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About the Book

“Sustainable Solutions for Perusal and Practice - The Way forward” is an edited
volume that delves into the transformative impact of innovation, emerging technologies,
and sustainable practices on the contemporary business environment. The book provides a
comprehensive overview of strategies, frameworks, and research that illustrate how
businesses, ingtitutions, and policymakers can navigate and thrive amidst the rapid
evolution of global markets. It covers topics such as digital transformation and artificial
intelligence, sustainable business models, fintech and banking innovations, human resource
practices in a technology-driven world, healthcare management, eco-tourism, and the
growing role of entrepreneurship in driving competitive advantage. This book is an in-depth
exploration of how organizations across sectors can harness innovation and technology to
build resilient, future-ready, and sustai nability-oriented enterprises.

By bringing together diverse perspectives through rigorously reviewed research
papers, the book aims to foster a deeper understanding of how innovation, technology, and
sustainability are interconnected forces shaping the future of business. Offering a thoughtful
blend of theoretical insights and practical applications, it examines how emerging
technologies and forward-looking management strategies can serve as catalysts for
inclusive and sustainable growth. Through illuminating the potential of Al, green business
practices, and entrepreneurial ecosystems, the book presents a multidisciplinary approach to
building adaptive and forward-thinking organizations.

This book navigates the paradigm shifts across industries, exploring the evolving
business landscape by deliberating on the relationship between innovation, technology, and
globa sustainability challenges. It revedls the potential, opportunities, and practica
solutions that lie ahead for researchers, managers, and entrepreneurs. More than a book, this
is a comprehensive knowledge resource for policymakers, academicians, business leaders,
industry professionals, and change-makers who are dedicated to fostering business
resilience, sustainable development, and organizational excellence through effective
technological and managerial interventions.



Preface

The rapid convergence of innovation, technology, and sustainability has
fundamentally reshaped the contours of modern business. Organizations across the globe
are navigating an era of unprecedented transformation — one where digital disruption,
ecological responsibility, and strategic agility are no longer optional but imperative. It is
against this dynamic backdrop that the Department of MBA, KLS Gogte Institute of
Technology, Belagavi, organized the International Conference on “Innovation, Technology,
and Sustainability: Driving an Evolving Business Landscape” held in hybrid mode from
12-14 February 2026.

This edited volume is a curated collection of peer-reviewed research papers
presented at the conference, bringing together the intellectual contributions of
academicians, industry professionals, research scholars, and students from across the globe.
The papers span a rich spectrum of themes — Finance and Banking, Human Resources,
Marketing, Genera Management, Al and Technology, Healthcare, Sustainability, Eco
Tourism, Business Strategy, and Innovation and Entrepreneurship — reflecting the truly
multidisciplinary character of the conference.

Each paper in this volume has undergone a rigorous blind review process, ensuring
academic integrity and scholarly merit. The contributions range from conceptual
frameworks and empirica investigations to case studies and policy analyses, offering
readers a comprehensive lens through which to examine the forces reshaping business
ecosystems worldwide.

It is our sincere hope that this volume serves as a valuabl e reference for researchers,
practitioners, and policymakers who are committed to building sustainable, innovation-led,
and technologically empowered futures. We believe the ideas and insights contained herein
will spark further inquiry, collaboration, and meaningful dialogue well beyond the
conference itself.

Editors

Dr. Sanjay K. Deshpande
Dr. Vanishri R. Hundekar
Dr. RekhaD. Birje
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CHAPTER 1

Design and Development of a Bluetooth-Enabled Electric
Toothbrush for Children

Alrio Chaves Fernandes*, Veena Benakatti** and Anand Badavannavar***

ABSTRACT

Background: Establishing good ora hygiene habits during childhood is vital for preventing
cavitiesand gum diseases|ater in life. However, children often struggle to effectively remove
plague with manual toothbrushes due to poor technique, limited dexterity, low motivation,
and short brushing times.

Objective: To create, develop, and showcase a child-friendly ultrasonic e ectric toothbrush
that includes Bluetooth audio features to improve brushing effectiveness and engagement.
Materials and Methods: We designed an ultrasonic electric toothbrush that features a
piezoelectric vibration system, various brushing modes, and Bluetooth Low Energy (BLE)
connectivity. This device streams audio from a paired smartphone to a built-in speaker. We
performed bench tests to evaluate its performance and battery life. A demonstration in a
school setting involved 500 children to assess usability and acceptance.

Results: The toothbrush produced consistent ultrasonic vibrations across all modes without
needing manual pressure. The Bluetooth connection was reliable, and the audio output was
clear. The rechargeable battery lasted about six to eight hours of use per charge. Children
showed a high level of interest and excitement during the demonstration at school.
Conclusion: We successfully developed and demonstrated a patented Bluetooth-enabled
ultrasonic eectric toothbrush for children. The combination of ultrasonic cleaning and audio
features may boost brushing habits and motivation among kids. Further studies are needed to
evaluate long-term oral health results.

Keywords: Ultrasonic toothbrush; Bluetooth audio; Pediatric oral hygiene; Smart
toothbrush; Plague control.

1.0 Introduction

Good ora hygiene habits developed during childhood are crucial in preventing
cavities, gingivitis, and future gum disease.!

*Corresponding author; Undergraduate Sudent, Bachelor of Dental Surgery, KLE VK Institute of Dental
Sciences, Belagavi, Karnataka, India (E-mail: alriochavesfer nandes@gmail.com)

** Reader, Department of Prosthodontics & Crown and Bridge, KAHER’S KLE VK Institute of Dental
Sciences, Belagavi, Karnataka, India (E-mail: kenganal veena@gmail.com)

*** Professor, Department of Orthodontics and Dentofacial Orthopaedics, KAHER'SKLE VK Institute of
Dental Sciences, Belagavi, Karnataka, India (E-mail: anand_ortho@yahoo.co.in)

DOI: 10.17492/JPI/KLSGIT/260001
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Manual tooth brushing requires the right technique, pressure, and duration, which
children often do not manage effectively.2 As a result, controlling plaque in kids remains a
challenge. Powered toothbrushes show better plague remova and gum health benefits
compared to manual brushing, especially for those with limited dexterity.2—2 Ultrasonic
toothbrushes work by creating high-frequency vibrations that disrupt dental biofilm with
minimal movement, making them a good fit for children and those with gum sensitivity.*,

Recent progressin digital health and smart oral caretools hasintroduced mobile apps,
audiovisual feedback, and music to help increase motivation and compliance in kids.*—° In
addition, maintaining toothbrush hygiene, managing bristle wear, and the ability to clean or
replace brush heads are key to effective cleaning and good oral health.'®,"!

This study outlines the design and development of a patented ultrasonic electric
toothbrush for children that includes Bluetooth audio capability and features aimed at
improving brushing effectiveness and user engagement.

2.0 Materials and M ethods

2.1 Device design and functional components

The toothbrush was devel oped in collaboration with Assalihin HealthCare Solutions
LLP, Belagavi. Its main mechanism includes an ultrasonic vibration module using a
piezoelectric transducer to generate high-frequency oscillations that disrupt plaque.* An
electronic control unit manages vibration strength and allows selection of dow, medium, and
fast brushing modes. We included electronically programmed clockwise and
counterclockwise motion patterns to improve coverage on tooth surfaces. Bluetooth Low
Energy (BLE) technology enables wireless pairing with smartphones, allowing for audio
streaming to a small speaker located in the toothbrush handle.®,”

2.2 Hygienic and mechanical features

The toothbrush head can be detached and washed. Interchangeable rubber caps for
bristles were designed to improve safety, reduce soft-tissue injury, and engage children. The
handle features an ergonomic shape that suits small hands, promating ease of use.

2.3 Power supply
The device runs on arechargeable lithium-ion battery and can be charged through a
wired port. Bench tests showed an average use time of six to eight hours per charge.

2.4 School-based demonstration
We conducted an ora hygiene awareness and demonstration program at Regina
Mundi High School, Chicalim-Vasco, Goa, with around 500 students. The children received
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instructions on proper use and observed live demonstrations of the toothbrush. The initiative
earned a Certificate of Appreciation from school authorities. No clinical measurements were
taken.

3.0 Results

The ultrasonic toothbrush delivered steady and consistent vibrations during testing
and demonstrations without needing brushing pressure.*,> All brushing modes worked as
expected. Bluetooth connectivity was stable throughout testing, and audio from the built-in
speaker was clear. The detachable brush head and interchangeabl e caps were easy to put on,
take off, and clean. Battery tests showed an operational time of around six to eight hours per
charge. During the demonstration at school, children expressed significant interest and
enthusiasm for the device.

4.0 Discussion

The results align with existing research showing that powered and ultrasonic
toothbrushes provide better plague control than manual brushing.:-3 Ultrasonic technology
lessens the need for skill and pressure while brushing, which benefits young users.*,>

Music and audio-guided brushing have been proven to reduce dental anxiety, increase
brushing time, and enhance compliance in children.’,'> Smart toothbrush systems, which
include digital or audio guidance, have shown positive effects on behavior in children’s ora
health programs.®,’

The design of this device, which includes replaceable and washabl e parts, addresses
issues related to bristle wear and contamination that can lower brushing effectiveness.'®,"
The school demonstration emphasizes the device’s acceptability and its potential in
community-level oral health education. However, randomized controlled clinical trias are
needed to determine long-term benefits.

5.0 Conclusion

We developed and demonstrated a patented Bluetooth-enabled ultrasonic electric
toothbrush tailored for children. This device combines ultrasonic plague disruption,
interactive audio engagement, multiple brushing modes, and hygienic replaceable parts.
Registration with the India Book of Records and positive feedback from a 500-student
demonstration in Goa highlight its uniqueness and importance. This smart toothbrush offers
promising support for improving children’s oral hygiene practices.
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CHAPTER 2

Advancing Financial Inclusion: A Study of Technological and
Sustainable Practicesin Modern Banking

Deepa Savadi*

ABSTRACT

The quality of a financia inclusion in the country is excellent which pays to boost the
economy in the middle. In the last four years, the revolution in the digital world and the
various financial reforms have pushed financial inclusion significantly. Due to this, more
people are getting the financia services. Over the past four years, Indian banks have made
significant stridesin providing functions and servicesto the financialy excluded and the poor.
The article addresses the needed improvements in the use of ICT and banking stability in
India financia incluson The primary sources for this article are Indian non-profit and
academic institutions and government publications. Data study using banking research from
the Department of Financia Services Annua Report 2024-25. Innovative financid strategies
for India’s banking industry must integrate digital infrastructure with Regional Rural Banks.
Thiswill boost bank account services, particularly in poor communities.

Keywords: Digital banking; Financia inclusion; Public sector banks; Rural regiona banks;
India

1.0 Introduction

Financial inclusion is a priority to build a society where everyone may succeed
financially. There have been lots of recent changes in technology, which have greatly
impacted India’s banking sector. We have mobile banking, net banking, digital banking,
aadhaar-based account opening, and account opening with just your mobile number. We
commend the high degree of financial inclusion in the country. It raises the economy. Over
the last decade, digital innovation and financial reform have increased financial inclusion.
Financial services are used more than ever. Indian banks have improved outreach to the poor
and financially disadvantaged in the last decade. In addition, Banks are adopting the new
dimension which is sustainable. There exist e ectronically digitized passport books which are
paperless.

*Research Scholar, Department of Commerce, Rani Channamma University, Belagavi, Karnataka,
India (E-mail: savadideepaitagi @gmail.com)

DOI: 10.17492/JPI/KLSGIT/260002
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These ATMs are environmentally sustainable as well. In addition to this, there are
also ‘green’ banking system and branches. Bank financing is also extended to green
commodities. Another option is socia-responsi bility lending and eco banking. Resource wrap
and grow banks will be from this type. The study will show how the role of technology can
help in bringing sustainable banking in the banking systems of India. The statement delves
into the financial service offerings of the various farmer support sectors in the different
regions. It assessesthelevel of awareness of the peopleto the digital and sustainable banking.
Theresearch will also assist financia ingtitutions, government officials, and policymakersin
improving their decision-making quality.

