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Abstract of the thesis

Safe sanitation, recognized as a fundamental human right, remains a critical global challenge
despite advancements in infrastructure and awareness campaigns since the 1800s. The
interconnected issues of recycling, waste management, and sanitation have far-reaching
consequences, particularly in urban and peri-urban areas where over 50% of the world's
population resides. Recent data from the Joint Monitoring Programme indicates that over a
third of the global population lacks improved sanitation facilities. Comprehensive strategies
are urgently needed to address these challenges, integrating safe sanitation provision, recycling
practices, and efficient waste management systems. Understanding public attitudes and
behaviours towards these issues is crucial for formulating effective policies and interventions.
This comprehensive study, hence, examines the critical intersections of community sanitation,
waste management, and sustainable development. It initially emphasizes the importance of
sanitation infrastructure for public health, highlighting persistent challenges despite initiatives
like India's Swachh Bharat Abhiyan. The research identifies a high sense of entitlement as a
key factor inhibiting toilet and public welfare scheme usage, proposing hydrochar-producing
toilets as an innovative solution. The study employs the Theory of Planned Behaviour (TPB)
to analyse citizens' intentions regarding hydrochar sanitation systems and utilizes cross-table
analysis (CTA) to elucidate complex relationships among environmental variables, human
behaviour, and sewage management. Visibility of behaviours emerges as a prominent factor
influencing community actions through peer influence. In contrast, as per the existing literature,
recycling intention is still low. The research, hence, extends its analysis to municipal solid
waste, applying TPB and CTA to examine hydrochar acceptance from this source. This holistic
approach offers valuable insights for policymakers to refine regulations and foster sustainable

practices, ultimately exploring innovative solutions for a healthier, more sustainable future.



Keywords: Swachh Bharat Abhiyan, Qualitative and Quantitative survey, Data Analysis,
Theory of Planned Behaviour, Structural Equation Modelling, Chi-square test, Cross table
analysis, Sense of Entitlement, Visibility of Behaviour, Safe sanitation services, Hydrochar

acceptance.
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Chapter 1

Urgency of Comprehensive Strategies in Recycling, Waste Management,

and Safe Sanitation in developing and underdeveloped countries

1. Introduction

Safe sanitation is a fundamental human right. There have been advancements in sanitation
infrastructure and awareness campaigns since the 1800s, yet open defecation remains a
pressing issue in many parts of the world (McMichael, 2018; Zuin et al., 2019). This, including
the issues of recycling, waste management, and safe sanitation have emerged as critical global
challenges with far-reaching consequences (Abanyie et al., 2022a). Acknowledging the fact
that more than 50% of the world’s population is located in urban and peri-urban areas (Simon,
2008), many of these areas lack access to clean water and sanitation needed to ensure proper
health and well-being (Moe and Rheingans, 2006). A report by the Joint Monitoring
Programme (JMP) indicates that more than 10% and over a third of the world’s population lack
access to potable drinking water and improved and adequate sanitation facilities respectively
(UNICEF, 2024). As populations have grown rapidly and urbanization has accelerated, the
strain on existing waste disposal systems has been intensified, demanding innovative and
sustainable solutions. Despite efforts on promoting toilet usage, and existing studies on
recycling, waste management, and sanitation, there is a need to explore the interconnected
facets of recycling, waste management, and safe sanitation as a collective global predicament,

emphasizing the need for comprehensive strategies to address these challenges.

Recycling, waste management, and safe sanitation are interwoven elements crucial for

maintaining public health, environmental sustainability, and social well-being. According



to UNICEF (2017), globally, about 2 billion people lack basic sanitation facilities (UNICEF,
2017). WHO (2021) revealed that in developing countries, the proportion of people lacking
access to improved sanitation and drinking water is substantially higher (UNICEF and WHO,
2021). For instance, in sub-Saharan Africa, 70% of people respectively lacked access to
sanitation facilities. In Ghana, for instance, only 18% of the country’s population has access to
sanitation (Abanyie et al., 2022b). These deficiencies in the water, sanitation, and hygiene
(WASH) sector impose tremendous financial, health, and environmental costs on developing

countries and their inhabitants (UNICEF, 2017).

The improper disposal of human waste not only pollutes the environment but also poses severe
health risks, particularly in areas lacking proper sanitation infrastructure. A study by Priss-
Ustin et al., (2014), reported that out of the 842,000 global deaths due to diarrheal disease,
280,000 were due to inadequate sanitation. Improved water supply and sanitation provide
individuals with increased comfort, safety, dignity, status, and convenience, and also have
broader effects on the living environment (Hutton and Chase, 2017). Consequently, addressing
these issues requires a holistic approach integrating the provision of safe sanitation facilities,
recycling practices, and efficient waste management systems. In addition, understanding public
attitudes and behaviours toward recycling, waste management, and sanitation is integral to
formulating effective policies and interventions (Babaei et al., 2015). Public opinion research,
as highlighted by Glynn and Huge (2008), is a valuable tool in this endeavour (Glynn and
Huge, 2008). By engaging with direct beneficiaries and local communities, such research

provides insights into the perspectives that shape waste disposal habits and sanitation practices.

Moreover, cross-table analysis (CTA), a statistical technique discussed by Agresti (2018),
becomes instrumental in unravelling the complex relationships among variables such as
demographics, behaviour towards public welfare schemes (PWS), financial willingness for
toilet construction, and product preferences (Agresti, 2018). This study, hence, delves into two

2



critical aspects that intersect in the pursuit of healthier and more sustainable communities. The
first part explores the ongoing challenges in community sanitation, specifically in the slum
areas of Jaipur, India, while the second part addresses a solution by tapping into the sense of
entitlement prevalent in the community. This is done by introducing hydrochar, a bio-based
product used as a fuel or soil additive, which caters to the mounting issue of sewage treatment
and municipal solid waste (MSW) and the potential solution through hydrothermal

carbonisation (HTC) in the same region.

2. Research objectives

Sanitation and recycling are interwoven and to address the issues, a multidisciplinary approach
is required. This study, hence, aims to cater to the following three major research objectives,

and four additional minor objectives:

1. To understand public perception and attitudes towards sanitation practices,

particularly in slum areas of Jaipur, India.

2. To explore the possibilities of adaptation of hydrochar derived from in-situ sewage

sludge (SS) as a sustainable energy source to tap the sense of entitlement.

3. To explore the possibilities of adaptation of hydrochar derived from municipal solid

waste (MSW).

Additionally, this thesis also answers the following minor objectives, results that were found

while finding answers to the above questions.

4. To assess the impact of Swachh Bharat Abhiyan (SBA) on community sanitation, and to
explore the persistence of open defecation in slum areas despite the successful implementation

of SBA through an on-site qualitative survey.



5. To contribute to the understanding of factors influencing public perception and behaviour

related to sanitation, aligning with the United Nations' SDG 6.2.

6. To evaluate the level of citizen engagement in recycling initiatives, with a focus on the low
adoption of recycling practices and the potential of SS and MSW-derived hydrochar (HSS and

HMSW, respectively);

7. To provide insights to aid policymakers in developing policies and carbon emission
abatement (CEA) programs to improve sustainability, considering citizen motivations for

recycling MSW.

3. The flow of the thesis

This comprehensive study delves into the critical intersections of community sanitation, waste
management, and sustainable development. This study initially focuses on the importance of
sanitation infrastructure for public health, it highlights the challenges persisting in certain areas
despite initiatives like the SBA in India. Transitioning to a broader environmental perspective,
this study finds that one of the main reasons for the communities not using the toilets or the
PWS is the high sense of entitlement, and hence proposes toilets that produce hydrochar as a
transformative solution. The connection between sanitation and waste management is crucial.
This highlights how these issues are linked together, and so the discussion extends to the
adoption of hydrochar from SS. The final segment introduces the TPB to analyse citizens'
intentions in using HSS. The study then employs CTA additionally to unravel the complex
relationship between environmental variables, human behaviour, and sewage management,
offering insights for policymakers to refine regulations and foster sustainable practices. After
studying TPB and CTA on SS, the study finds the visibility of behaviours as one of the

prominent reasons for the community getting influenced by their peers. Tapping onto this



visibility of behaviour, this study extends to MSW and performs TPB and CTA on hydrochar
made from MSW and its acceptance. Overall, the research provides a holistic understanding of
the challenges faced by communities and explores innovative solutions for a healthier, more
sustainable future. Below is the flow chart of the proposed study (Figure 1), followed by the

distribution of this study chapter-wise.

The flow of the thesis:

Chapter 1 Chapter 4

Chapter 3
Introduction P

Expanding the theory of
planned behaviour for
municipal solid waste

1
:
1 .
recyclin

Chapter 2 i yeine
Understanding the — |
knowledge gap for the o
acceptance of |
community sanitation N

welfare schemes T Chapter 5

Navigating through th i
avigating throug e Conciusion

sense of entitlement to
promote in-situ
hydrochar acceptance

Figure 1: Proposed flow of the thesis

Chapter 1, the current chapter, emphasizes the need to conduct this study. It also discusses the

significance of this study and provides insights on the further distribution of chapters.

Chapter 2, titled “Understanding the knowledge gap for the acceptance of community
sanitation welfare schemes”, discusses a sociological survey to gather the thoughts and
perceptions of residents in the slum areas of Jaipur to understand factors that influence public
and consumer perceptions of toilets. Through improved communication and involvement,

addressing public issues has encouraged more productive public dialogue and helped to



strengthen public confidence and trust. The data acquired is further investigated to study the
relationships between variables such as demographics, behaviour towards public welfare
schemes, enthusiasm to pay money for toilet building, and product preferences. This chapter,
interestingly, points out that the community has a high sense of entitlement, often defined as a
sense of deservingness or being owed a favour when little or nothing has been done to deserve
special treatment, and this is one of the many unreported reasons which is making a community

does not avail of the benefits of a PWS.

Chapter 3, titled “Navigating through the sense of entitlement to promote in-situ hydrochar
acceptance” transitions from the result of Chapter 2, i.e., identification of the high sense of
entitlement and how to tap into the sense of entitlement. It is proposed that to tap into this
virtue, something should be introduced to lure people to keep using the product. Hence, the
concept of toilets producing in-house hydrochar, a fairly new technology, is introduced. This
chapter then discusses how hydrochar, an energy product, made from sewage can be accepted
by the local people as a solution to cater to the overburdened sewage treatment plants and
improper sanitation. An extensive literature review on the process of making hydrochar from
sewage and the technology used by those hydrochar-producing toilets is followed by the study
of TPB to pinpoint the psychological variables affecting people’s intentions and behaviours on
the same. As the TPB illuminated the psychological determinants influencing human
behaviour, laying the foundation for an in-depth discourse on the motivations driving recycling
efforts, this chapter additionally incorporates CTA to unravel the intricate relationships among
various variables, providing valuable insights into the multifaceted factors influencing human
behaviour within the sewage management paradigm. It was noted that social norms (SN) have
the highest influence on people’s intention (IN) to use hydrochar made from SS. This gives

rise to another question, if SN has the highest influence on the intention to use hydrochar, a



form of recycling, why is the adaptation of recycling still low worldwide, leading to the need

for further exploration in Chapter 4.

Chapter 4, titled “Expanding the Theory of planned behaviour for municipal solid waste
recycling”, delves further into overall waste management, and is not just confined to sewage
management. Similar to Chapter 3, it incorporates TPB to gauge the acceptance of hydrochar,
specifically from MSW, and conducts CTA additionally on the prominent issues and items for
the hydrochar made from MSW. Significantly, it discusses the reasons why SN is greater than

SS recycling than MSW recycling.

Chapter 5, the last chapter, discusses the limitations of this study, further possible expansion

of this study, and applications of this work done during the doctorate study.

4. Significance of the study

The significance of the study highlights the benefits that are expected to accrue after the study
is completed. The significance can be looked at from two perspectives, academic perspective

and practical perspective.

4.1. Academic perspective

The academic significance entails how the study would contribute to the existing body of

knowledge on the said topic, as mentioned below.

4.1.1. Methodological Contribution

Several studies have introduced innovative methodologies and refined existing ones in the
study of recycling, waste management, and sanitation. This study would involve novel
approaches to data collection as per both qualitative and quantitative surveys, statistical

analysis, and survey designs, enhancing the toolkit available to researchers in the field.



4.1.2. Generation of New Data

This research provides new and updated data, filling gaps in the existing knowledge. This
includes insights into current global trends, regional disparities, or specific challenges faced by
communities, in particular low-income groups and middle-class groups in developing countries

like India. New data is crucial for policy-making and future research endeavours.

4.1.3. Validation or Refutation of Previous Findings

Studies may validate or refute previous findings, contributing to the ongoing dialogue within
the academic community. This iterative process is vital for refining understanding and ensuring

the reliability of research outcomes.

4.1.4. Policy Implications

Academic significance has direct implications for policymaking. Research findings are
expected to inform the development of effective policies and interventions that contribute to

the practical application of academic knowledge in real-world scenarios.

4.2. Practical perspective

The practical significance of the study would be the impact and benefits that different

stakeholders would derive from the findings of the study, as discussed below.

4.2.1. Global Implications and Challenges

The magnitude of the recycling, waste management, and sanitation challenge extends beyond
national borders, making it a global concern. Developing and underdeveloped countries grapple
with inadequate infrastructure, limited resources, and a lack of awareness, exacerbating the
problem. Conversely, even in developed nations, issues like electronic waste and single-use
plastics contribute to the global crisis (Nandy et al., 2022; Ortiz et al., 2020). Bridging the gap
between nations and fostering international collaboration is essential to implement effective

solutions.



4.2.2. Policy Interventions and Government Schemes

Government initiatives are vital to address the global problem of recycling, waste management,
and safe sanitation. Implementing and enforcing robust waste management policies, investing
in infrastructure, and promoting sustainable practices are necessary steps. The findings from
public opinion research and the CTA will inform the design and implementation of government
schemes, ensuring that they align with the actual needs and perceptions of the communities

they aim to serve.

4.2.3. Educational Initiatives and Community Engagement

An informed and engaged community is essential for the success of any recycling, waste
management, and sanitation initiative. Educational programs that raise awareness about the
environmental impact of improper waste disposal, the benefits of recycling, and the importance
of safe sanitation practices can foster a culture of responsibility. Community engagement
ensures that the public becomes an active participant in sustainable waste management efforts,
promoting a sense of ownership and accountability. Recycling, waste management, and safe
sanitation represent a global challenge that demands urgent and concerted efforts. Public
opinion research, CTA, technological innovations, and government policies are crucial
components of a comprehensive strategy to tackle these issues. As the complexities of waste
management and sanitation are navigated on a global scale, it is imperative to prioritize
inclusivity, considerate policy design, and the empowerment of communities to create a

sustainable and healthier future for all.

Ethical Considerations and due permissions

The survey data utilized in this research paper is of a confidential nature and cannot be shared

with external parties due to privacy and ethical considerations. The survey and the data



collection were approved by the Human Subject Ethics Review Committee of the Tokyo

Institute of Technology through permit number 2023118 on August 7, 2023.
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Chapter 2

Understanding the knowledge gap for the acceptance of community

sanitation welfare schemes

1. Introduction

Community sanitation is a prerequisite for healthy societies. It relates to public health issues
such as safe drinking water, as well as the treatment and disposal of excreta. Sanitation systems
are designed to preserve human health by creating a clean environment that prevents disease
transmission, mainly via the faecal-oral pathway. This has evolved into a way of life, despite
its origins as a means of achieving preventive health-related problems. The principle of
sanitation is to transfer all decomposable matter, solid waste, liquid, and gaseous waste from
dwellings immediately after production to a designated waste treatment facility. In this sense,
a country's sanitary infrastructure development potentially serves as a sensitive indicator of
economic growth. While potable drinking water is essential in providing environmental
engineering services, the importance of an up-to-date sewerage system cannot be overlooked.
It cannot be allowed to fall behind, as all of the water used by the community must flow back
as excreta loaded with the waste of community living unless adequately collected, treated, and

disposed of; this would create serious water pollution problems (Herbig, 2019; Jin et al., 2014).

Poor sanitation can cause water pollution problems, and it is an important issue in developing
countries (Montgomery & Elimelech, 2007; Tilley et al., 2013). Though around $114 billion
per year is spent on sanitation services (The World bank, 2015), still, worldwide, an estimated
2.6 billion people live without satisfactory sanitation services (Lee & Bellamy, 2004). In India,

during the 1980s, the rural sanitation coverage was estimated to be 1% (UNICEF, 2018, p. 6).
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Since 1980, various government programs at the central government, state government, and
local municipality levels have resulted in rapid improvements in sanitation and drinking water
delivery (UNICEF, 2018, p. 6). Swachh Bharat Abhiyan (SBA), also known as the Swachh
Bharat Mission or Clean India Initiative is one such attempt to address the sanitation problems
faced by communities in India (National Informatics Centre Government of India, 2022). It is
a country-wide campaign initiated by the government of India in 2014 to eliminate open
defaecation and improve solid waste management. The campaign aims to achieve an "open-
defaecation-free" country by constructing community toilets. This campaign was divided into

several phases, wherein the first phase was completed in October 2019.

Under the SBA, the first phase included eradication of manual scavenging, generating
awareness, and bringing about behavioural change regarding sanitation practices, and
augmentation of capacity at the local level. Though this campaign has achieved its target to a
greater extent (Aggarwal, 2021; Curtis, 2019; Geruso & Spears, 2018; Hutton et al., 2018),
open defaecation in slum areas remains prominent(Aggarwal, 2021). In the country, about 67%
of rural and 12% of urban households still practice open defaecation (Chaudhuri & Roy, 2017)-
Despite the successful implementation of SBA, local populations still use manual scavenging
and open defaecation. In the 1800s, manual scavenging and open defaecation were mainly due
to the caste system (Singh, 2016). The caste system was banned in 1950, but open defaecation
is still prevalent. In addition, recent studies have shown that the rural sanitation sector in India
is marked by intense spatial inequality and heterogeneity (Chaudhuri et al., 2018; Chaudhuri
& Roy, 2017). There have been studies and opinions in academia on what it will take for people
to actually use government-subsidized toilets (Diane Coffey et al., 2024; Sriroop Chaudhuri &
Mimi Roy, 2018). The reasons for this can be understood through public opinion research,
which includes target interviews with the direct beneficiaries and the local communities, and

by understanding their perspectives. Public opinion research, including highly structured
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laboratory exercises and observation of people's behaviour, aids in identifying the information
needed to address organisational and service issues. It helps in weighing public perception on
a specific issue, such as when government contractors call to inquire about access to healthcare
or social services, or when there is a need to understand why a community is not using toilets.
A survey study also helps in understanding prevalent societal issues, such as problems incurred

during the construction of a toilet and the implementation of a government scheme.

In the past, similar contingent valuation surveys have been used to investigate the main
variables of excreta reuse, such as water conservation, health and environmental benefits,
hesitancy to use wastewater, treatment costs, religious restriction, education, and awareness
level (Guo et al., 2012; Kantanoleon et al., 2007; Marks, 2006; Nassar et al., 2009). These
conclusive elements determine whether a wastewater-reuse project will succeed or fail. For
example, a study found that the water, sanitation, and hygiene (WASH) practices among the
tribal population of Tamil Nadu, India are not acceptable (Saha et al., 2020). Similarly, on a
global scale, in a study by Kantanoleon et al. (2007), a questionnaire was sent to the parents of
high school students in Chalkida City, to gauge public opinion on wastewater reuse. The results
indicated that the public was optimistic about the industrial application of wastewater reuse
(76%) (Kantanoleon et al., 2007). In a similar study by Marks (2006) food-related uses, such
as animal crops and vegetable cultivations, were discussed. In the survey conducted in the
United States (47—-74% public acceptability) and Australia (> 95% public acceptability), the
public expressed strong support for wastewater reuse in industrial sectors, public parks, school
grounds, and golf course irrigation (Marks, 2006). However, the public's main concern was
potential health problems associated with recycled water (Kantanoleon et al., 2007; Marks,
2006). The findings revealed that environmental and socio-economic factors play a significant
role in excreta reuse applications (Jasim et al., 2016; Kumar et al., 2017). Sharing relevant

information, on the other hand, can improve public support for the reuse ideas (Al-Khatib et
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al., 2015; Hartley, 2006). Therefore, efforts should be made to encourage broader thinking

among the public for the reuse of excreta (Smith et al., 2018).

Through improved communication and involvement, addressing public issues can encourage
more productive public dialogue and help to strengthen public confidence and trust. For this
reason, the public's perspective was studied to determine people's willingness to reuse treated
excreta, and their attitude towards basic hygiene. Consequently, this research adds to recent
data on public attitude towards an ongoing public welfare scheme (PWS). In this light, this
study conducted a sociological survey to gather the thoughts and perceptions of residents in the
slum areas of Jaipur to better understand factors that influence public and consumer perception.
To further investigate the relationships between variables such as demographics, behaviour
towards the PWS, enthusiasm to pay money for toilet building and product preferences, cross-
table analysis has been conducted. A cross-table analysis (CTA) is a statistical technique used
to examine the connection between two or more categorical variables (Agresti, 2018). The
analysis comprises a table detailing the percentage or frequency of observations for each group
of the variables under consideration. The final table is referred to as a cross-tabulation or a
contingency table which enables spotting patterns and connections between the variables by
demonstrating how the categories of one variable relate to the categories of another variable
(Agresti, 2018). CTA is a commonly used method in public health and environmental research.
In Ghana, a study applying the CTA to examine disease transmission and the separation
between homes and final disposal sites revealed that people living closer to open dump sites
were more likely to contract related illnesses like malaria and skin infections (Suleman et al.,
2015). Similarly, the outcomes of this study can be applied to design public benefit schemes in
many developing countries around the world. This survey, thus, aims to assist in decision-
making regarding tax money allocation by reflecting public concerns, views, and values. In

addition, this study also aims to contribute towards target 6.2 of the Sustainable Development
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Goals Number 6 established by the United Nations in 2015 (Global Indicator Framework for
the Sustainable Development Goals and Targets of the 2030 Agenda for Sustainable

Development, 2017).

2. Materials and methods

The study has been narrowed down to the Kho Nagorian slum area in the city of Jaipur. Home
to around four million residents (World Population Review, 2023), Jaipur is widely celebrated
as a famous tourist spot and is a UNESCO World Heritage City. This section discusses the
sanitation issues in Jaipur and the approach and methodology of the citizen survey used in this

study.

2.1. Study area

Jaipur is the capital and largest city of the Indian state of Rajasthan. The city is 268 kilometres
(167 miles) from New Delhi, the national capital of the country. Jaipur is situated at a latitude
of 26° 55' N and a longitude of 75° 49' E, whereas its municipal limit stretches from 26° 46' N
latitude to 27° 01' N latitude, and from 75° 37" E longitude to 76° 57' E longitude (Figure 2).
The area of study is a “kasba” or locality known as Kho Nagorian which is located at about 13
km SE of the walled city of Jaipur (Figure 3). This area is dominated by an uneducated class,

mostly unskilled labour.

The daily solid waste generation in Jaipur is almost 1100 MT (metric tonnes)/day (Olivier et
al., 2011). In Jaipur, around 200-250 MT is left on the streets and highways, implying an overall
lifting efficiency of around 80%. The per capita solid waste creation per day is roughly 350
grams, equating to 1.75 kg per day for a family of almost five (Olivier et al., 2011). The lack
of a community garbage collection facility in slums is a common sight wherein slum residents

dump their rubbish near their residential areas (Kumar et al., 2018; Nandwana & Chhipa,

17



2014). Due to the onset of SBA, these sites have drastically improved, though there is a long
way to complete transformation (Mathur et al., 2019). Despite efforts, some areas in old Jaipur
face overflowing garbage cans and indiscriminate dumping (Times News Network, 2021).
Burning of waste leads to thick smoke on roads. Many drains and sewers near Mother Dairy,
Bais Godam, Durgapura and Pratapnagar remain blocked due to improper waste disposal
(Kumar et al., 2018; Nandwana & Chhipa, 2014). The lack of convenient excreta disposal

facilities and their treatment in less developed areas, including the slum area of the Kho

Nagorian, encourage people to use neighbourhood open lands for defaecation.

Figure 2: Satellite imagery of Jaipur City (Rajasthan, India) marked under red-coloured

boundary (procured from Google Maps on 13 January 2022)
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Figure 3: Satellite imagery of Kho Nagorian in Jaipur City marked as a red-coloured

indicator (procured from Google Maps on 13 January 2022)

2.2. Methodology

A collection of preliminary data was acquired using a qualitative survey in a low-income
community. After getting the public responses, trends in user behaviour were observed and

further CTA has been performed to analyse further relationships between the variables.

2.2.1. Collection of preliminary data

Residents' concerns regarding the success of the SBA and their attitude toward the sanitation
practices were collected through a qualitative survey and participatory appraisal. The
qualitative survey was performed per the Declaration of Helsinki and was approved by the
Human Subject Ethics Review Committee at the Tokyo Institute of Technology (permit
number 2023118). Informed consent was obtained from all the participants and/or their legal

guardian(s) (in cases where the participant was illiterate). The households were chosen
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randomly from the Kho Nagorian village so most of them do not have a toilet in their residences
as of November 2020. The responses were divided into two categories: households with and
households without toilets. A face-to-face random sampling among sixty households from
different parts of Kho Nagorian village was carried out, which included not only the men
(considered to be the head of the household) but also women. Out of the sixty households, eight

households were omitted due to verification problems.

Out of those remaining fifty-two households reported, fifteen households have toilets on their
premises. The rest, thirty-seven households, do not have access to a basic sanitation facility.
The questionnaire was designed in both English and Hindi, wherein Hindi is the language

spoken by individuals. Table 2.1 is the display of questions asked in the survey.

Table 2.1: Questionnaire in this study

Question Question

number

1 Why is the individual not using a toilet?

2 Where do the male members go for defaecation?

3 Where do the female members of the household go for defaecation?

4 Where do the kids of the household go for defaecation?

5 Does the individual face any problems due to not having a toilet facility?
What are they?

6 Does the individual think having a toilet can significantly improve

above mentioned problems? If no, then how?

7 Does the individual intend to pay more expenditure of money than the
government's aid for the construction of toilets if it exceeds the subsidy?

8 In case there is no money from the government would the individual
still construct a toilet at his/ her own expense?

9 According to the individual, how much money does it cost to construct

a toilet?
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10

11

12

13

14

15
16

What problems does the individual incur with/while constructing a
toilet?

How much money is the individual happily willing to pay for a good
toilet facility in your house?

What does the individual think of toilets which are low in cost and fast
to construct?

Would the individual be interested in constructing a fast (in some hours)
and easy-to-install toilet for his/ her family?

What material does the individual think toilets should be made of?
Where does the individual see advertisements for toilets?

What are the individual’s perceptions regarding using pit humus from
the toilet?

The following subjects were considered (refer to Appendix A for the detailed questionnaire):

Demographic information, including gender, age ranks, contact number and the number
of family members

Behavioural questions about the usage of toilets by family members

Issues faced while opting for open defaecation

The attitude of people towards the construction of a low-cost toilet

Awareness of people towards the SBA scheme

Willingness to use the pit humus obtained from treating the excreta from the toilet

Out of these fifty-two households, only two households practice the Hindu religion, while it

was noticed that the rest of the fifty households were Muslims. Each household had a distinct

contact number/ cellular phone number to maintain a unique identity. This did not allow the

repetition of answers from the same household. The said on-site survey was conducted in

November 2020, to determine public responses to the concept and application of the

construction of toilets and the attitude towards safe defaecation. Collected questionnaire forms
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were imported into Microsoft Excel for further analysis using statistical tools to develop

descriptive statistics.

2.2.2. Further investigation through CTA

CTA has been performed on the following cases:

To understand the trend between the awareness of how much the toilet building will
cost te the respondents and the enthusiasm to construct a toilet, a CTA has been
performed on Question 9 and Question 12. Question 9 tests the awareness of the
respondents and tells if the people are aware of the toilet building cost. Question 12

gauges enthusiasm in the toilet construction process.

Question 11 has been cross analysed with Question 16 to understand the trend between

investing in a facility, here, a toilet, and using it.

A CTA between Question 7 and Question 11 will help to understand the intricacies of
human consumer behaviour. Question 7 takes note of the hypothetical willingness to
pay for the toilets, and, on the other hand, Question 11 elucidate on the actual
willingness to pay money for a toilet building. A comparison between them would help
to understand if people would pay for the service in real, rather than hypothesizing it,

or if they might not want to pay in actuality, but end up paying nevertheless.

