming 

increasingly difficult to ignore. 

 

As society confronts the accelerating climate crisis and growing socio-economic 

disparities, it is essential to reimagine the foundational purpose of business. Rather than 

viewing companies merely as engines of profit maximization, this article advances the 

notion that businesses should be defined as “entities that solve social issues and 

generate social value in a financially sustainable way”. This redefinition requires a 

profound shift in the structures, incentives, and metrics that guide business decision-

making. A regenerative business logic—one that values well-being, restoration, and 

equity—can act as a catalyst for systemic change. 

 

Discussion 

1. Business as a Social Problem Solver 

This redefinition reframes business from a vehicle of accumulation to a mechanism for 

positive impact. Instead of competing to dominate markets, businesses can focus on 

addressing pressing social and environmental challenges. This approach embraces the 

idea that value is co-created—not extracted—through reciprocal relationships with the 

communities and ecosystems in which businesses operate. 

 

Importantly, social issues vary dramatically by context. For instance, access to clean 

water in Kenya may contrast with rising youth suicide rates in Japan, or deteriorating 

public transport infrastructure in the United States. A standardized, globalized business 

approach often fails to grasp these distinctions. Therefore, this new model requires deep 
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localization, informed by the lived experiences of communities. 

 

Localization necessitates listening, learning, and building trust. Businesses must engage 

in co-creation processes with local stakeholders, including underrepresented voices, to 

ensure that interventions are contextually relevant and systemically embedded. This 

calls for humility and the willingness to operate beyond traditional top-down strategies. 

Organizations like BRAC in Bangladesh, which have evolved community-rooted social 

enterprises addressing education, health, and finance, exemplify this approach. Their 

success lies in prioritizing community needs and capabilities over corporate agendas. 

 

Furthermore, co-creation opens doors to innovation. When businesses treat users as 

collaborators—rather than just consumers—they uncover latent knowledge and 

adaptive solutions that can dramatically enhance both impact and sustainability. 

 

2. Financial Sustainability as a Means, Not an End 

Under this new paradigm, profit is a means to sustain operations, not the ultimate goal. 

Money becomes a tool to enable ongoing value creation rather than a metric of success 

in itself. This reflects a shift from extrinsic to intrinsic motivators—a concept well-

documented in environmental psychology. Research shows that individuals and 

organizations driven by purpose and community benefit exhibit more long-term 

resilience and satisfaction than those focused solely on material gain. 

 

This perspective also aligns with systems thinking, which warns against optimizing 

subsystems at the expense of the whole. Businesses focused exclusively on profit may 

inadvertently undermine the broader systems—ecological, social, even financial—that 

they rely on to operate. 

 

A business reframed in this way might accept slower financial returns in the short term 

in exchange for deeper, more lasting value creation. For instance, a renewable energy 

company might prioritize building local capacity and grid resilience over maximizing 
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quarterly profits. A social enterprise providing maternal healthcare in remote areas 

might choose to subsidize its services through sliding-scale pricing, understanding that 

the long-term health of a population is a greater form of return than immediate revenue. 

 

These businesses still require financial sustainability—but it is sustainability in the true 

sense: the ability to endure, adapt, and serve across time and changing conditions. 

 

3. The Risk of Incentive Misalignment 

The example of Radicant, a financial institution in Switzerland that aligns investments 

with the UN Sustainable Development Goals (SDGs), illustrates a powerful paradox. 

When a problem becomes a profitable investment opportunity, there may be little 

incentive to fully solve it—as doing so could eliminate the revenue stream. This creates 

a moral hazard: well-intentioned models may become inadvertently complicit in 

perpetuating the very issues they aim to resolve. 

 

This is not limited to the financial sector. Consider the pharmaceutical industry, where 

the profitability of ongoing treatment often outweighs that of a cure. Or the fast-fashion 

industry, where sustainability campaigns exist alongside continued overproduction. In 

such cases, the business model benefits from maintaining—rather than solving—a 

problem. 

 

To avoid this trap, business models must be designed with built-in pivot strategies. 

These mechanisms allow companies to shift focus once an issue has been resolved or 

to evolve with changing societal needs. For example, a company dedicated to reducing 

plastic waste might transition from producing biodegradable packaging to lobbying for 

zero-waste regulations or investing in refill infrastructure once the initial goal has been 

met. 