2.0 Literature Review

Kendall and Voorhies (2014) have highlighted that it results in the reduction of
transaction cost. It further notesthat it hel psinstitutions better serve the poor and remote with
these technol ogies at the cutting edge.

The stakeholdersin rural areas and villages are increasingly opting for the interface
for operational activities as it is smple, cheap and easy to operate. The study says that the
recent advancementsin the digital banking industry has eased the banking lot for the common
man unlocking the scope for better financial inclusion and agency. It is essential to know the
schemes devel oped by the Indian government, such as UPI, AEPS, e-KY C, etc. These efforts
made the payments easier, faster, and more straightforward. Furthermore, e-KY C facilitated
the speedy onboarding of consumers and expanded the accessibility and convenience of
financial services nationwide.

The World Bank (2022) states that there is strong evidence supporting India’s
financial inclusion in the Global Findex Database of 2021. Better customer satisfaction and
institutional development are direct results of investing in human resources.

Mishraand Bhattacharya (2020) reveal that sustainability-oriented reforms positively
influence financial inclusion in public sector banks. Their findings highlight that responsible
and sustai nabl e banking practices strengthen inclusivity and promote long-term devel opment.

The Annua Report of Regional Rural Banks (2024-25) shows that RRBs achieved
strong rural outreach while maintaining profitability. Banking and finance are crucial for our
lives. It is essential for a country’s economy to initiate the process of growth and
development. Additionally, Any firm must do the function frequently. Banks aso greatly
support the economy by offering and accepting loans. Banking has atwo-fold function where
they accept deposits and lend money to people. They also offer other special services like
overdraft.
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3.0 Objectives

e To evauate the influence of technological advancements on banking business.
e Toevauate the functionality of PSBsand RRBs.
e Investigate Digital Payment Trends.

4.0 Hypotheses

4.1 To study the growth of financial inclusion

e (Ho): The financial inclusion index showed minimal development throughout the
research.

e (Hi): There is a significant growth in financial inclusion over the study period.

4.2 To examinetrendsin digital payments
e (Ho): There is no significant change or trend in digital payment transactions over the study

period.

e (Hi): There is a significant change or trend in digital payment transactions over the study
period.

5.0 Scope of Study

This research evaluates financial inclusion in India via online banking and payment
system growth. This study covers 20-21 t024-25. The period witnessed further enhancements
to the banking system’s technology and access to financial services. All the secondary data
related to the research are derived from government publications, reputed global agencies,
publications by the Reserve Bank of India and the Department of Financial Services.

The paper focuses extensively on PSBs and RRBs to analyze the roles they play in
broadening access to formal banking services, made possible through the initiatives of the
government. Financial services offered by technology such as UPI, AEPS, BHIM, Rupay,
PMJIBY, PMSBY, APY, and PMMY are increasing. It focuses on the thinly populated
regions, particularly the rural and semi-urban areas, which are more affected by financial
exclusion. The research examines the macro level patterns, probable pathways, and the
present state of ingtitutional outcomes related to electronic payment systems and financia
inclusion. The merchants of consumer goods and financial services are not legally obliged to
take al reasonable efforts to protect consumers’ information. According to the research,
services and goods targeting an ordinary consumer do not require the collection of personal
information.
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6.0 Resear ch M ethodology

The Research Paper Studies Impact of Sustainable Banking Innovations on Financial
Inclusion in India With the Help of Secondary Data Rather than Personal Behaviour Studies.
According to our study of the Annua Report 2024-25 and other reliable sources like
academic papers, government data, and RBI reports, the performance of the institution and
the related trends and policies is examined.

Theresearch looks at the impact of technology on sustainability using qualitative and
quantitative techniques. The methodology involved qualitative and quantitative approaches.
It usesliterature review from reputabl e sources for data collection. Study verifies affirmatives
through data collected from interviews and questionnaires to experts. The period from FY
20-21to FY 24-25 has seen the launch of many other financial inclusion schemes and digital
innovations for enhancing banking.

The study will cover many parameters. One example of the financial inclusion
initiative classes is about the use of bank through inclusive banking offerings and also the
role played by the banking non-credit sector that digital means or device are offering the
services.

The article try to make the researchers aware of the present & potentia future of
financial inclusion. The RBI and Indian government formulated many policies to achieve
financial inclusion of people by 2024. This research uses unigue data analysis.

7.0 Data Analysisand Calculations
Hypothesis 1: Growth of Financial Inclusion
Ho: There is no significant growth in financid incluson over the study period.

Hi: Thereisasignificant growth in financial inclusion over the study period.

Table 1. Performance of Rural Banking

Indicator Value
Number of RRB Branches 22,069
Share of Rural & Semi-Urban Branches (%) 92%
Priority Sector Lending (%) 87%
Lending to Weaker Sections (%) 61%
Agriculture Lending (%) 67%
Rural Credit-Deposit Ratio (%) 71.4%
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Figure 1: Performance of Rural Banking

Table 2: Net Profit of Regional Rural Banks (X Crore)

Year Net Profit (T Crore)
FY 2021 4,963
FY 2022 8,219
FY 2023 4,972
FY 2024 7,571

Table 3: Growth Calculation (FY 2021-FY 2024)

Period

Net Profit (X Crore) Growth Calculation Growth Rate (%)
FY 2021 — FY 2022 4,963 — 8,219 (8,219 —4,963) / 4,963 x 100 65.6%
FY 2022 — FY 2023 8,219 — 4,972 (4,972 — 8,219) / 8,219 x 100 -39.5%
FY 2023 — FY 2024 4,972 — 7,571 (7,571 —4,972) / 4,972 x 100 52.5%
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Figure 2: Trend of Performance of Rural Banking

Net Profit (X Crore)

9,000
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FY 2021 FY 2022 FY 2023 FY 2024

Interpretation: The findings demonstrate the critical role that Regional Rural Banks
(RRBs) play in fostering financial inclusion in rura areas. RRBs guarantee widespread
banking access, with 22,069 branches and 92% of them situated in rural and semi-urban areas.
Their 87% priority sector lending, 67% agricultural advances, and 61% lending to weaker
sections—directly assisting farmers and vulnerable groups—all demonstrate their strong
inclusive emphasis. The majority of rura deposits are reinvested locally, boosting rural
economies, as indicated by the 71.4% rural credit—deposit ratio.

Trends in profitability show long-term durability but short-term volatility. Net profit
increased by 65.6% in FY 2022, fell by 39.5% in FY 2023, and then recovered significantly
in FY 2024 (52.5%), for a total growth of 52.5% between FY 2021 and FY 2024. This
demonstrates that financial inclusion has grown without impairing productivity. As a result,
Ho is refused and H: is accepted, demonstrating a notable increase in financial inclusion
during the course of the study.

Hypothesis 2: Trendsin Digital Payments
Ho: When it comesto online payments, nothing has changed.
H:: The way money istransferred onlineis changing drastically.

Table 4: Digital Payment Trendsin India

Indicator Base Value Latest Value Calculated Trend
UPI/Digital Transactions |220 crore (FY 2013—14) |18,737 crore (FY 2023-24) [=55.6% CAGR
RuPay Card Usage PMJDY-linked 9.84 crore accounts 7.7% YoY growth
AEPS Usage Limited pre-2015 22,069 RRB branches Expanded rural access
Digital Merchants Low base Nationwide onboarding Rapid growth trend
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Figure3: Trend in Digital Payment

Interpretation: According to the data, digita payments in India have clearly and
steadily increased. From 220 crore in FY 2013-14 to 18,737 crore in FY 2023-24, UPI
transactions increased at a robust 55.6% annual growth rate, demonstrating widespread
adoption of digital technology. RuPay card usage increased gradually as well, reaching 9.84
crore PMJDY -linked accounts with an annua growth rate of 7.7%, indicating less reliance
on cash. By growing to 22,069 RRB branches, AEPS gresatly enhanced rural access, and quick
digital merchant onboarding bolstered the entire payment ecosystem. As a result, Ho is
rejected and Hi is accepted, indicating a significant upward trend in digital payment systems
over the course of the study.

8.0 Results of the Study
Thankstoinstitutional changes and technol ogy-driven banking, more peopleinIndia,

particularly in rura regions, have access to formal financial services, leading to a dramatic
increasein financia inclusion. Regional rural banks’ specialized lending and outreach efforts
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have helped rural and semi-urban residents. A research discovered that reverse rural banks
(RRBs) greatly help low-income communities to help themselves and improve their living
conditions. By incorporating inclusiveness into their lending practices, RRBs’ profit increase
over the last four years has exceeded 52%. Coexistence through inclusion heartens profitable
banking through cooperation. Allowed the digital payments system.

9.0 Conclusion

The report states that RBI along with other Institutional and Regulatory Policy
Reforms will enable better availability of financial services through Payment Banks. A basic
savings account is offered by the bank. The financial inclusion fund mainly derives from the
regional rural banks located in backward/deprived areas of rural and urban centres. Presently,
efficient inexpensive and universally accessible infrastructure of digital payments exists. The
research findings indicate that measures encouraging sustainable and inclusive banking will
not be a detriment to profitability as they tend to be better performing , resilient Statos and
stable over the long-run.

10.0 Recommendations

Therealism and person centered inclusion approachiscritical for successful financial
inclusion programs. Digital banking services need to be accessible to al rural government
employees. Joining online learning is getting to be a compulsion. Improvement of internet
facilitiesin weaker areas, especially rural will be the first task to do so that financial services
are available round the clock. The authors demand from the banking sector continuity of
lending and green banking to ensure a balanced and equitable pattern of development and to
avert the impact of climate change. E-commerce has witnhessed huge growth. There is an
urgent need for true and sophisticated cyber defense to safeguard the customer’s data and
foster a safer and trusted online shopping environment. It isimperative that more innovative
initiativesreach disadvantaged rural and poorer people. Financial servicesshould be available
and inexpensive.
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CHAPTER 3

Fintech Startupsand Their Role in Enhancing Financial Literacy

Preeti Dalavi*, Kartik Buwaji**, Vanishree Hundekar*** and Sanjay Deshpande****

ABSTRACT

FinTech startups have become key players in changing the financial landscape by making
financial services easier to access and understand. This study looks at how FinTech startups
help improve financial literacy among individuals, especially in developing and emerging
economies. The research draws solely on secondary data from scholarly articles, industry
reports, policy documents, and trustworthy online sources. It examines how digita platforms
like mobile wallets, online investment apps, and digital lending services help users better
understand financial concepts. By offering simple interfaces, personalized insights, and
educational features, FinTech startups empower users to manage savings, plan budgets,
understand credit, and make informed investment choices. Furthermore, these startups
promote financial inclusion by reaching people with limited access to traditional banks.
However, the study also points out challenges such as low digital awareness, concerns about
data privacy, and a lack of trust in digita platforms. The findings indicate that FinTech
startups play amajor role in closing the financial knowledge gap by combining technology
with education. With stronger regulations and increased digital literacy initiatives, their
impact on financial literacy can be further improved.

Keywords: FinTech Startups, Financial Literacy, Financia Inclusion, Financial Education,
Technology Adoption.