To deduce the efficacy of advertisements, Question 15 has been analysed across
Question 11 and Question 12. Question 15 tells if the respondents have come across an

advertisement related to sanitation and hygiene or not.
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3. Results and discussion

This section comprises a discussion of the demographic distribution of the study area. The
results of the survey are divided into three sections: (1) the existing attitude of the local
community towards defaecation and associated issues, (2) public trust in wastewater
management companies and government efforts in wastewater reuse, and (3) the opinions of
the local community on treated wastewater reuse. The results of the CTA have been discussed

afterward in four subsequent sections.

3.1. Demographic distribution

The demographic data of the respondents is presented in Table 2.2. Males made up 80.77% of
the responders, while females made up 19.23%. The average number of family members is
7.19. Such demographic data aid in defining the population composition, which is vital in
understanding acceptance and attitude towards the SBA and excreta reuse initiatives

investigated in this survey.

Table 2. 2: Demographic summary of the respondents

Attributes Distribution Units

Total number of valid entries 52 Individuals
Number of male respondents 42 Individuals
Number of female 10 Individuals
respondents

Age of oldest respondent 73 Years

Age of youngest respondent 30 Years

Average family size 7.19 family members
Lowest family size 3 family members
Highest family size 30 family members
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Kho Nagorian is a Muslim-dominated area. All the respondents come from the below poverty
line (BPL) families and are indulged in unclassified work, like being a porter on construction
sites, being a fruit or vegetable vendor, etc. High average family size is a typical characteristic
of low-income Muslim families, as mentioned by a study conducted by the Pew Research

Centre (Washington, D.C) in 2017 (Lipka & Hackett, 2017).

3.2. Existing attitude towards defaecation and issues faced

Question 1 to Question 5 in Appendix A deal with the existing attitude towards defaecation
and the issues associated with open defaecation. These questions were asked to thirty-seven

families with no existing toilets in their households. These families opted for open defaecation.

Figure B.1 in Appendix B shows that about 89% of the responses declared financial constraints,
and about two individuals opted for “other reason”. While one respondent could not argue the
said “other reason”, the other mentioned that the landlord did not provide a toilet in the
household. About 6% of the respondents, or two households preferred open defaecation due to

fresh air and open fields.

As far as places for the open defaecation is concerned, Figure B.2 in Appendix B compares the
preferred places for open defaecation. The respondents are categorized as males, females, and
kids. It is observed that there is a similar pattern in all three categories. Most respondents
preferred to defaecate in an open nallah (an open drain to allow rapid drainage of rainfall or
industrial wastewater.) The next preferred option for open defaecation is a nearby hill. The
other options are jungle, nearby agricultural lands, lush green lands, and open barren lands.
Regarding “other” responses recorded in the survey, one of the household chiefs was too old
to understand the questions posed to him, so his response was excluded. This is noted as
“others”. A lady has put in her response as a doongar, put in as the “other category”. A doongar

is a nearby hill in local language but has been put in the “others” category to maintain the
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validity of the responses in the survey. Two families did not report any kid in their households,
so their responses in question 4 have been marked under “others”. It is noted that though there
were community toilets, families did not use them. This might be due to the prominent two
reasons. One, the community toilet was not in their “dhani”, or neighbourhood, and two,

community toilets were poorly maintained.

In addition, there have been issues faced by the inhabitants while opting for open defaecation
which is shown in Figure B.3. Twenty-five households reported facing harassment from society
because of open defaecation. In addition, accounts of illness related to unhygienic practices
were reported. Additional responses included encounters with snakes and insects in the jungle
and nearby hills. Time constraints and a desire for privacy during defecation were reported as
well. The responses in the “others” category were that the children have pathogens in the
stomach, there were inconveniences during the rainy season, and potable water was scarce
onsite. A respondent said her impaired daughter defecates at home. Three households have

reported that they have no issues with open defaecation.

3.3. Public trust in the wastewater management company and institutions' efforts in

wastewater reuse

This argument is discussed in the context of Questions 10 and 15 to every household with or
without a toilet in their houses. The number of responses, henceforth, is fifty-two. This section
is further divided into two sections: understanding the problems incurred during toilet
construction including the public trust in the wastewater management company and

investigating the role of public institutions to influence the community's behaviour.
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3.3.1. Understanding the problems incurred during toilet construction and public trust

in the wastewater management company

Question 10 tries to understand the problems incurred during toilet construction, and the
responses are shown in Figure B.4 (Appendix B). Thirty-seven respondents felt that there is a
lack of funds and resources to construct a toilet. This is followed by a lack of conviction
towards the government officials and contractors that the said contractor might do a
substandard job while retaining a fraction of the money earmarked for purchasing materials for
construction, as shown in Figure B.4. Two respondents had no idea what it takes to construct
a toilet. Question 15 tests the awareness towards the SBA. About twenty-one individuals have
seen an advertisement in the government dispensary and eleven households have been
informed by their kids as the kids are being advised about toilets in their schools (Figure B.5).
Ten respondents have seen and heard about the toilets on cellular phones and televisions, and
six individuals have also seen advertisements on village walls. This number is higher than those
who have not seen or heard an advertisement about the SBA or the usefulness of toilets which
counts to twenty-four. This value does not indicate a complete absence of advertisements seen
within the respondent’s household. Rather, it illustrates that only the specific respondent has

not been exposed to any advertisement of toilet-building schemes.

3.3.2. Investigating the role of public institutions in influencing the community's
behaviour

Studies have shown that lower-income individuals hold stronger religious beliefs than their
higher-income counterparts (Role of Religiosity in the Lives of the Low-Income Population,
2009). In addition, places of worship can be a suitable setting to encourage public engagement
and spread ideas relating to health promotion (Ali, 2021). In developing countries, this trait of
a community can be used to influence the community's behaviour. Here, it is proposed that the

religious places of worship, mosques (as far as this study is concerned because 96% of
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respondents practice Islam), can be used to encourage hygienic practices and inform people

about government programmes in areas where technology is not readily available.

As far as SBA is concerned, the government's efforts are commendable (Hutton et al., 2018;
World Health Organisation, 2018). As per data, 89.9 million toilets were built after the launch
of SBA (Press trust of India, 2020; SBMG Phase-I1 Guidelines- Amendment to the Provisions
with Respect to Construction of Community Sanitary Complexes (CSCs) Reg., 2020).
Individuals are more aware of toilets, and hygienic practices and have seen the advertisements
of toilets at various places as compared to pre-2014 (Dasgupta, 2020; Jayalakshmi, 2019).
However, the local fieldwork and the policy-making should be continued to achieve zero cases

of open defaecation in these local communities.

3.4. Respondents’ choices and opinions on treated wastewater reuse

The following questions try to understand the choices and opinions of the respondents on the
reuse of treated wastewater; Questions 6, 7, 8, 9, 11, 12, 13, 14 and 16 in Appendix A. These
questions were asked to the households without toilets, hence the number of respondents in this

section is thirty-seven.

3.4.1. Respondents’ alignment with toilet adoption but reluctance to pay

Every respondent agreed that having a toilet in their household will elevate problems posed by
open defaecation, as a response to Question 6. Academically as well, district-level data for the
year 2011 shows the availability of toilets positively impacts the economic well-being of
women (Gius & Subramanian, 2015). In continuance, Question 7 points out that though every
respondent agrees that having a toilet is beneficial for their household, not every person wants
to contribute more than the government’s aid to construct toilets. Only twenty-seven out of
thirty-seven, approximately 73% of the respondents, agreed to participate and pay more than

the government aid to construct a toilet. When someone takes part in activities with others, like
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the SBA and building toilets, it means they are joining in society and showing others how to
do the same. Participating in social events makes one feel like the person is a valuable member
of society, giving a sense of purpose and belonging (Bergland, 2016). However, in response to
Question 8, when asked if the respondents would want to construct a toilet at their own expense,

all the respondents disagreed (thirty-seven respondents in total).

Question 9 tests the people's awareness towards the financial constraints of toilet construction,
as shown in Figure B.6 in Appendix B. Twenty respondents had no idea how much the
construction costs, followed by a range between 0 to 10000 INR by nine respondents. People's
attitude to willingly construct a toilet is discussed under the pretext of Question 11, and as
shown in Figure B.7. Twenty-seven out of thirty-seven respondents refused to pay anything for

toilet construction. The responders exhibited an attitude of entitlement.

3.4.2. Perceptions of Low-Cost Toilet Construction and Participation Intentions

Focus has been paid on people's attitudes towards the construction of a low-cost toilet and
whether people would participate in the construction process, which is done under the pretext
of Questions 12 and 13 (in Appendix A), respectively. About 78% (twenty-nine households)
of respondents were hopeful that a low-cost toilet was trustworthy and worked for them if
someone could provide a cheaper toilet facility. However, the remaining 22% (eight
households) were apprehensive of such a facility citing that such a low-cost toilet implies poor
quality as a response to Question 12. It was observed that not many individuals were passionate
about contributing towards toilet construction. For example, in response to Question 13,
twenty-eight out of thirty-seven respondents did not want to indulge in the toilet construction
process while only nine respondents expressed their desire to participate in the toilet

construction.
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3.4.3. Navigating the challenges of sense of entitlement

It was noticed that citizens have self-entitlement in a way that they believe every service should
be free of charge or available at no cost. In this study, people wanted to have a toilet in their
households, preferably under a government scheme but rarely wanted to either contribute or
help in the construction process. It is proposed that one way to deal with the sense of entitlement
is to add value to the services provided to the people. Ramit Sethi (2017) mentioned that people

value what they pay for (Sethi, 2017a, 2017b), so PWS should not be free.

Concerning this study, the sense of entitlement can be tapped to motivate people to make their
demands for hygiene from the governments and the stakeholders. Communities and citizens
can also be motivated through social campaigns (Withall et al., 2012). In this case, rather than
publishing only about the usage and the health benefits of a toilet by the government, the
government can also emphasize that people should have a right to have a toilet in their
households and that they should approach government offices for help in building a toilet in
their households. In that sense, when entitled individuals assess that they have a right to a

service, the citizens might actually make efforts to get their rights.

3.4.4. Acceptance probability of toilets based on construction materials

Question 14 assesses the likelihood of acceptance of the toilets constructed from the various
types of construction materials. Local materials found in an area were the most preferred option
for constructing a toilet (Figure B.8). In this study, redstone and mudbricks were the readily
available and the most preferred material, so they were easily accepted by the locals for toilet
construction. Construction of the toilets using local materials would not only increase the
acceptance of these toilets but would also strengthen the local economy. The construction
sector maintains employment, pays wages, and contributes to local economies (Food, 2020;
Moser & Feiel, 2019). As a result, the local economy will grow since the project's workers will

have the income to spend at other nearby firms.
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3.4.5. Public willingness to utilize excreta-derived pit humus

Question 16 studied people's willingness to use the pit humus from the excreta. Twenty-two
respondents were comfortable using the pit humus either for all uses or for all uses except for
the crops (Figure B.9, Appendix B). Psychological inhibition of the use of human faecal matter
in agriculture has been reported as a big hindrance to the acceptance of pit humus obtained

from a toilet.

3.5. Awareness versus enthusiasm in the toilet construction process

Table C.1. in Appendix C shows the results of the CTA between Question 9 and Question 12.
As noticed from the table, 16 households or 43.24 percent of the total responses have no idea
how much a toilet building costs them, and they are enthusiastic that it works best for them if
someone can provide the toilet facility at a lower price. On the other hand, only 2 households,
or just 5.40 percent of the total responses are enthusiastic about a fast-to-construct toilet. This
tells that people are more likely to help in the toilet building process when they have no idea

how much a toilet building will cost them.

3.6. Attitude of the respondents towards investment in the toilet building process versus

using the toilet in its full capacity

Table C.2. in Appendix C shows that 33 households or 89.18 percent of households have a
polarised view on using pit humus. They will either use it or would not use it at all. Only 4
households or 10.82 percent of households are willing to use the pit humus for growing non-
human consumption crops only. In addition to this, when the households have invested money
in the toilet-building process (rows 2 to 4), they are more inclined to use the pit humus. In that
case, 3 households are not willing to use the pit humus, as compared with 7 households who
are willing to use the pit humus either fully or with constraints. This is because those who have

paid for the services are more inclined to use them because they have invested in them. Since
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the people have a personal stake in the service's success, they might be more apt to use it and

benefit from it.

3.7. Consumer behaviour towards paying for the toilet building service

Table C.3. displays the relationship between Question 7 and Question 11. 23 households or
62.1% of total responses have opted for a “no” in both the questions, and 7 households or
18.9% of total responses have opted for a “yes” in both cases. This means that 81% of total
cases have opted for the same cases in both questions. Those households are either not
interested to pay for the toilet services at all or might want to pay for the same. However, there
are 3 responses or 8.1% of people who opted for a “yes” in Question 7 but a “no” in Question
11. Hypothetically those households would pay money but, they would prefer not to. The
reason could be well engraved in how the human mind works. The human mind is not always
logical and is calculative (The Oxford Handbook of Rationality, 2004). It seems that those
households have not made their decision yet and that there is a second thought behind their
minds. There could be a thought that in the future if they can benefit, they can change their
minds to paying for the service. Those respondents must have realised that Question 7 is
hypothetical, and so have answered that question at that time. Since the respondents are not
100 percent sure of the response, they have had given an answer even if it might not align with
their beliefs. These responders must have been under the impression that if a real question

comes, they would answer that then.

Four households have declined to pay in the hypothetical question but ended up actually paying
for it. People may initially deny paying due to social pressure or expectations. However, when
faced with a situation where they can make a difference for someone else, they may feel
compelled to pay despite their initial reluctance. As per research, there is a strong and
subversive normative message hidden within the statement "Many people are doing this

undesirable behaviour”, under the effect of social pressure (Cialdini, 2003). Normative
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messages are successful at promoting "desired™ pro-environmental behaviour if a majority of
people engage in it(De Groot, 2022). To maximise the effectiveness of normative appeals,
descriptive norms (what people usually do) and injunctive norms (what people usually approve
or disapprove of) must be in alignment 5. People's motivations and reasons for paying for a
service can be complex and multifaceted. Hence, each individual's unique circumstances and

perspectives should be considered when trying to understand consumer behaviour.

3.8. Efficacy of the advertisements

Table C.3. analyses the relationship between Question 15 and Questions 11 and 12. Though,
in Question 15, the responses are “Government Dispensaries/Hospitals”, “Television/Mobile
phones”, “Village walls”, “Schools”, and “Never heard of one”; for comparison, all these
responses have been compiled to only two categories: if the respondent has seen an

advertisement or if he has not seen any.

Interestingly, in the first analysis of Question 15 with Question 11, people who have never seen
an advertisement are more likely to pay for the services (9 households or 42.85% of respondents
in that category as compared to 12 households or 57.14% of respondents in that category).
Among the households who have seen an advertisement, 2 households or 12.5% of respondents
in that category would pay for the service as compared to 14 households or 87.5% who are not
interested in paying for the service. In the second analysis wherein Question 15 has been
analysed across Question 12, no trend is evident. Though it might be expected that people who
saw an advertisement would be more eager to pay for the service or believe that a low-cost
toilet would be good for them, the data reveals another set of information. It can be inferred
that the advertisements are not as effective as they should be. During the survey, it was
observed that the locals are unable to relate to the advertisements and may not understand them
due to lack of education. There is also no call to action in the advertisements, leaving people

clueless about using the SBA scheme. Though SBA has been proven to be a promising welfare
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scheme and toilets are found in the localities, there are households who are unaware of this
PWS. If more work is done on advertisements, and the findings of this study are taken into
account, then those households can be addressed as well. The points raised would not only

assist in improving the SBA but would also assist in creating PWS and policies worldwide.

4. Conclusion

There has been an influx of money and resources to promote safe sanitation and hygiene
worldwide, yet 494 million people still defaecate in the open (World Health Organisation,
2022). This concentrated research has inadvertently brought up some conclusions regarding

the attitude of low-income families towards the government schemes of toilet construction.

1. The efforts of the Indian government are commendable under the SBA Scheme. Open
defecation still occurs due to poverty and lack of toilets.

2. There are community toilets, but many families do not use them because the toilet is
not in their neighbourhood and the community toilets are not maintained well.

3. To increase the acceptance of toilets in low-income communities, locally available
construction materials are preferred and accepted. This is also anticipated to strengthen
the local economy.

4. Locals in low-income communities display a high sense of entitlement. They want to
have a toilet in their households but rarely want to contribute to the toilet-building
process or pay for the services.

5. People unaware of how much a toilet building will cost them, are more apt to participate

in the construction process.
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6. People have a polarised view of using the pit humus obtained from the toilets. They
will either use the pit humus in all forms or would not use it at all. There are no
intermediate perspectives.

7. Those who have invested in the toilet building process are more likely to use the
services fully, including the full utilization of pit humus from the toilets, hence
increasing the acceptance of the toilets.

8. There have been instances, though few, when people would pay for the services under
social pressure, feelings of guilt, or fear.

9. Advertisements related to SBA are ineffective.

4.1. Making urban sanitation more accessible

There have been studies on transforming the behavioural norms of rural populations to
revitalize the PWS through depiction (highlighting the dignity and cultural enrichment that
toilet facilities can bring to households), demonstration (organizing live toilet demonstrations
for easy operation and maintenance), and divulsion (raising awareness about health risks of
open defaecation and promoting low-cost toilet construction) (Anderson et al., 2022; Sriroop
Chaudhuri & Mimi Roy, 2018; The “5Ds”, n.d.). Adding to these points, through this study, it
is proposed that religious places of worship can be used to promote hygiene practices and notify
government schemes to the people where technology is not much evident. These PWS should
not be accessible at no cost. For example, to reduce the ‘feeling of entitlement,” a small sum
may be set aside for installing toilets. To increase toilet usage in entitled communities, it is
proposed to tap into their sense of entitlement by running social campaigns that emphasize
having a toilet as a basic right. For a better understanding of wastewater reuse perspectives and
acceptability, knowledge and prior experiences, which can be obtained through various
information-sharing channels, are essential. The primary means of informing the public is

through the media (such as television, radio, and newspapers); nevertheless, the number of
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educational programmes should be increased. As far as advertisements are concerned, people
prefer real-world examples of the product or service to the generic stock photos that everyone
else uses (Gauri et al., 2023; Marcy, 2023). Actual pictures could be utilised to stir up an
emotional response (Murray, 2013). In addition, there should be a compelling call to action

(Campbell, 2018; McCormick, 2023).

4.2. Informing policy formulation and implementation

Experts working in the fields of public health, sanitation and policymaking may find
approaches and answers to the technical and scientific difficulties involved with excreta reuse
and management engaging and interesting. Such in-depth and subsequent studies contribute
significantly to our understanding of human perceptions, which are often ignored when
formulating policies or introducing PWS. Furthermore, fixing some of the challenges discussed
here would benefit the public's understanding through improved techniques and aid in drafting

public policies and schemes.
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Chapter 3

Navigating through the sense of entitlement to promote in-situ hydrochar

acceptance

1. Introduction

Examining the challenges of community sanitation is important. There is also a need to address
the growing issue of sewage treatment, and so, to explore sustainable solutions to these
problems. The focus on societal perspectives and difficulties related to sanitation practices,
especially in slum areas, helps us understand public health and sanitation issues. The key is to
tackle these sanitation challenges in a way that is practical and long-lasting for communities.
This prepares a discussion on Sewage Sludge (SS) management, and includes the possibility
of hydrothermal carbonization (HTC) as a revolutionary SS solution, providing a viable path

for energy production, environmental restoration, and sustainable resource use.

1.1. Hydrothermal Carbonisation

Hydrothermal carbonization (HTC) is a thermochemical process that uses heat and pressure to
convert biomass and organic waste (Ahmad et al., 2018). HTC of sewage sludge from
wastewater treatments can reduce waste volumes, transforming sludge into valuable products
(Scrinzi et al., 2023). HTC is receiving increasing attention as a sustainable thermochemical
process for the conversion of wet biomass into a solid peat-like product, known as hydrochar
(HC). Thermochemical treatments are often preferred over biological processes, due to their
short reaction times and high conversion efficiencies (Zhang et al., 2014). Biochar is obtained
from the thermochemical conversion of biomass in an oxygen-limited environment, through a

pyrolysis process. However, materials with high moisture content (>30%), like vegetable
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wastes, sewage sludge, animal wastes, and algae can be dried only by energy-intensive
techniques (Mani et al., 2006; Savage et al., 2010). HTC operates in sub-critical water at
temperatures between 180 and 280 degrees Celsius, at autogenous pressure (up to 2 MPa), with
the generation of hydrochar, a water-soluble organic fraction (sugars, acetic acid, and other
organic acids) and a gas fraction (mainly CO2). The cellulose content of primary sludge from
sewage treatment is about 7.1%, based on total solids (Glinska et al., 2020). The main
transformations occurring during HTC are based on hydrolysis and dehydration of cellulose,
hemicellulose, and lignin to monosaccharides and disaccharides which, in turn, are dehydrated,
hydrolyzed and decarboxylated to give intermediate fragments whose re-condensation leads to
the hydrochar formation. Besides the expected use as fuel, hydrochar is a carbonaceous matrix
that may find an application in several fields such as energy storage (Fakkaew et al., 2018),
manufacturing of materials (activated carbons, electrodes or composites) (Tekin et al., 2014)
and agriculture (Wu et al., 2018). The use of biomass to produce chars could offer interesting
opportunities, especially when feedstocks do not have any economic value and do not compete
with the food crops for land requirements. However, crop residuals left in the field help in the
restoring of soil properties, reducing the external inputs, as well as treating sewage sludge that
could be used as sustainable fertilizer. Hence, overuse of such by-products for energy
generation purposes would be deleterious for the environmental life cycle. In addition to the
increasing worldwide research activity at the laboratory scale, a few industrial applications of
the HTC process, based on different reactor configurations, have been developed recently,
owing to the popularity and the usefulness of hydrochar (Funke and Ziegler, 2010; Hitzl et al.,

2015; Kambo and Dutta, 2015; Kumar et al., 2018; Libra et al., 2011; Pavlovic et al., 2013).

1.2. Adoption of hydrochar_ a way forward

Although there are already a variety of recycling initiatives available to the public, adoption of

those is low (Chertow, 2009; Valenzuela-Levi et al., 2021), as is the case in adopting and
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exploiting SS-derived hydrochar for energy harvesting from recycled material. Therefore,
given that people are the actual implementers and stakeholders in this world, a better
understanding of their motivations for recycling SS could assist policymakers in developing
expanded policies and carbon emission abatement (CEA) programs to improve sustainability
(He et al., 2016). In addition, according to the authors’ knowledge, no studies have been
reported examining the acceptance of hydrochar as a recycled product suitable for use as a fuel

Source.

1.3. Toilets producing hydrochar

Several companies and start-ups are contributing to onsite sewage waste management. As
shown in Figure 4, The Blue Diversion Autarky toilet is an innovative sanitation system
designed to operate independently of traditional water and wastewater infrastructure
(Sutherland, Reynaert, Dhlamini, et al., 2021; Sutherland, Reynaert, Sindall, et al., 2021). It
separates and treats water, urine, and faeces on-site, utilizing modules for water recycling,
nutrient recovery, and pathogen inactivation. The system employs gravity-driven membrane
filtration, activated carbon, and electrolysis for water treatment, while urine is pretreated to
remove odours and pathogens, and faeces are processed via hydrothermal oxidation. This
modular approach allows components to function independently or within other sanitation

systems.
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Figure 4: Schematic representation of the Blue Diversion Autarky Toilet (BDAT), with the
front-end (toilet superstructure including a urine-diverting flush toilet with solids separator,
waterless urinal, handwash water tank with tap and handwash basin) and backend technologies

(water and urine treatment) (Sutherland, Reynaert, Dhlamini, et al., 2021).

Several companies like Greenport Toilets (Sturzenegger, 2017) and BDAT are working on
toilets that produce in-house char, or hydrochar. The biochar reactor in these toilets holds the
capacity to address the global sanitation crisis, which affects over 2.5 billion people worldwide,

including a quarter of India's population. These toilets:

e Processes human solid waste without requiring power, water, or sewers
e Converts waste into char, a pathogen-free, and odour-free soil amendment
e Can process waste from thousands of people daily

e Costs less than 5 cents per person per day

47



This solution shows promise for developing nations by reducing human-borne pathogens,
lowering food production costs, and improving soil content, in addition to tapping into the

sense of entitlement that some communities hold.

This innovative approach to waste management offers multiple benefits, including improved
sanitation, agricultural enhancements, and potential entrepreneurial opportunities through

hydrochar sales (Brian von Herzen, 2014).

1.4. Theory of Planned behaviour, Introduction of

To pinpoint the psychological variables affecting people’s intentions and behaviours, the
theory of planned behaviour (TPB) is most frequently used (Ajzen, 1991). It is a socio-
psychological approach that states that an individual’s decisions are influenced mainly by
specific objective elements, such as knowledge, resources, and opportunities, rather than
exclusively by their subjective desires. According to the TPB, one’s intention is determined by
three socio-psychological constructs, including attitude (positive or negative evaluations
concerning engaging in a particular behaviour), subjective norm (social pressures on engaging
in a particular behaviour), and perceived behavioural control (perceptions about one’s
capabilities to engage in a particular behaviour based on his or her experience and resources)
(Ajzen, 1985). The intention is the primary driver and motivator behind actual behaviour

(Ajzen, 1985, 1991).

The TPB has been used to research issues such as low-carbon agriculture (Yazdanpanah &
Forouzani, 2015), household recycling (Kaiser” et al., 2003), green purchase decisions (Zhang
& Dong, 2020), low-carbon tourism (Bamberg & Schmidt, 2003), and other pressing issues
like agriculture (Jiang et al., 2018). The TPB has also been used to analyse innovative
technology adoption decisions and intentions for adapting to climate change (Truelove et al.,

2015). This theory offers an essential theoretical framework for forecasting the intentions and
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actions of citizens (Bosnjak et al., 2020; Godin & Kok, 1996). Thus, it can offer great insights
into the psychological factors that drive citizens’ intentions to use SS in the form of hydrochar
(HSS). In addition, the study undertakes cross-table analysis (CTA) (in Chapter 5) which is a
method for simultaneously presenting the frequency distribution of two or more variables

(Dass, 2010).

1.5. Cross table analysis, Introduction of

Cross-table analysis (CTA) is a method for simultaneously presenting the frequency
distribution of two or more variables (Dass, 2010). CTA has been used in various kinds of
studies to reveal information about the relationships between the values of the two variables.
For example, scientists have conducted CTA to find out the relationship between temperature
or humidity levels and dengue event cases (Alkhaldy & Basu, 2022). Related research
employed CTA to examine health problems and solid waste management in the Sawaba
community in Ghana. According to the study, and as per the CTA of disease contraction and
distance from final disposal sites, people who live close to open dump sites are more likely to
get associated illnesses including malaria and skin infections, among others, as a result of poor
waste disposal (Suleman et al., 2015). However, Suleman et al. (2015) did not study the
behavioural pattern of the inhabitants using the CTA. CTA on human behaviours is largely

unexplored.

In this study, CTA has been performed additionally among the constructs (Attitudes, subjective
Norms, perceived behavioural Control, and intention) to explore the intricacies of human
behaviour, and the relationship between the two constructs. The study aims to have an in-depth
discussion on reasons for human behaviour, adding to the findings of the TPB in the previous
chapter. The findings of this study are also expected to aid policymakers worldwide in
modifying current regulations and creating carbon emission abatement programs that provide

incentives for the use of HMSW.
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2. Research flow

This study starts with the data collection from the quantitative survey, and the raw data is
compiled after that, as shown in Figure 5. Two tests are done simultaneously: Shapiro Wilk
test to check for normal distribution and Cronbach’s a test to check for consistency and
reliability of the data. Failing of the Shapiro-Wilk test (W not close to 1) implies that the data
is invalid to conduct SEM because it does not follow the normal distribution. Failing of
Cronbach’s a test (Cronbach’s o value < 0.60) implies that the data is not consistent and
reliable, in that case, it is advised to get more data by conducting additional qualitative surveys.
When both tests are passed (W closer to 1, for the Shapiro- Wilk test and Cronbach’s o value
> 0.60, for Cronbach’s a test), the study proceeds to the SEM using the concept of TBP, and

simultaneously conducts CTA to understand the correlation between different variables.
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Figure 5: Flowchart depicting research flow. Abbreviations used in this flowchart are as
follows: TPB for the theory of planned behaviour, CTA for cross-table analysis and SEM for

structural equation modelling.
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3. Research methodology and data collection

This section starts with the sampling and the data collection. Then, it discusses the sample's
demographic characteristics and checks the consistency and the validity of the dataset through
Cronbach’s a test and the Shapiro-Wilk test so that the data can be used for further modelling.
The TPB is then discussed along with the three hypotheses, and the concept of SEM is
discussed, which is to be used in then further sections to find out the impact of psychological

factors on citizens’ intentions.