 

This ability to pivot is a hallmark of regenerative thinking. It requires an organization 

to prioritize mission over market capture, and to embrace the lifecycle of its own 
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interventions. 

 

4. Measuring What Matters 

Redefining business demands a new set of metrics to assess progress. Traditional 

indicators—such as revenue, shareholder returns, or market share—fail to capture a 

company’s actual impact on society or the planet. These one-dimensional measures 

create distorted incentives and obscure the true value (or harm) being created. 

 

Instead, businesses must adopt multi-dimensional impact metrics that include indicators 

for: 

 Environmental regeneration (e.g., biodiversity restored, carbon sequestered) 

 Social equity (e.g., reduction in poverty, inclusive hiring practices) 

 Psychological well-being (e.g., improved mental health, reduced loneliness) 

 Civic engagement and trust (e.g., increased community participation, institutional 

trust) 

 

Crucially, metrics must assess not only output (e.g., number of solar panels installed) 

but outcome (e.g., reduction in energy poverty) and impact (e.g., long-term 

improvement in community resilience). The social enterprise Too Good To Go, for 

example, tracks not just meals saved from waste, but also how their app influences food 

behavior and attitudes toward sustainability. 

 

Some frameworks, such as the B Impact Assessment or the SDG Impact Standards, 

offer valuable starting points. Yet measurement systems must also be adaptive and 

participatory, enabling feedback loops from those most affected by business activities. 

 

5. The Limits of Green Capitalism 

Even "green" products, when designed within a profit-driven model, may fail to address 

the underlying logic of extraction and consumption. Electric vehicles still rely on rare 

earth mining. Bamboo toothbrushes still require long-distance shipping. Replacing one 
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unsustainable product with a slightly less harmful alternative risks shifting the burden, 

rather than solving the root issue. 

 

Without a regenerative lens, investment in sustainable innovation risks becoming a 

superficial solution that perpetuates the extractive logic under a greener guise. 

Greenwashing becomes a strategy rather than a warning sign. This form of "sustainable 

business" often relies on maintaining consumerism and economic growth under a new 

aesthetic, rather than questioning the structures that created the problem in the first 

place. 

 

Truly transformative business models must go beyond harm reduction toward net-

positive contributions. This might include: 

 Supporting local production to minimize carbon-intensive supply chains 

 Designing closed-loop systems to eliminate waste altogether 

 Investing in behavioral change rather than product substitution 

 Shifting from ownership models to service-based ecosystems (e.g., shared 

transportation) 

 

The circular economy offers promising principles, but only when it challenges the logic 

of accumulation, not just resource use. 

 

6. Towards a Regenerative Economy 

A regenerative business model emphasizes restoring and revitalizing the ecosystems 

and communities it operates within. It draws from indigenous wisdom, permaculture, 

and post-growth economics. Regenerative businesses are not just sustainable 

(maintaining balance) but generative—actively repairing and enhancing the systems 

they touch. 

 

This aligns with the broader degrowth and post-growth discourse, which critiques GDP 

as the central measure of progress and calls for economies that prioritize care, equity, 
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and ecological harmony. Regenerative businesses design for enough, not more. They 

center reciprocity over competition and quality over scale. 

 

Examples include Patagonia’s “Don't Buy This Jacket” campaign, which encourages 

customers to repair rather than replace clothing, or Ecover, a zero-waste certified 

manufacturing. Regenerative companies see themselves as part of living systems, not 

isolated producers of goods or services. 

 

They are outcome-oriented: designed to solve specific societal challenges and to pivot 

when those challenges are resolved. In this way, regeneration becomes not just a goal 

but a process—a cycle of listening, learning, acting, and adapting. 

 

Conclusion 

Redefining business as an entity that solves social problems in a financially sustainable 

way is not only a moral imperative but a practical necessity. In an era of complex global 

challenges, business-as-usual is no longer sufficient. Instead, regenerative business 

offers a model for context-sensitive, co-created, and systemically-aligned interventions 

that contribute to genuine sustainability. 