1.0 Introduction

FinTech startups are now central to India’s shift from simple account ownership to
more substantive financial inclusion. The spread of UPI, mobile wallets and app-based
banking has expanded access to formal services, yet national evidence still points to modest
financial and digital financial literacy, with sharp gaps by region, gender and income.
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Becausetheir appsare used daily, FinTech firmsarewell placed to double aslearning
platforms, using intuitive interfaces, local-language content and interactive tools to explain
conceptslikeinterest, risk and fraud prevention. Many already offer tutorials, contextual tips,
spending insights and goal reminders, along with webinars and offline awareness efforts for
first-time digital users. This paper focuses on how such design and outreach choices affect
financial and digital financial literacy in India, and whether FinTech innovation is building
genuine financia capability or mainly boosting transaction volumes, to inform decisions by
policymakers, regulators and startup founders

2.0 Review of Literature

The IJFMR article “A Study on the Relationship Between Digital Literacy and
Financial Inclusion in the Context of FinTech Users in India” (2025) shows, using survey
data from 300 users, that higher digital literacy significantly increases both frequency and
variety of FinTech use, which in turn improves access to savings, payments and basic credit.
The authors conclude that digital literacy is a core precondition for inclusive FinTech
adoption and urge FinTech firms and public agencies to embed structured digital-literacy
support in onboarding, app design and outreach, particularly for low-income and rural users
(Author, 2025).

In “FinTech-Driven Financial Inclusion in Rura India’ (SSRN, 2025), Priyadarshi
finds that rural consumers with higher digital financial literacy are more likely to use apps
such as PhonePe and Google Pay for everyday payments and small savings, and that this use
is positively associated with forma account usage and access to services. However,
socio-cultural norms, low trust and weak infrastructure limit benefits for less literate groups,
leading the author to recommend vernacular training, simple interfaces and trust-building by
startups, alongside public investment in infrastructure and gender-sensitive policies
(Priyadarshi, 2025).

The 1JAR paper “role of fintech in financial inclusion” (2025) synthesises secondary
datato argue that tools like ATM cards, internet and mobile banking and UPI lower barriers
of distance, time and cost while offering channels to deliver financial education through
intuitive interfaces and multi-language content. Nonetheless, the article notes that low
literacy, cyber-security concerns and weak regulatory awareness still constrain impact and
proposes joint action by regulators, banks and FinTech startups to improve infrastructure,
consumer protection and in-app financia education (Author, 2025).

The study “Digital Financial Literacy, FinTech Adoption and Investment Behaviour
in India’ (2024/2025) reports that individuals with higher digital-literacy scores are more
likely to use FinTech apps for trading, mutual funds and portfolio tracking, and that thisis
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associ ated with greater diversification and engagement with formal investments. The authors
warn that limited awareness of risk and cyber-security can undermine these gains for less
literate users and call for integrated educational content, risk disclosures and decision-support
tools, supported by wider digital-financial-literacy programmes (Author, 2024).

In “What Drives FinTech Adoption? A Study of Financial Literacy in India” (2024),
financial literacy is shown—via multivariate analysis—to have a significant positive effect
on both intention to adopt and actual FinTech use, even after controlling for demographics
and perceived usefulness and trust. The authors argue that FinTech interfaces, tutorials and
support should be designed to build users’ financial understanding over time and that
policymakers must treat financial literacy asafoundation of digital-finance strategiesto avoid
disadvantaging vulnerable consumers (Author, 2024).

Gupta’s chapter “Mobile Wallets Growth and Financial Literacy in India” (2024)
notesthat | ndiacombines very high mobile-wallet usage with relatively low financial -literacy
levels, which limits effective use of wallets beyond simple payments. Gupta recommends that
providers and public authorities invest in in-app tutorials, gamified learning and community
partnerships so users can better understand fees, security features and budgeting tools,
allowing wallets to support both transactions and financial-literacy enhancement (Gupta,
2024). Ozkaya and colleagues conduct a systematic review that examines how financial
literacy is shaped across countries, grouping its determinants into socio-demographic,
economic and contextual factors (Ozkayaet al., 2023). Their work highlights that the spread
of FinTech and digital finance now plays an important role in how people learn about and
manage money through online channels, and they argue that future financial capability
models should explicitly incorporate digital financial literacy and FinTech use, particularly
for younger and low-income segments (Ozkaya et a., 2023).

The study titled “Digital Financial Literacy in the Eraof FinTech” applies PRISMA
procedures and bibliometric techniques to trace the development of the digital financial
literacy (DFL) field aongside the growth of FinTech (Author, 2025). It observes that most
DFL research focuses on users’ competence in navigating digital interfaces, understanding
online financial products and dealing with cyber risks in app-based environments, while also
noting that definitions and measurement tools are inconsistent, which makes it difficult to
compare findings across different studies and settings (Author, 2025).

Thereview “Financia Literacy and Digital Savings Behavior of Gen Z inthe Fintech
Era” concentrates on how Gen Z uses FinTech-enabled saving instruments such as e-wallets,
neobanks and goal -oriented saving applications (Author, 2025). The authors show that being
comfortable with technology does not automatically result in prudent financial decisions,
instead, financial literacy and appropriate guidance remain crucial for effective use of
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automated saving tools, and features like gamification, instant feedback and personalised
prompts are most useful when supported by basic financial understanding (Author, 2025).

In “Financia Literacy and Use of Fintech in MSMES,” the authors review evidence
on how the financial literacy of micro, small and medium enterprise owners affects their
adoption and utilisation of FinTech solutions, including digital payments, online lending and
accounting systems (Author, 2025). The review finds that owners with stronger financial
knowledge are better positioned to judge costs and benefits, interpret contracts and apply
FinTech for working capital and business growth, while widespread gaps in literacy and
digital skills among micro-entrepreneurs indicate a need for targeted training and supportive
policies from both governments and FinTech providers (Author, 2025).

The article “Digital Financia Literacy and Digital Finance Usage: A Systematic
Literature Review and Bibliometric Analysis” gathers studies on how digital financial literacy
influences the use and intensity of digital finance channels such as mobile banking, e-wallets
and onlineinvestments (Author, 2025). Its synthesis showsthat higher DFL isassociated with
lower perceived risk and complexity and higher confidence, which together promote more
sustained engagement with FinTech services, but the authors point out that most studies are
cross-sectional and call for longitudinal work to examine how rising DFL affects long-term
financial well-being and resilience (Author, 2025).

The MDPI paper “Factors Affecting Fintech Adoption: A Systematic Literature
Review” organises FinTech adoption drivers into categories such as perceived usefulness,
ease of use, trust, security, socia influence and user capabilities, including financial and
digital literacy (Author, 2022). The review concludes that literacy and digital skills often act
as enabling conditions that help users interpret information correctly, compare alternatives
and manage risks, and it recommends expanding standard technol ogy-acceptance models by
treating financial and digital literacy as central antecedents of FinTech adoption, especially
in emerging economies (Author, 2022).

In “Challenges and Trends of Financia Technology (Fintech): A Systematic
Literature Review,” the authors provide a broad overview of global FinTech devel opments,
addressing themes such as regulation, cybersecurity, data protection, competition and
user-level barriers (Author, 2020). They stressthat low levels of financial and digital literacy
are mgjor obstacles to inclusive FinTech use, as poorly informed users can misinterpret
product terms or fal victim to fraud, and they propose that technological innovation should
go hand-in-hand with consumer education and transparent communication to avoid
reinforcing financial exclusion (Author, 2020).

Alshater and co-authors, in “The Role of Financial Technology on the Nexus
Between Demographic, Socio-economic, and Psychological Factors, and the Financia
Literacy Gap,” use empirical analysis to examine how FinTech interacts with structural and
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psychological variables to influence differencesin financia literacy across groups (Alshater
et al., 2024). Their findings indicate that FinTech can help narrow literacy gaps where people
have basic digital skills and infrastructure, but may widen disparities where these
prerequisites are lacking, leading them to argue that FinTech initiatives should be coupled
with targeted literacy interventions and inclusive design to ensure marginalised communities
also benefit (Alshater et al., 2024).

Prabhakaran and colleagues, in “Perception vs. Redlity: Analysing the Nexus
Between Financia Literacy and Fintech Adoption,” distinguish between self-assessed and
objectively measured financial literacy when analysing FinTech usage patterns (Prabhakaran
et al., 2023). They show that overconfident userswho rate their knowledge highly but perform
poorly on objective tests tend to adopt FinTech productsin riskier ways, whereas those with
strong tested literacy adopt more cautiously and appropriately, suggesting that FinTech
providers and educators need to address misperceptions and overconfidence as well as basic
knowledge gaps (Prabhakaran et a ., 2023).

Finally, Nguyen and co-authors, in the conference paper “A Study on Factors
Influencing Financial Literacy and Fintech Adoption,” combine literature review and
empirical data to explore how demographic factors, education, income and psychological
traits shape both financial literacy and willingness to adopt FinTech (Nguyen et al., 2024).
They propose a dual-path model in which literacy directly drives adoption and indirectly
influences attitudes such as trust, perceived usefulness and risk tolerance, and they
recommend integrating financial education into formal and community programmes while
strengthening digital infrastructure to support broader and more effective FinTech use
(Nguyen et al., 2024).

3.0 Research Gap Analysis

Variable Citation Gap identified Gap description

Digital literacy — | Author, 2025 Limited focus on Most work links digital literacy to overall

financial inclusion | (IJFMR); startup-specific FinTech |FinTech use and inclusion but rarely isolates

Priyadarshi, 2025 the role of FinTech startups (e.g., new apps,

neobanks) as distinct from banks and big
tech.

Digital financial |Priyadarshi, 2025; |Rural and vulnerable Evidence comes mainly from small rural

literacy in rural Author, 2025 groups under-explored |samples or secondary data; there is still little

and low-income |(IJAR) systematic analysis of how startups can

users build literacy among women, low-income
and digitally excluded users.
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Digital financial
literacy —
investment
behaviour

Author, 2024
(Investment
behaviour study)

Narrow product and
outcome coverage

Existing work focuses on trading and mutual
funds; there is limited research on how
literacy via FinTech startups affects
long-term behaviours like retirement
planning, insurance and debt management.

Financial literacy

Author, 2024

Mechanisms of “how”

Studies show that literacy raises adoption

financial literacy

not well understood

— FinTech (What drives largely unspecified but do not clearly unpack which design

adoption (India) |FinTech adoption?) features (education modules, nudges, UI) of
FinTech startups translate literacy into safer,
higher-quality usage.

Mobile wallets & |Gupta, 2024 Beyond-payments use  |Research documents high wallet penetration

with low literacy but gives little detail on
how wallets can evolve from simple
payment tools into structured
financial-education and budgeting
platforms.

Global financial
literacy
determinants

Ozkaya et al., 2023

Limited integration of
startup-based digital
tools

Global reviews recognise FinTech context
but seldom model FinTech startups and
digital literacy jointly as central
determinants of financial capability,
especially in emerging markets like India.

savings behaviour

savings SLR

narrow

Digital financial |DFL in Era of Measurement Reviews report many different DFL scales;

literacy (DFL) FinTech SLR; fragmentation there is no widely accepted, India-specific

concept & Digital DFL & measure capturing how users learn through

measures usage SLR FinTech apps, tutorials and gamified
features.

Gen Z digital Gen Z FinTech Population and context |Work on Gen Z centres on savings apps,

often outside India; evidence is limited on
Indian Gen Z users of domestic FinTech
startups and their literacy trajectories over
time.

MSME financial

MSME FinTech

Startup solutions for

Studies look at MSMEs’ literacy and digital

Nguyen et al., 2024

explored

literacy and SLR MSMESs under-studied |tools broadly; there is little focus on how
FinTech use Indian FinTech startups design products and
education specifically for MSME owners.
Literacy gaps and |Alshater et al., Interaction of Research shows literacy gaps and
FinTech access 2024; Prabhakaran |overconfidence, gaps overconfidence affect risk, but does not
et al., 2023; and startup design not  |examine how startup features (simplified

journeys, warnings, tiered interfaces) can
mitigate these behavioural risks.