3.1. Sampling and data collection

The data for this study was obtained via online and a face-to-face questionnaire survey in
Jaipur, India, from June to August 2022. The citizens were chosen randomly, through
WhatsApp status blasts or by contacting the local fitness studios and gyms, which see the
membership of people of all ages and various socio-economic backgrounds. It is important to
note that people of all backgrounds in India, whether rich or poor, have a very high probability
of owning a cell phone, thus making it possible for the surveyor to get reliable data from every
background. India has over 700 million smartphone users, including 425 million in rural areas,
as of January 2023 (Ayushree Gupta & Siddhant Sachdeva, 2023). Each data entry/ respondent

is marked by his/ her cell phone number, which is unique to prevent data repetition.

The questionnaire’s final iteration had three sections: 1) the respondents’ demographic and
socio-economic information; 2) an explanation of the HSS; and 3) the respondents’ responses
to the related questions based on the TPB. A final sample of 74 responses was analysed after
76 responses were received in total, wherein two responses had missing or conflicting
important information and were disqualified. The study was stopped at 74 responses as soon
as responses passed the validity and the reliability test (section 3.3). The final section of the

questionnaire was scored using a five-point Likert scale, with the five responses being
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“I=strongly disagree; 2=disagree; 3=neutrality; 4=agree; and 5=strongly agree.” In addition,
based on several pertinent research (Fielding et al., 2008; Folse et al., 2010; Oliver & Rosen,
2010), five questions were designed to test the observed variables of attitudes, three for
subjective norms and three for perceived behavioural controls and HSS intentions. The actual

survey sheet is displayed in Appendix D.1 (English version) and Appendix D.2 (Hindi version).

3.2. Demographic characteristics of the sample

Out of 74 respondents, 47 were male, and 27 were female. This unequal participation of the
genders can be described by the fact that the society in the concerned region is still patriarchal
(Hasan & Agarwal, 2019; Vikalp Sansthan, 2020). However, this unequal ratio does not seem
to influence the analysis, as is shown in the next section. The respondents in the sample ranged
from 19 to 64, with a mean age of 28.29 years. The mean is similar to the census median age
in India in 2020, which was 28.4 years (Worldometer, 2022). The data collected and India’s
actual distribution of urban residents agree. So, for the subject of this study, this is a typical

and representative sample.

3.3. Consistency and the validity of the dataset

The formal survey data should be consistent, reliable, and tested by Cronbach’s a values.
Cronbach’s a measures the internal consistency, or how closely connected a group of things
are to one another. It is regarded as a gauge of scale dependability. The average inter-
correlation between the test items and the total number of test items can be used to calculate

Cronbach’s a. Cronbach’s a formula is as follows:

NC
“= e .

where N is the total number of items (in our case, total sample entries, which is 74), ¢ is the

average inter-item covariance among the items and v is the average variance. Equation (1)
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shows that Cronbach’s a increases as the number of items increases. Furthermore, the a will
be low if the average inter-item correlation is low. Cronbach’s o rises with an increase in the
mean inter-item correlation (holding the number of items constant). When Cronbach’s a value
is between 0.60 and 0.70, it indicates acceptable reliability; when it is between 0.70 and 0.80,
it indicates good reliability (DeVellis & Thorpe, 2021; UCLA: Statistical Consulting Group,

2021).

Secondly, SEM assumes that the data follows a normal distribution (Donaldson, 1999; Kumar
& Upadhaya, 2017). A statistical test based on sample data, the Shapiro-Wilk test determines
whether a population is normally distributed. The Shapiro-Wilk test was proposed by S. S.
Shapiro and M. Wilk in 1965 (Shapiro & Wilk, 1965). The Shapiro-Wilk value is calculated

by W value calculated from the following formula (equation (2)):

_ @Y, a2
W= YN x(@-x%)"2 2)

wherein W is the variance test statistic for testing complete samples for normality. The null
distribution of W is approximated by an empirical sampling study. x(i) is the i-th ordered value
from the size N sample while x is the mean of all the x(i)s. The values a(1), a(2), ...a(i), ...a(n)
incorporate the normal order statistics, the structure of data around the best-fit line (variance —
covariance) and normalize for the scale of the data from the estimation of Q-Q slope for the

calculation of Shapiro-Wilk test..

3.4. Theory of planned behaviour (TPB)

Icek Ajzen proposed TPB in 1985 to forecast human behaviour. It is a psychological theory
that connects behaviours and actions. According to the theory, an individual’s behavioural
intentions are shaped by three fundamental factors: attitude, subjective norms, and perceived
behavioural control (Ajzen, 1985). Citizens’ intent to act will typically be stronger when they

have favourable opinions of specific conduct, experience greater social pressure to engage in
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the behaviour, and believe they have more resources, opportunities, and fewer perceived
obstacles. In the context of this research, citizens’ intentions to use HSS will be higher when
they have a favourable opinion of HSS, understand that HSS is the behaviour that society
encourages, and perceive the viability of HSS in their own capabilities, such as labour, capital,
and technology. Intention is a critical component of the TPB because the theory says that if a
person really wants to do something, they're more likely to actually do it. By understanding
what people intend to do, researchers and professionals can predict how likely it is that a certain
behaviour will happen, even without observing the behaviour directly. This is valuable for a
wide range of research and practical purposes. Intentions help connect an individual's beliefs,
attitudes, and perceptions to their actual behaviour, explaining how their thoughts lead to their

actions (Fielding et al., 2008; Yazdanpanah & Forouzani, 2015).

Similarly, Wauters et al., (2010) defined “attitude” as the citizens’ favourable or unfavourable
assessments of activity (Wauters et al., 2010). According to this study, citizens will be more
likely to use hydrochar if they believe doing so will benefit them and the environment. The
term “subjective norm” describes the societal constraints citizens feel about recycling SS,
particularly those based on the views of the influential people in their community. Citizens are
more likely to adopt environmentally beneficial products like SS in the hopes of gaining social
acceptance when they believe it has the support of influential individuals or opinion leaders,
such as village administrators, highly educated neighbours, and wealthy residents in the
community (Lin, 2013; Power et al., 1988; Vaughan, 1995; Yang et al., 2020; Zhang et al.,
2017). Citizens’ perceptions of challenges and opportunities in HSS based on their capabilities,
including labour, capital, and technology, are referred to as “perceived behavioural control”.
To some extent, citizens’ intentions to take action will be encouraged or hindered by perceived
behavioural control (Lin, 2013; Zhang et al., 2017). Therefore, it will be easier for them to use

HSS if their perceptions are favourable.
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To test if the TPB model is applicable in this situation, we have put up the following three

hypotheses:

Hypothesis 1 (H1): Citizen’s intentions to use HSS are positively impacted by their attitudes.

Hypothesis 2 (H2): Citizens’ intentions to use HSS are positively impacted by their subjective

norms.

Hypothesis 3 (H3): Citizens’ intentions to utilize HSS are positively impacted by their

perceptions of behavioural controls.

3.5. Structural Equation Modelling (SEM)

Structural Equation modelling or SEM is a multivariate method employed in scientific studies
to test and assess multivariate causal relationships. The TPB was used to guide the design of
this study, which used attitudes, subjective norms, and perceived behavioural controls as
independent factors and the citizens’ intentions as a dependent variable. The logical
relationships between these constructs were examined using SEM, which enables the
simultaneous estimation of the relative importance of citizens’ attitudes, subjective norms, and
perceived behavioural controls in the TPB model. Given the challenges in measuring
unobserved latent constructs and subjective measurement errors, SEM was used to analyse the
logical relationships between these constructs (Bleakley & Hennessy, 2012). There are three

major equations used in the calculation of SEM (equations (3), (4) and (5)):

X=AxE+3S (3)
Y=Ayn+e 4
n=Bn+T&+{ ®)

The term X is an exogenous latent variable. Also known as the independent variable, it causes

fluctuations in the values of other variables in a model. This reflects the indices of citizens’
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attitudes, subjective norms, and perceived behavioural controls towards HSS. & is the
exogenous observed variable and is measured by the researcher. § is not controlled by other
variables in the system. It refers to attitudes, subjective norms, and perceived behavioural
controls. Term Y is the endogenous latent variable vector. Also known as the dependent
variable, Y is influenced by the exogenous variables, either directly or indirectly. Here, it
represents the indices of citizens’ intentions in HSS usage. The term n is the observed
endogenous variable. This variable is measured by the researcher and is affected by other
variables in the system. Here, 1 refers to the intentions. The terms Ax and Ay are the correlation
coefficient matrices representing the relation between the exogenous latent variables, the
endogenous latent variables, and their corresponding observed variables. 6 and ¢ are the error
vectors. 6 and € measure error vectors of the observed exogenous and endogenous variables,
respectively. The coefficient matrix is represented by the term B which represents the
relationship between some endogenous latent variables and other endogenous latent variables,
reflecting the mutual influences among the endogenous latent variables. I" is the structural
coefficient matrix. It represents the relationship between the endogenous and the exogenous
latent variables, reflecting the path coefficients of the exogenous latent variable X on the
endogenous latent variable Y. The last term is the error term (, representing the random error
term of the structural equation. Based on these constructs, it is meant that equation (3) tests the
relationships between latent variables and their corresponding observed variables, including
the exogenous latent variable equation. Equation (4) tests the relationships between latent
variables and their corresponding observed variables, including the endogenous latent variable
equation. Equation (5) tests the causal relationships between the exogenous latent variables and

the endogenous latent variables which are also known as path analysis.
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3.6. Chi-square test (3 test, Theory of)

The Chi-square test of independence is a statistical method used to determine the relationship
between two categorical or nominal variables (Pearson, 1900). Its purpose is to assess the

likelihood of the observations under the assumption that the null hypothesis holds true.

To conduct the Chi-square test of independence, two variables in question are required. Before
moving on to the cross-table analysis to observe the relationship between these variables, it is
important to establish the association between the variables. In this study, the variables are the
measured items, i.e., AT1, AT2, and so on. Determination of the relationship begins with
defining the null hypothesis and alternative hypothesis. The null hypothesis posits that there is
no relationship between the variables, while the alternative hypothesis suggests that there is

indeed a significant relationship.

The chi-squared test aids in determining whether a substantial difference exists between the
expected frequencies and the observed frequencies across different categories. It provides the
probability of independence between the variables. Upon performing a chi-square test, a p-
value is obtained, which indicates the significance of the test results. To compute the p-value,
the degrees of freedom (DF) and the chosen alpha level are defined. DF can be calculated as

the number of categories minus 1, and the alpha level is commonly set at 0.05 (5%).

The distribution of 2 with (r-1) (c-1) degrees of freedom is represented in an empirical table
where r denotes the number of rows and ¢ represents the number of columns in the two-way

table. In our study, referring to Table 3.1, r is 5, and c is 5, therefore DF is (5-1)*(5-1) = 16.

Table 3.1: General format for the Chi-square test and CTA (unit: number of

respondents).

Iltem 1
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Likertscale Likertscale Likertscale Likertscale Likertscale
value 5 for value4 for value3for value?2for valuelfor
item 1 item 1 item 1 item 1 item 1
Likert scale
value 5 for Cell 5-5 Cell 4-5 Cell 3-5 Cell 2-5 Cell 1-5
item 2
Likert scale
value 4 for Cell 5-4 Cell 4-4 Cell 3-4 Cell 2-4 Cell 1-4
item 2
Likert scale
value 3 for Cell 5-3 Cell 4-3 Cell 3-3 Cell 2-3 Cell 1-3
item 2
Likert scale
value 2 for Cell 5-2 Cell 4-2 Cell 3-2 Cell 2-2 Cell 1-2
item 2
Likert scale
value 1 for Cell 5-1 Cell 4-1 Cell 3-1 Cell 2-1 Cell 1-1
item 2

NS o S

The chi-squared test is done to check if there is any difference between the observed value and

the expected value. The formula for chi-square can be written as;
1= (Oi — Ei)’/E; (6)

where O; 1s the observed value and E; is the expected value. E; is calculated as the row total
(3ri) * column total (3 ci), divided by the grand total, i.e., the number of respondents which is
74 in this study. To calculate the p-value for the chi-square test, Jamovi software has been used.

The steps for the same in the software have been shown in Appendix J.1.

For a Chi-square test, a p-value that is less than or equal to the significance level indicates there
is sufficient evidence to conclude that the observed distribution is not the same as the expected

distribution. It can be concluded that a relationship exists between the categorical variables.

3.7. Cross-table analysis (CTA, Theory of)

Once a relationship is established between the two variables, the study proceeds to the cross-
table analysis to explore the trend between those two variables. A cross-tabulation is a two or

more-dimensional table that counts the proportion of respondents who meet the criteria listed
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in the table's cells. Cross-tabulation is, in general, used with categorical variables or data, such
as information that may be broken down into mutually exclusive groups (Dass, 2010;

Qualtrics. XM, 2023).

While performing CTA, each value of the two items under consideration is matched with each
other. For example, the five Likert values of item 1 will be matched with the Likert values of
item 2. This makes a 5 X 5 table. The value in each cell is then divided by the total number of
respondents, this tells the percentage of the number of respondents who have chosen that

particular combination. Table 3.1 depicts the format of the CTA to be used in further sections.

The first row in Table 3.1 shows item 1 and the first column is item 2 to be analysed across
with item 1. The second row is a division on the 5 Likert values for item 1. The same is for the
second column for item 2. The rest of the cells depict the value of particular cases, for example,
cell 4-5 will show the number of respondents who choose Likert value 4 for item 1 and Likert

value 5 for item 2. All remaining cells follow the same pattern.

Heat mapping has been done to visually represent the CTA results. A heat map depicts a
comparative view of a dataset. In the dataset, the colour scale is red to white. Cells in the red
have high values and the zero value cells are in the white colour. Dataset visualised in the form
of a heat map show which analysis is highly concentrated at a point and which are more

uniformly distributed.

In this study, CTA is performed on those items which are mutually exclusive, and which have
a standard deviation greater than 1. Additional analysis has been attempted for the items having

the highest and the lowest average items.
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4. Results

This section constitutes the measured items (attitude, subjective norm, perceived behavioural
control, and intention) assertions and descriptive statistics. After performing the consistency
and the validity test on the data, the section heads on to the SEM, which includes confirmatory
factor analysis and path determination and relation among the measured items. CTA is

performed thereafter.

4.1. Item measurements

Three questions each for subjective norms, perceived behavioural controls, and HSS intentions
were created, and five questions for attitude assessment. Table 3.2 displays the specific

statements and descriptive data for the measured items.

Table 3.2: Measured items’ assertions and descriptive statistics, representing attitude,

subjective norm, perceived behavioural control, and intention.

Construct Item Statement Mean  Standard
deviation

Attitude AT1 HSS can increase my economic income. 3.72 0.82

(AT) AT2 HSS production will alleviate air pollution 4.05 0.72

(Fielding et in rural and urban areas.

al., 2008; AT3 | support the acceptance of HSS contributing  4.07 0.78

Jiang et al., to human health.

2018) AT4  The utilization technologies of hydrothermal ~ 4.16 0.74

carbonization/ hydrochar are

environmentally friendly.

AT5 HSS is necessary to make our environment 4.09 0.86
sustainable.
Subjective SN1 My peer group will think positively of me 3.80 1.01
Norm (SN) when they get to know that I am using HSS
(Fielding et products.
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al., 2008; SN2  Highly educated neighbours’ opinion has a 3.27 1.20
Jiang et al., great influence on my decision about
2018) hydrochar.

SN3  Wealthy and influential leaders would 3.64 0.94

approve of the behaviours of HSS use.

Perceived PBC I have enough money to adopt the 3.91 0.89
Behavioral 1  technologies of hydrothermal carbonization/
Control hydrochar products.
(PBC) PBC I can easily get technical support in HSS 3.47 1.01
(Jiang et al., 2 from industrial technical experts if and
2018; Oliver whenever | want.
& Rosen, PBC I am confident that I can quickly learn and 3.93 0.73
2010) 3 master the technologies of the usage of HSS.
Intention IN1 Iintend to learn the utilization technologies 3.89 0.91
(IN) (Folse of SS.
et al., 2010; IN2  Iam willing to reuse SS to protect the 4.04 0.87
Jiang et al., environment and to be in harmony with
2018) nature.

IN3 1 would like to reuse SS to conform to the 4.04 0.92

future development trend of low carbon

emissions.

The responders had a generally positive opinion of utilizing HSS. As shown in Table 3.2, the
mean score for the five attitudes ranged from 3.72 to 4.16. Since the valuation is done on the
Likert scale ranging from 1 to 5, the mean reference value is 2.5. Additionally, the respondents
reported high levels of attitude when using HSS and somewhat high intentions. The mean range
across all items measuring perceived behavioural controls and subjective norms is 3.27 to 3.93.
The highest mean value among all the items is 4.20, shown in item AT4 (Table 3.2), wherein
the respondents believe that the utilization technologies of HSS are environmentally friendly.

This result shows that the citizens understand the importance of our environment and are
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hopeful that a technology like HSS will reduce their carbon footprint. The lowest standard
deviation is 0.72 in item AT2 in which the respondents believe that HSS production will
alleviate air pollution in rural and urban areas. The three items used to gauge intents had the

lowest mean of 3.89, and the respondents also had a good intention to utilize HSS.

4.2. Consistency and Validity test

The first step in analysing data is to test the consistency and validity of the formal survey data.
Cronbach’s a test was performed to test the validity and reliability. It was done using a free
software called Jamovi (version 2.2.5). Jamovi is a free and open-source computer program for
data analysis and performing statistical tests. The results showed that Cronbach’s a value for
the citizens’ attitudes, subjective norms, and perceived behavioural controls combined is 0.863,
which is of very high grade. The Cronbach’s a value of all the observed items under the

intention to use HSS is 0.897. All these values reveal good internal consistency.

The Shapiro-Wilk test was used to calculate the normal distribution of each item through the
same software Jamovi. Every case's a value (significant threshold) is kept at 0.05. As shown
in Table 3.3, the Shapiro-Wilk W value of each item is close to 1, implying that the data follows

a normal distribution.

Table 3.3: Shapiro-Francia W-value of each item set (a kept as 0.05)

Item W value
AT1 0.864
AT2 0.823
AT3 0.802
AT4 0.816
ATS 0.820
SN1 0.870
SN2 0.908
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SN3 0.881

PBC1 0.858
PBC2 0.890
PBC3 0.832
IN1 0.825
IN2 0.743
IN3 0.814

4.3. Structural Equation Modelling

The software “Jamovi” (version 2.2.5) was used to conduct the confirmatory factor analysis,
and then the SEM (Epskamp et al., 2022; Rosseel, 2012; Useful Tools for Structural Equation
Modeling [R Package semTools Version 0.5-6], 2022). The Jamovi project/ software aims to
provide a free, open, and user-friendly statistical platform that can deliver the most recent
advancements in statistical methods (Love et al., 2020). Confirmatory factor analysis (CFA) is
a type of factor analysis employed to determine whether construct measures are in line with a
researcher’s knowledge of the nature of the construct (or factor) (Kline, 2010). CFA’s goal is
to determine whether the results conform to the proposed measurement model. This model’s
foundations lie in theory and/or earlier analytical studies (‘Handbook of Disease Burdens and
Quality of Life Measures’, 2010). CFA is already ingrained in the Jamovi software as and when

the SEM is performed (Rosseel, 2012).

The SEM was employed following the TPB model to investigate the logical connections
between the citizens’ cognitions (attitudes, subjective norms, and perceived behavioural
controls) and their intentions to use HSS. A series of multiple regressions determined causal
connections between the latent constructs. Equations (3) through (5) were used to estimate all
of the standardized coefficients identified in Figure 6. While performing SEM in the Jamovi

2.2.5 software, the latent variables were represented in circles (Figure 6). The triangles
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represent the error terms while the double-headed arrows measure the correlation among the

latent variables.

It should be noted that no value of double-headed arrows should be larger than 1. Single-headed
arrows in the model represent causations or cause-effect relationships. As mentioned above,
and as seen in Figure 6, there are 4 models or 4 CFAs. Here, AT, PBC, SN, and IN are
exogenous variables. AT1, AT2...IN3 are indicators represented by triangles. The data type
while performing SEM is chosen to be continuous because the data, by its nature, falls in a
constant sequence. In the “model” option, while setting the parameters in the software, the
estimation is kept automatic because Jamovi can decide if the data is normally distributed or
not (Epskamp et al., 2022; Rosseel, 2012; Useful Tools for Structural Equation Modeling [R
Package semTools Version 0.5-6], 2022). It automatically fits the parameters using the
maximum likelihood method of estimation. In SEM analysis, one of the coefficients of the
indicators is to be set as a unit value for its comparison with the other coefficients. The software
has already chosen the first items (AT1, SN1, PBC1, and IN1) of every latent to be 1. The
detailed parameters and results can be accessed in Appendix E. The steps followed in the

Jamovi software to generate SEM results have been shown in Appendix J.2.
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SN2
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AT1

Figure 6: Standardized factor loadings and path coefficients of the final structural model based
on the TPB, redrawn for better clarity (the actual figure generated by the Jamovi software can
be accessed in Appendix E). Triangles represent error terms, squares represent measured items,
circles represent latent constructs, straight arrows represent dependence relations and curved
arrows represent correlational relations. Dotted arrows indicate insignificant effects, or the
default values of latent variables (unit value). Abbreviations used are as follows: IN for

intention, AT for attitude, SN for social norms, and PBC for perceived behavioural controls.

If the established SEM does not accurately reflect the data situation, as measured by goodness-
of-fit, the results are unreliable. As a result, a key step in evaluating the SEM results should be
model evaluation using the goodness-of-fit indices (Kang & Ahn, 2021). In this study, the final
model’s goodness-of-fit indices (Hair et al., 2013), as calculated by the software, were as
follows: the chi-square (y?) test value was 138, df (degree of freedom) was 67, and the p-value

was <0.001. Scholars recommend using the chi-square divided by the degrees of freedom
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(x?/df) as a measure of model fit, with values of 5 or less being a benchmark (Hu & Bentler,
1999; Reichardt & Lomax, 2005). Here, in this research, ¥?/df came out to be 2.06, which is an
acceptable model fit. One of the many incremental fit indices frequently used in linear mean
and covariance structure modelling in exploratory factor analysis is the Tucker-Lewis index
(TLI) (Tucker & Lewis, 1973), also known as the non-normed fit index (Bentler & Bonett,
1980). Our model's TLI value was 0.982. Therefore, the suggested TLI value should be greater
than 0.90 (Bentler & Bonett, 1980; Cai et al., 2023). The absolute fit index root mean square
error of approximation (RMSEA) measures how far a proposed model deviates from the ideal
model (Steiger, 1990). It should lie between the lower and the upper RMSEA values, generally
mentioned by the CFA/ SEM software along with the RMSEA value of the model. In the
current model being studied, the RMSEA value was 0.122, which lay between the lower and

the upper RMSEA values, which were 0.093 and 0.151, respectively.

Additionally, our model's comparative fit index (CFI) was 0.987, the preferable value of which
should be greater than 0.9 (Xia & Yang, 2019). The CFI accounts for the sample size difficulties
inherent in the chi-squared test of model fit and the normed fit index when analysing the model
fit by considering the difference between the data and the hypothesized model (Bentler &
Bonett, 1980). These results showed that the TPB model had strong construct and convergent
validity and fit the empirical data well, suggesting that it could be utilized to evaluate the study

hypotheses.

Table 3.4 displays the estimation outcomes. The attitudes and the perceived behavioural
controls on the citizens’ intentions had standardized path coefficients of 0.39 and 0.29,
respectively. The positive effects of attitude and perceived behavioural control on intention
imply that the residents’ attitudes and perceived behavioural controls do have a favourable

impact on the intentions to use HSS. Despite this, the standardized path coefficient of citizens’
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subjective standards on their intents, 0.74, has the highest statistical significance. Because of

this, the citizens’ intentions to HSS are significantly influenced by their subjective norms.

Table 3.4: Model-implied covariances for latent variables

Path Path Hypothesis
coefficient tested

IN <-- AT 0.39 H1

IN <-- SN 0.74 H2

IN <-- PBC 0.29 H3

4.4. Chi-square testing and Cross-table analysis

To conduct CTA, consideration of items having their standard deviation greater than one were
done, and an additional CTA was performed on items having the highest and the lowest mean
value. As seen from Table 3.2, three items have qualified for CTA under the criterion having
SD>1. These are SN1, SN2 and PBC2. Chi-square testing is conducted initially to identify
significant associations between two items. Once the relationship is established, CTA is
conducted to study the trend of the relationship. Table 3.5 below presents the outcomes of CTA
wherein the items are considered pairwise. During the analysis, three kinds of relationships
have been studied. High relevance would mean that both Item 1 and 2 under the consideration
have been awarded high value on the Likert scale (>4) or both items have been awarded low
value on the Likert scale (<2). An inverse relationship would imply that one of the two items
under consideration has been awarded a high value on the Likert scale (>4) and the other one
has been awarded a low value on the Likert scale (<2). The third category is the “no”
relationship which implies that one of the items has been awarded 3 on the Likert scale and this
does not influence the Likert value of the other item. The numerical values of CTA can be

accessed in Appendix F. Since there are three relationships, it is expected that the value under
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each category of the relationship should be around 33.33%, however, during the CTA, the

relationships showing extreme trends have been discussed.

Table 3.5: Heat mapping of the CTA results (refer to Appendix F for the numerical

values)

Item 1 Item 2 Colour mapping of CTA results

PBC2 SN2

Table 3.5 shows the visual representation of the CTA results. For PBC2 and SN1, the chi-square
value is 25.8 and the p-value is 0.056, which is greater than 0.05. This implies that PBC2 has
no relationship with SN1. Alteration in one item's value does not influence the other item, in
other words, the respondents are not much influenced by their peer groups for their trust to
easily get the technical support in the HSS technology. On the other hand, for PBC2 versus
SN2, the chi-square value is 41.9, and the p-value is less than 0.001, implying that there is a
relationship between getting influenced by the neighbours regarding the usage of HSS. Row 2
in Table 3.5 displays the CTA for PBC2 versus the next item in the SN category, SN2
(corresponding table in Appendix F). 45.94% of respondents have shown high relevance
between PBC2 and SN2 in Table F.2. However, 40.54% and 13.51% have shown no

relationship and inverse relationship between the two items respectively.

69



For the last chi-square test between AT4 and SN2, AT4 and SN2 have the highest and the lowest
average values. The chi-square value is 18, DF is 12, and the p-value is 0.117, indicating that

there is no relationship between these two variables.

5. Discussion

This section is divided into two sub-sections: 1) the usefulness of TPB in forecasting Indian
individuals’ intentions to utilize HSS, and 2) a discussion on the community reach and getting

support for HSS technology.

5.1. The usefulness of TPB in forecasting Indian individuals’ intentions to utilize HSS

and visibility of behaviour among the individuals

This section discusses the usefulness of TPB in forecasting Indian individuals’ intentions to
utilize HSS. According to the TPB, subjective norms have the highest impact on people’s
intentions to utilize HSS in this research. The plausible reason for that could be explained by
Maslow’s theory of human motivation. Maslow’s theory of human motivation, published in
1943, suggests that the physiological demands at the pyramid's base should be satisfied before
those at a higher level (Maslow, 1943). Higher-level requirements start to manifest once the
basic needs are well met. Since the inhabitants in this poll have adequate living conditions and
educational levels (72 out of 74 respondents are above the government of India’s definition of
“below the poverty line”), practically all of them have satisfied their basic necessities (e.g.,
physiological needs, safety needs). Higher-level needs like social wants (including
belongingness and affection) and spiritual needs should now be the focus of attention (e.g.,
self-respect, self-actualization). The citizens are less focused on psychological presupposition
(i.e., constrained by their thinking inertia) while making decisions because of their deliberate
pursuit of social acceptability or support. As a result, social influences considerably impact

citizens’ decisions. Recycling behaviours are conspicuous actions that provide societal
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pressure on people to engage in more recycling behaviours. Numerous research have provided
empirical support for the relationship between recycling intention and the established
subjective norm (Hornik et al., 1995). For instance, Cheung et al. (1999) conducted empirical
research and found that subjective norm significantly influences the desire to recycle
wastepaper (Cheung et al., 1999). Several authors have also produced similar findings
mentioning that social norms significantly impact recycling behaviour (Chen & Tung, 2010;

Comber & Thieme, 2013; Knussen & Yule, 2008; Mannetti et al., 2004).