To achieve this, businesses must: 

• Decouple success from perpetual profit 

• Adopt new measures of progress rooted in well-being and equity 

• Build in flexibility to adapt and evolve 

• Root their work in the communities and ecosystems they affect 

Only then can we transition from a model of business that extracts value to one that 

creates and regenerates it. A regenerative economy is not a utopian ideal—it is a 

viable, necessary response to the failures of the status quo. 
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Abstract 
 
This study examines how Malaysian higher education educators develop resilience to adapt to 
various challenges. Resilience becomes a vital quality to survive in a rapidly changing 
ecosystem characterised by technological innovations, student demographics, and dynamic 
market demands. This research employs a mixed-methods approach, with a thorough literature 
review and quantitative data from Malaysian educators, collected through questionnaires, to 
determine their perceptions of resilience. It identifies key factors that enhance workforce 
resilience, which include self-efficacy, relationships, workplace environments, and 
professional development opportunities. The methodology consists of a broad literature review 
from academic sources and empirical studies on workforce resilience, both locally and 
globally. Thematic and statistical analysis techniques were used to analyse data, emphasizing 
their importance in protective strategies and supportive networks for resilience. The findings 
show that the resilience demonstrated by educators is mainly drawn from strong relationships 
with students, colleagues, and supervisors, with other factors such as adaptability and self-
regulation. This paper contributes to the literature on organizational resilience by investigating 
specific challenges in Malaysian higher education institutions and proposing ways to develop 
the workforce's resilience. The findings of this study have important implications for 
policymakers and educational leaders aiming to foster resilient and sustainable learning 
environments in an era of dynamic progression. 
. 
Keywords: resilience, educators, self-efficacy, relationship, professional development, work 
environment 
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1.0 INTRODUCTION 
 

The resilience of educators is increasingly acknowledged as an essential element in 
sustaining quality in higher education, particularly in Malaysia, where the sector is undergoing 
rapid transformation. As part of its vision, Malaysia aims to establish itself as a global higher 
education hub by 2025, responding to both local and international demands. As of 31st 
December 2021, Malaysia is home to 161 public and 435 private institutions of higher 
education (KPT, 2022), each playing a pivotal role in shaping the nation’s educational 
landscape. However, these aspirations are accompanied by substantial challenges, including 
increasing job demands, evolving expectations, and added administrative responsibilities, 
which place significant pressure on educators to adapt while still upholding excellence in 
teaching, research, and student engagement (Manaf et al., 2021). To address these challenges, 
it is essential to understand and enhance resilience among Malaysian academics, enabling them 
to thrive in a demanding landscape. 

The primary objective of this research is to explore factors that foster resilience among 
Malaysian academics and determine actionable strategies to strengthen it. Specifically, the 
study seeks to determine how resilience factors interact to influence educators' capacity to adapt 
and perform effectively within higher education institutions in Malaysia. 

The guiding research question for this study is: What are the key factors that contribute 
to resilience among academic staff in Malaysian higher education institutions? 

To answer this question, a mixed-methods approach was employed, incorporating both 
quantitative and qualitative data. The study involves a sample of 100 academicians across 
various Malaysian higher education institutions, aiming to capture a diverse range of 
perspectives and experiences. The quantitative data provided measurable insights into the 
extent and impact of resilience factors, while the qualitative data offered an in-depth 
understanding of academics' personal resilience strategies. 

The research identifies four primary factors that contribute to educator resilience in 
Malaysia: (1) Self-Efficacy, which supports effective coping mechanisms and emotional 
control; (2) Relationship, as pillars for building and maintaining healthy relationship, both 
personally and in the workplace; (3) Work Environment, which fosters collaboration and 
mutual support among students, colleagues and top management; (4) Professional 
Development, which boosts job satisfaction and career development, as well as supports 
wellness programs that promote both mental and physical health. These factors are anticipated 
to provide valuable insights into resilience-building within Malaysia’s academic workforce and 
guide institutional strategies for strengthening educators’ capacities. 

 

2.0 LITERATURE REVIEW  
 

Hui and Abdullah (2020) and Amin et al. (2022) regarded resilience as an important 
trait for educators in the ever-dynamic and demanding higher education context. In recent 
years, the higher education system has undergone numerous changes, placing increased 
emphasis on the need to cultivate and support educator resilience (Moghal et al., 2018). This 
report systematically reviewed the literature on the factors that contribute to educator resilience 
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in Malaysian higher education institutions over the last five years. It is important to recognize 
that resilience has been extensively emphasized in teacher education, as it is regarded as a key 
trait affecting educators' well-being, work satisfaction, and overall classroom effectiveness. 