4.0 Resear ch Objectives

1. To examine how digital financia literacy affects the adoption of FinTech startup
platformsin India.
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2. To evaluate whether using FinTech apps improves users’ financial and digital financial
literacy over time.

3. To andyse how key FinTech design features (tutorials, vernacular interfaces, nudges)
influence users’ financial understanding and behaviour.

4. To identify major barriers that limit the literacy-enhancing role of FinTech startups,
especialy in rura and low-income segments.

5.0 Resear ch M ethodology

This study adopts a descriptive and exploratory research design based entirely on
secondary data. Academic articles were collected from reputed peer-reviewed journas,
conference proceedings, and scholarly databases such as Google Scholar. The review focuses
on studies published between 2018 and 2025, ensuring the inclusion of recent developments
in FinTech startups and financial literacy. The selected studies were screened based on their
relevance to FinTech startups, digital financial literacy, financia inclusion, and consumer
financial behaviour. The literature was then analysed using a thematic synthesis approach,
allowing for the identification of common themes, recurring findings, mediating/moderating
relationships, and research gaps. This methodological approach ensures a systematic and
unbiased synthesis of existing research.

6.0 Key Findings

o Digital and financial literacy are fundamental for meaningful FinTech use: Studies
consistently show that people with stronger digital and financial skills use awider range
of FinTech services more often and gain better access to formal savings, payment, credit
and investment options, which supports greater financial inclusion.

e FinTech access without capability does not guarantee inclusion: Evidence from rural
users, MSMEs and younger cohorts suggests that the presence of apps or platforms alone
is insufficient; low literacy, limited digital skills, social norms, lack of trust and weak
infrastructure al restrict how far different groups can benefit, especially those already
disadvantaged

e App design and embedded education appear important but are not well tested: Simple
interfaces, local-language content, gamified elements, personalised nudges and in-app
tutorials are frequently proposed as ways to support better decisions and learning, yet
empirical work rarely isolates and evaluates the impact of these specific startup design
features over time.

o Digital financial literacy is widely used but weakly standardised: Review articles show
that digital financial literacy is recognised as a key construct, but definitions and
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measurement tools vary greatly across studies, making it hard to compare findings across
countries, platforms and target groups or to set common policy benchmarks.

e Most evidenceis associative rather than causal: Because much of the literature relies on
cross-sectional surveys, it typically identifies positive links between literacy and FinTech
use but rarely demonstrates that targeted literacy programmes directly produce lasting
changes in behaviour, financial outcomes or risk management.

e FinTech can reduce or deepen inequality depending on context: Some research shows
that when basic digital access and skills exist, FinTech can help close literacy and
inclusion gaps; other work warnsthat those without these prerequisites may beleft further
behind, so overall effects depend on design choices and supporting policies.

e Mismatch between perceived and actual literacy is a significant concern: Studies
separating self-assessed and tested literacy indicate that overconfident users may adopt
FinTech products more aggressively and face higher risks, highlighting the need for
interventions that correct misperceptions as well as improve underlying knowledge and
skills.

7.0 Conclusion

FinTech dstartups offer a powerful channel to expand both financia literacy and
financial inclusion, but the benefits depend heavily on users’ skills and context. Studies show
that people and MSMEs with stronger digital and financial capabilities engage more deeply
with FinTech platforms and gain better access to formal savings, payment, credit and
investment products, whereas users facing low literacy, poor connectivity or social barriers
often remain at the margins despite having technical accessto apps.

Research aso suggests that thoughtful product design—clear interfaces,
local-language options, in-app education, gamified learning and transparent risk
information—can support learning and safer financial decisions, although these design
elements are still not systematically tested in most empirical work. Overall, the evidence
implies that FinTech alone cannot close literacy and inclusion gaps; startups, regulators and
educators need to place digital and financial literacy at the core of FinTech strategies, tackle
overconfidence and trust issues and address structural constraints so that digital finance
genuinely improves financia capability rather than reinforcing existing inequalities.
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CHAPTER 4

Blockchain-Enabled Retrospective Green Clearances: Sustainability
Significance and Environmental Gover nance | mpacts

Jasleen Kaur*

ABSTRACT

Retrospective or ex-post facto environmental clearances have become a recurring feature of
regulatory practicein India, despite persistent criticism from the Supreme Court of India, the
National Green Tribunal (NGT), and environmental scholars. The practice raises deep
concerns about rule of law, environmenta justice, and the weakening of the preventive
architecture envisioned under the Environment (Protection) Act, 1986 and the EIA
Notification, 2006. At the same time, India has been exploring digital public infrastructure
approaches across governance sectors—from GST and CoWIN to National Single Window
Systems—signalling readiness for digitally verifiable regulatory systems. This paper
examines whether blockchain technology can be engineered to transform retrospective green
clearances from a governance weakness into a transparent, auditable and sustainability-
aligned regulatory instrument. Drawing on Indian judicial decisions such as Common Cause
v. Union of India (2017), Sterlite Industries v. Tamil Nadu Pollution Control Board, and
Alembic Pharmaceuticals Ltd. v. Rohit Prgjapati (2020), as well as MoEFCC policy
amendments, this study proposes a blockchain-enabled architecture for managing project
histories, violations, remedial monitoring, and public participation. Using doctrinal analysis,
policy review and conceptual system design, the paper articulates how immutable ledgers,
permissioned nodes, smart contracts, sensor-driven monitoring, and public dashboards can
improve compliance incentives and transparency. The analysis finds blockchain can
significantly enhance traceability, public oversight, and deterrence—provided that strong
legal safeguards and participatory governance models accompany the technology. The paper
concludes by offering India-specific recommendations for regulatory reforms, institutional
design, and digital ecosystem requirements for integrating blockchain into environmental
clearance systems without normalising non-compliance.

Keywords: Blockchain; Retrospective clearance; Environmenta governance; NGT; MoE-
FCC; EIA 2006; sustainability; India.

1.0 Introduction

Environmental governance frameworks, particularly the Environmental Impact Assessment
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(EIA) process, are designed to prevent harm by ensuring that environmental and social impacts
are assessed before development projects receive approval. In India, this preventive
architectureisgrounded in the Environment (Protection) Act, 1986 and operationalised through
the EIA Notification, 2006. However, systemic regulatory gaps, administrativeinefficiencies,
political economy pressures and weak enforcement have led to the proliferation of projects
operating without prior environmental clearance. Retrospective or ex-post facto clearances—
where approvals are granted after the commencement of operations—have emerged as a
contentious regulatory practice. Landmark judgments such as Common Cause v. Union of
India (2017) sharply criticised such clearances as “contrary to fundamental environmental
norms.” Similarly, in Alembic Pharmaceuticals Ltd. v. Rohit Prajapati (2020), the Supreme
Court held that retrospective clearances “compromise the integrity of environmental rule-of-
law.” Despitejudicial reservations, regul atory authorities—including theM oEFCC—continue
issuing retrospective clearances, arguing that they are necessary for economic continuity,
especially in cases involving legacy industries, MSMEs, or SEZ infrastructure. The lack of
traceable records, opaque decision-making, fragmented ingtitutional oversight and weak
monitoring wWorsen governance outComes.

Paraldly, India’s digital governance ecosystem is undergoing rapid transformation.
Blockchain—character by distributed ledgers, cryptographic verification, and tamper-proof
audit trails—has been explored for land titles, public procurement, carbon markets, agricultural
traceability and financial compliance. This signals an emerging opportunity to embed digital
verifiability inenvironmental regulation. This paper eval uates whether blockchain can be used
to transform retrospective clearances into a transparent, rule-bound and sustainability-
oriented instrument, specifically within the Indian environmental governance context. The
approach is not techno-utopian; instead, it recognises blockchain as a socio-technica tool
whose outcomes depend on legal design and ingtitutional capacity.The study integrates:

e Indian environmental jurisprudence,
e MOEFCC ingtitutional mechanisms,
e NGT enforcement patterns,

e blockchain and RegTech literature.

The objective is to propose a blockchain-enabled architecture that addresses
governance failures in retrospective clearances without normalising non-compliance.

2.0 Literature Review

2.1 Environmental governancein India

Environmental governancein Indiaoperates under multiple statutory instruments, including:
e Environment (Protection) Act, 1986,

e Water (Prevention and Control of Pollution) Act, 1974,
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Air (Prevention and Control of Pollution) Act, 1981,
Forest Conservation Act, 1980,

Wildlife Protection Act, 1972.
EIA 2006 mandates prior environmental clearance for 39 categories of projects.

However, several CAG audits, Parliamentary Committee reports and NGT cases highlight
failures such as:

non-functional monitoring committees,

reliance on self-reporting by project devel opers,
inadequate baseline studies,

delaysin enforcement actions,

inconsistent public hearing quality.

2.2 Retrospective clearancesin Indian jurisprudence
Indian courts have repeatedly scrutinised retrospective clearances:

Common Cause v. Union of India (2017): Supreme Court held that ex-post facto
approvals defeat environmental saf eguards.
Alembic Pharmaceuticals Ltd. v. Rohit Prajapati (2020): Court ruled that retrospec- tive
clearances cannot be used to condone long-term illegal operations.
Sterlite Industries v. TNPCB (2013): Highlighted the consequences of non-transparent
regulatory processes.

Despite judicia criticism, MoOEFCC Office Memoranda (2017, 2018, 2021)

introduced pro- cedures for dealing with violation cases, arguing practicality.

2.3 Blockchain in regulatory and environmental gover nance
Blockchain has been deployed globally in:

land registration (Sweden, Georgia),
carbon credit tracking (IBM—Veridium),
renewable energy certificate markets,
biodiversity registries.

Academic literatureidentifies blockchain benefits such as:

immutable audit trails,

reduced information asymmetry,
automated compliance triggers,
multi-stakeholder verification.

However, concerns remain about;
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e dataquality,
e over-centralisation of permissioned networks,
e interoperability chalenges,
e ingtitutional capacity.

The intersection of blockchain and environmental clearance governance remains
underexplored, especialy in the Indian context where retrospective clearances are frequent
yet poorly documented.

3.0 Resear ch M ethodology

This research adopts a qualitative and doctrinal methodology, integrating legal
analysiswith digital governance conceptualisation. It examines statutory provisions, judicial
decisions, official memoranda, CAG reports, Standing Committee observations, and scholarly
literature on blockchain-enabled regulation. The methodology has four components:

3.1 Doctrinal legal review
Thelegal analysisfocuseson:

e EIA Notification 2006 and amendments (2009-2022),

e MOEFCC Office Memoranda on violation cases (2017, 2018, 2021),
e  Supreme Court decisionsrestricting retrospective clearances,

e NGT case law mandating transparency and compliance monitoring.

3.2 Paolicy and ingtitutional analysis

Thisinvolves assessment of:

e institutional capacity of State Environment Impact Assessment Authorities (SEIAAS),

e coordination challenges between MoEFCC, Pollution Control Boards (PCBs), and district
administrations,

e technological infrastructure gaps in environmental monitoring.

3.3 Conceptual blockchain ar chitecture development
A blockchain-enabled governance model isdesigned by integrating:

e distributed ledgers,

e hashed document repositories,

e |oT-sensor data pipelines,

e smart contract enforcement mechanisms,

e multi-agency permissioned node governance.
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3.4 Compar ative analysis

Conventional retrospective clearance processes are compared with the proposed

blockchain model based on:

transparency,
traceability,
participation,

deterrence,

monitoring enforcement.