These results demonstrate the TPB model’s usefulness in forecasting Indian individuals’
intentions to utilize HSS. Effective strategies should promote citizens’ favourable subjective
norms toward these reuse practices. People follow social conventions because they want to get
the respect of important people while avoiding their judgment (Comber & Thieme, 2013;
Gilbert et al., 2010; White et al., 2009). Additionally, social influence is bidirectional and can
occur through various channels. For instance, the media and environmental organizations are
two other avenues through which people might be influenced socially (Chan, 1998). According
to the concept of the collective self, an individual would evaluate his own actions in light of
the collective groupings around him (White et al., 2009). Therefore, the presence of others is a
requirement for changing behavioural intentions. On the other hand, if this study were to be
conducted in Africa, subjective norms would not be at their highest because that society does

not have adequate living conditions.

In addition, this society has shown a trait known as visibility of behaviour, i.,e., for behaviours
that are publicly visible or have social consequences, subjective norms may play a more

significant role in shaping intentions compared to private behaviours.
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5.2. Discussion on the community reach and getting support for HSS technology

This discussion results from the CTA of PBC2 and SN2. Supportive neighbourhoods (depicted
by SN2) can contribute to increased faith in government schemes and infrastructure (PBC2),
which in turn can lead to better health, increased safety, and overall community pride. When
people trust their neighbours and believe in their collective ability to achieve common goals,
they are more likely to engage with and have faith in government initiatives (Campos et al.,
2017). In addition, Peer groups and neighbourhoods can establish social norms that support
engagement with government initiatives (Lisa M. Calhoun et al., 2022). When community
members see their peers actively participating in and benefiting from government schemes,
they are more likely to follow suit, creating a virtuous cycle of engagement and improvement.
This CTA caters to objective 7 of this thesis, which is one of the minor objectives, which is to
provide insights to aid policymakers in developing policies and carbon emission abatement

(CEA) programs to improve sustainability, considering citizen motivations for recycling.

6. Conclusion

The result shows that the citizens understand the importance of our environment and are
hopeful that a technology like HSS will reduce their carbon footprint. In addition, this study
aimed to examine the influence of citizens’ cognitions (attitude, subjective norm, and perceived
behavioural control) on their intentions to reuse HSS in the form of hydrochar for reducing
carbon emissions. As far as SEM is concerned, it is a commonly used multivariate statistical
analysis technique used by scientists, economists, and academicians worldwide. In this
research, where the respondents are mainly classified as having adequate living conditions in
a developing nation, it is found that more focus should be paid to the subjective norms
compared to the attitudes and perceived behavioural controls so that the impact on the citizens’

intentions to use HSS would be the highest.
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Additionally, the CTA examined the interplay between social influences and environmental
technology adoption. Supportive neighbourhoods foster increased faith in government
initiatives, leading to improved community well-being. A positive outlook on hydrochar's
environmental benefits is noted, with highly educated neighbours potentially influencing
adoption decisions. Their understanding of hydrochar's scientific principles may lead to more
convincing explanations of its benefits. This creates a positive feedback loop, reinforcing

beliefs in hydrochar's effectiveness and increasing adoption rates.

References

Ahmad, F., Silva, E. L., & Varesche, M. B. A. (2018). Hydrothermal processing of biomass for
anaerobic digestion — A review. Renewable and Sustainable Energy Reviews, 98, 108—
124. https://doi.org/10.1016/j.rser.2018.09.008

Ajzen, 1. (1985). From Intentions to Actions: A Theory of Planned Behavior. In Action Control
(pp- 11-39). Springer Berlin Heidelberg. https://doi.org/10.1007/978-3-642-69746-3 2

Ajzen, 1. (1991). The theory of planned behavior. Organizational Behavior and Human
Decision Processes, 50(2), 179-211. https://doi.org/10.1016/0749-5978(91)90020-T

Alkhaldy, I., & Basu, A. (2022). A cross-tabulated analysis for the influence of climate
conditions on the incidence of dengue fever in Jeddah City, Saudi Arabia during 2006-
2009. International Journal of Health Sciences, 16(6), 3—10.

Ayushree Gupta & Siddhant Sachdeva. (2023, December 27). How smartphones boost digital
literacy in Indias rural daycares [News]. World Economic Forum.
https://www.weforum.org/agenda/2023/12/how-smartphones-can-boost-digital-
literacy-among-indias-rural-communities/

Bamberg, S., & Schmidt, P. (2003). Incentives, morality, or habit? Predicting students’ car use
for University routes with the models of Ajzen, Schwartz, and Triandis. Environment

and Behavior, 35(2), 264-285. https://doi.org/10.1177/0013916502250134

73



Bentler, P. M., & Bonett, D. G. (1980). Significance tests and goodness of fit in the analysis of
covariance structures. Psychological Bulletin, 88(3), 588-606.
https://doi.org/10.1037/0033-2909.88.3.588

Bleakley, A., & Hennessy, M. (2012). The Quantitative Analysis of Reasoned Action Theory.
The ANNALS of the American Academy of Political and Social Science, 640(1), 28—41.
https://doi.org/10.1177/0002716211424265

Bosnjak, M., Ajzen, 1., & Schmidt, P. (2020). The Theory of Planned Behavior: Selected Recent
Advances and Applications. FEurope’s Journal of Psychology, 16(3), 352.
https://doi.org/10.5964/EJOP.V1613.3107

Brian von Herzen. (2014, March 31). India, Biochar, and Toilets [News]. Climate Foundation.
https://www.climatefoundation.org/india-biochar-and-toilets.html

Cai, L., Chung, S. W., & Lee, T. (2023). Incremental Model Fit Assessment in the Case of
Categorical Data: Tucker-Lewis Index for Item Response Theory Modeling.
Prevention Science, 24(3), 455—-466. https://doi.org/10.1007/s11121-021-01253-4

Campos, C. F. S., Hargreaves Heap, S., & Leite Lopez de Leon, F. (2017). The political
influence of peer groups: Experimental evidence in the classroom. Oxford Economic
Papers, 69(4), 963-985. https://doi.org/10.1093/0ep/gpw065

Chan, K. (1998). Mass communication and pro-environmental behaviour: Waste recycling in
Hong Kong. Journal of Environmental Management, 52(4), 317-325.
https://doi.org/10.1006/JEMA.1998.0189

Chen, M.-F., & Tung, P.-J. (2010). The Moderating Effect of Perceived Lack of Facilities on
Consumers’ Recycling Intentions. Environment and Behavior, 42(6), 824-844.
https://doi.org/10.1177/0013916509352833

Chertow, M. (2009). The ecology of recycling. UN Chronicle, 46(4), 56-60.

https://doi.org/10.18356/bfab39dc-en

74



Cheung, S. F., Chan, D. K. S., & Wong, Z. S. Y. (1999). Reexamining the Theory of Planned
Behavior in Understanding Wastepaper Recycling. Environment and Behavior, 31(5),
587-612. https://doi.org/10.1177/00139169921972254

Comber, R., & Thieme, A. (2013). Designing beyond habit: Opening space for improved
recycling and food waste behaviors through processes of persuasion, social influence
and aversive affect. Personal and Ubiquitous Computing, 17(6), 1197-1210.
https://doi.org/10.1007/S00779-012-0587-1/FIGURES/4

Dass, M. (2010). Cross-Tabulation. In Wiley International Encyclopedia of Marketing. John
Wiley & Sons, Ltd. https://doi.org/10.1002/9781444316568.wiem02063

DeVellis, R. F., & Thorpe, C. T. (2021). Scale development: Theory and applications. Sage
Publications.

Donaldson, L. (1999). Performance-Driven Organizational Change: The Organizational
Portfolio (Vol. 7). Sage publications, INC.2455 Teller Road, Thousand Oaks, CA
91320.

Epskamp, S., Stuber, S., Nak, J., Veenman, M., & Jorgensen, T. D. (2022). Path Diagrams and
Visual Analysis of Various SEM Packages’ Output [R package semPlot version 1.1.6]
(p- 34) [Computer software]. Comprehensive R Archive Network (CRAN).
https://cran.r-project.org/package=semPlot

Fielding, K. S., McDonald, R., & Louis, W. R. (2008). Theory of planned behaviour, identity
and intentions to engage in environmental activism. Journal of Environmental
Psychology, 28(4), 318-326. https://doi.org/10.1016/J.JENVP.2008.03.003

Folse, J. A. G., Niedrich, R. W., & Grau, S. L. (2010). Cause-Relating Marketing: The Effects
of Purchase Quantity and Firm Donation Amount on Consumer Inferences and
Participation Intentions. Journal of  Retailing, 86(4), 295-309.

https://doi.org/10.1016/J.JRETAI.2010.02.005

75



Gilbert, D. T., Fiske, S. T., & Lindzey, G. (2010). Handbook of Social Psychology (S. T. Fiske,
D. T. Gilbert, & G. Lindzey, Eds.). Wiley. https://doi.org/10.1002/9780470561119

Godin, G., & Kok, G. (1996). The theory of planned behavior: A review of its applications to
health- related behaviors. American Journal of Health Promotion, 11(2), 87-98.
https://doi.org/10.4278/0890-1171-11.2.87

Hair, J. F., Black, W. C., Babin, B. J., & Anderson, R. E. (2013). Logistic Regression:
Regression with a Binary Dependent Variable. In Multivariate data analysis (pp. 313—
340). Pearson.
https://books.google.com/books/about/Multivariate Data Analysis.html?hl=ja&id=V
vXZnQEACAAJ

Handbook of Disease Burdens and Quality of Life Measures. (2010). In Handbook of Disease
Burdens  and  Quality  of Life  Measures. Springer New  York.
https://doi.org/10.1007/978-0-387-78665-0

Hasan, A., & Agarwal, S. (2019). A Study to Find out Awareness, Confidence and Participation
of Women in Socio-Economic Arena (with special reference to Rajasthan). Think India
Journal, 22(4), 3188-3198.

He, K., Zhang, J., Feng, J., Hu, T., & Zhang, L. (2016). The Impact of Social Capital on farmers’
Willingness to Reuse Agricultural Waste for Sustainable Development. Sustainable
Development, 24(2), 101-108. https://doi.org/10.1002/SD.1611

Hornik, J., Cherian, J., Madansky, M., & Narayana, C. (1995). Determinants of recycling
behavior: A synthesis of research results. The Journal of Socio-Economics, 24(1), 105—
127. https://doi.org/10.1016/1053-5357(95)90032-2

Hu, L., & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure analysis:

Conventional criteria versus new alternatives. Structural Equation Modeling: A

Multidisciplinary Journal, 6(1), 1-55. https://doi.org/10.1080/10705519909540118

76



Jiang, L., Zhang, J., Wang, H. H., Zhang, L., & He, K. (2018). The impact of psychological
factors on farmers’ intentions to reuse agricultural biomass waste for carbon emission
abatement. Journal of Cleaner Production, 189, 797-804.
https://doi.org/10.1016/J.JCLEPRO.2018.04.040

Kaiser”, F. G., Gutscher, H., Harland, P., & Staats, H. J. (2003). The Proposition of a General
Version of the Theory of Planned Behavior: Predicting Ecological Behaviorl. Journal
of Applied Social Psychology, 33(3), 586-603. https://doi.org/10.1111/J.1559-
1816.2003.TB01914.X

Kang, H., & Ahn, J.-W. (2021). Model Setting and Interpretation of Results in Research Using
Structural Equation Modeling: A Checklist with Guiding Questions for Reporting.
Asian Nursing Research, 15(3), 157—-162. https://doi.org/10.1016/j.anr.2021.06.001

Kline, R. B. (2010). Principles And Practice Of Structural Equation Modeling. The Guilford
Press.
https://www.researchgate.net/publication/235932894 Principles And Practice Of St
ructural EquationModeling

Knussen, C., & Yule, F. (2008). “I’'m Not in the Habit of Recycling”. Environment and
Behavior, 40(5), 683—702. https://doi.org/10.1177/0013916507307527

Kumar, S., & Upadhaya, G. (2017). Structure equation modelling basic assumptions and
concepts: A novices guide. International Journal of Quantitative and Qualitative
Research Methods, 5(4), 10—16.

Lin, S. P. (2013). The gap between global issues and personal behaviors: Pro-environmental
behaviors of citizens toward climate change in Kaohsiung, Taiwan. Mitigation and
Adaptation Strategies for Global Change, 18(6), 773-783.

https://doi.org/10.1007/S11027-012-9387-1/TABLES/9

77



Lisa M. Calhoun, Anastasia Mirzoyants, Sylvia Thuku, Lenka Benova, Therese Delvaux,
Thomas van den Akker, Courtney McGuire, Bernard Onyango, & Ilene S. Speizer.
(2022). Perceptions of peer contraceptive use and its influence on contraceptive method
use and choice among young women and men in Kenya: A quantitative cross-sectional
study. Reproductive Health, 19(16). https://doi.org/10.1186%2Fs12978-022-01331-y

Love, J., Dropmann, D., & Selkar, R. (2020). Jamovi—Stats. Open. Now. The Jamovi Project.
https://www.jamovi.org/

Mannetti, L., Pierro, A., & Livi, S. (2004). Recycling: Planned and self-expressive behaviour.
Journal of Environmental Psychology, 24(2), 227-236.
https://doi.org/10.1016/J.JENVP.2004.01.002

Maslow, A. H. (1943). A theory of human motivation. Psychological Review, 50(4), 370-396.
https://doi.org/10.1037/H0054346

Oliver, J. D., & Rosen, D. E. (2010). Applying the Environmental Propensity Framework: A
Segmented Approach to Hybrid Electric Vehicle Marketing Strategies. Journal of
Marketing Theory and Practice, 18(4), 377-393. https://doi.org/10.2753/MTP1069-
6679180405

Padhye, L. P., Bandala, E. R., Wijesiri, B., Goonetilleke, A., & Bolan, N. (2022). Hydrochar:
A Promising Step Towards Achieving a Circular Economy and Sustainable
Development  Goals.  Frontiers in  Chemical  Engineering, 0, 33.

https://doi.org/10.3389/FCENG.2022.867228

Pearson, K. (1900). X. On the criterion that a given system of deviations from the probable in
the case of a correlated system of variables is such that it can be reasonably supposed
to have arisen from random sampling. The London, Edinburgh, and Dublin
Philosophical ~Magazine and Journal of Science, 50(302), 157-175.

https://doi.org/10.1080/14786440009463897

78


https://doi.org/10.3389/FCENG.2022.867228

Power, M. J., Champion, L. A., & Aris, S. J. (1988). The development of a measure of social
support: The Significant Others (SOS) Scale. The British Journal of Clinical
Psychology, 27(4), 349-358. https://doi.org/10.1111/J.2044-8260.1988.TB00799.X

Qualtrics. XM. (2023). Cross-Tabulation Analysis: A Researchers Guide. Qualtrics AU.
https://www.qualtrics.com/au/experience-management/research/cross-
tabulation/?rid=ip&prevsite=en&newsite=au&geo=JP&geomatch=au

Reichardt, C. S., & Lomax, R. G. (2005). A Beginner’s Guide to Structural Equation Modeling.
Evaluation and Program Planning, 28(2), 245-246.
https://doi.org/10.1016/j.evalprogplan.2005.01.006

Rosseel, Y. (2012). lavaan: An R Package for Structural Equation Modeling. Journal of
Statistical Software, 48, 1-36. https://doi.org/10.18637/JSS.V048.102

Scrinzi, D., Ferrentino, R., Bau, E., Fiori, L., & Andreottola, G. (2023). Sewage Sludge
Management at District Level: Reduction and Nutrients Recovery via Hydrothermal
Carbonization.  Waste  and  Biomass  Valorization,  14(8), 2505-2517.
https://doi.org/10.1007/s12649-022-01943-2

Shapiro, S. S., & Wilk, M. B. (1965). An Analysis of Variance Test for Normality (Complete
Samples). Biometrika, 52(3/4), 591. https://doi.org/10.2307/2333709

Steiger, J. H. (1990). Structural Model Evaluation and Modification: An Interval Estimation
Approach. Multivariate Behavioral Research, 25(2), 173-180.
https://doi.org/10.1207/s15327906mbr2502 4

Sturzenegger, M. (2017, June 17). Swiss startup crafis green toilets to turn human waste into
fertilizer. USA TODAY.
https://www.usatoday.com/story/news/world/2017/06/24/swiss-startup-crafts-green-

toilets-turn-human-waste-into-fertilizer/1028 13554/

79



Suleman, Y., Darko, E. T., & Agyemang-Duah, W. (2015). Solid Waste Disposal and
Community Health Implications in Ghana: Evidence from Sawaba, Asokore Mampong
Municipal Assembly. J Civil Environ Eng, 5, 202. https://doi.org/10.4172/2165-
784X.1000202

Sutherland, C., Reynaert, E., Dhlamini, S., Magwaza, F., Lienert, J., Riechmann, M. E.,
Buthelezi, S., Khumalo, D., Morgenroth, E., Udert, K. M., & Sindall, R. C. (2021).
Socio-technical analysis of a sanitation innovation in a peri-urban household in Durban,
South  Africa.  Science of The Total Environment, 755, 143284.
https://doi.org/10.1016/j.scitotenv.2020.143284

Sutherland, C., Reynaert, E., Sindall, R. C., Riechmann, M. E., Magwaza, F., Lienert, J.,
Buthelezi, S., Khumalo, D., Dhlamini, S., Morgenroth, E., & Udert, K. M. (2021).
Innovation for improved hand hygiene: Field testing the Autarky handwashing station
in collaboration with informal settlement residents in Durban, South Africa. Science of
The Total Environment, 796, 149024. https://doi.org/10.1016/j.scitotenv.2021.149024

Truelove, H. B., Carrico, A. R., & Thabrew, L. (2015). A socio-psychological model for
analyzing climate change adaptation: A case study of Sri Lankan paddy farmers. Global
Environmental Change, 31, 85-97.
https://doi.org/10.1016/J.GLOENVCHA.2014.12.010

Tucker, L. R., & Lewis, C. (1973). A reliability coefficient for maximum likelihood factor
analysis. Psychometrika 1973 38:1, 38(1), 1-10. https://doi.org/10.1007/BF02291170

UCLA: Statistical Consulting Group. (2021). What does Cronbach's alpha mean? | SPSS FAQ.
UC REGENTS. https://stats.oarc.ucla.edu/spss/faq/what-does-cronbachs-alpha-mean/

Useful Tools for Structural Equation Modeling [R package semTools version 0.5-6]. (2022).

https://CRAN.R-project.org/package=semTools

80



Valenzuela-Levi, N., Araya-Cordova, P. J., Davila, S., & Vasquez, 0. C. (2021). Promoting
adoption of recycling by municipalities in developing countries: Increasing or
redistributing existing resources? Resources, Conservation and Recycling, 164,
105173. https://doi.org/10.1016/J.RESCONREC.2020.105173

Vaughan, O. (1995). Assessing grassroots politics and community development in Nigeria.
African Affairs, 94(377), 501-518.
https://doi.org/10.1093/oxfordjournals.afraf.a098871

Vikalp Sansthan. (2020). Gender Inequality in Rajasthan. Vikalp Sansthan.
https://vikalpindia.org/gender-inequality-in-rajasthan/

Wauters, E., Bielders, C., Poesen, J., Govers, G., & Mathijs, E. (2010). Adoption of soil
conservation practices in Belgium: An examination of the theory of planned behaviour
in the agri-environmental domain. Land Use Policy, 27(1), 86-94.
https://doi.org/10.1016/J.LANDUSEPOL.2009.02.009

White, K. M., Smith, J. R., Terry, D. J., Greenslade, J. H., & McKimmie, B. M. (2009). Social
influence in the theory of planned behaviour: The role of descriptive, injunctive, and
in-group norms. British Journal of Social Psychology, 48(1), 135-158.
https://doi.org/10.1348/014466608X295207

Worldometer. (2022). India Population (2022). Worldometer.
https://www.worldometers.info/world-population/india-population/

Xia, Y., & Yang, Y. (2019). RMSEA, CFI, and TLI in structural equation modeling with ordered
categorical data: The story they tell depends on the estimation methods. Behavior
Research Methods, 51(1), 409—428. https://doi.org/10.3758/S13428-018-1055-2

Yang, X., Chen, L., Wei, L., & Su, Q. (2020). Personal and Media Factors Related to Citizens’

Pro-environmental Behavioral Intention against Haze in China: A Moderating Analysis

81



of TPB. International Journal of Environmental Research and Public Health 2020, Vol.
17, Page 2314, 17(7), 2314. https://doi.org/10.3390/1IJERPH17072314

Yazdanpanah, M., & Forouzani, M. (2015). Application of the Theory of Planned Behaviour to
predict Iranian students’ intention to purchase organic food. Journal of Cleaner
Production, 107, 342-352. https://doi.org/10.1016/J.JCLEPRO.2015.02.071

Zhang, X., & Dong, F. (2020). Why Do Consumers Make Green Purchase Decisions? Insights
from a Systematic Review. International Journal of Environmental Research and
Public Health 2020, Vol. 17, Page 6607, 17(18), 6607.
https://doi.org/10.3390/IJERPH17186607

Zhang, X., Geng, G., & Sun, P. (2017). Determinants and implications of citizens’
environmental complaint in China: Integrating theory of planned behavior and norm
activation model.  Journal of  Cleaner  Production, 166, 148-156.

https://doi.org/10.1016/J.JCLEPRO.2017.08.020

82



Chapter 4

Expanding the theory of planned behaviour for municipal solid waste

recycling

1. Introduction

Due to population growth (Sibly & Hone, 2002; The World Bank IBRD and IDA, 2023), the
massive use of pesticides and fertilizers in modern agriculture and the resulting waste
production (Brata & Utama, 2020; V. Kumar & Kumar, 2019; Maroni et al., 2006), the
expansion of the food processing sector (PIB Delhi, 2022; Press Trust of India, 2022;
Riethmuller & Chai, 1995), and the development of other industrial processes (IBISWorld,
2023), including electronic wastes (Forti, 2020; IISD, 2021), all contribute to the high volumes
of municipal solid wastes (MSW). In dense metropolitan areas, effective waste management
systems preserve community health (Nwachukwu et al., 2013; Sachs et al., 2021; US EPA,
2023a). Nevertheless, garbage disposal is expensive (Balkan Green Energy News, 2022;
Durand et al., 2018; Huber Technology, 2023), and MSW is frequently disposed of untreated
(US EPA, 2023b). Consequently, this spreads bacteria, worms, and potentially hazardous waste
chemicals, engendering health-related problems, including asthma, hepatitis, cholera, and even
cancer (Alam & Ahmade, 2013; Alfred Chengula et al., 2015). Given that the recycling
intention of MSW is low worldwide (Burneo et al., 2020; Valenzuela-Levi et al., 2021), this
conflicts with our results in the previous chapter, which says that it is easier to influence people
to use HSS. A way to reduce MSW is to convert the MSW to hydrochar through hydrothermal
carbonisation (HTC). Does the visibility of behaviours also affect MSW recycling? This sets
the stage for the subsequent exploration of MSW management, and compares it with the

management of SS, to check if TPB can also be applied to increase adoption of hydrochar made
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from MSW. The discourse shifts towards the broader environmental implications arising from
population growth, agricultural practices, and industrial developments. The lens widens to
encompass the potential of hydrothermal carbonisation (HTC) as a transformative solution for
MSW, offering a promising avenue for energy generation, environmental remediation, and

sustainable resource utilization.

Widespread adoption of HTC is recorded owing to its direct and indirect roles in, inter alia,
pathogen removal, soil remediation, energy production and storage, co-composting, heavy
metals removal, organic pollutants and phosphates removal from wastewater, and greenhouse
gas emissions reduction (Padhye et al., 2022a; Sharma et al., 2021). MSW can be transformed
into a source of energy from which local economies can generate income (Kempegowda et al.,

2017; Padhye et al., 2022b).

For sustainable development, governments worldwide must change their municipality growth
pattern from the conventional extensive mode to a low-carbon economic one (Dou, 2014;
Haines & Dora, 2012). This is true from both national and international viewpoints (Ionescu,
2021; Zhang, 2010). Reusing garbage and promoting a circular economy has caught the
attention of governments all over the world recently (COP 26 Media, 2021; Dwyer, 2013; Kaya
& Schofield, 2020; Schmidt et al., 2013; UNFCCC, 2023). The UN emphasizes the importance
of recycling waste and the pressing need to advance the circular economy to reduce pollution
and address global warming (Chertow, 2009; COP 26 Media, 2021; Lusky, 1976; Sachs et al.,
2021; UNFCCC, 2023). Further, the impact of numerous socio-economic characteristics, such
as citizens’ educational levels and salaries, has received considerable attention in most studies
on citizens’ reuse decisions concerning recycling (Burneo et al., 2020; Huang et al., 2020,
Shehrawat et al., 2015). However, these socioeconomic factors fail to account for the true
driving forces behind individuals’ choices and actions (Berger, 1997; Challcharoenwattana &
Pharino, 2018; Shehrawat et al., 2015).
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In this light, this chapter attempts to determine the influence of citizens’ cognitions in the
municipal area of Jaipur, considering the same subjects as in Chapter 3, on their intentions to
use HMSW from a socio-psychological perspective. The linkages in the TPB model are
simultaneously estimated using structural equation modelling (SEM) to ascertain the relative
importance of these three constructs. The study aims to have an in-depth discussion on reasons
for human behaviour. The findings of this study will be then compared with the findings of

chapter 3, wherein the intention was tested for HSS.

2. Research flow

Similar to Chapter 3, this study starts with the data collection from the quantitative survey, and
the raw data is compiled after that, as shown in Figure 7. The respondents are the same people
who participated in the questionnaire related to the HSS. Simultaneously, two tests are
conducted to examine the data: the Shapiro-Wilk test to assess normal distribution and the
Cronbach’s a test to measure consistency and reliability. If the Shapiro-Wilk test fails (W not
close to 1), the data is far from normal distribution and cannot be used for SEM. If Cronbach's
a test fails (Cronbach’s a value < 0.60), it implies that the data is not reliable and consistent,
and additional qualitative surveys are recommended to be conducted to obtain more data. When
both tests are cleared, the study can proceed with SEM using TBP, and also perform CTA
additionally after passing the chi-square test thereafter to understand the relationship between

different variables.
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Figure 7: Flowchart depicting research flow. Abbreviations used in this flowchart are as
follows: TPB for the theory of planned behaviour, CTA for cross-table analysis and SEM for

structural equation modelling.
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3. Research methodology and data collection

The following section commences with the process of sampling and data collection. It then
delves into the demographic features of the sample and verifies the consistency and validity of
the data through the application of Cronbach’s a and the Shapiro-Wilk tests, ensuring that the
data is fit for further modelling. The Theory of Planned Behaviour (TPB) is then introduced
alongside three hypotheses, followed by a discussion on the concept of Structural Equation
Modelling (SEM), similar to the methodology used in Chapter 3, having the same respondents,

followed by the cross-table analyses of the items having standard deviation greater than 1.

3.1. Sampling and data collection

The data for this study was obtained via online and a face-to-face questionnaire with the same
respondents in Jaipur, India. The study was stopped at 74 responses as soon as responses passed
the validity and reliability test (section 3.3). The last part of the survey utilized a five-point
Likert scale where participants could choose from responses ranging from "l1=strongly
disagree” to "5=strongly agree."” Additionally, the survey included five questions related to
attitudes, three focused on subjective norms, and three on perceived behavioural controls and
HMSW intentions. To view the survey sheet, please refer to Appendix G.1 for the English

version and Appendix G.2 for the Hindi version.

3.2. Demographic characteristics of the sample

The study surveyed a total of 74 individuals, with 47 identifying as male and 27 as female. The
age range of participants spanned from 19 to 64, with an average age of 28.29 years. It is worth
noting that the mean age is comparable to the median age recorded in the 2020 Indian census,
which was 28.4 years (Worldometer, 2022). As such, the sample can be considered both typical

and representative for this investigation.
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3.3. Consistency and the validity of the dataset

For optimal results, it is crucial to ensure that the survey data is both consistent and reliable.
To measure the internal consistency of a set of items, Cronbach's a values are employed. This
is a widely recognized indicator of scale dependability, and further information on the formula

can be found in section 3.3 of Chapter 3.