 
Numerous other factors have been identified in the development and cultivation of 

resilience among lecturers in Malaysian higher education institutions. According to Moghal 
et.al (2018), resilience is defined as an attribute or quality that keeps instructors committed to 
teaching. Personal attributes and professional skills are consistently highlighted by researchers 
as key contributors to building resilience among educators. Self-efficacy, or an educator's 
belief in their ability to navigate and manage challenges, has been identified as a crucial 
element in the process of resilience development. Similarly, professional identity and a genuine 
commitment to teaching have been identified as strong indicators of educator resilience. 

 
Research has demonstrated that self-efficacy, or an educator's confidence in their 

capacity to confront and surmount obstacles, is a critical factor in the development of resilience 
(Zhang & Luo, 2023). Additionally, educators' resilience is often indicated by their profound 
commitment to the teaching profession and a well-established sense of professional identity. 
Other studies also highlighted the substantial impact of contextual factors on the shaping of 
educator resilience (Larasati & Kuswandono, 2023; Zhang & Luo, 2023). The reviewed 
research has underlined the crucial role of work environment, such as institutional policies, 
leadership support, and organizational cultures have in cultivating and supporting resilience 
among educators in Malaysian higher education institutions.  

 
The analysis of recent studies in this field reveals notable trends and discoveries.   

Researchers have increasingly recognized resilience not as a static or inherent quality, but 
rather as a relative, dynamic, and ever-evolving concept shaped by social influences and reliant 
on the persona and professional relationships of educators. The literature suggested that 
teachers’ resilience is a complex phenomenon constructed by a range of individual and 
contextual factors that play a role in its development and sustainability (Larasati & 
Kuswandono, 2023; Moghal et al., 2018).  

 
 The reviewed studies have provided valuable insights into strategies and interventions 

designed to improve resilience among educators in the Malaysian higher education sector.        
The literature emphasizes the necessity of well-rounded, evidence-based professional 
development programs aimed at strengthening resilience-related skills, including stress 
management techniques, the establishment of robust social support networks, and the fostering 
of a solid professional identity. 

 
     This literature review on educator resilience in Malaysian higher education 

institutions emphasizes the multifaceted nature of the concept. It underscores the importance 
of a holistic approach that incorporates both individual and organizational aspects, along with 
key elements that contribute to strengthening workforce resilience in Malaysia. The evaluation 
indicates that future research should concentrate on the development and assessment of 
targeted interventions that cater to the specific needs and challenges encountered by educators. 
Therefore, this study investigates the lasting effects of these interventions on educator 
resilience, as well as their potential to improve student achievement and institutional 
effectiveness. 
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3.0 METHODOLOGY 
 
This study adopted a quantitative, cross-sectional survey design to investigate the 

factors influencing the dependent variable based on respondents’ prioritization of selected 
workplace settings. A structured questionnaire was distributed to academic staff in higher 
education institutions to collect data related to parameters such as work environment, self-
efficacy, relationship, and professional development. A total of 100 respondents were 
successfully gathered, all of whom were academic staff members from both public (IPTA) and 
private (IPTS) institutions, sampled using a purposive sampling method to ensure relevance to 
the academic work environment. The survey was designed to record a 5-point Likert scale from 
1 (strongly disagree) to 5 (strongly agree).  
 

In this research, four measurement scales of Self-Efficacy, Professional Development, 
Work Environment, and Relationship variables were used. Commonly, five items adapted from 
Gong (2019), Lestari (2025), Van Wingerden (2019), and Axe (2024) were used to measure the 
Self-Efficacy construct. In addition, five items employed from Kudaibergonov (2024), 
Nuryakin (2023), Firdaus (2023), and Badaruddin (2024) studies were used to assess the 
Professional Development aspect. Similarly, this study utilized five items from Irfan (2024) 
and Subaedah (2024) to evaluate the Work Environment element. Lastly, the Relationship 
construct was determined with five items from Kenney (2024) and Young (2024). The partial 
least squares (PLS) technique was used to evaluate the measurement and structural models. 
The PLS structural equation modelling technique is a variance-based method, which is apt for 
predicting exogenous variables when using revised measures (Hair et al., 2021). Thus, with the 
aid of SmartPLS 4, the two-stage approach was implemented to evaluate the model (Hair et al., 
2021). 
 