4.0 Data Analysis and Blockchain Architecture

4.1 Governance failuresin current retr ospective clearances

Based on MOEFCC records and NGT judgments, the major weaknesses include:

Tablel1: GovernanceFailuresin Retrospective Clearancesin India

Issue Description

Opaque Timelines Start dates of illegal operations often missing or disputed.
Fragmented Records SEIAA, SPCB, and District Collector data rarely synchronised.
Weak Public Access Clearance histories often unavailable online; RTI requests face delay.
Inconsistent Penalties Projects fined without proportionality to duration of violation.
Monitoring Gaps No verifiable evidence of adherence to remedial measures.

Legal Ambiguity MOoEFCC office memoranda conflict with judicial directions.

Such governance gaps justify exploring blockchain as a structural intervention.

4.2 Proposed blockchain framework for India
Thearchitecture comprisesfivelayers:

4.2.1 Layer 1: Project identity and ledger registration
Each project receives a cryptographic project ID linked to:

company name,
GPS coordinates,

|and title details,

sector classification as per Schedule | of EIA 2006.

4.2.2 Layer 2: Immutablerecords of violations
Eventsrecorded on-chain include:



satellite-detected land-use change,
SPCB ingpection reports,
violation notices,

show-cause responses,

penalty recommendations.
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4.2.3 Layer 3: Smart contract—based clearance

Smart contracts can:

encode deadlinesfor filing remedial EIAS,
lock financial penatiesin escrow,

send alerts to regulators and communities,
trigger mandatory third-party audits.

4.2.4 L ayer 4: Sensor-to-ledger monitoring

loT devicesfor:

effluent discharge,

particulate matter emissions,
groundwater abstraction,

noise levels

upload encrypted readings to the blockchain.

4.2.5 Layer 5: Public transparency dashboard

Citizens can view:

violation history,

clearance timelines,
monitoring results,

pending remedial measures.

4.3 Conceptual Diagram

Figure1: Proposed Blockchain Architecturefor Retr ospective Clearances

Blockchain-Enabled Environmental Clearance System Architecture:
Project ID — Violation Detection — Smart Contract Penalty — On-Chain Remedial EIA

— Public Disclosure — 10T Monitoring — Compliance Ledger — Closure/Enforcement
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5.0 Case Study: Indian Industrial Cluster (Hypothetical)

To demonstrate applicability, consider an MSME-intensive industrial cluster in
Gujarat (modeled after documented NGT violation cases).

5.1 Stage 1: Violation
Satelliteimagery shows land conversion for chemical units before EC approval. SPCB
confirms operations have commenced illegally.

5.2 Stage 2: Blockchain registration
All unitsareassigned unique project IDs. Violation flags recorded on chain.

5.3 Stage 3: Retrospective regularisation application
Units upload:

e retrospective EIA,

e environmental damage assessment,

e compensation calculations (per “Polluter Pays”),
e remediation plan.

5.4 Stage 4: Smart contract enforcement

e Penalties deposited in ablockchain-enabled escrow.

e  Third-party audits auto-triggered every 90 days.

e Zero Liquid Discharge obligations monitored via sensors.

5.5 Stage 5: Community interface
Villagersreceive SM S derts viaa dashboard when:

e pollutionlevels cross safe limits,
o remedia deadlines are missed,
e new clearance conditions are approved.

5.6 Outcome
The blockchain-enabl ed process:

e reduces data manipulation,
e improves publictrust,
e enhances deterrence for future violations.
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6.0 Findings and Results

6.1 Finding 1: Improved traceability
Immutable records eliminate disputes regarding:

e illegd start dates,
e frequency of violations,
e completion of remedia conditions.

6.2 Finding 2: Strengthened deterrence
Developers know:

e violations remain on-chain permanently,
e lendersand insurers can view compliance ratings,
e reputational risk increases due to public visibility.

6.3 Finding 3: Greater judicial reviewability
Courtsreviewing MoEFCC decisions have:

o full audit trails,

e data-based reasoning,

e reduced reliance on contested affidavits.

6.4 Finding 4: Enhanced community participation
Blockchain dashboards democratise access to environmental data—aligning with:

e Principle 10 of the Rio Declaration,
e India’s constitutional “Right to Know.”

6.5 Finding 5: Risk of technocratic legitimisation
Without strong legal limits, blockchain may:

e sanitiseillegalities,
e |egitimise retrospective clearances,
e weaken preventive environmenta law.

7.0 Conclusion and Implications

This study concludes that blockchain has transformative potential to address chronic
weak- nesses in India’s retrospective clearance system. However, technology must not
become a substitutefor strong regul atory norms. The preventivelogicof EIA cannot bediluted
by digital sophistication.
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Blockchain’s real valueliesin:

e transparency,

e verifiable monitoring,

e improving auditability,

e empowering affected communities.

e Yet, it cannot alone solve governance failures rooted in:
e political economy pressures,

e institutional undergtaffing,

e inconsistent legal interpretations.

A blockchain-enabled system must be embedded within a strong lega and
participatory framework to avoid legitimising non-compliance.

8.0 Recommendations

8.1 Legal reform

e Amend EIA Notification to define strict limits for retrospective clearance.
e Mandate blockchain-based recordkeeping for violation cases.

e Recognise ledger entries as admissible evidence under the Evidence Act.

8.2 Institutional design

e MOEFCC, CPCB, SPCBs, SEIAAsto operate permissioned blockchain nodes.
e Establish environmenta data management units at state level.

e  Standardise smart contracts for penalties, audits, and monitoring.

8.3 Technology and Participation

e Integrate loT-sensor monitoring with blockchain.

e Enablemultilingual public dashboards.

e  Provide community environmental literacy training.

Acknowledgements: The author acknowledges faculty guidance at the Indian Institute of
Forest Management and peer discussions that enhanced the conceptualisation of this study.
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Appendix A: Blockchain Monitoring Fields

Table2: Illustrative Blockchain Monitoring Parameters

Parameter Description

Emission Data PM2.5, PM10, SOx, NOx readings from sensors.
Effluent Quality COD, BOD, TSS, pH logs.

Water Use Groundwater extraction logs.

Energy Use Renewable/non-renewable energy consumption.
Violation Alerts Automated triggers for exceedances.




CHAPTER 5

Experience-Centric Induction to Principles of Management:
The Mahakumbh Mela City Construction Assignment

Prajwal Melinamani* and Ramakant Kulkarni**

ABSTRACT

Induction into foundational management courses sets the tone for student engagement and
long-term learning. Traditional approaches often remain abstract, leaving learners
disconnected from real-world complexity. This paper presents an innovative pedagogical
experiment: the Mahakumbh Mela City Construction assignment, designed as an experiential
induction into Principles of Management. By simulating the planning and execution of the
world’s largest congregation, students engaged in hands-on learning of management
functions—planning, organizing, decision-making, coordination, and control. The exercise
embedded innovation in pedagogy, mirrored technol ogy-driven infrastructure planning, and
emphasized sustainability through resource-conscious design and collaborative culture.
Outcomes demonstrate enhanced student curiosity, skill development, and community
engagement. The paper arguesthat such experiential induction modelsaign withthe evolving
business landscape where innovation, technology, and sustainability converge as drivers of
organizational success.

Keywords: Kumbh Mela; Pedagogy; Experientia learning; Coordination.

1.0 Introduction

The evolving business landscape is increasingly shaped by three interdependent
forces. innovation, technology, and sustainability. Organizations must adapt to rapid
technologica change, innovate continuously, and embed sustainability into their operations.
Management education must prepare learners for this reality. Induction into Principles of
Management (PoM) iscritical, asit sets the foundation for subsequent courses. Y et, induction
often risks being abstract.

*Corresponding author; Student, Management Department, Chetan Business School, Hubli,
Karnataka, India (E-mail: prajwal23.chs@gmail.com)

**Director-Academics, Management Department, Chetan Business School, Hubli, Karnataka, India
(E-mail: ramakantkv@yahoo.co.in)

DOI: 10.17492/JPI/KLSGIT/260005



Experience-Centric Induction to Principles of Management | 35

To address this, a classroom project was designed around the Mahakumbh Mela—a
mega-event of unparalleled scale. By replicating the construction of a miniature township,
students experienced management principlesin action. This paper situates the project within
the conference theme, demonstrating how experiential pedagogy can drive innovation,
simulate technology integration, and foster sustainability consciousness.

2.0 Innovation in Pedagogy

e Experience-centric induction
o Moving beyond lectures, students engaged in hands-on construction of a miniature
township.
o The project transformed induction into a living laboratory, where management
principles were applied in real time.
e Roleinnovation
o Students assumed roles. CEO, group |leaders, and press reporters.
o Thismirrored corporate structures, fostering accountability and leadership.
e Prototype learning
o The township prototype became a physical manifestation of management concepts,
bridging theory and practice.
e Outcomes
o Studentsreported heightened excitement and curiosity.
o The exercise demonstrated that innovation in pedagogy can sustain learner
engagement and foster deeper understanding.

3.0 Technology asa Driver

e Blueprint and design
o Theproject began with a blueprint drawing, simulating digital planning tools such as
CAD or GIS.
e Infrastructure simulation
o Groups replicated tasks like power substations, sanitation systems, and transport
networks.
o These mirrored smart city technologies and infrastructure planning.
e Communication systems
o The press reporter group simulated real-time information flow, akin to ICT systems
in mega-events.
e Learning paralel
o Studentslearned that technology isnot just about tools, but about systemsintegration
and coordination—a core management principle.
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4.0 Sustainability Embedded

e Resource dlocation
o Students worked within a constrained plot (23x13 ft), mirroring real-world resource
limitations.
e Environmental consciousness
o Tasksincluded tree planting, sanitation, and water supply, emphasizing ecological
responsibility.
e Social sustainability
o Group work fostered cross-cultural fusion, friendship, and collaborative habits.
o Thisbuilt asustainable organizationa culture.
o Megaevent sustainability
o The Kumbh Mela itsdf is a case study in baancing tradition with modern
infrastructure for millions of visitors.
o Students reflected on how sustainability is embedded in large-scae event
management.

5.0 Management Principlesin Action

Function Student Application Conference Theme Connection

Planning Blueprint design, task allocation Innovation in structuring complex projects
Organizing Group formation, CEO leadership Technology-enabled coordination

Decision- Material choice, prototype execution | Sustainability through resource optimization
making

Coordination Synchronizing 10 groups + press Innovation in collaborative culture
Controlling Progress reviews in PoM classes Technol ogy-driven monitoring & evaluation

6.0 Case Study: Mahakumbh Mela Data

Students engaged with real-world data from the Kumbh Mela:

e 35500 crore allocation

e 40 crorevisitors projected in 2025 (up from 25 crore in 2019)

e 4000 hectares segregated into 25 sectors

e 1.6lakh tents, 9 puccaghats, 30 pontoon bridges

e 400 km of temporary roads, 67,000 street lights, 2 substations

e 1249 km of water pipelines, 200 water ATMs, 1.5 lakh toilets

e 3lakh saplings, 18 lakh sq ft murals

e 550 shuttle buses, 7000 state buses, 13,000 trains (3000 specia)
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By replicating these figures in miniature, students appreciated the scale, complexity,
and sustainability challenges of mega-event management.

7.0 Outcomes and Reflections

e Engagement
o Students reported higher excitement and curiosity compared to traditional induction.
e Skill development
o Reinforced Knowledge, Attitude, Skills, and Habits (KASH) through practice.
e  Community impact
o Opening the prototype city to Hubli-Dharwad visitors created a bridge between
academia and society. About 1000 students and citizens visited the miniature during
the weeklong period when it was kept open for public. Media coverage gave
publicity.
e Scalability
o Themodel can be adapted for other mega-events (Olympics, Smart Cities, Expo) to
teach management principles.

8.0 Discussion

The Mahakumbh Mela project demonstrates that innovation in pedagogy can dign
management education with the evolving busi ness landscape.
e Innovation: Experiential induction transforms abstract conceptsinto lived experiences.
e Technology: Simulation of infrastructure and communication systems mirrors real-world
technological integration.
e Sustainability: Resource-conscious design and collaborative culture embed sustainability
into learning.
This triad—innovation, technology, sustainability—prepares students for
organizational realities where these forces drive success.