In the context of SEM, it is assumed that the data being analysed follows a normal distribution
(Donaldson, 1999; S. Kumar & Upadhaya, 2017). To determine whether a population is
normally distributed, a statistical test based on sample data is used, known as the Shapiro-Wilk

test (Shapiro & Wilk, 1965). This test has been discussed in detail in section 3.3 of Chapter 3.

3.4. Theory of Planned behaviour

Theory of Planned Behaviour (TPB), a socio-psychological framework, explained in detail in
the previous chapter aimed to decipher citizens' intentions regarding the use of MSW-derived
hydrochar (HMSW). The TPB illuminated the psychological determinants influencing human
behaviour, laying the foundation for an in-depth discourse on the motivations driving recycling

efforts

3.5. Chi-square test and Cross-table analysis, Introduction of

Cross-table analysis (CTA), after passing the Chi-square test, is incorporated to unravel the
intricate relationships among various variables, providing valuable insights into the

multifaceted factors influencing human behaviour within the waste management paradigm.

4. Results

This part covers the claims and statistical data related to the measured factors such as attitude,

subjective norm, perceived behavioural control, and intention. After conducting consistency
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and validity tests on the gathered data, this section proceeds to SEM, which involves
confirmatory factor analysis and determining the relationships and paths between the measured
factors, followed by the CTA. Finally, it compares the results of CFA presented in this chapter

with those of Chapter 3.

4.1. Item measurements

Three questions each for subjective norms, perceived behavioural controls, and HMSW
intentions were created, and five questions for attitude assessment. Table 4.1 displays the

specific statements and descriptive data for the measured items.

Table 4.1: Measured items’ assertions and descriptive statistics, representing attitude,

subjective norm, perceived behavioural control, and intention.

Construct Item Statement Mean  Standard
deviation
Attitude ATl HMSW can increase my economic income. 3.89 0.84
(AT) AT2 HMSW production will alleviate air pollution in = 3.78 1.02
(Fielding et rural and urban areas.

al., 2008; AT3 | support the acceptance of HMSW contributing  4.12 0.70
Jiang et al., to human health.
2018) AT4 The utilization technologies of hydrothermal 4.12 0.83
carbonization/ hydrochar are environmentally
friendly.
AT5 HMSW is necessary to make our environment 3.96 0.88
sustainable.
Subjective SN1 My peer group will think positively of me when 3.74 1.01
Norm (SN) they get to know that | am using HMSW products.
(Fieldinget =~ SN2  Highly educated neighbours’ opinion has a great 3.28 1.20
al., 2008; influence on my decision about hydrochar.
Jiangetal.,  SN3 Wealthy and influential leaders would approve of 3.73 1.02
2018) the behaviours of HMSW use.
Perceived PBC | have enough money to adopt the technologies of = 3.54 0.88

Behavioral 1 hydrothermal carbonization/ hydrochar products.
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Control PBC | can easily get technical support in HMSW from = 3.20 1.12
(PBC) (Jiang 2 industrial technical experts if and whenever |
etal., 2018; want.

Oliver & PBC | am confident that I can quickly learn and master 3.99 0.77
Rosen, 2010) 3 the technologies of the usage of HMSW.

Intention IN1 | intend to learn the utilization technologies of 4.11 0.82
(IN) (Folse et MSW.
al., 2010; IN2 | am willing to reuse MSW to protect the 4.20 0.88
Jiang et al., environment and to be in harmony with nature.
2018) IN3 I would like to reuse MSW to conform to the 4.16 0.88

future development trend of low carbon

emissions.

The individuals surveyed had an overall positive view of utilizing HMSW, as evidenced by the
data in Table 4.1. The mean scores for the five attitudes ranged from 3.78 to 4.12, with a
reference value of 2.5 on the Likert scale of 1 to 5. Furthermore, the respondents indicated high
levels of perceived behavioural control and somewhat high subjective norms when using
HMSW. The average range for all items measuring these factors is 3.20 to 3.99, with the highest
mean value of 4.20 found in item IN2 (Table 4.1), where the respondents expressed a
willingness to reuse MSW for the sake of environmental protection and harmony with nature.
This indicates that the citizens recognize the importance of our environment and are motivated
to reduce their carbon footprint. The item with the lowest standard deviation (0.70) is AT3, in
which the respondents expressed a willingness to support the acceptance of HMSW as a means
of contributing to human health. The three items used to measure intent received the lowest

mean score of 4.11, but the respondents still expressed a positive intention to use HMSW.

4.2. Consistency and Validity test

The consistency and validity of the formal survey data have been analysed first. This was

achieved by conducting the Cronbach's a test to assess the reliability and validity of the data.
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The results indicated a high level of internal consistency, with the combined Cronbach's a value
for citizens' attitudes, subjective norms, and perceived behavioural controls being 0.81.
Additionally, the Cronbach's a value for all observed items under the intention to use HMSW

was 0.87, further confirming good internal consistency.

To determine the normal distribution of each item, the Shapiro-Wilk test was utilized through
Jamovi software, with a significant threshold of 0.05 for each case's a value. As demonstrated
in Table 4.2, the corresponding Shapiro-Wilk W value is close to 1, indicating that the data

adheres to a normal distribution.

Table 4.2: Shapiro-Wilk W-value of each item set (a kept as 0.05)

Item W value
AT1 0.882
AT2 0.796
AT3 0.811
AT4 0.827
AT5 0.809
SN1 0.878
SN2 0.900
SN3 0.882

PBC1 0.867
PBC2 0.897
PBC3 0.840

IN1 0.772
IN2 0.731
IN3 0.768

4.3. Structural Equation Modelling

Utilizing the TPB model, the SEM was implemented to study the interrelations between

citizens' attitudes, subjective norms, and perceived behavioural controls with their intentions
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to use HMSW. Through a sequence of multiple regressions, the causal connections between
the latent constructs were determined. During the execution of SEM in the Jamovi 2.2.5
software, the latent variables were depicted as circles (Figure 8). The triangles signify the error

terms, while the double-headed arrows gauge the correlation among the latent variables.

The value of double-headed arrows should not exceed 1. In the model, single-headed arrows
indicate causation or cause-effect relationships. As depicted in Figure 8, there are 4 CFAs in
total, including exogenous variables AT, PBC, SN, and IN. The indicators, represented by
triangles, are denoted as AT1, AT2...IN3. Continuous data types are preferred in SEM analysis
due to their sequential nature. During the analysis, one of the indicator coefficients needs to be
set as a unit value for comparison purposes with the other coefficients. The software has already
chosen the initial items (AT1, SN1, PBC1, and IN1) of each latent to be 1. The actual mode

and calculations by the software can be accessed in Appendix H.
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0.257]

IN1
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1IN2
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Figure 8: Standardized factor loadings and path coefficients of the final structural model based
on the TPB, redrawn for better clarity (the actual figure generated by the Jamovi software can
be accessed in Appendix G). Triangles represent error terms, squares represent measured items,
circles represent latent constructs, straight arrows represent dependence relations and curved
arrows represent correlational relations. Dotted arrows indicate insignificant effects, or the
default values of latent variables (unit value). Abbreviations used are as follows: IN for

intention, AT for attitude, SN for social norms, and PBC for perceived behavioural controls.

If the SEM in use does not accurately represent the data situation, as measured by the goodness-
of-fit, then the results produced by the model are unreliable (Hair et al., 2013). Therefore, it is
crucial to evaluate the model's goodness-of-fit indices (Kang & Ahn, 2021) when analysing
SEM results. In this research, the goodness-of-fit indices of the final model, calculated by the
software, were as follows: the chi-square (y2) test value was 88.1, the degree of freedom (df)
was 71, and the p-value was 0.082. To measure model fit, scholars recommend using the chi-
square divided by the degrees of freedom (y2/df), where a value of 5 or less is considered a
benchmark (Hu & Bentler, 1999; Reichardt & Lomax, 2005). In this study, y2/df was 1.24,
indicating an acceptable model fit. One of the many incremental fit indices used in exploratory
factor analysis for linear mean and covariance structure modelling is the Tucker-Lewis index
(TLI) (Tucker & Lewis, 1973), also known as the non-normed fit index (Bentler & Bonett,
1980). The TLI value of our model was 0.989. A suggested TLI value should be greater than
0.90 (Bentler & Bonett, 1980; Cai et al., 2023). The root mean square error of approximation
(RMSEA) is an absolute fit index that measures how far a proposed model deviates from the
ideal model (Steiger, 1990). The CFA/SEM software typically provides the lower and upper
RMSEA values along with the RMSEA value of the model. In this study, the RMSEA value
was 0.057, which falls between the lower and upper RMSEA values of 0.00 and 0.093,

respectively.
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The value of our model's comparative fit index (CFI) was 0.991, which is preferred to be greater
than 0.9. CFI takes into account the difficulties associated with sample size in the chi-squared
test of model fit and the normed fit index when analysing model fit, by measuring the difference
between the data and the hypothesized model. These results indicate that the TPB model has
strong construct and convergent validity and fits the empirical data well. Therefore, it could be

used to evaluate the study hypotheses.

The estimation outcomes are presented in Table 4.3. The standardized path coefficients of
attitudes and perceived behavioural controls on citizens' intentions were 0.31 and 0.14,
respectively. This suggests that citizens' attitudes and perceived behavioural controls have a
favourable impact on their intentions to use HMSW. However, the standardized path
coefficient of citizens' subjective standards on their intents, which is 0.54, is the most
statistically significant. This indicates that citizens' subjective norms significantly influence

their intentions to use HMSW.

Table 4.3: Model-implied covariances for latent variables

Path Path Hypothesis
coefficient tested
IN <-- AT 0.31 H1
IN <-- SN 0.54 H2
IN <-- PBC 0.14 H3

4.4. Chi-square test for independence and Cross-table analysis

To conduct CTA, consideration of items having their standard deviation greater than one were
done, and an additional CTA was performed on items having the highest and the lowest mean
value. As seen from Table 4.1, five items have qualified for CTA under the criterion having

SD>1. These are AT2, SN1, SN2, SN3 and PBC2. Chi-square test was considered for each
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mutually exclusive pair to check for a relationship between the two items. If the pair passed
the Chi-square test, CTA was then studied to explore the trend of the relationship. Table 4.4
below presents the outcomes of CTA wherein the items are considered pairwise. During the
analysis, three kinds of relationships have been studied. High relevance would mean that both
Item 1 and 2 under the consideration have been awarded high value on the Likert scale (>4) or
both items have been awarded low value on the Likert scale (<2). An inverse relationship would
imply that one of the two items under consideration has been awarded a high value on the
Likert scale (>4) and the other one has been awarded a low value on the Likert scale (<2). The
third category is the “no” relationship which implies that one of the items has been awarded 3
on the Likert scale and this does not influence the Likert value of the other item. The numerical
values of CTA can be accessed in Appendix F. Since there are three relationships, it is expected
that the value under each category of the relationship should be around 33.33%, however,

during the CTA, the relationships showing extreme trends have been discussed.

Table 4.4: Heat mapping of the CTA results (refer to Appendix I for the numerical

values)
Serial Item | Item | Colour mapping of CTA Corresponding table in

Number 1 2 results Appendix |

1 SN1 | AT2 Table I.1.

PBC
5 Table 1.2,
2
SN2
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PBC
6 SN3 Table 1.3.
2
PBC
7 ) AT2 Table 1.4.
PBC
8 ) IN2 Table 1.5.

For the pair AT2 and SN1, the chi-square test reveals that the chi-square value is 28.8, and the
p-value is 0.026, which is less than 0.05. This indicates that there is a relationship between
these two variables. To understand the relationship, Table 4.4 shows the visual representation
of the CTA results. From row 1 in Table 4.4 (Table 1.1 as the corresponding table in Appendix
), it is noticed that AT2 and SN1 show high relevance. 50% of people have either given a high
Likert value (>4) to both the items or a low Likert value (<2) to both items, in other words,
AT2 and SN1 have shown a high relevance to each other (Table 1.1). However, 16.21% of
respondents have shown an inverse relationship between the two, as in, AT2 has been valued
high but SN1 has been valued low by them, or vice-versa. 33.78% of respondents have shown
a neutral relationship between the two items which means that for any one of the items, AT2
and SN1, the Likert scale value is 3. Alteration in one item's value does not influence the other

item.
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For AT2 versus the next item in the SN category, SN2, the chi-square value comes out to be
24.2 and the p-value is 0.085 (> 0.05), implying that there is no relationship between the
variables, hence not proceeding to the CTA. Similarly, for AT2 and SN3, the chi-square value
comes out to be 18 and the p-value to be 0.324 which is much higher than 0.05. hence, there is

no relationship between AT2 and SN3.

For SN1 and PBC2, the chi-square value is 22.1, and the p-value is 0.141, failing the test hence,
there is no relationship between these two variables. For the items PBC2 and SN2, the chi-
square value is 36.1 and the p-value is 0.003, meaning that there is a relationship between PBC2
and SN2. Similarly, the chi-square value is 37.3 and the p-value is 0.002, confirming the
relationship between these two variables of PBC2 and SN3. 44.59% of respondents have given
either >4 to both the items in row 5 of Table 4.4 or given <2 to both items. 37.83% of
respondents have marked 3 to either SN2 or PBC2, and 17.56% of respondents have exhibited
an inverse relationship. Though the percentage of inverse relationships is the same in row 2
(Table 1.2 as the corresponding table) and 6 (Table 1.3 as the corresponding table), the relevance

of the items in row 2 is much higher than in row 3 in Table 2.

In row 3 of Table 4.4 (Table 1.3 as the corresponding table in Appendix I), 40.54% exhibit a
high relationship between the two items. Cases of no relationship and inverse relationship
between the two items are 39.18% and 20.27% respectively. Notice that the highest relevance
has been shown in the CTA of SN2 versus PBC2, followed by SN3 versus PBC2 and no
relationship between SN1 versus PBC2. Additionally, it was found that when AT2 was
analysed against the construct SN, the pattern of relevance to AT2 is SN1 having the highest
relevance. On the contrary, analysis of construct SN against PBC2 exhibits SN2 having the
highest relevance, followed by SN3. The plausible reasons for those would be discussed in the
next section. In continuation with the CTA, Table row 4 (Corresponding Table 1.4) below
performs CTA between AT2 and PBC2, after passing the chi-square test with a chi-square

97



value of 37.8 and p-value of 0.002. 48.64% of respondents show high relevance between the
two items. 33.78% and 17.56% of respondents show no relationship and inverse relationship
between AT2 and PBC2, respectively. No CTA has been performed among SN1, SN2 and SN3

because they are not mutually exclusive.

An additional CTA was performed on two items having the highest and the lowest mean value
as shown in Table 4.4. the chi-square value comes out to be 38.1 and the p-value to be 0.001,
IN2 and PBC2 have the highest and the lowest mean value respectively. About 44.59% of
respondents show high relevance between the two items in row 5 of Table 4.4 (Table 1.5 as the
corresponding table). However, only 28.37% show no relationship between IN2 and PBC2,

and 27.02% display an inverse relationship.

4.5. Comparison of measured items’ assertions and descriptive statistics of HSS and

HMSW

For both HSS and HMSW, the set of questions was the same. It is expected that the mean of
the questions should be similar. A glance at the difference in the mean value could provide

insight into uncommon trends, as can be seen in Table 4.5.

Table 4.5: Comparison of mean of the survey data of each item for HSS and HSMW

Item Statement HSS HMSW  Difference
Mean Mean

AT1  The product can increase my economic income. 3.72 3.89 -0.17

AT2  The production of hydrochar will alleviate air 4.05 3.78 0.27

pollution in rural and urban areas.

AT3 I support the acceptance of hydrochar contributing 4.07 4.12 -0.05
to human health.

AT4  The utilization technologies of hydrothermal 4.16 4.12 0.04
carbonization/ hydrochar are environmentally

friendly.
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AT5  Hydrochar is necessary to make our environment 4.09 3.96 0.13

sustainable.

SN1 My peer group will think positively of me when 3.80 3.74 0.06
they get to know that | am using hydrochar
products.

SN2  Highly educated neighbours’ opinion has a great 3.27 3.28 -0.01

influence on my decision about hydrochar.
SN3  Wealthy and influential leaders would approve of 3.64 3.73 -0.09
the behaviours of hydrochar use.

PBC1 | | have enough money to adopt the technologies of 3.91 3.54 0.37
hydrothermal carbonization/ hydrochar products.
PBC2 1 can easily get technical support in hydrochar 3.47 3.20 0.27
from industrial technical experts if and whenever |
want.
PBC3 | | am confident that | can quickly learn and master 3.93 3.99 -0.06
the technologies of the usage of hydrochar.
IN1 | lintend to learn the utilization technologies of 3.89 411 -0.22
MSW.
IN2 | am willing to reuse MSW to protect the 4.04 4.20 -0.16
environment and to be in harmony with nature.
IN3 | I'would like to reuse MSW to conform to the future 4.04 4.16 -0.12

development trend of low carbon emissions.

It is seen that the highest difference is in item PBC1, which states that the respondents have
enough money to adopt the technologies of hydrothermal carbonization/ hydrochar products.
Though for both the HSS and HMSW the mean is greater than 2.5, respondents are more
positive about having money to adopt the technologies related to HSS, the plausible reasons of

which are discussed in the next section.

5. Discussion

This section is divided into five sub-sections: 1) a discussion on the applicability of TPB in

predicting the intentions of Indian individuals to use HMSW, 2) a discussion on the
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contradictory influence of peer groups, influential leaders, and neighbours on increasing
awareness towards HMSW and getting governmental support, 3) discussion on the relationship
between getting support from the governmental schemes and on increasing awareness on
HMSW, 4) discussion on the relationship between willingness to use HMSW and getting
support from the government, 5) ease of putting money for HSS technologies, and lastly, 6)

comparison of the results of the acceptance of HSS and HMSW based on TPB.

5.1. Applicability of TPB in predicting the intentions of Indian individuals to use HMSW

Based on TPB, subjective norms have the greatest influence on people's intentions to use
HMSW in this study. Similar to the theory discussed in Chapter 3, a possible explanation can
be given by Maslow's theory of human motivation, suggesting that physiological needs at the
base of the pyramid should be met before higher-level needs (Maslow, 1943). The respondents
in this survey have sufficient living conditions and educational levels, so higher-level needs
such as social needs (including belongingness and affection) and spiritual needs should be the
focus of attention (e.g., self-respect, self-actualization). These findings demonstrate the
usefulness of the TPB model in predicting the intentions of Indian individuals to use HMSW.
Effective strategies should promote favourable subjective norms among citizens towards these

reuse practices. Therefore, changing behavioural intentions requires the presence of others.

5.2. Influence of peer group, influential leaders, and neighbours on increasing awareness

towards HMSW and getting governmental support

This section discusses the results of row 1to 6 in Table 4.4 (Table 1.1 to 1.6 as the corresponding
tables in the Appendix I). The items being analysed are AT2, SN1, SN2, SN3, and PBC2. The
significance of AT2 is that it tells the awareness of people towards hydrochar and people's faith
in hydrochar in combating climate change. SN1 focuses on the influence of peer groups. A peer

group influences people in such a way that those who have not fully formed their identity are
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more susceptible to negative peer influence (Brechwald & Prinstein, 2011). However, this peer
pressure can also serve to encourage prosocial behaviours as well (Brechwald & Prinstein,
2011), in the case of this study, prosocial behaviour implies the behaviour to use hydrochar.
SN2 focuses on the influence of neighbours on an individual. A neighbourhood can also be a
presentation of society in a way that tells how an individual is connected to society. A
neighbourhood is important because it lays the foundation for better health, increased safety,
and overall community pride (Shaw, 2004). In this study, it is expected that this question would
demonstrate if the community would easily accept hydrochar. Also, this question might be
indicative of how much inclusive an individual feels in a community. SN3 not only discusses
the impact of the influence of wealthy people and the leaders but in a way represents the
influence of media and Bollywood as far as India is concerned. PBC2 focusses on getting
technical support from industrial and technical experts. This question indicates a general faith

in the government schemes and the infrastructure provided by the government.

When CTA was done to understand the influence of the peer group (SN1), neighbours (SN2)
and wealthy people (SN3) on the awareness of using HMSW (AT2), it was found that only the
peer group has the highest influence on the spreading awareness of using HMSW and its
benefits. This implies that people are dependent on their peer group when it comes to increasing
their knowledge on a matter or getting updated on the latest pressing issues. Studies have shown
that peer group is an important factor for knowledge management and in turn, for better
organizational performance (Muhammed & Zaim, 2020), and even to spread awareness about
medical education like HIV prevention (Kaponda et al., 2009; Norr et al., 2004) and drug abuse
(Smart et al., 1976). In this study, it is noted that peer group influence can be tapped upon to
share knowledge about the environmental benefits and environmentally sustainable

government schemes.
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When CTA was done to understand the influence of peer groups (SN1), neighbours (SN2) and
wealthy people (SN3) on the faith in getting the required technical support in HMSW usage
(PBC2), it was found that the neighbours have the highest influence, followed by wealthy
people and leaders, and not the peer group, which is not in line with the previous observation.
A neighbourhood is vital as the degree of people's well-being increases in direct proportion to
the level of neighbourhood mutual support. However, when people can find solutions to their
problems through formal social support (and thereby reducing their dependency on
neighbours), the impact of local mutual support is diminished when a community employs full-
time social workers (Yang et al., 2022). It can be inferred that since social support is not
generally established in developing countries, people are still dependent upon their neighbours
and society for any kind of support, here, technical support pertaining to HMSW. An analogy
can also be given that in this era of digitalisation and social media, an individual is connected
to his/ her peers through social media, like, Instagram, WhatsApp, etc, which play an important
part in shaping one’s beliefs. However, when it comes to getting first assistance, people are
still dependent on their neighbours, and so the possibility of getting influenced by neighbours,

or being dependent upon them cannot be totally ruled out.

This CTA caters to minor objectives 6 and 7 of this thesis, to evaluate the level of citizen
engagement in recycling initiatives, with a focus on the low adoption of recycling practices and
the potential of HMSW, and to provide insights to aid policymakers in developing policies and
carbon emission abatement (CEA) programs to improve sustainability, considering citizen

motivations for recycling MSW.

5.3. Relationship between getting support from the governmental schemes and increasing

awareness of HMSW

This section discusses the results of row 7 in Table 4.4. About 48.64% of respondents who are

aware of the benefits of the HMSW believe that they will get the required technical support
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from the government, and people who were unsure of the significance of HMSW usage were
apprehensive about getting technical support. It can be interpreted that the well-aware and
educated people are hopeful of the government policies, while on the other hand, people who
are unaware of their surroundings, do not want to rely on government assistance. This CTA

caters to minor objectives 6 and 7 of this thesis.

5.4. Relationship between willingness to use HMSW and getting support from the

government

This section discusses the outcomes of row 8 in Table 4.4 (Table 1.8 as the corresponding table),
wherein IN2 has been analysed with PBC2. IN2 signifies the willingness of people to play an
active part in the environment. As seen from Table 4.1, this item has got the highest average
of 4.20. On the other side, PBC2 has the lowest average of 3.20. About 44.59% of respondents
show high relevance in Table 1.8, implying that people either want to reuse MSW to be in
harmony with nature and they believe they can easily get technical support in the MSW
hydrothermal carbonization/ hydrochar from the industrial technical experts, or they do not
want to reuse MSW and do not believe that they will get the required support. In other words,
it can be predicted that people who are willing to use the hydrochar, believe that they will easily
get the government help. In continuation, 41.89% of respondents are firmly hopeful to be in
harmony with nature and believe that they will get the required help. As per a related Pew
research, people who believe that elected officials do not care about the views of common
people are more likely to be dissatisfied with the state of democracy in their nation
(Connaughton et al., 2020). As far as India is concerned, 19% of those who believe elected
officials do not care what people like them think are dissatisfied with democracy — compared
with 38% who think elected officials do care. In that sense, 41.89% is a good sign of trust in
democracy as compared with the 38% hope reported by Pew research (Connaughton et al.,

2020).
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Therefore, the high relevance between the two items signifies that the government schemes,
when implemented properly, can set the mood of people. A study in a developed nation shows
that the appropriate balance between the proper implementation of government policy goals is
equally balanced by public opinion. The study also provided support for the claim that
governments adjust their preferences in response to shifts in public opinion (Bellucci &
Pellegata, 2017). On the other hand, the collapse of a poorly planned government scheme can
give rise to uncontained rioting, falling off, and the descend of the country into anarchy and a
near civil war, as happened in Albania in which some 2,000 people were killed (Jarvis, 2000).
In this study, though there is hope in the government and its schemes, it is a matter of further
discussion on how streamlined schemes and policies can be put up to use the faith of the people

to action. This CTA, thus, answers objective 7 of this thesis.

5.5. Ease of putting money into HSS technologies

It's interesting to note that people in developing countries are more positive about adopting
technologies related to HSS than those related to HMSW. One of the reasons for this could be
that people in these countries are well aware of the organic nature of their poop, which can be
directly applied to fields as a fertilizer (Moya et al., 2019). In rural areas, where agriculture is
a significant sector, people have a tradition of using organic waste as soil amendments (Gwara
etal.,2021), which makes them more willing to adopt technologies that valorise sewage sludge.
This, coupled with the potential for income generation from hydrochar-derived soil

amendments or fertilizers, acts as an economic incentive for adopting HSS technologies.

On the other hand, people in developed countries are more inclined to trust municipal solid
waste treatment systems (Marshall & Farahbakhsh, 2013). If the same question were asked in
such countries, people might be more willing to adopt HMSW technologies. The way MSW is

managed in developing countries may seem inadequate to some. This perception, combined
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with concerns about the safety and composition of products derived from MSW, may

discourage the use of technologies that rely on such waste.

Moreover, the socio-economic factors and education levels in developing countries play a
crucial role in shaping perceptions and decision-making processes. Lower levels of education
and awareness about proper waste management practices, particularly in rural areas, may
contribute to the willingness to adopt technologies related to sewage sludge, which is perceived
as a more familiar and organic material. Therefore, education and awareness campaigns are
necessary to promote sustainable waste management practices and foster trust in emerging

technologies.

Extending this further, this observation provides insight into people's thinking and their level
of education. It shows that people in developing countries might take sewage sludge
management into their own hands, but they may not know how to manage MSW. The CTA

discussed here caters to the minor objectives 6 and 7 of this thesis.

5.6. Discussion on the difference of SEM results on the acceptance of HSS and HMSW

SEM results show that the impact of SN on IN of HSS usage is 0.74, and the impact of SN on
IN on HMSW usage is 0.54. Though for both the cases (HSS and HMSW) the impact of SN is
the highest on IN, the reason behind the difference between the two can be reasoned as the
following. The effects of sewage are readily apparent, such as foul odours, unsightly sights,
and health issues. In contrast, municipal solid waste is often collected and disposed of in a
different location, leading to less direct interaction and a tendency to overlook its impact. This
means that the impact of sewage and its related issues are highly localized, while the effects of
municipal solid waste are more far-reaching. This is why people may be more influenced by

videos or other social norms means related to sewage systems.

105



6. Conclusion

Individuals are willing to recycle MSW as a means of promoting environmental protection and
living in accordance with nature. This study also explores the influence of citizens’ attitudes,
subjective norms, and perceived behavioural control on their intentions to reuse MSW for
reducing carbon emissions. The study finds that in a developing nation with respondents having
adequate living conditions, more emphasis should be placed on subjective norms than attitudes
and perceived behavioural controls to have an impact on citizens’ intentions to use HMSW.
Further, CTA revealed some intricacies of the human behaviour which the present research
methods fail to deliver. A contradictory pattern is observed which emphasizes the fact that a
peer group plays a major role in getting awareness and forming our beliefs, however, a
neighbour is the first to be approached when any onsite help or assistance is required. Another
CTA evaluates that those who are knowledgeable and educated are positive about government
initiatives, whilst others who are clueless about their surroundings do not wish to rely on
government support. Since this study addresses the UN SDGs 7, 11 and 15, as far as
government programs are concerned, when done correctly, government programmes can
influence people's attitudes. Although there is hope in the administration and its plans, more
discussion is needed to determine how streamlined plans and policies can be implemented to

put the public's faith in action.

People in developing countries are more likely to adopt technologies related to SS than those
related to MSW. This is because they are familiar with the organic nature of their poop and
have a tradition of using organic waste as soil amendments in agriculture. The potential for
income generation from hydrochar-derived soil amendments or fertilizers is also an economic
incentive for adopting HSS technologies. In contrast, residents in the developed countries tend
to trust MSW treatment systems more and may be more willing to adopt technologies that rely

on waste. People in developing countries, however, may view MSW management as
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inadequate and have concerns about the safety and composition of products derived from

waste, which can discourage the use of such technologies.