 
4.0 RESULTS 
 
Respondent Information 
 

Table 1 summarises the respondent demography and information. The majority of the 
respondents were between the ages of 36 to 40 (25%), followed by those aged 41–45 (19%), 
and 46–50 (15%), suggesting that most respondents were in their prime working years. 
Respondents aged 20–25 constituted 18%, whereas those aged 56–60 represented merely 2%. 
The gender distribution of the sample was notably uneven, with 67% respondents being female 
and 33% male, indicating a female-dominant professional milieu at the surveyed institutions.  
 

In terms of work experience, 25% of respondents had served between 1–5 years, while 
a notable proportion had 16–20 years (24%) and 11–15 years (21%) of experience, suggesting 
a fair distribution throughout various career phases. A significant majority of participants 
(81%) were associated with public higher education institutions (IPTA), whereas only 19% 
were from private colleges (IPTS). 
 

Table 1: Respondent Information 
Item Description  Frequency Percent  
Age  Between 20-25 18 18.0 

Between 26-30 4 4.0 
Between 31-35 11 11.0 
Between 36-40 25 25.0 
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Between 41-45 19 19.0 
Between 46-50 15 15.0 
Between 51-55 6 6.0 
Between 56-60 2 2.0 

Gender Male 33 33.0 
Female 67 67.0 

Period of 
Service 

1-5 years 25 25.0 
6-10 years 11 11.0 
11-15 years 21 21.0 
16-20 years 24 24.0 
21-25 years 19 19.0 

Higher 
Education 
Sector  

IPTS 19 19.0 
IPTA 81 81.0 

 

Confirmatory Factor Analysis 
 
Confirmatory Factor Analysis (CFA) was performed to validate the proposed factor 

structure and assess the need for any modifications. The analysis was conducted in two stages, 
as per the two-step approach proposed by Anderson et al. (2023). Initially, each construct was 
evaluated individually, followed by an assessment of the overall measurement model. The 
measurement model was analysed using SmartPLS 4, employing Partial Least Squares 
Structural Equation Modelling (PLS-SEM) to assess key validity and reliability criteria. 
Following the methodology established by Henseler et al. (2015), a systematic evaluation of 
both the measurement and structural models was conducted to confirm the robustness of the 
analysis. 
 

Figure 1 illustrates the PLS output for the measurement model. In addition to evaluating 
Cronbach’s alpha, the internal consistency of each construct was examined through composite 
reliability (CR) values. As shown in Table 2, all constructs exhibit satisfactory levels of internal 
consistency, with CR values ranging from 0.89 to 0.93. Each construct also met the convergent 
validity criteria, with average variance extracted (AVE) values ranging from 0.67 to 0.78, 
surpassing the minimum benchmark of 0.50.  

 

Factor loadings across all measurement aspects were found to exceed the accepted cut-
off of 0.70, indicating high individual item reliability. Therefore, no items were excluded 
during the measurement evaluation process. The Self-Efficacy construct displayed particularly 
strong loadings, ranging from 0.86 to 0.91, while the Relationship and Work Environment 
constructs also reflected acceptable loadings, with the lowest at 0.70. These findings confirm 
that the measurement model meets the necessary standards for reliability and convergent 
validity, supporting its suitability for structural modelling. 
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Figure 1: Measurement Model 

 
Table 2: Reliability and Validity Analysis 

 
Variable Item Code Loading Construct Reliability and Validity 

   Cronbach’s 
Alpha 

CR AVE 

Self-Efficacy SE1 0.90 0.91 0.91 0.78 
SE2 0.91 
SE3 0.86 
SE4 0.87 

Professional 
Development 

PD1 0.85 0.90 0.93 0.77 
PD2 0.88 
PD3 0.92 
PD4 0.85 

Relationship R1 0.71 0.84 0.89 0.67 
R2 0.87 
R3 0.84 
R4 0.85 

Work 
Environment 

WE1 0.70 0.86 0.91 0.71 
WE2 0.88 
WE3 0.88 
WE4 0.89 

 
Discriminant validity was assessed using two parameters: the Fornell and Larcker 

criterion and a heterotrait-monotrait ratio (HTMT). The results in Table 3 confirmed that the 
bolded diagonal value for each variable (Self-efficacy, professional development, relationship 
and work environment) were higher than the correlation values between constructs (Fornell & 
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Larcker, 1981). Concerning the second criterion of discriminant validity, the HTMT ratio in 
Tables 3 and 4 demonstrates that all variables’ HTMT ratios were below the acceptable 
threshold of 0.85 and 0.90 (Ghasemy et al., 2020; Hair et al., 2021), indicating no discriminant 
validity issues. 