9.0 Conclusion

The Mahakumbh Mela City Construction assignment exemplifies how experiential
induction can transform Principles of Management education. By embedding innovation,
simulating technology, and emphasizing sustainability, the project aligns pedagogy with the
evolving business landscape. Such models prepare students not only to understand
management principles but to live them, equipping them for careersin aworld where mega-
events, smart cities, and sustainable practices converge.
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CHAPTER 6

Role of Human Resourcein Implementing Green Practices within
Hospitality Organization

Preetam U. Revankar* and Tanvi P. Revankar**

ABSTRACT

In today’s rapidly changing world, marked by emerging technologies and evolving social and
economic policies, humans play an increasingly vital role in shaping our planet’s future. There’s
an urgent need for a comprehensive and forward-thinking global environmental management
approach. Organizations across various sectors are how incorporating eco-friendly practicesinto
their operations by embracing sustainable management principles, policies, and procedures that
enhance life quality for customers, staff members, local communities, and the natural
environment. Companies committed to sustainability must implement environmentally conscious
approaches and maintain ecological standards throughout their operational processes and product
development. Effective environmental management demands sophisticated technical expertise
and advanced managerial capabilities from staff members, as organizations develop innovative
environmental programs and initiativesthat carry substantial administrative responsibilities. With
every growing day, we observe more organizations taking various measures to encourage
ecological progress and guide their workforce toward sustainable practices. Currently, business
enterprises have recognized the significance of environmental stewardship and sustainable
management, incorporating these concepts into their core objectives and strategic plans. This
research aims to explore how different hospitality organisation approach environmental
responsibility. The hospitality sector faces similar chalenges, though it stands to gain
considerably from the current business trend toward environmental consciousness. Hotels must
maintain exceptional cleanliness and upkeep standards to meet guest expectations and
requirements. Consequently, cleaning supplies, waste materials, and disposal methods have
become significant concerns as hotels work to join the environmental movement. This research
has demonstrated a strong positive rel ationship between sustainabl e practices and human resource
strategies within hospitality organizations, with most hospitality industries implementing HR-
driven environmental initiatives. Thiswork justifies the deployment of HR interventions that |ead
to the creation of green concepts and their subsequent impact on diverse green practices in the
hotel industry.

Keywords: Eco-friendly; Environment; Organization; Sustainable; Technology.
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1.0 Introduction

Our planet continues to transform at a rapid pace. As fresh technologies emerge
alongside updated social and economic strategies, humanity’s influence on Earth keeps
expanding. A robust and forward-thinking method for managing our environment is essential
worldwide. This represents a quick-response strategy that all global enterprises must embrace.
As companies implement eco-friendly approaches, each organization strives to concentrate
on sustainable business practices. Every company works to incorporate environmental
methods into their operations through adopting sustainable management concepts, guidelines,
and procedures that enhance life quality for clients, staff members, local communities, and
our natural surroundings.

Environmentally conscious businesses should embrace sustainable approaches and
eco-friendly standards throughout their operational processes and product development.
Sustainable management demands employees possess advanced technical expertise and
leadership capabilities, as organizations must create innovation-driven environmental
programs and initiatives that carry substantial administrative consequences. However, there
remains an expanding demand for strategic green human resource management.

India is actively pursuing evolving policies and frameworks to address the increasing
demand for sustainable and environmentally friendly workplace practices. Each passing day
reveals organizations implementing various measures to encourage ecological progress and
guide their workforce toward environmentally conscious methods. However, a critical
question remains: Are companies genuinely taking action to minimize their carbon
emissions? The role of organizational practices and procedures is crucial in adopting green
initiatives. While India demonstrates consistent progress in this direction, a significant divide
exists among numerous companies that remain disconnected from environmental practices.
These businesses are failing to embrace green production methods or make eco-friendly
strategic choices, and they’re also avoiding Environmental Management System
certifications. Therefore, this research aims to explore how various hospitality companies
respond to this pressing environmental challenge.

Green Human Resource Management, through HR interventions, focuses on
implementing environmentally friendly practices that enhance efficient resource use within
hospitality companies while promoting broader environmental sustainability goals. Today,
organizations across industries have recognized the significance of environmental
stewardship and sustainable management, incorporating these principles into their core
objectives and strategic planning. In recent times, the hospitality sector has started adopting
eco-friendly operational approaches. The idea of environmentally conscious products is
gaining momentum among Indian hotels, particularly regarding cleaning supplies and
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maintenance equipment. The hospitality industry stands to gain significantly from the current
business trend toward environmental responsibility. Hotels must maintain exceptional
standards of care and hygiene to meet guest expectations and requirements. Consequently,
the management of cleaning materials, waste products, and their proper disposal has emerged
as a challenge for hotels working to embrace sustainable practices.

1.1 Human resource

Various scholars have described the function of Human Resources in different
manners. According to Kennedy and Toffler (2014), Human Resource Management involves
creating, implementing, and sustaining a framework focused on becoming an
environmentally conscious corporate entity. The primary duty of Human Resources lies in
accomplishing environmental sustainability through converting staff members into eco-
friendly workers, thereby meeting the organization’s environmental objectives. This division
handles personnel management while ensuring that each employee’s needs are addressed.
Simply put, it involves overseeing the organization’s human capital.

1.2 Features of human resources

e Their work emphasizes practical implementation. They concentrate on executing
activities instead of creating protocols or regulations. HR ensures that staff concerns get
resolved through appropriate policies.

e Functions as a unifying force to foster positive relationships among individuals across
various organizational levels. Essentially, it seeks to blend human talent effectively for
organizational benefit.

e Another objective involves helping workers reach their maximum capabilities. It pushes
them to contribute their finest efforts to the company. Employee motivation occurs
through organized processes including hiring, screening, skill development, and growth
programs alongside equitable compensation and guidelines.

e HRM represents a crucial component of HR duties. It supports the establishment of a
positive workplace environment within an organization.

o The Human Resources function involves providing guidance and support to operational
supervisors in fulfilling their staff-related duties. The human resources manager serves as
a reliable advisor.

1.3 Strategic role of human resources

The HR position is no longer confined to the scouting walls. It has changed course to
give the company’s main business goal top priority. By directing strategic decision-making
in operational procedures, human resources in a strategic role add value to well-established
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businesses. As a business partner, the human resources department advises the company’s top
management internally on strategic business initiatives and significant structural changes. It
is the duty of the HR manager to develop an HR strategy that aligns the organization’s
personnel, processes, and systems with the aims and objectives of the business. HR
professionals show their position as business partners and help by connecting HR policies
and practices to the company’s established values and customs.

1.4 HR strategy and organizational performance

The accomplishment of an organization’s overall goals is the responsibility of an HR
strategy. Before workers can do their duties effectively, four conditions must be met:
o The capacity to perform the task;

The authorization to perform the work;

The motivation to perform the work; and

The understanding of what the work actually comprises.
As previously said, human resource strategies and plans must be appropriate to
enable individuals and units to execute at the intended level.

2.0 Literature Review

According to Zsolnai (2002: 656), an environmentally conscious enterprise
represents a company that has integrated environmental principles throughout its operational
departments. Gilbert (2007: 1) characterizes eco-friendly business operations as activities
conducted with minimal ecological harm or those that provide direct environmental benefits.
While environmental practices and related studies have existed since the 1970s, recent media
attention and corporate adoption have made this a prominent societal discussion with clear
connections between environmental concerns and organizational practices (Hartmann and
Ibanez, 2006).

The primary motivators for environmental initiatives encompass economic factors
(cost reduction and operational effectiveness), moral/social considerations (corporate
responsibility), and market forces (consumer demand, event coordinators, and public sector
requirements). Extensive research demonstrates that cost reductions represent the most
significant benefit driving environmental commitment in the tourism accommodation sector
(Brown, 1994, 1996; Kirk, 1996; Cheyne & Bamett, 2001; Essex & Hobson, 2001; Rivera,
2001, 2002b; Lynes & Dredge, 2003; Brebbia & Pineda, 2004; Bohdanowicz, 2005;
Gonzalez-Benito & Gonzalez Benito, 2005). Research by Krishna Shetty and Ramamirtham
Gopal indicates that the hospitality sector must continuously adapt regarding technology and
operational aspects to maintain competitiveness and achieve strong investment returns. Their
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findings show that innovation alone does not significantly affect occupancy rates, but
improvements in service delivery, atmosphere, product offerings, food service, and
technological systems do create impact. They determine that innovation functions as a
complementary element rather than an independent factor for sustained competitive
positioning (Innovation and Entrepreneurship, 2012).

Chaturvedi (2010) observed that increasing environmental consciousness among
Indian hospitality organizations demonstrates that adopting eco-friendly approaches not only
strengthens brand value but also reinforces fundamental principles. Since implementing
sustainable practices requires minimal maintenance, establishments can reduce operational
costs while enhancing their reputation. Expenses related to fuel and electricity can be
minimized through recyclable materials and efficient irrigation systems.

Karthik Ganesan and colleagues (2014) determined that renewable energy sources
including solar and wind power positively impact human health and significantly influence
climate change mitigation efforts.

Vishwa Mohan (2014) notably highlighted that five Indian corporations achieved
recognition on the international list of companies demonstrating leadership in reducing
emissions that damage the climate. The Indian companies included in the CDP Climate
Performance Leadership Index 2014 were: Essar Oil, Larsen & Toubro, Tech Mahindra, Tata
Consultancy Services, and Wipro.

Hotels represent fundamental components of the tourism industry. Indian tourism
emphasizes the “AtithiDevoBhavah” initiative, directed toward international visitors. This
phrase translates to “Guest is God.” Currently, ownership models have shifted toward
franchise operations (Kumar, L.Singh, T.,Saigal,2010). Rajiv Kumar and associates (2016)
suggest that Indian budget accommodations can achieve optimal operational cost savings by
implementing intelligent environmental practices.

Research indicates that economy/budget hotels constitute approximately 75% of all
accommodations in India. These establishments typically encounter financial limitations and
consequently cannot invest in environmentally friendly technology and products. Therefore,
cost savings from smart environmental practices can fund the purchase of eco-friendly
technology and products.

Various researchers (Iwanowski & Rushmore, 1994; Higley, 1998; Mensah, 2006;
Bohdanowicz, 2006; Mcleish, 2007; Sherman, 2008; Kasavana, 2008; Hanna, 2008) identify
several energy conservation activities in hotels: installing water-efficient sprinkler systems,
establishing linen and towel reuse programs, implementing tiered pricing structures, billing
water consumption based on usage, adopting kitchen water conservation programs such as
avoiding running water for vegetable washing, using water-efficient landscaping methods,
and preventing frequent pool refilling or excessive garden irrigation.
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3.0 Green Management

This mindset promotes swift action across organizations worldwide. Time and again,
research has demonstrated that successful environmental management programs require
elevated employee enthusiasm, empowerment, and understanding of ecological well-being.
Workers responsible for organizational sustainability efforts must possess outstanding
expertise in both technical abilities and leadership competencies, since the organization will
be creating eco-centered projects and strategies that prioritize creative solutions.
Nevertheless, planned environmental human resource management is becoming more
essential.

4.0 Green Practices

Green practices are eco-friendly activities that support sustainability and
environmental protection. Every corporation is attempting to concentrate on green business
methods. Businesses of all sizes are putting green management ideas, policies, and practices
into practice in an effort to better serve their clients, staff, local communities, and the
environment. The need to lessen the effects of global warming and other environmental
concerns is the driving force behind the establishment of numerous environmentally
conscious businesses. To be deemed “green,” a business must manage its operations and
manufacture its products in compliance with certain standards.