The effects of sewage being highly localised, lower levels of education and awareness may
also contribute to the willingness to adopt technologies related to sewage sludge. Therefore,
education and awareness campaigns are necessary to promote sustainable waste management
practices and foster trust in emerging technologies. This may lead people in developing
countries to take SS management into their own hands because they lack knowledge about

managing MSW.
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Chapter 5

Conclusions

Safe sanitation is a fundamental human right, yet open defecation remains a pressing issue in
many parts of the world. More than 50% of the world’s population lacks access to clean water
and sanitation, leading to serious health and environmental consequences. Addressing these
challenges requires a holistic approach integrating the provision of safe sanitation facilities,
recycling practices, and efficient waste management systems. This thesis, hence, makes an
effort to understand safe sanitation practices, public attitudes, and behaviours toward recycling
and waste management, which is, in turn, integral to formulating effective policies and
interventions. This thesis examines the Swachh Bharat Abhiyan (SBA) Impact, investigates
open defecation practices, analyses public opinion and behaviour towards sanitation practices,
explores societal factors in sewage reuse, and contributes well to the Sustainable Development
Goals (in particular SDG 6 and 11). All these points can be taken as research objectives which
this work has successfully catered to. This thesis then proposes a solution of introducing toilets
that can produce hydrochar. this thesis then explores the usage of hydrothermal carbonisation
(HTC) made from both sewage sludge and municipal solid waste, applies the Theory of
Planned Behaviour (TPB), and implements Structural Equation Modelling (SEM) to assess
citizen engagement in recycling initiatives. This thesis can have far-reaching contributions to

policy development.

The below lines first discuss the major objectives and their results, and then mention the
additional results. It then discusses the recommendations, future expansion of this study,

limitations, and the takeaway message or the epilogue.
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1. Findings at a glance

The research aims to understand why people in developing countries continue to practice open
defecation despite significant investments in WASH services. The initial qualitative research,
in Chapter 2, focuses on public perceptions and attitudes toward sanitation practices in
slum areas of Jaipur, India (Objective 1). One notable finding is that communities in these
countries often exhibit a strong sense of entitlement, as reported in Nature Scientific Reports
recently (Gupta et al., 2024). This sense of entitlement suggests two potential approaches:
charging for WASH services or incentivizing their use. A proposed solution is to provide toilets
that produce hydrochar, a valuable resource derived from sewage sludge (HSS). However, it
remains unclear whether people would be willing to adopt HSS, and if so, how their adoption
could be influenced. Chapter 3 then explores the possibilities of using hydrochar derived
from in-situ sewage sludge as a sustainable energy source to tap the sense of entitlement
(Objective 2). Further investigation using the theory of planned behaviour (TPB) and structural
equation modelling (SEM) indicates that social norms (SN) have a significant impact on the
intention to use hydrochar. Despite this, the existing literature mentions that people's intention
to recycle, including using hydrochar, is generally low (Babaei et al., 2015; Knussen & Yule,
2008). Chapter 4 tries to understand these conflicting results and explores the possibilities of
adaptation of hydrochar derived from municipal solid waste (Objective 3). Extending this
concept of TPB to hydrochar derived from municipal solid waste (HMSW) recycling reveals
that social norms have a lesser impact on intention compared to hydrochar from sewage sludge.
This disparity may be attributed to the greater visibility and familiarity of sewage sludge

compared to municipal solid waste.

This study has several other findings catering to the minor objectives as shown below.
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Obijective 4: To assess the impact of Swachh Bharat Abhiyan (SBA) on community sanitation,
and to explore the persistence of open defecation in slum areas despite the successful

implementation of SBA through an on-site qualitative survey.

Findings related to Objective 4 include:

1. Financial constraints were the primary reason (89%) for not having toilets, while a
small percentage (6%) preferred open defecation for fresh air and open fields.

2. Open nallahs (drains) were the most common place for open defecation, followed by
nearby hills, for all categories (males, females, and children).

3. Community toilets were available but not used, mainly due to poor maintenance and
inconvenient locations.

4. Major issues faced during open defecation included social harassment, illness,
encounters with wildlife, time constraints, and privacy concerns.

5. Lack of funds and resources was the primary problem in toilet construction, followed
by distrust in government officials and contractors.

6. Awareness of the Swachh Bharat Abhiyan (SBA) was spread through various channels,
including government dispensaries, schools, mobile phones, televisions, and village
walls.

7. More respondents had seen SBA advertisements than those who hadn't, indicating a
relatively successful awareness campaign.

Objective 5: To contribute to the understanding of factors influencing public perception and

behaviour related to sanitation, aligning with the United Nations' SDG 6.2.

Findings related to Objective 5 include:

8. Lower-income individuals tend to have stronger religious beliefs, and places of worship

can be effective for promoting health-related ideas.
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9. Citizens exhibit a sense of entitlement, expecting services to be free or low-cost.
10. People want toilets in their households, preferably through government schemes, but
are reluctant to contribute or participate in the construction process.
11. Government messaging should emphasize the right to have a toilet and encourage
people to approach government offices for assistance.
12. Local materials, such as Redstone and mudbricks, were preferred for toilet construction,
increasing acceptance and potentially strengthening the local economy.
13. Using local materials for construction can contribute to employment, wages, and
economic growth in the area.
14. People are more likely to help in the toilet construction process when they are unaware
of the costs involved.
Obijective 6: To evaluate the level of citizen engagement in recycling initiatives, with a focus
on the low adoption of recycling practices and the potential of SS and MSW-derived hydrochar

(HSS and HMSW, respectively).

Findings related to Objective 6 include:

15. The Theory of Planned Behaviour (TPB) model was found to be useful in forecasting
Indian individuals' intentions to utilize Hydrochar.

16. Supportive neighbourhoods can contribute to increased faith in government schemes
and infrastructure related to HSS.

17. Social influences significantly impact citizens' decisions regarding HSS usage, as
people are less constrained by psychological presuppositions

18. Social influence is bidirectional and can occur through various channels, including

media and environmental organizations.
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Objective 7: To provide insights to aid policymakers in developing policies and carbon

emission abatement (CEA) programs to improve sustainability, considering citizen motivations

for recycling MSW.

Findings related to Objective 7 include:

19.

20.

21.

22.

23.

24.

25.

26.

People in developing countries still depend on neighbours and society for support,
including technical assistance for hydrochar.

While peer groups shape beliefs through social media, neighbours are still the first point
of contact for immediate assistance.

People who are aware of hydrochar benefits are more likely to believe they will receive
technical support from the government.

People in developing countries are more positive about adopting technologies related
to HSS than those related to HMSW.

Familiarity with organic waste as soil amendments in rural areas makes people more
willing to adopt HSS technologies.

People in developing countries might be more inclined to manage sewage sludge
themselves but may lack knowledge about managing municipal solid waste.

The impact of subjective norms on intention to use HSS (0.74) is higher than for HMSW
(0.54), possibly due to the more localized and apparent effects of sewage compared to
municipal solid waste.

Socio-economic factors and education levels in developing countries influence

perceptions and decision-making processes regarding waste management technologies.
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2. Recommendations

During this study, the conductor came across some ways in which the PWS can be made more

efficient, as mentioned below:

1.

In societies where the sense of entitlement is high, it is better to either let the
beneficiaries pay for it or provide incentives to use the services. Instead of providing
normal toilets with no end benefits, it is better to provide toilets with an end result, here,
in our case, toilets producing hydrochar in the end.

Mosques can be utilized to encourage hygienic practices and inform people about
government programs in areas with limited technology access, as 96% of respondents
practice Islam.

Adding value to services is proposed as a way to address the sense of entitlement, as
people tend to value what they pay for.

The sense of entitlement can be leveraged to motivate people to demand hygiene
services from the government and stakeholders.

Social campaigns can be used to motivate communities and citizens to take action.
Peer group influence can be leveraged to share knowledge about environmental benefits
and sustainable government schemes.

There's a need for education and awareness campaigns to promote sustainable waste

management practices and foster trust in emerging technologies.

3. Limitations of this study and further expansions

The limitations of this study could be addressed in future studies. Because this study included

both qualitative and quantitative surveying, it is also important that the subjects understand the

questions being asked, which, however, cannot be confirmed using any methodology. The
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reason is that the human mind is still illogical and sometimes fails to understand the best

possible option for himself/ herself (Pinker, 2021).

Future studies could also validate and confirm the current findings by repeating the analysis on
a sizable and broadly representative sample. Future research might also profit from objectively
assessing measurable behaviours by watching and documenting actual recycling habits. The
TPB can accurately predict up to 39% and 27% of the variance in intention and conduct,
respectively (Armitage & Conner, 2001). Additionally, this model confirms that the traditional
TPB model may be used to describe a citizen’s intent to use HMSW. However, to improve its
ability to explain people’s environmental behaviours, the traditional TPB model can be
expanded by including moral conviction or obligation (Chen, 2016; Tan et al., 2017).
Furthermore, the model's predictability on a citizen’s reuse intentions and behaviours can be
improved through further research. Then, the gap between the citizen’s intentions and
behaviours for reusing HMSW for carbon emission reduction and environmental policymaking
can be further evaluated. Also, if social norms were to be relied upon to inform citizens, it
should be taken care that the information sources should be credible, especially with the usage

of social media like YouTube and Instagram where misinformation can spread easily.

In addition, CTA can also be extended and evaluated for a greater number of respondents.
There might be an underlying pattern in the human behavioural trend which might not be
reasoned in this research. Human behaviour has been a topic of interest for scientists and
philosophers. The same study can be extended to further quantitative studies to describe and
classify human behaviour using widely available methods like Thurstone law of comparative
judgment (Thurstone, 2017), ANOVA (Tukey, 1949) and Tukey—Kramer tests (Kramer, 1956)
among many others. Also, this research does not focus on how the findings in the results will
be applied in policymaking. However, the results and the application of these results in
policymaking open a new stream of study and research.

123



4. Epilogue

This study on open defecation in developing countries provides important insights into
sanitation challenges and potential solutions. Financial constraints are identified as the primary
barrier to toilet ownership, with 89% citing this as the main reason for not having toilets. A
strong sense of entitlement among communities, expecting free or low-cost services, presents
both challenges and opportunities for implementing effective sanitation solutions. This might
not only hold true for the Indian community at large but can also be true for other developing

nations. More similar studies are needed in this field.

The study then proposes two approaches to address this issue: charging for WASH services or
incentivizing their use. One innovative solution is the introduction of toilets that produce
hydrochar, a valuable resource derived from sewage sludge, or HSS. The Theory of Planned
Behaviour analysis shows that social norms significantly influence the intention to use

hydrochar, particularly for HSS compared to hydrochar from municipal solid waste (HMSW).

Additionally, CTA shows that peer groups, wealthy individuals/leaders, and neighbours play
crucial roles in spreading awareness and providing technical support for waste management
technologies. This is important because Indian society by large is known for its education and
good IT skills. Instead of trusting their own educational level or perceived behavioural controls,
they are still dependent on how others think of them, hence playing a part in their own decision-
making. Peer group influence can also be harnessed to share knowledge about environmental

benefits and sustainable government schemes.

Interestingly, in countries like India, religion and politics go hand in hand. Religious
institutions can be utilized to promote hygienic practices and inform about government
programs, especially in areas with limited technology access. Furthermore, targeted education

and awareness campaigns can be developed to promote sustainable waste management
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practices and foster trust in emerging technologies. Additionally, improving the maintenance

and accessibility of community toilets is important to encourage their use.

Implementing these recommendations and considering the complex social, economic, and
cultural factors influencing sanitation practices can enable developing countries to make
significant progress in reducing open defecation and improving overall public health and
environmental conditions. | understand the need to recognize that, despite the availability of
resources for WASH services, policymakers may struggle to fully grasp the underlying reasons
for the failure of public water systems, or they may lack the motivation to delve into the deeper
human behavioural aspects. It's important to support studies like this research as they can
ultimately empower all stakeholders to make meaningful improvements for the well-being of

communities.
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Appendix

Appendix A
Customer Survey in Open Defaecation Localities, Jaipur

LOTA- Understanding Target Audience

Name /-TH- Age [3Y-
Address /UdT-
Number of members in family MaaR # gewl 1 SE&T-

1. Why are you not using toilet? /3ITd QETerd ST SUTNT 4] I8] P I8 872

» Prefer open-defaecation due to fresh air & open fields /dTsit gal 3R Eﬁ[ Wdl &
HROT G A X B Irafiramar

* Specified in religious scriptures / T Tl | ﬁ%g %
« Financial constraints /fa<iid ST
* Any other reason specify /Pg 3T HRUT Y He-
2. Where do the male members go for defaecation? /@Y Wﬁﬂ%ﬁﬁw oTd 82
*open barren land /’@Fﬁ IR TR 3{&[
*lush green lands @% R 'aE'IT'T
enearby nallah /UTH T Tl
*Others /3

3. Where do the female members of the household go for defaecation? /X CJ| 'FI'I%FIT
ST XN & U gl Sl &2

*open barren land /@?ﬁ 3R R E@
*lush green lands LRI M

nearby nallah /U T FIcIl
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*Others /3

4. Where do the Kids of the household go for defaecation? /UX FIAMT D ﬁl‘Q Eb?’f
STd 82

*open barren land /@?ﬁ 3R IR “1[&[
*lush green lands @3\’ R fl_q"l:[
nearby nallah /U T qTcIl

*Others /3

5. Do you face any problems due to not having a toilet facility? What are they? RUEISE

Dt FfaeT T8 T F BT T ATID! BIg THET 32 d T 32

» Any shameful incident with females of the house (harassment faced due to going in

dark hours) /R B ARTATSN & Y BT YHATS T (3R Gl H S & BRI

* Time crunch & need to wake up too early /HHY D HH 3R ggd Sedl S &l
ORERA §

* [llness related to bladder or stomach /HATRIY Il Uc 9 gefad SRt

 Any accidents (snake, insects etc) /ﬁ's‘ aff gﬁ??frq iy, ﬁ@

* Any other problem, specify /PTg 3 T, My &1-

6. Do you think having a toilet can significantly improve above mentioned problems? If

no, then how? /T 3TUH! TTCT & P TH AT B1 | IudTd GHwsi d HTwt
YR gl TwdT 32 afe 181, ot a2

*Yes/ ﬁ
*If No, why? /af 78!, dl &i?

7. Do you intend to pay more expenditure of money than the government's aid for the
construction of toilets if it exceeds the subsidy? /&T 3TY Ty & fAafor & f%I'E
WHR & Jerdl I e Y-RIRT ST Y W HI1 $T 33061 7Ed § aic 8
afoast & aifte g2

*Yes/ ETJ *No Flgbf

8. In case there is no money from the government would you still construct a toilet on

your own expense? mﬁw%waﬁéﬁwqﬁ%a‘rwmaﬁmm@#w
RMrery &1 fmfor w3
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*Yes/ BT *No FI_EQF

9. According to you, how much money does it cost to construct a toilet? 13TIF SR,

itarerd A § fpa=m 31 o 32
+0-10,000
+10,000- 20,000
+ 20,000- 30,000
+30,000- 40,000
« 40,000- 50,000
* Don’t know /4dI :l?ﬂ

10. What problems do you incur with/while constructing a toilet? iaTay &1 Aoy
Fd THY 3ATY BT gomaii | ogid 82

« It takes a lot of time to supervise & construct /ST TR AR fAAor dgd JHY
A S

* Quality of construction not as promised /o &t NI & SITIR dlcl ol fopa
SIS

* Needs regular maintenance & services Mafid TeR@mE 3R Jarsf Pt raRgemd

* Contractor fills his own pocket /SHER ST T HRAT §
« Lack of funds and resources /- 3R JTTEA] T HH

« No idea /9T 8!

11. How much money are you happily willing to pay for a good toilet facility in your

house? /Mﬂﬁﬂ?ﬁ?ﬁﬂ@ﬁ&ﬁﬁﬁﬂ%ﬁmﬁﬁﬁﬁﬁﬁaﬂﬂﬁ?
+0- 5,000
+5,000-10,000
+10,000-15,000
*15,000-20,000

+20,000-25,000

enil/ R
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12. What do you think of toilets which are low in cost and fast to construct? /T 34

YETAg & IR H Jad & S dARTT | $H g iR foraw asht @ fAafor g

« It must be bad/faulty as such low cost is not possible /I8 RIS / GINYUl G ALY
Hifdh a1t HH AN THI I8! &

» Works best for us if someone can provide facility in less price/ g AR o ey
o o g
3BT BT 3R Dis HH B | JrAYT U R Ihdl §

13. Would you be interested in constructing a fast (in some hours) and easy to install toilet

foryourfamily?Wmmuﬁ?ﬁ%m@aﬁ(ﬁﬁﬁﬁ)Gﬁ?aﬂ'\‘lﬁ'\ﬂ
w1 2rmery &1 fAafor e A of w@d @2

» We do not want to get involved in construction process /&H gt ufeear & wnfaa
EEISEICIERE

« Sounds like fun and exciting /ASIGR 3R JAATIS AT §

14. What material do you think toilets should be made of? /3TYHT T AT % g
SMaTer f aredt | 991 g1 91

* Local material used in construction like stone walls etc (suggest some) /Y &= fafor

T Tgad RIF IUas Il o TR &1 SR SIS (2 J3ma)
« Metal Sheets like steel and GI /&1 3R Gﬂ&l‘l’é ot Aed sﬂa:r
» Strong durable Plastic /AN [ChTS, WIRCH
« Mud bricks / ET @1 g¢
* Wood /Fﬁb_&ﬁ
15. Where do you see advertisements for toilets? /3179 TTery %ﬁ?ﬂ'ﬂ? G| a@d %'?

* Government Dispensaries/Hospitals FIRBTRY SNYTETY / SRUATd
* Television/Mobile phones [eefae / 'J:hTSI'I%T“[ B

* Village walls FTT_q’ﬁEﬁaﬁ

» Schools /faTe™

« Never heard of one / HH frdl & IR & ngfﬁ:ﬂ

16. What are your perceptions regarding using manure from the toilet? /=Ty I uTe

"I T IUUNT B & I H STUSH| T YRUME 872
* [ am willing to use/ﬁWW%%ﬁwg
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* I am not willing to use /ﬁWW%quﬁﬁ

* [ am willing to use but only for growing non- human consumption crops H IUTRT

TR & oI TR g Afch dhad TIR-Aa ITHNT aTel ! ! ST o fag
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Appendix B

Figures used in Section 3 of Chapter 2

Question 1: Why are you not using toilet?

25%) ofgy]

BPrefer open-defaecation due to
fresh air & open fields
B Specified in religious scriptures

BFinancial constraints

@ Other reason

Figure B.1. Responses to Question 1 in Appendix A
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Question 2, 3 and 4: Where do family members go for
defaecation?

14
12
12 —
11 11
10
10
9
8 8
8
7 7 7 7
6 6 6
6
5
4
3
2 2 2 2
2
o COBRC USRI EET L
Males Females Kids

BOpen barren land @Lush green lands BNearby nallah BNearby agricultural lands BJungle BHill mOthers

Figure B.2. Comparison of the responses to Questions 2, 3 and 4 in Appendix A
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Question 5: Do you face any problems due to not having
a toilet facility?

25

20

BAny shameful incident with females of the house (harassment faced due to going in dark hours)
B Time crunch & need to wake up too early

Olliness related to bladder or stomach

BAny accidents (snake, insects etc)

@ Other responses

Figure B.3. Issues faced while opting for open defaecation as per Question 5 in Appendix A
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15

10

Question 10: What problems do you incur with/while
constructing a toilet?

2

@ It takes a lot of time to supervise & construct @ Quality of construction not as promised
ONeeds regular maintenance & services @ Contractor fills his own pocket

m Lack of funds and resources BNoidea

Figure B.4. Responses to Question 10 in Appendix 1
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30

25

20

15

10

Question 15: Where do you see advertisements for
toilets?

24

@ Government Dispensaries/Hospitals B Television/Mobile phones
OVillage walls @ Schools

ENever heard of one

Figure B.5. Places where the toilet promotion advertisements are seen as a response to

Question 15 in Appendix 1
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Question 9: According to you, how much money does it
cost to construct a toilet?

@m0 - 10,000 INR

@ 10,000 - 20,000 INR
@20,000 - 30,000 INR
@30,000 - 40,000 INR
@40,000 - 50,000 INR

EDon't know

Figure B.6. Response to Question 9 in Appendix A, finding about the awareness of people
regarding the cost of a toilet
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Question 11: How much money are you happily willing to
pay for a good toilet facility in your house?

mO0 - 5,000 INR

= 5,000 - 10,000 INR
= 10,000 - 15,000 INR
= 15,000 - 20,000 INR
= 20,000 - 25,000 INR
anil

Figure B.7. Response to Question 11 in Appendix A to determine the state of mind of people

to pay for the construction of a toilet at their own will

138




Question 14: What material do you think toilets
should be made of?
40
36
35
30
25
20
15
10
5
1 0 1
0 | — | E—
B Local material used in construction like stone walls etc.
B Metal Sheets like steel and Gl
Strong durable Plastic
@Mud bricks
o '\Wood

Figure B.8. Response to Question 14 in Appendix A to find out the preferred material for

toilet construction
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Question 16: What are your perceptions
regarding using manure from the toilet?

&| am willing to use
@ | am not willing to use

a! am willing to use but only for
growing non- human
consumption crops

Figure B.9. Willingness to use the manure obtained from the toilet as a response to Question
16 in Appendix A
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Appendix C

Results of the cross-table analysis as discussed in Chapter 2

Table C.1. Cross-table analysis between Question 9 and Question 12 (unit: households)

Q. Don’t know
Accordin

9 10 YOU, 410,000 INR
how

much

money 10,000- 20,000
does it INR

cost to 20,000- 30,000
construct  INR

a toilet?

12. What do you think of toilets which are low in cost and

fast to construct?

It must be bad/faulty as such  Works best for us if someone
a low cost is not possible can provide a facility at less

price
4 16
1 8
3 3
0 2

Table C.2. Cross-table analysis between Question 11 and Question 16 (unit: households)

11. How Nil

much money

16. What are your perceptions regarding using manure
from the toilet?

I am not Iam willing to use but |am willing to use

willing  to only for growing non-

use human  consumption
crops
12 2 12
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are you O- 5,000 3 1 6
happily INR

willing to pay 5,000- 0 0 0
for ~a good 44600 INR

toilet facility

in your 10,000- 0 1 0
house? 15,000 INR

Table C.3. Cross-table analysis between Question 7 and Question 11 (unit: households)

11. How much money are you happily willing to

pay for a good toilet facility in your house?

Yes (any value) Nil
7. Do you intend to pay Yes 7 3
more expenditure of money
than the government's aid No 4 23

for the construction of
toilets if it exceeds the

subsidy?

Table C.4. Cross-table analysis between Question 15 and Questions 11 and 12 (unit:

households)

11. How much money 12. What do you think of
are you happily willing toilets which are low in cost
to pay for a good toilet and fast to construct?
facility in your house?

paying paying Works best It must be
something  nothing for us if bad/faulty as
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someone can such a low
provide a cost is not
facility at less  possible

price
15. Where do Yes, seen an 2 14 13 3
you see advertisemen
advertisement t
s for toilets? Nope, never 9 12 16 5

saw an
advertisemen
t
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Appendix D.1
Survey Questionnaire (English version)

Hello, my name is Vinayak GUPTA (Mr.), and | am a first-year doctoral student at the Tokyo
Institute of Technology, Japan. As a part of my PhD project, | am studying the behaviour of
the citizens on the reuse of hydrothermally treated municipal wastes. In layman's language, my
project is on converting sewage sludge (SS) into coal pellets. These coal pellets (hydrochar)
can be used to light stoves and generate electricity. Imagine that a general waste from your
household is used as electricity in your homes or as fuel to cook food. To make this technology
accessible and acceptable to the citizens, | have some questions, based on those I, along with

other experts in the field, plan to formulate a strategy for its acceptance.

Figure 1: Hydrochar

Part 1: Demographic distribution

The following questions are just for creating the vividness of our respondents and to categorize

them. The information from the below questions would not be used in the study.
Your name:

Phone number:
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How do you identify yourself with the most?

o Male
e Female
e Others

Your age:

Your locality and city (e.g.: Sector 9, Malaviya Nagar, Jaipur):

Your education level:

o llliterate

e Primary school (called elementary school in the United States, till class 5 in India)

e Middle school (till class 8 in India)

e Secondary school (called high school in the United States, class 10 or Matrix in India)
e High secondary (class 12)

e College degree/ Graduation (BA, BTech, BBA, MBBS)

e Post-graduation (CA, MA, MS, MTech, MD)

e Doctorate/ Postdoctoral

Your annual income/ family’s annual income/

e Below INR 27,000 per annum
e Above INR 27,000 per annum
Are you the sole earning member of your family? Yes/ No

Part 2: Questionnaire part

A five-point Likert scale is being used to evaluate each question in this part of our
questionnaire, and the five answers are “l=strongly disagree; 2=disagree; 3=neutrality;

4=agree; 5=strongly agree.” There are no right or wrong answers though.
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Figure 2: Characteristic description of hydrochar from sewage

Imagine this now, you have a product in your hand, a kind of coal, which is made up of the
sewage sludge (SS). Now answer the following questions and mark those between 1 to 5
wherein 1 would stand that you do not agree with the statement, and 5 would stand that you

strongly agree with the said statement.

Question Your response

(1-5)

ATl  Using hydrochar products can increase my economic income (like
using hydrochar as a source of energy in the kitchen rather than LPG
gas cylinders).

AT2 Hydrochar production will alleviate air pollution in rural and urban
areas (like there could be less burning of fossil fuels and landfill sites
would be reduced).

AT3 I support the behaviours of acceptance of HSS that contributes to
human health.

AT4 The utilization technologies of hydrothermal carbonization/ hydrochar
are environmentally friendly.

AT5 HSS is necessary to make our environment sustainable.

SN1 My peer group will think positively of me when they get to know that
| am using HSS products.
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SN2 Highly educated neighbours’ opinion has a great influence on my

decision about hydrochar.

SN3 Wealthy and influential leaders would approve of the behaviours of
HSS use.
PBC1 | have enough money to adopt the technologies of hydrothermal

carbonization/ hydrochar products (about INR 10,000 one-time
investment).

PBC2  Ican easily gettechnical support in the SS hydrothermal carbonization/
hydrochar from industrial technical experts if and whenever | want.

PBC3 | am confident that | can quickly learn and master the technologies of

the usage of HSS.
IN1 I intend to learn the utilization technologies of SS.
IN2 I am willing to reuse SS to protect the environment and to be in

harmony with nature.
IN3 I would like to reuse SS to conform to the future development trend of

low carbon emissions.