 
Table 2: Fornell and Larcker criterion 

 
 Professional 

Development Relationship Self-
Efficacy 

Work 
Environment 

Professional 
Development  0.88     

Relationship  0.68  0.91    
Self-Efficacy  0.64  0.76  0.88   
Work 
Environment  0.76  0.79  0.65  0.84  

 
Table 3: Heterotrait-monotrait ratio–HTMT 

 
 Professional 

Development Relationship Self-
Efficacy 

Work 
Environment 

Professional 
Development  

    

Relationship  0.77     
Self-Efficacy  0.70  0.87    
Work 
Environment  0.84  0.81  0.72   

 
The ranking analysis of workforce resilience highlights clear trends in how respondents 

prioritize different factors, as outlined in Table 4. Of the 67 valid responses, Work Environment 
emerged as the most highly ranked factor, accounting for 41.8% of valid responses. This 
suggests that participants perceive the physical and organizational conditions of their 
workplace as the most significant factor affecting their performance or attitudes. The 
prominence of the work environment aligns with existing literature emphasizing its critical role 
in fostering motivation, engagement, and job satisfaction (Davis et al., 2011). 

 
Self-efficacy was the second most prioritized factor, accounting for 28.4% of the valid 

responses. This suggests that a notable number of respondents recognize the value of their 
perceived competence and capability in achieving work-related outcomes, supporting 
Bandura’s (1997) theory on self-efficacy as a key predictor of performance and persistence.  

 
Relationship factors—such as interactions with colleagues or supervisors—were ranked 

third, garnering 17.9% of responses. This reflects a moderate yet meaningful emphasis on the 
social and collaborative elements of the workplace. Lastly, Professional Development ranked 
lowest, with just 11.9% of responses, indicating that while it is acknowledged, it may be viewed 
as a less pressing concern compared to more immediate structural and psychological factors.  
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Table 4: Ranking Analysis 
 

 Frequency Percent 
Work Environment 28 41.8 
Self-efficacy 19 28.4 
Relationship 12 17.9 
Professional 
Development 

8 11.9 

Total 67 100.0 
 
 
4.0 DISCUSSION  
 
Finding 1: Self-efficacy opinion from respondents 
 

Figure 2: Self-Efficacy opinion from respondents 
 

Among the Self-efficacy themes, Figure 2 clearly illustrates that Emotional 
Intelligence & Self-Regulation is the most prominent, accounting for 20% of the responses, 
followed by Teaching Experience & Instructional Ability (14.5%) and Digital Literacy & 
Tech Adaptation (12.7%). 

 
The responses shared offer a rich and multifaceted understanding of self-efficacy 

among educators, highlighting both internal attributes and external competencies that 
strengthen their confidence in fulfilling their professional roles effectively. The analysis shows 
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that educators’ self-efficacy is deeply rooted in a combination of emotional resilience, digital 
literacy, hands-on teaching experience, and a clear sense of purpose. Institutions should 
consider these factors in designing training and support initiatives to better equip educators, 
particularly in adapting to rapid changes and sustaining high levels of performance and 
engagement. 
 
Finding 2: The opinion of respondents about the role of relationship in supporting 
educator resilience and motivation 
 

The analysis of qualitative responses from educators reveals a strong consensus on the vital 
role of personal and work relationships in fostering resilience and sustaining motivation within 
the teaching profession. This theme stood out as a major contributor to emotional well-being, 
job satisfaction, and the capacity to navigate work-related challenges effectively. 

i. Strong Consensus on Importance: The majority of respondents emphasized that 
maintaining positive personal and work relationships is very important or essential to their 
ability to remain motivated and resilient. These relationships—particularly with family, 
close friends, colleagues, and administrative leaders—were viewed as foundational to a 
supportive work environment. Respondents used phrases such as “most important,” 
“supportive,” and “give motivation” to describe the intrinsic value of this emotional and 
professional support. 