Features of Green Business: Hirsch distinguishes nine types of green business
practices. Hirsch clarifies, saying that although businesses go green, they go above what is
required by:

1. Immediately lowering their own regulated—or unregulated—environmental effects in
ways that lower regulatory risk, enhance organizational image, and enable businesses to
stay ahead of expected guidelines;

2. Lowering their clients’ exposure to hazardous materials and their customers’

environmental impact.

Boosting the recycling and reuse of production resources.

Increasing the energy efficiency of their clients or themselves.

Increasing aid production, either for themselves or their clients.

N kW

Implementing policies across the company or facility to find opportunities for waste
reduction, pollution prevention, energy efficiency, or increased productivity;

7. Gathering and sharing more information than required by law regarding the firm’s
performance and environmental impacts.
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8.

0.

Giving stakeholders more chances to participate in corporate environmental decision-
making than required by law.
Funding and investing in environmentally friendly goods and company strategies.

Here are a few typical green techniques that are now prevalent in the hospitality sector.

Recycling of Water: One of the easiest and most efficient ways to protect the environment
is to recycle water. Recycling bins placed in conspicuous locations, including next to
photocopiers and other trash cans, can motivate employees to properly sort their waste.
Recycling helps small businesses reduce waste costs, save money on new purchases,
improve employee morale, improve brand image, and, of course, show that the company
is contributing to energy and material conservation and environmental preservation.
Greener Travel Options: Employee carpooling and other business-related travel can
significantly reduce a company’s carbon impact. To lessen the harmful consequences of
business travel, encourage your coworkers and employees to walk or cycle to work. If it
is not feasible for employees to walk or bike to work, encourage them to share elevators
in order to reduce emissions from the commute.

Green printing: It is an admirable initiative by a few companies that allows us to reduce
the amount of paper we use by roughly 25%. Because this program can significantly
reduce the amount of paper and toner used without sacrificing print quality, businesses
frequently refer to it as a “pre-ton” saver. Even though green printing is urgently needed,
Indian industry have not yet fully embraced the idea.

Switch to paperless: For our next generation, going paperless is the only viable option.
First and foremost, every business must recognize the value of filing and documenting
information online and printing only when required. It’s time to do away with the
antiquated practice of paper documentation. On the other hand, HR can make sure that
all of their directives are fulfilled online, such as scouting emails and Skype interviews
for prospects from outside the state. Overall, this will support the green strategy and
further reduce each person’s carbon footprint.

Green auditing: It is crucial that local utilities do an inspection and provide their
professional feedback. These websites use solar-powered light bulbs. Purchasing LEDs
and CFLs with superior usage sense is advised.

Purchasing Eco-Friendly Products: All team members should be aware that they are
expected to purchase eco-friendly products. The company should set specific goals for
the acquisition of recycled, used, and refurbished goods and let its suppliers know that it
is interested in sustainable products.

Reduction of Business Travel: Every team manager should make sure that their
colleagues travel as little as possible unless absolutely necessary. Video and
teleconferencing need to be encouraged as part of the workplace culture.
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e Green Manufacturing Process: Today, every production or operational manager must
ensure that the equipment they purchase is energy-efticient. Simplifying procedures will
reduce the amount of electricity and power used. Second, packing is crucial. The more
environmentally friendly a product is used, the less of an impact it has on the
environment.

e Green Policies: To lessen the need to commute to neighboring eateries, start initiatives
like giving free reusable bags (for groceries, etc.) to clients or staff or providing free
office lunches every day.

5.0 Green Practices’ Significance
Green practices can help you be economical, useful, and eco-friendly all at once. The

idea of sustainability has risen to the top of the boardroom agenda due to the organization’s
increasing focus on social responsibility and climate change.

Source: Google — The Green Strategy Pyramid

e Businesses that implement green strategies foster a shared culture of awareness and
action.

o It further guarantees that we are making every effort to lessen our carbon footprint by
facilitating important decisions that aid in achieving the green objective.

o Their cost-effective value offers are appealing.
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5.1 An overview of India’s green practices

The new catchphrase for all HR panels worldwide is HRM. These expanding
regulations and tactics for the increasing need for a sustainable green workplace are also being
implemented in India. Organizations are adopting various actions to encourage ecological
development and change their workforce to adopt a more environmentally conscious mindset
every day. However, the issue remains: Are businesses making efforts to lessen their carbon
footprint?

According to a Price Waterhouse Coopers study, by 2020, organizations will face a
number of challenges as a result of the change in plans of action, including the blurring of the
lines between work and home life as organizations accept greater accountability for the social
government assistance of their representatives; strict individual estimation strategies to
control and screen efficiency and execution; and an increase in the significance of social
capital and connections as drivers of business success. The research also evaluates how
human resource work, which has been viewed by many as a latent, administration-focused
capacity, might proceed in one of three ways given the future work environment and business
conditions. HR may become the center of the organization by managing a greater variety of
staff deployments that link to and impact other areas of the business when it adopts a strategic
mentality and concentrates on business strategy.

o The organization’s internal corporate social responsibility plan will be motivated by this
obligation.

e It will all be perceived as a redistribution of responsibility and value.

o It will be kept in a different building outside the company for the time being, and the
organization’s human resources department will mostly concentrate on hiring new staff.

5.2 Legal, financial and ethical aspects of sustainable practices

Both domestic Indian legislation and international commitments recognize the
importance of environmental protection, conservation, and responsible utilization of natural
resources. According to the constitution’s section IVA (article 51 A-fundamental duties), every
citizen of India must protect and enhance the country’s natural environment, encompassing
forests, water bodies, rivers, and wildlife, while showing compassion toward all living
creatures. Likewise, Article 48A of the Directive Principles of State Policy mandates that the
nation shall work to safeguard and enhance the natural environment, including forests and
wildlife. Several environmental protection statutes existed prior to India’s independence.

Nevertheless, the crucial momentum for establishing a solid framework emerged only
after the United Nations Conference on the Human Environment (Stockholm, 1972). In
response to the Stockholm conference, the Department of Science and Technology created
the National Committee for Environmental Policy and Planning to develop regulatory
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mechanisms for environmental matters. This Committee later evolved into the comprehensive
Ministry of Environment and Forests (MoEF). Founded in 1985, MoEF serves as the
country’s primary administrative authority for monitoring and ensuring environmental
protection while establishing relevant legal and regulatory structures. Numerous
environmental regulations have been enacted and implemented since the 1970s. The
administrative and regulatory framework consists of the Ministry of Environment and Forests
(MoEF) along with pollution control agencies (“CPCB” for Central Pollution Control Board
and “SPCBs” for State Pollution Control Boards).

5.3 Ethical considerations

Most organizations base their manufacturing decisions on the belief that adopting
sustainable practices represents the morally correct approach. Their fundamental philosophy
centers on resource conservation and contributing positively to environmental welfare. These
companies embrace the triple bottom line philosophy when making significant decisions.
They carefully evaluate all aspects to reduce harmful impacts on the environment,
community, and financial performance. Herman Miller, a premier manufacturer of quality
office furniture, operates from Western Michigan. In 1993, the company pledged to achieve
zero landfill waste by 2003, implementing various innovative methods to reach this objective,
despite not always being cost-efficient. Instead of disposing of textile remnants in landfills,
the organization shreds these materials and ships them to a North Carolina facility that
converts them into automotive insulation. Although this environmentally conscious approach
costs Herman Miller $50,000 annually, company executives believe making the
environmentally responsible decision justifies the expense. Both staff members and
leadership take pride in the organization’s environmental stewardship within their region,
making the increased costs from the new waste-to-energy program a worthwhile investment
according to senior management (Hosmer 2003).

5.4 Green practices and organizational performance

The term “organisational effectiveness” describes how successfully an organization
operates as a complete entity. An organization’s effectiveness becomes apparent when it
achieves several objectives simultaneously, including environmental targets and operational
compliance requirements. We focus on two key operational aspects: their ability to minimize
company expenses and their capacity to reduce environmental pollution. Consequently, we
adopted David (2013)’s recommended method for evaluating sustainability’s influence across
social, environmental, and economic dimensions (SEE). The SEE Sustainability framework
addresses both waste reduction and value creation. Success under the SEE model is measured
through metrics including waste and emission reduction, employee welfare (financial, social,
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and psychological), and various other indicators. Research studies examining the relationship
between green management and organizational efficiency have varied widely across different
industries. Researchers Ying-chin Wang and Ling (2016) conducted a survey of 213
Taiwanese electronics manufacturers to investigate inexperienced management and
performance in Taiwanese electronics companies. Their findings demonstrate that green
management significantly affects profitability.

6.0 Various Sectors Implementing Green Practices

Multiple industries have adopted environmentally friendly practices within their
organizations: FMCG sector | IT sector | Finance sector | Automotive sector

6.1 FMCG sector

ITC stands as a prominent fast-moving consumer goods (FMCG) company in India
with promising prospects. The company has spearheaded environmentally conscious practice
development by establishing industry benchmarks. Its diverse portfolio encompasses
cigarettes, hotels, paper products and specialty papers, packaging, agribusiness, packaged
foods, and numerous other services.

Through innovative Ozone Treated Elemental Chlorine Free Technology, ITC
launched an eco-friendly multipurpose paper called Paperkraft Premium Business Paper for
office and home use. While Elemental Chlorine was previously utilized in the bleaching
process during paper production, this marked an Indian industry first.

As a responsible corporate citizen, ITC participates in various public benefit
initiatives, including environmental, health, and safety (EHS) programs, community
engagement, preservation of national historical and cultural heritage, and sustainable
development promotion. Environmental protection remains their primary focus.

6.2 IT sector

Infosys, among India’s premier IT companies, has advanced significantly in recent
years regarding environmental sustainability and worker health and safety management. They
have analyzed all operations, including physical and IT infrastructure, to identify energy
conservation opportunities. Several implemented measures include:
e Installing wind turbines at campuses in Pune, Bangalore, and Mangalore
e Implementing occupancy sensors in conference rooms and restrooms
e Transitioning from fluorescent tubes to LED lighting
o Installing variable frequency drives (VFD) in condenser pumps for chilled water systems
o Upgrading inefficient utility equipment including DG sets, pumps, and motors
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6.3 Finance sector

Indian financial institution ICICI’s declared mission involves “Greening” customer
lives through superior banking services. Instabanking, a unified platform integrating
supplementary channels, provides Internet banking, i-Mobile banking, and Interactive Voice
Response (IVR) Banking accessible 24/7/365. This reduces energy consumption by
eliminating paper statements and physical visits. ICICI Bank extensively utilizes internal
media, including customer statements, inserts, and credit card slips, to engage customers and
support their “Go Green” campaign. Statement subscriptions, online bill payment, and
electronic fund transfers encourage customers toward “paperless” and “commute-free”
banking solutions.

6.4 Automotive sector

Maruti Suzuki dominates the Indian automotive industry. They achieved success by
expanding recycled water usage through effective rainwater collection methods. As their
CSR-GM recently stated publicly, “Our focus involves continuously reducing water
consumption through innovative approaches. We converted our Gurugram plant to utilize
canal water exclusively instead of groundwater.”

6.5 Green hotels concept

Several hotels have accepted the challenge of adopting environmentally friendly
practices in India. “Green practices” encompasses everything reducing strain on earth’s land,
air, water, and human activities and resources. Green hotels employ environmentally
committed staff who actively participate in or develop green initiatives. These establishments
practice environmental sustainability through water and electricity conservation and
integrated waste management. The Green Hotel Association published an industry status
report in 2008. Extensive research has explored why numerous hotels embrace environmental
practices. According to Bohdanowicz (2006), hotel conversion to green operations is
primarily motivated by social responsibility, government regulations, and financial benefits.
Multiple researchers, including Alexander (2002), DeLollis (2007), Graci & Dodds (2008),
and Butler (2008), discovered that hotels reduce operating expenses through eco-friendly
policies, such as installing energy and water-efficient equipment. This increases per-guest
revenue while decreasing operational costs.