Comments, if any (Please feel free to share if you have a question which you think we should

ask in this survey, or if there is any feedback regarding this survey):

Thank you for being a part of this survey. Being an environmental engineer, | wish to treat and
recycle municipal waste so that it can be used as a source of energy. Our team is currently
studying ways in which we can help the common masses to accept new and out-of-blue
technology. Thank you again for your input in this survey. Your input will eventually help us

to formulate strategies and suggest policies to influence the usage of hydrochar.
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Appendix D.2
Survey Questionnaire (Hindi version) (for Chapter 4 to 7)

RIS & T yyTaelt w1 SeTei- SURTHA & T BTSSR & HIeHH | RUTIST 31
JUFRAY PTG STUNT F1 & T AMRSDT &b R1GI W TS SRS BT YUT

T, TRT 1 3 T 8, 3R & S SXieye 3t Caarst, S & Sidese & Jud ay
H1 3 g1 T8 fieast uRaie 1 & U Ui & w9, & gregridd U I 3ars fe T FRuiferes!
PR &b J: SUANT W ARRS! o HIGR BT T B 6T &1 U 3MH THT &bf Uen J, A
RIS RIS HIae HI S & B 1 uRafdd &1 R g1 37 S & B (SBSER)
BT IYANT g Bl ST & g 3R fasTelt Iaua e & fore fopan S gavar 81 ded1 S f
3T OR Y U ARG UFRIP HT IUTNT 31U BRI 7 fasrell & =0 & g1 1isH U & g Seq
& U H {51 STaT1 § 1 39 a1 DI ARIRGD! & ¢ A 3R WHR g1 & fo1g, TR U &
U4 ¢ oM SMYR W H, & & 3 [IRIwRIT & W1, T WiHid b (oY T UM IR B B!
IS &1 38T |

f1: Hydrochar

U 1; SRS 1 faazor
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fufRad oy R gAR T &) Wyl M & R 7, 9k 3% aiffrd o3 & e g1 = few
T T8 &1 STHBRT &1 IUTNT 3ieng | g1 foram s

«H:
Wi AaR:
3T GG B! T IRIF FA Ugard 82

e M

e Hial

o 3
ATYH I4:

STIHT SATHT 3R XX (SSTERT & forT: e 9, WA TR, TAYR):

MU FRI&T HT wR:

o SffRAME

o Tl faener (O dged I ekt § urufiies faerea gl SIrdl 8, URd | %efl 5
d®)

o T faTerd (YR § B8 8 dh)

o TS faened (Sgad T SRS H 8T8 W0 d Hel ol §, H&T 10 I HRd H Afca)

o I HIAMND (HET 12)

o la i {3/ T (SfiE, dies, dleily, THelsiTy)

o WADHRR (U, THY, THTH, THCH, THS))

o Sldcic / URCSIdRd

MU a1 3 / yRarR &Y arftfe ema /

e INR 27,000 Ufd a¢f T =
e INR 27,000 Ufd a8 & W
T 3T 39 YTRAR & THHT HHA dTcl 968 82 81/ Tal

HRT 2: YYTael HRT
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T Ufe-fig amed A &1 SUGNT Uds Uy Bl Hedih P $ forg fohar &1 361 8, o g9t
UYTact BT BT 8, 3R U IR "1 = Tedl I 3M8Hd §; 2 = 3H8Hd; 3 = deIdT; 4 = JgHd o;
5=ggdl 9 YgHd & 9P HIeOH A PIs et IT 7Tdd oaTd el ol

3§ UG Bl BT, TP 81U H U IS 8, Th UHR BT HIIQI, Sl WRUTDT 319 Uiy
(AT) QT 81T & O 3MdR R Sigs & U H FH1 ST g

— "
T
|
5."“':—;1 -
= 3 -
» b e
. oo >
s £ — A’T P o . >
o #3022/12/15,07:11
< e £

i 2: Wawr & grsgaR &1 fafw faavor

g fafafad usi & S S 3R 13 5 S I 37 Al & Ifgd &2 S8 1 &1 Aaqad g fe
3T HY IV TgHd el §, 5 BT HIAS 81T b 34T Iad HYT & folU =g I Igqd B

S.No. Uy 3Taht

ufafesar (1 - 5)

AT1.  BIESIR IAG! BT IUINT 3 I BT e 31T 9 avell § (O
Terdiel T RieleRl & o 1S § $Holl & i & U H giegiar
BT SUANT BT |

AT2  BRgRR IdG JHIU 3R e &7 | a1y UgWuT Bl HH ST
(SR SNATRA $&F BT HH SIo o1 Jbdl § AR dSithd A5l B
%Y o S |
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AT3 ¥ Hd BISSR &I WHld P FIER BT JHIT Bl § Sl AT
W & dTeH SaT B

AT4  BISSIUH BIEHZOIRM/EES IR Bl SUINT UIffdat qaierur &
I T

AT5  Td gRSIER AR TR HI TP I+ & oy ma=ass g

SN1  TR7 UghHl Tig TR IR H YHRID Yo §d I3 dl Ik s
H Od BTSSR IdTa! BT JUINT IR 36T §

SN2 3 Fferd USRI &t g 1 BIggIer & IR | W fAvfg R sga
U USdI g

SN3 3R 3R UHTARIC dT Ad SRR SUINT & TIER B Heopd!
=l

PBC1 TR U SESIYHA HIEMIZOIRM / BTSSR Gl &1 Uenfiifaal
1 ST & fog T O B

PBC2 T 3t ¥ SiEifie do-ie! foRivsl & Od gRsiydd

HIEHTZOIRM / BZgRR H ddh-Id! Jeradl UId &R gl § aiq

3R og 1t & T g

PBC3 W3l fay ¢ i & 7df g18gier & IuaNT &1 URifiifehdl § HeRd
TR R Il

IN T TRUIST 31 MUY & ST Wefifeal ! YRa- &1 3R1aT
T g

IN2 & ygferr &t e FHRA 3R Upfd & I T § g4 & o
TRUTTIHT 31 SUFRY B TH: ITANT HRA & o TR §|

IN3 & & He- IoH & Ui & db™ & U & &y
TRUTIDT 31 SARIY HT Y: SUART 61 A8l § |

fewforat, afe H15 8 @fe Smuds ury BI Uy § S 3Mueh! @ § fob &8 50 Tderr & gg a1feT,
7 af 3T YA&UT & TR A HIs Ufafehar g ol AT - & T8 W= Hgy Hv):
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S qA&IUT BT G 97 & folT Y=IaTG | T TRTaRUT SoNi-IaR B & AN, T -WRUIIhT Uty &1
AT 3R SAIHd HAT ATET § dTich 3T STANT ol & Hid o =4 | o1 o1 Top | gHRY
A B 37 RID! BT LT TR 8] ¢ [0 §H SMH ST Bl s 3R HT3C-HTh-& dh1d P
WBR B T Heg R Tobd &1 31T 39 FI&UT H 30 39ge & forg for § ¢=rdTe. 3ept 3-e
3idd: BH BT3GR & JUINT B! THIAd B o for U BT TR & SR Hferdl 1 gama &
o HeE HT|
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Structural Equation Models

Models Info

Appendix E

SEM results for SS

Estimation Method
Optimization Method
Number of observations
Free parameters
Standard errors

Scaled test

Converged

Iterations

Model

DWLS

NLMINB

72

76

Robust

Mean adjusted scaled and shifted
TRUE

43

AT=~AT1+AT2+AT3+AT4+AT5
SN=~SN1+SN2+SN3
PBC=~PBC1+PBC2+PBC3.
IN=~INT+IN2+IN3

Note. Variable (AT1,AT2,AT3,AT4,AT5,SN1,SN2,SN3,PBC1,PBC2,PBC3.IN1,IN2,IN3) has been coerced to ordered type.
Note. There are missing values in the data and they are removed listwise. Please consider other methods of handling missing values available in

Model Options.

Note. lavaan WARNING: Could not compute standard errors! The information matrix could not be inverted. This may be a symptom that the model is

not identified.

Note. lavaan WARNING: could not invert information matrix needed for robust test statistic

[3114]

Overall Tests

Model tests
Label x? df p
User Model 138 67 <.001
Baseline Model ~ 5353 91 <.001
Scaled User 138 67 <.001
Scaled Baseline 1729 91 <.001

it indices
95% Confidence Intervals
Type SRMR  RMSEA Lower Upper RMSEA p
Classical ~ 0.092 0.122 0.093 0.151 <.001
Robust  0.087
Scaled  0.087 0.122 0.093 0.151 <.001
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Model

Comparative Fit Index (CFI) 0.987
Tucker-Lewis Index (TLI) 0.982

Bentler-Bonett Non-normed Fit Index (NNFI) 0.982

Relative Noncentrality Index (RNI) 0.987

Bentler-Bonett Normed Fit Index (NFI)0.974

Bollen's Relative Fit Index (RFI) 0.965
Bollen's Incremental Fit Index (IFl) 0.987
Parsimony Normed Fit Index (PNFI)0.717

Additional fit indices

Model

Hoelter Critical N (CN), a=0.0545.880
Hoelter Critical N (CN), a=0.01 50.888
Goodness of Fit Index (GFI) 0.979
Adjusted Goodness of Fit Index (AGFI)
Parsimony Goodness of Fit Index (PGFI)
McDonald Fit Index (MFI) 0.607
Expected Cross-Validation Index (ECVI)
Loglikelihood user model (HO)
Loglikelihood unrestricted model (H1)
Akaike (AIC) .
Bayesian (BIC) .
Sample-size adjusted Bayesian (SABIC)

RZ

Variable R?

AT1 0419
AT2 0.451
AT3 0.772
AT4 0.557
ATS 0.839
SN1 0.844
SN2 0.567
SN3 0433
PBC1 0.665
PBC2 0.499
PBC3. 0.601
IN1 0.851
IN2 0.883
IN3 0.687

Estimates

0.956
0.459
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Label Latent Observed Estimate SE Lower Upper B z

p1 AT AT1 1.000  0.00 1.00 1.00 0.647

p2 AT2 1.037 0.671

p3 AT3 1.357 0.879

p4 AT4 1.153 0.746

p5 AT5 1415 0.916

p6 SN SN1 1.000  0.00 1.00 1.00 0919

p7 SN2 0.820 0.753

p8 SN3 0.716 0.658

P9 PBC PBC1 1.000 000 1.00 1.00 0.815

p10 PBC2 0.866 0.706

p11 PBC3. 0.951 0.775

p12 IN IN1 1.000  0.00 1.00 1.00 0.923

p13 IN2 1.019 0.940

p14 IN3 0.898 0.829
Variances and Covariances

95% Confidence Intervals

Label Variable 1 Variable 2 Estimate SE Lower Upper B

p67 AT1 AT1 0.581 0.00 0.581 0.581 0.581

p68 AT2 AT2 0.549 0.00 0.549 0.549 0.549

p69 AT3 AT3 0.228 0.00 0.228 0.228 0.228

p70 AT4 AT4 0.443 0.00 0.443 0.443 0.443

p71 ATS ATS 0.161 0.00 0.161 0.161 0.161

p72 SN1 SN1 0.156 0.00 0.156 0.156 0.156

p73 SN2 SN2 0433 0.00 0433 0433 0433

p74 SN3 SN3 0.567 0.00 0.567 0.567 0.567

p75 PBC1 PBC1 0335 0.00 0335 0.335 0.335

p76 PBC2 PBC2 0.501 0.00 0.501 0.501 0.501

p77 PBC3. PBC3. 0.399 0.00 0.399 0.399 0.399

p78 IN1 IN1 0.149 0.00 0.149 0.149 0.149

p79 IN2 IN2 0.117 0.00 0.117 0.117 0.117

p80 IN3 IN3 0313 0.00 0313 0313 0313

p81 AT AT 0419 1.000

p82 SN SN 0.844 1.000

p83 PBC PBC 0.665 1.000

p84 IN IN 0.851 1.000

p85 AT SN 0474 0.796

p86 AT PBC 0.382 0.723

p87 AT IN 0.386 0.647

p88 SN PBC 0437 0.583

p89 SN IN 0.736 0.868

p90 PBC IN 0.292 0.388
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95% Confidence Intervals

Label Variable Intercept SE Lower Upper z
p105  AT1 0.000 0.000 0.000 0.000
p106  AT2 0.000 0.000 0.000 0.000
p107  AT3 0.000 0.000 0.000 0.000
p108  AT4 0.000 0.000 0.000 0.000
p109  AT5 0.000 0.000 0.000 0.000
p110  SN1 0.000 0.000 0.000 0.000
p111 SN2 0.000 0.000 0.000 0.000
p112  SN3 0.000 0.000 0.000 0.000
p113  PBC1 0.000 0.000 0.000 0.000
p114  PBC2 0.000 0.000 0.000 0.000
p115  PBC3. 0.000 0.000 0.000 0.000
p116  IN1 0.000 0.000 0.000 0.000
p117  IN2 0.000 0.000 0.000 0.000
p118  IN3 0.000 0.000 0.000 0.000
p119 AT 0.000

p120 SN 0.000

p121  PBC 0.000

p122 IN 0.000
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Label Variable Step Thresholds
p15 AT1 t1 -1.593
p16 AT1 2 -0.355
p17 AT1 3 0.967
p18 AT2 t1 -2.200
p19 AT2 2 -0.862
p20 AT2 3 0.589
p21 AT3 t1 -2.200
p22 AT3 2 -1.915
p23 AT3 3 -0.967
p24 AT3 t4 0.549
p25 AT4 t1 -2.200
p26 AT4 2 -0913
p27 AT4 3 0355
p28 ATS t1 -2.200
p29 ATS 2 -1.732
p30 AT5 3 -0.812
p31 AT5 4 0355
p32 SN1 t1 -1915
p33 SN1 2 -1.298
p34 SN1 3 -0.393
p35 SN1 4 0.589
p36 SN2 t1 -1.383
p37 SN2 2 -0.549
p38 SN2 3 0.070
p39 SN2 4 0.967
p40 SN3 1 -1.915
p41 SN3 2 -1.298
p42 SN3 3 -0.210
p43 SN3 4 0913
p44 PBC1 1 -2.200
p45 PBC1 2 -1.593
p46 PBC1 3 -0.549
p47 PBC1 4 0.589
p48 PBC2 t1 -2.200
p49 PBC2 2 -0.812
p50 PBC2 3 -0.105
p51 PBC2 4 1.025
p52 PBC3. t1 -2.200
p53 PBC3. 2 -0.631
p54 PBC3. 3 0.812
p55 IN1 1 -1.915
p56 IN1 2 -1.480
p57 IN1 3 -0.674
p58 IN1 4 0.765
p59 IN2 t1 -1.915
p60 IN2 2 -1.480
p61 IN2 3 -1.085
p62 IN2 4 0.589
p63 IN3 t1 -1.915
p64 IN3 2 -1.593
p65 IN3 3 -0.812
p66 IN3 4 0.393
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eliability indices

Variable o Ordinal a w, w; w; AVE
AT 0.831 0.881 0.845 0.845 0846 0.608
SN 0.764 0.820 0.787 0787 0784 0.615
PBC 0.730 0.795 0.751 0751 0755 0.588
IN 0.899 0.906 0.876 0876 0906 0.807

[51

Covariances and correlations

)bserved covariances (lower triangle) and correlations (upper triangle)

AT1 AT2 AT3 AT4 ATS SN1 SN2 SN3 PBC1 PBC2 PBC3. IN1 IN2 IN3
AT1 1.000 0416 0.576 0.604 0478 0.395 0.405 0.244 0.381 0.5435 0.538 0.374 0.345 0.2158
AT2 0416 1.000 0.705 0.563 0.549 0.391 0.290 0.211 0.395 0.3513 0473 0.325 0.229 0.3383
AT3 0.576 0.705 1.000 0.677 0.716 0.639 0.495 0.464 0.576 0.3194 0453 0436 0.447 0.6034
AT4 0.604 0.563 0.677 1.000 0.687 0.388 0.211 0.290 0.533 0.3466 0.590 0.393 0.326 0.2654
ATS 0.478 0.549 0.716 0.687 1.000 0.830 0.558 0.529 0.389 0.3046 0416 0.626 0.692 0.6398
SN1 0.395 0.391 0.639 0.388 0.830 1.000 0.631 0.597 0.424 0.3602 0.262 0.720 0.692 0.7105
SN2 0405 0290 0495 0211 0558 0631 1000 0582 0277 04249 0302 0638 0660 05617
SN3 0.244 0.211 0.464 0.290 0.529 0.597 0.582 1.000 0.409 0.3279 0.128 0.542 0.520 0.4422
PBCT 0381 0395 0576 0533 0389 0424 0277 0409 1000 06559 0471 0183 0150 03108
PBC2 0.543 0.351 0.319 0.347 0.305 0.360 0425 0.328 0.656 1.0000 0.564 0.369 0.113 0.0284
PBC3. 0538 0473 0453 0590 0416 0262 0302 0128 0471 05644 1000 0347 0313 02776
IN1 0.374 0.325 0436 0.393 0.626 0.720 0.638 0.542 0.183 0.3691 0.347 1.000 0.887 0.6140
IN2 0345 0229 0447 0326 0692 0692 0660 0520 0150 01128 0313 0887 1000 07850
IN3 0.216 0.338 0.603 0.265 0.640 0.710 0.562 0.442 0.311 0.0284 0.278 0.614 0.785 1.0000

itted covariances (lower triangle) and correlations (upper triangle)

AT1 AT2 AT3 AT4 ATS SN1 SN2 SN3 PBC1 PBC2 PBC3. IN1 IN2 IN3
AT1 1.000 0435 0.569 0483 0.593 0474 0.388 0.339 0.382 0.331 0.363 0.386 0.393 0.347
AT2 0435 1.000 0.590 0.501 0.615 0.491 0.403 0.352 0.396 0.343 0.376 0.401 0.408 0.360
AT3 0569 0590 1000 0656 0805 0643 0527 0460 0518 0449 0493 0524 0534 0471
AT4 0.483 0.501 0.656 1.000 0.684 0.546 0.448 0.391 0.440 0.381 0418 0.445 0454 0.400
AT5 0593 0615 0805 0684 1000 0670 0549 0480 0540 0468 0514 0547 0557 0491
SN1 0474 0.491 0.643 0.546 0.670 1.000 0.692 0.605 0437 0.378 0415 0.736 0.749 0.661
SN2 0.388 0.403 0.527 0.448 0.549 0.692 1.000 0.496 0.358 0.310 0.340 0.603 0.614 0.542
SN3 0.339 0.352 0.460 0.391 0.480 0.605 0.496 1.000 0313 0.271 0.297 0.527 0.537 0473
PBC1 0.382 0.396 0.518 0.440 0.540 0.437 0.358 0.313 1.000 0.576 0.632 0.292 0.297 0.262
PBC2 0.331 0.343 0.449 0.381 0.468 0.378 0.310 0.271 0.576 1.000 0.548 0.253 0.257 0.227
PBC3. 0363 0.376 0493 0418 0.514 0415 0.340 0.297 0.632 0.548 1.000 0.277 0.282 0.249
IN1 0.386 0.401 0.524 0.445 0.547 0.736 0.603 0.527 0.292 0.253 0.277 1.000 0.867 0.765
IN2 0.393 0.408 0.534 0454 0.557 0.749 0.614 0.537 0.297 0.257 0.282 0.867 1.000 0.779
IN3 0347 0360 0471 0400 0491 0661 0542 0473 0262 0227 0249 0765 0779 1000
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Path Model

Path diagrams
v
| AT1] AT2| AT3| AT4] AT5] SN1[ SN2| SN3] PBC1| pBCy PBC3] |N1[ IN2[ IN3 |
14 B 4:_ A‘fﬁ 4‘5 qf‘ 4f§ 4‘5 f 4‘5 4]?5 IAQ AAA Alk
AAAAAAAALNAANANAANAA
]
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Appendix F
Cross-table analysis results (quantitative) for HSS

Table F: CTA of PBC2 versus SN2 (unit: number of respondents)

SN2. Highly educated neighbors’ opinion has

great influence on my decision about hydrochar.

5 4 3 2 1

PBC2. I can 5 7 1 0 2 1
easily get the
technical
supportinthe 4 3 16 5 3 2
MSW
hydrothermal
carbonization/
hydrochar
fromthe 0 1 6 5 2
industrial
technical
expertsifand 1 0 1 0 0 0
whenever |
want.
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Appendix G.1
Survey Questionnaire (English version)

Hello, my name is Vinayak GUPTA (Mr.), and | am a first-year doctoral student at the Tokyo
Institute of Technology, Japan. As a part of my PhD project, | am studying the behaviour of
the citizens on the reuse of hydrothermally treated municipal wastes. In layman's language, my
project is on converting municipal solid wastes (MSW) into coal pellets. These coal pellets
(hydrochar) can be used to light stoves and generate electricity. Imagine that a general waste
from your household is used as electricity in your homes or as fuel to cook food. To make this
technology accessible and acceptable to the citizens, | have some questions, based on those I,

along with other experts in the field, plan to formulate a strategy for its acceptance.

Figure 1: Hydrochar

Part 1: Demographic distribution

The following questions are just for creating the vividness of our respondents and to categorize

them. The information from the below questions would not be used in the study.
Your name:

Phone number:
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How do you identify yourself with the most?

o Male
e Female
e Others

Your age:

Your locality and city (e.g.: Sector 9, Malaviya Nagar, Jaipur):

Your education level:

o llliterate

e Primary school (called elementary school in the United States, till class 5 in India)

e Middle school (till class 8 in India)

e Secondary school (called high school in the United States, class 10 or Matrix in India)
e High secondary (class 12)

e College degree/ Graduation (BA, BTech, BBA, MBBS)

e Post-graduation (CA, MA, MS, MTech, MD)

e Doctorate/ Postdoctoral

Your annual income/ family’s annual income/

e Below INR 27,000 per annum
e Above INR 27,000 per annum
Are you the sole earning member of your family? Yes/ No

Part 2: Questionnaire part 1 (dealing with the Hydrochar of municipal solid waste
(MSW))

A five-point Likert scale is being used to evaluate each question in this part of our
questionnaire, and the five answers are “l=strongly disagree; 2=disagree; 3=neutrality;

4=agree; 5=strongly agree.” There are no right or wrong answers though.

Imagine this now, you have a product in your hand, a kind of coal, which is made up of the
municipal solid waste (MSW) commonly known as trash or garbage—consisting of everyday

items we use and then throw away, such as product packaging, grass clippings, furniture,
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clothing, bottles, food scraps, newspapers, appliances, paint, batteries, etc. This also includes

electronic waste which is hazardous and is a major cause of life-threatening diseases like

cancer.

Figure 2: Characteristic description of hydrochar made from municipal solid waste

Now answer the following questions and mark those between 1 to 5 wherein 1 would stand that
you do not agree with the statement, and 5 would stand that you strongly agree with the said

statement.

Question Your response

(1-5)

ATl  Using hydrochar products can increase my economic income (like
using hydrochar as a source of energy in the kitchen rather than LPG
gas cylinders).

AT2 Hydrochar production will alleviate air pollution in rural and urban
areas (like there could be less burning of fossil fuels and landfill sites
would be reduced).

AT3 | support the behaviours of acceptance of HMSW that contributes to
human health.

AT4 The utilization technologies of hydrothermal carbonization/ hydrochar
are environmentally friendly.

AT5 HMSW is necessary to make our environment sustainable.
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SN1 My peer group will think positively of me when they get to know that
I am using HMSW products.
SN2 Highly educated neighbours’ opinion has a great influence on my

decision about hydrochar.

SN3 Wealthy and influential leaders would approve of the behaviours of
HMSW use.
PBC1 | have enough money to adopt the technologies of hydrothermal

carbonization/ hydrochar products (about INR 10,000 one-time
investment).

PBC2 | can easily get technical support in the MSW hydrothermal
carbonization/ hydrochar from industrial technical experts if and
whenever | want.

PBC3 | am confident that | can quickly learn and master the technologies of
the usage of HMSW.

IN1 I intend to learn the utilization technologies of MSW.

IN2 I am willing to reuse MSW to protect the environment and to be in
harmony with nature.

IN3 I would like to reuse MSW to conform to the future development trend

of low carbon emissions.

Comments, if any (Please feel free to share if you have a question which you think we should
ask in this survey, or if there is any feedback regarding this survey):

Thank you for being a part of this survey. Being an environmental engineer, | wish to treat and
recycle municipal waste so that it can be used as a source of energy. Our team is currently
studying ways in which we can help the common masses to accept new and out-of-blue
technology. Thank you again for your input in this survey. Your input will eventually help us

to formulate strategies and suggest policies to influence the usage of hydrochar.
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Appendix G.2
Survey Questionnaire (Hindi version)

RIS & T yyTaelt w1 SeTei- SURTHA & T BTSSR & HIeHH | RUTIST 31
JUFRAY PTG STUNT F1 & T AMRSDT &b R1GI W TS SRS BT YUT

T, TRT 1 3 T 8, 3R & S SXieye 3t Caarst, S & Sidese & Jud ay
H1 3 g1 T8 fieast uRaie 1 & U Ui & w9, & gregridd U I 3ars fe T FRuiferes!
PR &b J: SUANT W ARRS! o HIGR BT T B 6T &1 U 3MH THT &bf Uen J, A
IRESHT TRUIIST 31 MUY & I & B3 # gRafdd B R g1 37 S & B
(BTZSIR) BT IUTNT Feg DI T o forg SR fosrelt Ia w1 & o fopan S wevar g1 oo
DINT b 3MTUh TR Y T YA SURIY BT IGANT 3{Uch @RI H faeiell & U H T 1S G
¥ for e & =u H {51 o1 81 39 dob-ie &1 AMTRe! & oy Yau iR wWierd s & g,
™R U 3 UY & oFd SMYR R H, &7 & 39 [aRoR1 o 1Y, 3qD! WA & 1T TP UM
TR HA DI TSI §1 8T E |

ICELRE Hydrochar

U 1; SRS 1 faazor
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fufRad oy R gAR T &) Wyl M & R 7, 9k 3% aiffrd o3 & e g1 = few
T T8 &1 STHBRT &1 IUTNT 3ieng | g1 foram s

«H:
Wi AaR:
3T GG B! T IRIF FA Ugard 82

e M

e Hial

o 3
ATYH I4:

STIHT SATHT 3R XX (SSTERT & forT: e 9, WA TR, TAYR):

MU FRI&T HT wR:

o SffRAME

o Tl faener (O dged I ekt § urufiies faerea gl SIrdl 8, URd | %efl 5
d®)

o T faTerd (YR § B8 8 dh)

o TS faened (Sgad T SRS H 8T8 W0 d Hel ol §, H&T 10 I HRd H Afca)

o I HIAMND (HET 12)

o la i {3/ T (SfiE, dies, dleily, THelsiTy)

o WADHRR (U, THY, THTH, THCH, THS))

o Sldcic / URCSIdRd

MU a1 3 / yRarR &Y arftfe ema /

e INR 27,000 Ufd a¢f T =
e INR 27,000 Ufd a8 & W
T 3T 39 YTRAR & THHT HHA dTcl 968 82 81/ Tal

YRT 2: GHTTE T 1 (RUTIPT ST SUFRTY (THTHSSY) & SRS ER I Hge-)
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T Ufe-fig amed A &1 SUGNT Uds Uy Bl Hedih P $ forg fohar &1 361 8, o g9t
UYTact BT BT 8, 3R U IR "1 = Tedl I 3M8Hd §; 2 = 3H8Hd; 3 = deIdT; 4 = JgHd o;
5=ggdl 9 YgHd & 9P HIeOH A PIs et IT 7Tdd oaTd el ol

3§ g BT IO, 3P 1Y H Th IATG ©, Th UBR BT DI, S TWRUIIDT 319 Uy

g

s S —
g fafafad usi & S S 3R 13 5 S I 37 Al & [Ifgd &2 S8 1 &1 Aaqad g fe
3T HY IV TgHd el §, 5 BT HIAS g1 P 3T Iad HYT & folU =g I Igqd B

W%W%w@éﬁﬁ%@a%wﬁm@m
BT IYTNT B |

AT2  gIEIR IdEH AT 3R X & H arg UgHUl &1 HH BTl
(SR AT $4 HT HH SIoT 81 Jbdl § 3R deftha Argel &Y
P forar S |

AT3 ¥ SURIY BTSSR B! Wip(d P HAGR bl YHIT Bl § Sl AT
WG ¥ GRIGH a1 7|
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AT4  FRSIUHA PIEFSOIRM/GIRSIAR $I UM UeNfiaat qaiarRor &
I T

AT5 3OS BTEEIR §UR TIIGRY &I fedhTes & & forw sawass B

SN1  TR7 UghH! THg TR IR H YHRIHS Yo §d I3 dl Ik s
o SOfRIy BTSSR Ida! Bl JUINT HR QT §

SN2 3 fferd USRI &t g o1 BIggIer & IR | W fufg R sga
TUTd USdl g

SN3  3fiR 3fR UHIGRTE Adl UfIF ESR SUANT & TAGR !
HodT &7

PBC1 TR U SESIYHA HIEMIZOIRM / BTSSR Sdal &1 Uenfiifaat
I SUTH & forg gaie O 3|

PBC2 ¥ o ¥ el aa-id faRvs & Sy st

HIEHTZOIRM / BZgRR H AP Jeradl UId &R qdhdl § ai

3R og 1t & T g

PBC3 13 fourq & f & S(Uiy gegrr & IuTIT &t Uraifiichal |
HER BRI B Jebdl §

IN & TRUIST 31 MUY & IUTNT Wenfifeal ! YR &1 3R1aT
TG E |

IN2 & ygferr &t e FRA 3R USpfd & I Tard § g4 & o
TRUTTIHT 31 SUFRY B TH: ITANT HRA & ol TR §|

IN3 o &Y He- IoH & Ui & fae™ @ ugid & gy
TRUITHT S 3ARIY &1 G SUTNT 631 drgdl & |

fewforat, afe H15 8 @fe Suds Uy I Uy § S 3Mueh! @ § fob &8 50 Tderr & gg a1fe,
7 af 3T YA&UT & TR A HI3 Ufafehan g af AT - & foTE T Hgqy Hv):

T &1 H1 few 971 & forg u=gare | U yafarur SofifeR 8 & A1d, H TRuferesT Suflry &1
AT SR SAIH S BT ATET § dTich 3bT STANT Sl & FId o =4 | o1 o1 Top | gHRY
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TAHM H 3 AT BT ST PR a1 § 1910 61 3HTH ST Bl 75 3R TIC-3HTh- AP Bl
WHHR IR | Aeg o= Jbd & | 31T 39 Y& T 30 37Ye P fod ok § ¢=gaTe. 3MmueT 37
3fdd: X BTSSR & JUTNT B! THIFAd FHRA & fore UMl &1 IR R SR =ifaral &1 gima &=
T HGE BT
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Appendix H
SEM results for MSW

Structural Equation Models

Models Info

Estimation Method
Optimization Method

Number of observations

Free parameters
Standard errors
Scaled test
Converged

Iterations

Model

DWLS

MLMINB

74

72

Robust

Mean adjusted scaled and shifted
TRUE

43

AT=~AT1+AT2+AT3+AT4+ATS
SN=~5N1+5N2+5M3
PBC=~PBC1+PBC2+PBC3
IN=~INT+IN2+IN3

Nate. Variable (AT1,AT2 AT3 AT4 ATS5,5N1,5M2,5M3,PBCT,PBC2,PBC3,INT,IN2,IN3) has been coerced to ordered type.