ii. Emotional Support Enhances Motivation: Respondents consistently reported that 
emotional support from personal and professional relationships plays a key role in 
alleviating burnout and stress, boosting morale and sense of purpose, and maintaining long-
term motivation amidst workplace demands. As one respondent noted, “support from 
colleagues, students and family can give motivation, reduce stress, and help me become 
stronger to face any challenges”. 

iii. The Role of Work-Life Balance: Educators also highlighted the importance of 
maintaining a healthy work-life balance to retain motivation. Spending time with loved 
ones and engaging in personal activities helps replenish emotional energy, contributing to 
improved classroom presence and focus. This suggests that institutions should promote 
practices that support a balanced lifestyle for their staff. For example, one respondent 
expressed, “spending time with our beloved person helps me to release stress and I feel 
recharged and refreshed when entering the classroom the next day”. 

iv. Building a Positive Work Culture: Positive workplace relationships were associated with 
collaborative teamwork, collective problem-solving, and transparent communication. 
These aspects were seen as crucial in nurturing a professional culture where educators feel 
appreciated, less isolated, and empowered when facing challenges. 

v. Boundaries and Professionalism: While the majority of responses emphasized the 
benefits of personal and professional connections, a smaller portion (approximately 10%) 
highlighted the need to distinguish between the two. This group advocated for maintaining 
professional boundaries to avoid interpersonal conflicts, preserve productivity, and uphold 
reputational standards. As one respondent stated, “Personal relationships should not 
influence our work performance”. 
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Finding 3: The Influence of Work Environment on Educator Resilience 

Analysis of respondents’ reflections reveals that a positive, supportive, and well-structured 
work environment plays a critical role in enhancing educators’ resilience. The following 
emerged as key themes, identified through the frequency and richness of the responses: 

i. Strong consensus on Importance: Most respondents explicitly stated that a positive work 
environment is critical in maintaining their motivation, mental well-being, and dedication 
to their teaching roles. As one respondent shared, ”A positive working environment is 
crucial in building my resilience. It helps me to become more enthusiastic, persevere, and 
able to face challenges in a calm way. 

ii. Elements of a Positive Work Environment: Several factors were identified to be essential 
in fostering resilience in the work environment. These include Empathetic and Supportive 
Leadership, as most of the respondents emphasized that leaders who have empathy and 
understanding of their staff challenges, offer emotional support, and acknowledge their 
efforts, help to foster educator resilience, as well as encourage professional growth. 
However, there were concerns on fairness, equity, and non-toxic culture at the workplace 
as several respondents voiced concern about favouritism, office politics, and bureaucracy, 
which can reduce morale and increase stress. Access to clean, safe, and well-equipped 
workspaces, along with wellness initiatives, was regarded as crucial to sustaining long-term 
performance and resilience. 

iii. Impact on Motivation, Productivity, and Emotional Health: Positive Impact: 
Respondents noted that a supportive work environment enhances job satisfaction, boosts 
energy, and helps maintain emotional stability. One shared, “A good work environment 
gives us space to learn, to grow and even if we fail, they will support us until we rise again.” 
In contrast, for Negative Impact: Toxic or unsupportive work settings were linked to 
burnout, intentions to resign or early retirement, and diminished teaching effectiveness. As 
one respondent put it, “A hostile/negative work environment can affect an educator's 
resilience negatively.” 

iv. Work Environment as a Resilience-Building Ecosystem: Respondents described the 
workplace as a "systemic support structure", encompassing leadership, peer support, 
facilities, emotional encouragement, and policy. These aspects collectively shape how 
educators cope with professional challenges. One respondent explained, “A Positive work 
environment builds resilience by fostering a sense of belonging, support, and motivation, 
which helps me stay engaged and overcome challenges more effectively.” 

v. Calls for Improvement: While many appreciated positive aspects in their current 
institutions, several expressed urgent needs for more autonomy and reduced 
micromanagement, as well as more attainable expectations from higher management. They 
emphasized the importance of timely access to resources and infrastructure, as well as a 
desire for leaders to show more empathy and involve educators in decision-making 
processes. 