Note. lavaan WARNING: The variance-covariance matrix of the estimated parameters (vcov) does not appear to be positive definite! The
smallest eigenvalue (= -7.234525e-17) is smaller than zero. This may be a symptom that the model is not identified.

[3114]

Overall Tests

Model tests
Label X: df p
User Model 881 71 0.082
Baseline Model 20283 91 <00
Scaled User 1230 T < 001
Scaled Baseline 9255 91 <0
Fit indices
95% Confidence Intervals
Type SRMR RMSEA Lower Upper RMSEA p
Classical  0.084 0.057 0.000 0.093 0.364
Robust  0.079
Scaled  0.079 0.100 0.070 0.129 0.006
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User model versus baseline model

Model
Comparative Fit Index {(CFI) 0991
Tucker-Lewis Index (TLI) 0.989
Bentler-Bonett Mon-normed Fit Index (MMNFI) 0989
Relative Moncentrality Index (RMNI) 0991
Bentler-Bonett Mormed Fit Index (MFI) 0957
Bollen's Relative Fit Index (RFI) 0,944
Bollen's Incremental Fit Index (IFI) 0991
Parsimony Mormed Fit Index (PMFI) 0.746

Estimates

Measurement model

95% Confidence Intervals

Latent Observed Estimate SE Lower Upper B z 4]
AT AT1 1000  0.0000 1.000 1.000 0.738
AT2 0g02 01273 0.352 0.851 0444 473 <0
AT3 0968 01386 0697 1.240 0.715 6.99 < 001
AT4 0845 01203 0.709 1.181 0.697 785 <00
ATS 1045 07218 0.806 1.284 0.7 857 <00
SN SN 1000  0.0000 1.000 1.000 0.848
SN2 0953 00700 0815 1.090 0808 1362 <00
SN3 0739 0087 0568 0.909 0627 848 <0M
PBC PECT 1000  0.0000 1.000 1.000 0452
PECZ 1.851 04642 0.941 2.761 0.837 389 <001
PBC3 178 03687 0455 1.900 0.532 319 0001
IN IN1 1000  0.0000 1.000 1.000 0.864
IM2 0904 00967 0.714 1.093 0.781 935 < .00
IM3 1073 0.0951 0.887 1.260 0928 1129 <00
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Variances and Covanances

95% Confidence Intervals

Variable 1  Variable 2 Estimate SE L Upper B z g
AT1 AT 0456  0.0000 0.4556 0455 0455
AT2 AT2 0802 0.0000 0.8030 0.E03 0.B0Z
ATZ AT3 0482  0.0000 04694 0489 0.489
AT4 AT4 0514 uDD0a D537 0514 0.574
ATS ATS 0406  0.0000 0.4058 0406 0406
Sh1 SN D280 uDD0a D.2B04 0.F80 0.280
ShiZ2 SN2 HEL T uDD0a 03470 0347 0.347
Sh3 SM3 Da0T uDD0a DLB0TS BOT 0607
PBLC PECT D796 uDD0a DL.T956 [ ] 0.7496
PBL2 FBCZ 0300 O.0000 0.2596 0,300 0.300
PBL3 PEC3 IR uDD0a [ [ [y oy
1M1 1M1 0253 0.0000 02328 0253 0.253
12 1M 0390 0.0000 0.3EF5 0,330 0.330
I3 M3 0138 0.0000 01392 0139 0139
AT AT 0544 013 0.3459 0743 1000 3237 < 001
M M 0720 O.0e2T 0.53379 0501 1000 TRe < 001
PBEL FBEC 0204  O.DES4 0.0370 0372 1000 239 0oy
I 1M L74y 01139 0.5240 0570 1000 B3 < 001
AT M 04868 00672 0.3367 0.B20 0ra0  F27 < 001
AT PBC D257 00720 01162 0,399 o2 3157 = 001
AT 1M ERN| 00714 017704 0451 0487 434 < 001
5N PBC 0202 0.DBeST 0.0747 0332 0531 390 0,002
5N 1M 0535  0.0p44 0.4089 0.BE1 0730 B31 = 0010
PEC 1M 040 0DB13 0.0194 02680 0357 Z22B 0023
Interceqpis
95% Confidence Intervals
Variable Intercept SE Lavwer Upper [
AT1 Dooo 0.000 D00 D00
AT2 Dooo 0.000 D00 D00
ATZ Dooo 0.000 D00 D00
AT4 Dooo 0.000 D00 D00
ATS Dooo .00 D00 D00
EN1 Dooo 0.000 D00 D00
ShiZ2 Dooo .00 D00 D00
Sh3 Dooo .00 D00 D00
PBLC1 Dooo 00D D00 D00
PBLC2 Dooo .00 D00 D00
PBLE DoDoD 0.000 D00 D00
1M1 DoDoD 0.000 D00 D00
12 DoDoD 0.000 D00 D00
I3 DoDoD 0.000 D00 D00
AT DoDoD 0.000 D00 D00
M DoDoD 0.000 D00 D00
PEL DoDoD 0.000 D00 D00
I DoDoD 0.000 D00 D00
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95% Confidenca bmuraak
Masiably Step  Thrashokds  SE Lowar Uppar £ B

AT 11 A4 DS 2354 A23 6534 <00
AT ] 1455 ST 754 0057 28 QOB
AT ] BEE  D15E L34z 0964 A1« 0
aT2 11 AENT 0241 207 R ETRT- R
ATz 2 ALI67 DIES 1538 079 -E180 <D0
aT2 ] 8% DUIGD .08 O3E 4340 =00
aT2 “ 2332 QT (L3 1959 490 < 0N
AT3 11 2211 03eD 2576 A48 -EES4 <D0
AT 2 0985 DITE 1330 0541 SEM =00
AT3 £ 3532 0154 nizs 0335 345 < 0N
AT4 11 S DI 2523 133 -6332 <00
AT4 2 4740 DGR A 058 043 4558 <00
AT4 £ CETT IR E Doy 0EL 205 O0EE
TS 11 S DI 2523 133 -6332 <00
TS 2 ABNT 041 207 AN -EEEZ = DM
TS 1 A7 DG4 1107 0461 -ATTE < DM
TS “ BEE  D15E 0964  AT1B < 0
5 11 ASE 03N 2533 33 6332 «0H
1] ] 4237 0196 1620 0351 6318 <O
51 ] ETE R n&3s 0052 2305 0O
E 51 “ 0E%E  DUIGD MO 4340 < 0N
f5] 11 313 AT 0H5 G458 <001
oo 2 BE12 DIST 05D 0304 -IEE5 <00
f 5] £ Q00 DT (S 02BF QD00 1000
oo " 142 0UIBD L&D 1394 5BM o« 0N
oE 1 A3 I 2533 33 6332 «0H
oa 2 4237 0196 1620 0353 6318 <M
oE i3 8374 D148 556 W7 LB4E  ODEE
oa “ BEE  D15E 0342 0964  AT1B < 0
PECH 11 ASE LM 2523 133 -6332 <0
PECH 2 4313 47N 0F5  E&5E = 00
PECH 1 LN3E 04T D424 051 03 0356
PECH " 1237 0196 &3 1620 G639« 0N
PEC2 11 A 0HE A B15 0981 -EST1 <00
PEC2 2 572 DUISE ETT 0268 -IETOD < DO
PEC2 ] B2 Q4T 0330 0355 042 05
PEC2 “ 1313 o3 (E3L 1711 G&5E < 0N
PEC3 11 S DI 2523 133 -6332 <00
PEC3 2 0E%E DD A.080 03E 4340 =00
PEC3 ] BEE  D15E 0342 0964  AT1B < 0
B 11 2211 0380 2576 EFC 1YY
B 2 ABNT 041 207 AN -EEEZ = DM
B ] A2 DB A 453 L0741 5836 <001
B H D454 D153 (R 078 3B Q0N
B vl A8 03 2533 33 633« 0H
Bz 2 AENT 0241 207 R ETRT- R
Bz 1 1237 0196 1620 0851 6318 <00
Bz “ 0274 0149 007 0565 1B QS
Ba 11 ASE 03N 2533 33 6332 «0H
Ba 2 A% DS 2354 23 6534 «0H
Ba £ A2 08D 1394 059 -S5BM < DM
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Thresholds

95% Confidence Intervals
Variable Step Thresholds  SE Lower Upper z P
IN3 4 0310 0.149 0.017 0.602 2075 0.038

Path Model
Path diagrams

v
AT1| AT2| AT3| AT4| AT5| SN1| SN2| SN3|PBC

0 & VED o049 05 )

I5]
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Appendix I
Cross-table analysis results (quantitative) for HMSW

Table 1.1: CTA of AT2 versus SN1 (unit: number of respondents)

AT2. Hydrochar production will alleviate air pollution in rural and
urban areas (like there could be less burning of fossil fuels and
landfill sites would be reduced).

5 4 3 2

SN1. My 5 9 8 0 0
peer group
will think
positively 4 1 19 3 4
of me when
they get to
know that |
am using 3 3 11 3 1
MSW
Hydrochar
products. 2 1 2 3 0

1 1 1 0 0

Table 1.2: CTA of SN2 versus PBC2 (unit: number of respondents)

SN2. Highly educated neighbours’ opinion has a great influence
on my decision about hydrochar.

5 4 3 2 1

PBC2. | can 5 5 1 0 0 1
easily get

technical

supportinthe 4 3 16 3 3 3
MSW
hydrothermal
carbonization/
hydrochar
from

3 2 4 7 4 1
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industrial 2 1 4 4 4 2
technical

experts if and

whenever | 1 0 1 3 2 0
want.

Table 1.3: CTA of SN3 versus PBC2 (unit: number of respondents)

SN3. Wealthy and influential leaders would approve of the
behaviours of MSW hydrochar use.

5 4 3 2 1

PBC2. I can 5 6 1 0 0 0
easily get

technical

supportin 4 4 15 7 0 2
the MSW

hydrotherma

I 3 3 3 10 2 0
carbonization

/ hydrochar

from 2 4 5 4 2 0
industrial

technical

expertsifand 1 2 2 0 2 0
whenever |

want.

Table 1.4: CTA of AT2 versus PBC2 (unit: number of respondents)

AT?2. Hydrochar production will alleviate air pollution in rural
and urban areas (like there could be less burning of fossil fuels
and landfill sites would be reduced).

5 4 3 2 1
PBC2.lcan 5 6 1 0 0 0
easily get
technical
supportin |y 4 22 1 1 0
the MSW
hydrotherma
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| 3 2 9 2 3 2
carbonization

/ hydrochar

from 2 2 7 4 1 1
industrial
technical
experts if and
whenever |
want.

Table 1.5: CTA of IN2 versus PBC2 (unit: number of respondents)

IN2. I am willing to reuse MSW to protect the environment and
to be in harmony with nature.

5 4 3 2 1

PBC2.lcan 5 5 1 1 0 0
easily get
technical
supportin
the MSW
hydrotherma
|
carbonization
/ hydrochar
from
industrial 2 9 6 0 0 0
technical

experts if and

whenever | 1 1 2 1 2 0
want.

17 1 0 2

o
fo%)
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Appendix J.1
Steps taken in Jamovi for calculation of chi-square test results
The software “Jamovi” (version 2.2.5) was used to find out the value of the chi-square test.

Here are the steps followed.

1. Open Jamovi software, the following screen is shown.

Jjamovi - Untitled

I e o [u]

3 R din  O%

Exploration T-Tests ANOVA Regrassion Frequencies Factor SEM Modules [
SA & &C

[ ] -

4 >

Ready ? @ Filters 0 Rowcount0 Filtered0 Deleted0 Added0  Cells edited 0

2. Click on the three lines in the top left corner, and select “open” to open your data.
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jamovi

New
Open

Special Import
Save

Save As

Export

Recent
MSW for Jamovixlsx

SS for Jamovixisx
Test data for Jamovi.xlsx
MSW for Jamovixlsx

SS for Jamovixlsx

3. Click on “Browse”, and locate and select the Excel file which contains your data.

Open x
« ~ 4 | « Sociophychological factors towar.. > Raw and Excel data v O SearchRawandExceldata P | | [k Browse
New - o e
& OneDrive - Person A Neme Date modified Type Size
 This PC MSW for Jamoviaxsx 02-04-2024 1748 Microsoft Excel W...
2 30 Objects Questionnaire or the project The Impact.. 09-07-2024 D232 Microsoft Excel W... 104} £ ctors on
! S5 for Jamowiisi 27-02-2024 12:43 Microsoft Excel W. 12 fgh Hydrocxdsx
Bl Desktop
Documents
& Downloads
b Music
= Pictures
B videos
.. Local Disk (C)
- Local Disk (D)
N + < I
File name: [MSW for Jamoviadst ~||Data fites (*omv:-omtzcswts ~|
e
-

Recent
[ MsW for Jamovi.xsx

@ 85 for Jamovi xlsx
[ Test data for Jamovi.xdsx

5] Msw for Jamovixsx

8] 55 for Jamovixisx Data files ~

Pane STAFST AR

4. Click on “Open”. You will see the following screen. Notice that the question types (AT,

AT2, AT3...) have automatically become column headings.



jamovi - MSW for Jamovixisx

Variables Analyses

$ 828 =% BB & 0% gk

Exploration  T-Tests ANOVA  Regression Frequencies  Factor SEM Modules

& AT1 & AT2 & ATz & AT4 & ATS & sN1

O T N T N N N S e T T AT A NIRRT S

F T N N N N S N S AT R S ST ST T N T R RN S N Y
LT N N N N N N N N S AT T R N N T IS I N

L S N N N T N N N N N e T N N I

T N N S N R N R N A AT )

‘ 3

Ready V @ Filters0 Rowcount74  Filtered0 Deleted0 Added0  Cells edited 0

5. Click on the “independent samples > test of association” under the tab Frequencies.

Following screen is visible.

jamovi - MSW for Jamovixdsx

Variables Analyses
g =] (]
§ 883 =4 BB 4 0% Tr
Exploration  T-Tests ANOVA  Regression Frequencies  Factor SEM Modules |
Contingency Tables @ Results
& AT1 Q- oS Contingency Tables
& AT2 = ‘ ‘
& AT3 Columns Contingency Tables
& AT4 i ‘ ‘
& ATS Counts (optional) . Total
& sN1 > ‘ ‘
& SN2 .
Layers -
otal
& SN3 =
& PaCT
& PBC2
S PBC3 ¥ Tests
& N1 - Value df p
v

> | Statistics N

> | Cells

> | Plots

References
[1] The jamovi project (2022). jamovi. (Version 2.3) [Computer Software]. Retrieved from
hitps://www.jamovi.org.
4 »
WO EMaTST T ——Text o POt T ———

6. Select the two items for which you want to conduct the chi-square test and click on the

arrows to put them under Rows and Columns. For example, let us consider PBC2 and SNI.
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jamovi - MSW for Jamovi.xlsx

Variables Analyses
a. o (]
¥ ¥ = BR g 0% = B
Exploration T-Tests ANOVA Regression  Frequencies Factor SEM Modules [t
e
Contingency Tables @ Results
& AT1 Q - R;'g‘;"s Contingency Tables
& AT2 ‘ N1 ‘
& AT3 Columns Contingency Tables
& AT4 -H ‘ & rec2 ‘ v
& ATS Counts (optional) SNT 1 2 3 4 5 Total
& sn2 ‘ ‘ 1 0 0 0 2 0 2
& sN3 o 2 1 2 1 2 0 5
& PBC1 3 3 6 5 4 1 19
4 2 6 9 1 1 29
& PBC3
& 5 0 1 3 9 5 18
INT
Total 6 15 18 28 7 74
& IN2
& IN3 -
> | Statistics X Tests
Value df b
Cells
dl X 221 16 0141
> | Plots N 7
References o
4 »
O L (e [ o FrRRCE =

7. On the right, the contingency table is visible. Notice that the software automatically

calculates N value, degree of freedom, and ¥ value and shows p-value.
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Appendix J.2
Steps taken in Jamovi for calculation of SEM results

The software “Jamovi” (version 2.2.5) was used to conduct structural equation modelling. Here

are the steps followed.

1. Open Jamovi software, the following screen is shown.

jamovi - Untitled

< >
Ready Y <@ Filters0 Rowcount0 Filtered0 Deleted0 Added0  Cells edited 0

2. Click on the three lines in the top left corner, and select “open” to open your data.

182



jamovi

New
Open

Special Import
Save

Save As

Export

Recent
MSW for Jamovixlsx

SS for Jamovixisx
Test data for Jamovi.xlsx
MSW for Jamovixlsx

SS for Jamovixlsx

3. Click on “Browse”, and locate and select the Excel file which contains your data.

Open x
« ~ 4 | « Sociophychological factors towar.. > Raw and Excel data v O SearchRawandExceldata P | | [k Browse
New - o e
& OneDrive - Person A Neme Date modified Type Size
 This PC MSW for Jamoviaxsx 02-04-2024 1748 Microsoft Excel W...
2 30 Objects Questionnaire or the project The Impact.. 09-07-2024 D232 Microsoft Excel W... 104} £ ctors on
! S5 for Jamowiisi 27-02-2024 12:43 Microsoft Excel W. 12 fgh Hydrocxdsx
Bl Desktop
Documents
& Downloads
b Music
= Pictures
B videos
.. Local Disk (C)
- Local Disk (D)
N + < I
File name: [MSW for Jamoviadst ~||Data fites (*omv:-omtzcswts ~|
e
-

Recent
[ MsW for Jamovi.xsx

@ 85 for Jamovi xlsx
[ Test data for Jamovi.xdsx

5] Msw for Jamovixsx

8] 55 for Jamovixisx Data files ~

Pane STAFST AR

4. Click on “Open”. You will see the following screen. Notice that the question types (AT,

AT2, AT3...) have automatically become column headings.



jamovi - MSW for Jamovixisx

Variables Analyses

$ 828 =% BB & 0% gk

Exploration  T-Tests ANOVA  Regression Frequencies  Factor SEM Modules

& AT1 & AT2 & ATz & AT4 & ATS & sN1

O T N T N N N S e T T AT A NIRRT S

F T N N N N S N S AT R S ST ST T N T R RN S N Y
LT N N N N N N N N S AT T R N N T IS I N
T N N S N R N R N A AT )

L S N N N T N N N N N e T N N I

‘ 3

Ready V @ Filters0 Rowcount74  Filtered0 Deleted0 Added0  Cells edited 0

5. First, we need to confirm that our data follows ordinality and is of integer type. Click on the

Variables tab, select each variable (AT1, AT2, AT3, ..., IN3).

jamovi - MSW for Jamovixlsx

Variables Data Analyses

e Ha B % @ oY

Edit  Compute Transform FIH Delete Filters
Edit Variables Rows

Q|
L] Name Description
& AT
& AT2
& AT3
& AT4
& AT
& SN1
& SN2

& sn3 U ‘ version 2.3.28
& PBC1

& PBC2
& PBC3
& IN1
& N2
& IN3

e

Ready Y @© Filters0 Selected 14 Variables 14

6. click on “Edit”. Select measure type as Ordinal, and Data type as Integer. It is important to

define our data or else it might give us wrong results.
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jamovi - MSW for Jamovixlsx

| Variables Analyses i
» Add  ~ ]
95 ﬁ @ VO E ]
Edit  Compute Transform I Delete Filters X
Edit Variables Rows
MULTIPLE DATA VARIABLES (14)
selected: il AT1 il AT2 il AT3 ail AT4 all ATS all SNT il SN2l SN
Measure type al Levels 1+
Data type ‘E & Nominal O
wil Ordinal
Missing values
(‘9 Continuous
# D
4
Retain unused levels in analyses
Q|
] Name Description =

al AT1

ol AT2

al AT3
al ATA | version 2.3.28

al sn
al SN2
SN3
PECT °
PBC2 -
Ready Y @ Filters0 Selected 14 Variables 14

7. Now click on “Analysis” tab because now we can start analysing our data. Click on “SEM”.
It is expected that the SEM package is already installed in your Jamovi library, or else download
it using the plus sign named modules on the top right corner. When you click on SEM, select

“SEM (interactive)”.

jamovi - MSW for Jamovixdsx

Variables Analyses

3088 =4 BB & oO% CEI

Exploration T-Tests ANOVA Regression  Frequencies Factor SEM Modules [t

& AT1 & AT2 & AT3 & AT4 & ATS & SN1 3

® N oG R w2

9
10
1
12
13
14
15
16
17
18
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20
21
22
23
24
25
26
27
28

L N e N N N A A R S N N R T R R R N A S

T T S T T P D W O T EP A TR ART AP FNE RV IS
B T N T T T G P o N T ™
B T o O T P O R A S
R T L NV P T Y P O T P T O T R

1 »

Ready v @ Filters 0 Rowcount74  Filtered0  Deleted0  Added 0  Cells edited 0
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8. The following screen will appear.

jamovi - MSW for Jamovi.xlsx

Variables Analyses
g =] u]
L e O% o

Exploration  T-Tests ANOVA  Regression Frequencies  Factor SEM Modules

Structural Equation Modeling @ Structural Equation Models

& AT1 Q Latent Endogenous Variables Models Info

& AT2 = Endogenous1 x

Setu Please define a model to begin

& AT3 ‘ ‘ P N

& AT4 Bl ©

& ATS Add New Latent

& SN1 Overall Tests

& SN2

& SN3 Model tests

Label X2 df P

&b PBC1

&b PBC2

& PBC3 Latent Exogenous Variables

il x

& IN1 Exogenous1 St indices

& N2 ‘ ‘ SRMR RMSEA Lower Upper RMSEA p

& IN3

User model versus baseline model
Model
Multigroup Analysis Factor
>
[ ) Do not un s
L ~ [l

9. Please select your latent endogenous variables and latent exogenous variables. You may
rename the terms Endogenous1, Exogenous1, and add more Exogenous latent. It is to be noted
that AT, SN, and PBC are exogenous latent because in our hypothesis they are not dependent

on each other. However, IN should be endogenous because as per our hypothesis, IN is getting
affected by AT, SN, and PBC.
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Variables Analyses

jamovi - MSW for Jamovixlsx

EE 11 A

Exploration  T-Tests ANOVA  Regression

B8 4 O%

Frequencies  Factor SEM

Modules

Structural Equation Modeling

@ Structural Equation Models

Models Info

Q Latent Endogencus Variables
IN x
1 aT3 Estimation Method DWLS
o all N1 Optimization Method NLMINB
ail AT4 al N2 Number of observations 74
al vz Free parameters 72
Standard errors Robust
Add New Latent Scaled test Mean adjusted scaled and shifted
Converged TRUE
sl sn3 Iterations 43
sl PBCT
al pec2 Madel AT=~AT1+AT2+AT3 +AT4+ATS
al pec3 Latent Exogenous Variables SN=~SNT+SN2+SN3
SN X a PBC=~PBC1+PBC2+PBC3
ail N1 IN=~INT+IN2+IN3
all IN2 al sn1
ail IN3 al sn2
ol sn3 Note. Variable
(AT1,AT2,AT3,AT4,AT5,5SN1,SN2,SN3,PBC1,PBC2,PBC3,INT,IN2,IN3) has
B x been coerced to ordered type.
Note. lavaan WARNING: The variance-covariance matrix of the estimated
parameters (vcav) does not appear to be positive definite! The smallest
eigenvalue (= -7.234525e-17) is smaller than zero. This may be a
P —— symptom that the model is not identified.
e M Bl M
Multigroup Analysis Factor
Overall Tests
D Do not run

Variables Analyses

jamovi - MSW for Jamovi.xlsx

L 11 A

B 4w O

> | Endogenous models

> | Variances and covariances
> | Custom model settings

> | Model options

> | Parameters options

> | Multi-group analysis

> | Exploratory SEM options
> | Output options

> | Path diagram

SN=~SN1+5N2+SN3
PBC=~PBC1+PBC2+PBC3
IN=~INT+IN2+IN3

Exploration  T-Tests ANOVA  Regression Frequencies  Factor SEM Modules
Structural Equation Modeling C—)) Structural Equation Models
& Paci - Models Info
& PBC2
& acs Estimation Method DWLS
Optimization Methed ~ NLMINE
Add New Latent plmization Metho
© Number of abservations 74
Multigroup Analysis Factor Free parameters 72
| Standard errors Robust
Scaled test Mean adjusted scaled and shifted
[ o Converged TRUE
Iterations 43
> | Second Oder Factors
Model AT=~AT1+AT2 +AT3+AT4+ATS

Note. Variable

Overall Tests

(AT1,AT2,AT3,AT4,AT5,SN1,SN2,SN3,PBCT,PBC2,PBC3,IN1TIN2,IN3) has
been coerced to ordered type.
Note. lavaan WARNING: The variance-covariance matrix of the estimated
parameters (vcov) does not appear to be positive definite! The smallest
eigenvalue (= -7.234525e-17) is smaller than zero. This may be a
symptom that the model is not identified

S

11. Tick on the Path diagram box so that you can see the path diagram on the right screen. The

parameters of the model on the right sheet.

user might have to scroll down to see the path diagram. The user can also access all the
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(= -7.234525e-17) is smaller than zero. This may be a
symptom that the model is not identified.

Bl 4

Overall Tests

3 5 2 oo o
[ §o 3% =4 B gt O% ar
Exploration  T-Tests ANOVA  Regression Frequencies  Factor SEM Modules
Structural Equation Modeling @ Structural Equation Models
‘ > | Endogenous models ‘ Models Info
‘ > | Variances and covariances ‘ L
Estimation Method DWLS
‘ S | @ SHiTEs ‘ Optimization Method ~ NLMINB
Number of observations 74
‘ > | Model options ‘ Free parameters 72
Standard errors Robust
‘ > | Parameters options ‘ Scaled test Mean adjusted scaled and shifted
Converged TRUE
‘ > | Multi-group analysis ‘ Iterations 43
‘ > | Exploratory SEM options ‘ Model AT=~AT1+AT2+AT3+AT4+ATS
SN=~SNT+SN2+SN3
‘ > | Output options ‘ PBC=~PBC1+PBC2+PBC3
IN=~INT+IN2+IN3
‘ ~ | Path diagram ‘
Path diagram Path diagram
[ show residuals [ | show intercepts Note. Variable
(AT1,AT2,AT3 AT4,AT5,SN1,5N2,SN3,PBCT,PBC2, PBC3,INTIN2,IN3) has
Paths o Nodes been coerced to ordered type.
Note. lavaan WARNING: The variance-covariance matrix of the estimated
© Coethcients Type Node Size Medium  ~ parameters (vcov) does not appear to be positive definite! The smallest

T T e T
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Exploration  T-Tests ANOVA  Regression Frequencies  Factor SEM Modules
Structural Equation Modeling C—)) Path diagrams
‘ > | Endogenous models ‘

‘ > | Variances and covariances ‘
‘ > | Custom model settings ‘
|5 | Model options ‘
‘ > | Parameters options ‘
‘ > | Multi-group analysis ‘
‘ > | Exploratory SEM options ‘
‘ > | Output options ‘
[ v | Path diagram ‘
Path diagram Path diagram

[ show residuals [ | show intercepts
Paths Layout Nodes
(@) Coefficients Type Node Size Medium
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