 
  

143 
SDC2025

11th Sustainable Development Conference, 15th - 17th of July 2025 - Bangkok, Thailand 
SDC Proceedings 2025                        ISBN-978-86-83004-05-8



Finding 4: The Role of Professional Development in Building Educator Resilience 
 

The data confirms that professional development is essential for enhancing resilience 
among educators, enabling them to address evolving challenges in pedagogy, technology, 
emotional well-being, and institutional expectations. Participants expressed this through 
themes of skill enhancement, emotional support, motivation, spiritual purpose, and recognition. 
 

i. Knowledge and Skill Empowerment: Educators associate professional development with 
strengthening their expertise, particularly in areas such as digital tools, pedagogical 
strategies, and classroom management. This upskilling increases their confidence and 
readiness to handle dynamic teaching environments. 
 

ii. Resilience Through Emotional and Mental Well-being: Numerous educators noted that 
professional development helps them develop coping strategies, manage stress, and adapt 
to change, particularly when integrated with reflective practices and peer support. 

 
iii. Spiritual and Ethical Motivation: A number of respondents cited spiritual beliefs and 

ethical commitments as key motivators for engaging in professional development. For 
them, growth is not merely about external achievements but also about fulfilling personal 
values and seeking spiritual enrichment. 
 

iv. Support Systems and Collaboration: Educators regarded professional development as a 
vital avenue for promoting collaboration, fostering peer-to-peer engagement, and 
exchanging best practices across institutions. These shared learning experiences help 
mitigate isolation and foster a sense of belonging. 

 
v.  Recognition, Equity, and Reward: Numerous respondents expressed concerns regarding 

unequal opportunities to professional development and delayed career advancement, 
particularly in contrast to their private sector counterparts. They argued that unfair reward 
systems can demotivate staff and limit the long-term benefits of such programs. 

 
vi. Personal Growth & Career Trajectory: Professional development is seen as both a tool 

for upgrading competencies and a stepping stone toward career advancement and personal 
growth. They also highlighted the importance of well-defined and transparent promotion 
pathways. 

 
vii. Adaptability to Change: Educators who can effectively manage technological 

advancements in education are well-prepared to meet the current needs of the education 
system. Some have expressed feelings of being overwhelmed by the rapid pace of 
technological changes and shifts in curriculum. Continuous professional development is 
identified as the key factor for staying up to date, adaptability, and confidence in a rapidly 
evolving academic landscape. 
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5.0 CONCLUSION  

The resilience of educators is significantly influenced by four interrelated factors: self-
efficacy, positive relationships, a supportive work environment, and continuous professional 
development. Self-efficacy boosts educators' confidence in managing challenges and staying 
motivated. Strong positive relationships offer emotional and social support that enhances 
coping mechanisms. A nurturing work atmosphere enhances well-being, productivity, and job 
fulfilment, while continuous professional growth ensures that educators remain skilled, 
flexible, and creative. The combined support of these aspects creates a solid foundation that 
allows educators to sustain their commitment, motivation, and resilience amidst the evolving 
demands of the education sector. 

Organizations aiming to improve workforce resilience should focus on optimizing the 
work environment by cultivating supportive frameworks, allocating adequate resources, and 
designing a positive organizational culture. Simultaneously, improving employee self-efficacy 
through initiatives that build confidence and promote positive working relationships can further 
enhance resilience. While professional development may not always be in the spotlight, it is 
essential and should not be overlooked, as ongoing skill improvement is crucial to sustaining 
adaptability. Future studies could delve into industry-specific factors to enrich these insights. 
Nonetheless, this outcome strengthens the study's contributions and offers practical 
recommendations, ensuring relevance in both academic and real-world contexts. 

Recommendations for institutions and policymakers include several key strategies. 
Firstly, professional development should be integrated into institutional Key Performance 
Indicators (KPIs), making it a measurable and ongoing aspect of performance rather than a 
one-time effort. Secondly, higher management must strike a balance between external & 
intrinsic motivation by offering not only certificates, but also meaningful growth opportunities 
that align with educators’ values. Moreover, establishing Peer-Led Learning Communities can 
harness internal expertise across departments to promote mentoring and coaching. Professional 
development programs should also be tailored to the specific, timely, and contextual needs of 
educators, taking into account their experience levels and subject areas. Finally, to build a 
resilient workforce among educators, higher management should establish transparent reward 
and progression frameworks directly linked to participation in professional development and 
its demonstrated impact. 
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