6.6 Green practices in hospitality sector

Green Lodging represents continuous efforts and practices directing operations
toward environmental sustainability. For effectiveness, these efforts must encompass and
permeate all business and service delivery processes. All lodging industry functions should
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receive support at every managerial and operational level within organizations claiming to be
‘green’ or participating in comprehensive environmentally friendly programs.

Understanding green lodging requires ensuring all physical facilities, equipment, and
attractions are properly maintained following green management protocols. The hospitality
industry’s interaction with the physical environment inevitably creates negative externalities
manifested through water consumption, energy usage, air pollution, and waste generation.

To ensure program legitimacy and stakeholder buy-in, every facility area must be
targeted (indoor, outdoor, and building envelope), with cost-effective technical and
behavioral solutions adopted and maintained. To guarantee behavior modification, buy-in,
and adoption, enforcement reasons should be highlighted and benefits to the property and
environment emphasized and communicated to stakeholders.

Since negative externalities typically appear through electricity usage, water
consumption, air quality control, and waste management, dynamic technical and behavioral
solutions should target eliminating and mitigating externalities in these areas. Green programs
must include sub-components addressing each critical area.

Green lodging involves adopting solutions addressing energy usage, water
consumption, indoor air quality controls, and waste management. Since energy represents a
controllable cost, reduced consumption results in direct savings for hotels. Respondents
indicated that selecting energy-efficient equipment and fixtures while implementing sound
energy conservation practices enabled their hotels to reduce energy expenses while
contributing to environmental protection.

Water management practices aimed at reducing pollution, waste, and increasing
efficiency. Reported benefits included direct cost savings through reduced water bills, energy
costs, sewage fees, and chemical utilization. Combined behavioral modification and water-
saving equipment represented the most effective approach. For instance, respondents noted
that water and energy-efficient washing machines used with linen and towel reuse programs
saved properties significantly through reduced labor and laundry expenses.

Indoor air quality practices address clean air supply, conditioning methods, and
contaminant removal using ventilation and air conditioning systems. Technical solutions
included air filtration systems meeting or exceeding stated filtration thresholds based on
accepted industry standards. Respondents identified indoor air quality as one of the most
challenging aspects of green management programs, since virtually all indoor hotel activities
generate particles potentially contaminating air quality. Additionally, air migration between
areas makes targeting and isolating specific zones difficult. Behavioral modifications
included accepting natural solutions, such as using lobby plants as natural filtration systems,
rather than purely technical approaches. Respondents indicated that lodging facilities best
address waste generation by developing policies designed to reduce waste at its source. Such
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policies should encourage restoration, reuse, and recycling, ultimately preventing pollution
and reducing or eliminating treatment and disposal costs.

6.7 Environmental practices in the hospitality industry

Eco-friendly accommodations can be described as ongoing efforts and activities that
orient operations toward environmental sustainability. For effectiveness, these initiatives
must encompass and integrate throughout all business and service delivery processes. All
hospitality industry functions should receive support at every managerial and operational
level within organizations that claim environmental responsibility or participate in
comprehensive eco-friendly programs. The optimal approach to understanding sustainable
lodging involves ensuring that all physical facilities, equipment, and amenities are properly
maintained according to environmental management protocols.

6.8 Human resources function in environmental management

The degree to which human resource management functions influence organizational
operations and workplace environment depends on organizational policies that vary
according to senior management philosophy. Human resources operates through practices and
interventions including Job Design, Electronic Recruitment and Selection, Training &
Development, Performance Monitoring, Compensation Management, and Employee
Relations and Engagement.

6.9 Organizational environmental practices framework with HR implementation

o Energy Management: Conduct energy assessments, enhance security measures, install
automatic timers for lighting systems, utilize energy-efficient bulbs, and maintain
comfortable temperature ranges that avoid excessive cooling in summer and heating in
winter.

o Digital Transformation: Promote electronic communication. When paper use is
necessary, print on both sides and utilize scrap materials.

e Recycling Programs: Process glass, paper, plastic, metal waste, and manufacturing
byproducts. Examine waste streams to understand the true costs of purchasing, storing,
and disposing materials. Eliminate unnecessary copying and reuse packaging materials
for shipping.

e Transportation Reduction: Promote ride-sharing (provide preferred parking for
carpoolers). Offer transit subsidies for employees using public transportation and bicycle
storage for cyclists. Enable remote work opportunities where feasible.

e Decrease Business Travel: Use video conferencing instead of traveling. For essential
trips, track mileage and flight distances and purchase carbon offsets from organizations
like Carbonfund.org to compensate for greenhouse gas emissions.
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o Sustainable Procurement: Inform suppliers about interest in sustainable products and
establish specific targets for purchasing recycled, refurbished, or used items. Consider
environmental factors, not just cost, when making purchasing decisions.

o Employee Engagement: Establish teams to lead organizational environmental efforts and
identify areas for maximum impact with minimal investment.

e Water Conservation: Monitor plumbing fixtures for leaks that waste water. Eliminate
water waste in manufacturing processes and landscape irrigation.

o Alternative Energy Assessment: Evaluate opportunities for implementing solar energy,
biofuels, wind power, and other renewable energy sources.

e FEco-friendly Materials: Organizations should establish policies for purchasing chlorine-
free paper with higher post-consumer recycled content. Consider switching to lighter
paper weights or alternatives made from bamboo, hemp, or organic cotton. Recycle toner
and ink cartridges and purchase remanufactured versions.

o Olffice Recycling Programs: Implement paper, can, and bottle recycling in workplaces
and acknowledge departmental achievements.

o FEnergy Conservation Habits: Encourage turning off lights, computers, and printers after
work hours and weekends for additional energy savings.

Human Resources endure primary responsibility for achieving environmental
sustainability by transforming employees into environmentally conscious workers, thereby
meeting organizational environmental objectives. HR significantly influences organizational
function and workplace culture, governed by policies that reflect senior management
philosophy. Human resources implements practices and interventions including online
recruitment and selection, training and development, and performance management.

Organizations increasingly adopt various measures to promote ecological
development and guide employees toward environmental awareness. Sustainable practices
help hospitality organizations distinguish themselves. Today’s travelers, restaurant customers,
hotel guests, and consumers prioritize sustainability.

They seek assurance that businesses they support follow environmentally, socially,
and culturally responsible practices. Eco-friendly hotels are environmentally conscious
lodging facilities with management that participates in and initiates environmental
sustainability programs. Programs such as water conservation techniques, energy reduction,
and waste consolidation are commonly implemented in green hotels.

7.0 Research Objectives

Based on research findings showing various HR interventions that lead to
environmental practices adopted by different organizations, and considering research
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questions and the overall scope of studying “Human Resource Intervention in Implementing

Environmental Practices within Hospitality Organizations,” the researcher has established the

following study objectives:

1. To examine HR’s role in promoting environmental practices in hospitality organizations.

2. To investigate various environmental practices resulting from different HR interventions.

3. To evaluate existing environmental practices in hospitality organizations within the study
region.

7.1 Data sources

The research utilizes two data sources: primary and secondary.

e Primary Data: Primary information is gathered from respondents through personal
interviews using questionnaires about different HR interventions that result in various
environmental practices.

e Secondary Data: Secondary information for the study was obtained through journals,
annual reports, articles, research reports, and libraries at Karnataka University, Dharwad,
reports from FHRAI HAI and various websites to develop questionnaires and achieve
objectives.

7.2 Sampling framework

o Sampling Units: The sampling unit contains sampling elements. For this study, sampling
units include HR managers and acting HR personnel (owners, food & beverage managers,
and front office managers or executives) working in star-rated hotels in Karnataka state.

e Sample Size: To examine HR interventions leading to environmental practices within
hotels, a descriptive analysis was conducted. For this descriptive study, samples (HR
managers) were selected from the population based on established criteria.

For this survey Karnataka state districts are divided into two divisions: Belgaum
division and Mysore division. A total of 460 star-category hotels are distributed unevenly
across these divisions. From the 460 hotels identified as the study population, a sample size
of 125 was determined.

8.0 Findings of the Study

1. Survey results clearly showed that environmental training encourages employees to
incorporate sustainable practices into their daily work routines. Training helps employees
understand the importance of environmental responsibility and its implementation.

2. Employees receive training to enhance awareness and skills regarding environmental
matters, enabling them to effectively follow sustainable practices.
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3. Staff members are trained in water conservation, including water recycling practices
followed by most hotels, paper recycling in daily operations with printing only when
necessary, and zero waste management to minimize and recycle waste.

4. Survey evidence indicated that electronic recruitment and selection significantly reduces
paperwork and office supply waste. Most respondents’ opinions show major influence on
sustainability thinking, resulting in practices such as online resumes, virtual interviews,
and email communication.

5. HR departments have included environmental awareness criteria in job specifications as
part of the selection process, with most respondents agreeing to these incorporated criteria
in HR staffing policies for online recruitment and selection.

6. The study reveals that HR intervention positively influences the development of
environmental thinking and practices among hotels. Practices such as email
communication, teleconferencing, electronic filing, environmental objectives, and
computerized evaluations are evident from respondent feedback.

7. Employees are trained to communicate via email rather than printed materials, with
performance monitoring of this practice. HR monitors non-compliance with
environmental practices, with respondents tracking failure to meet green objectives.

8. Employee involvement in environmental initiatives as an HR intervention positively
influences the introduction of new sustainable practices and active employee
participation in hotels, creating greater responsibility toward environmental practices.

9.0 Summary

Sustainability and environmental practices are concepts that must be integrated into
the overall business operations of hospitality organizations. The hotel industry has the
potential to incorporate environmental practices into routine management. To achieve this,
hotels need to implement significant changes in managerial thinking and operational
procedures. Implementation of such HR practices has been observed in the studied hotels in
a gradual manner, while the effects of these interventions are clearly visible through adopted
environmental practices.

Among these interventions, training has been observed to introduce practices such as
water conservation, energy conservation, paperless operations, eco-friendly travel, and
plastic-free premises. Electronic recruitment has clearly established ‘paperless office’
environmental practices. New reward and recognition systems have created major changes in
environmental thinking among employees. They appear motivated to adopt environmental
concepts in their routine hotel work.
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10.0 Limitations of the Study

1. The research geography is limited to Karnataka state.

2. The study focuses on the hotel industry within hospitality organizations, restricting the
study area to hotels operating in Karnataka state.

3. The research is limited to star-category hotels only.

4. The study examines only HR roles resulting in environmental practices.

5. The research is based on respondent opinions and their responses are subject to existing
scenarios or respondent perceptions.
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CHAPTER 7

Does Nutritional Value Influence Consumer Buying Behavior ?

Radhika Itgekar* and Shailaja Hiremath**

ABSTRACT

Amid increasing health concerns and growing interest in nutrition among Indian consumers,
this study explores how people in Belagavi, Karnataka understand and respond to front-of-
pack nutrition labels (FOPL) and how these labels shape their buying choices. A structured
survey was administered to 102 respondents, and the results were examined using descriptive
tools along with chi-square testsin Jamovi and Excel. The descriptive analysis helped outline
basic demographic patterns, the extent to which shoppers look at labels, and their general
attitudes toward nutritional details. The chi-square findings indicate that consumers who are
more aware of FOPL tend to make more informed and health-oriented purchase decisions,
particularly within younger and better-educated groups. Despite this, many participants till
struggle with limited understanding of label elements due to complex formats, inconsistent
presentation, and minima awareness campaigns. The study suggests the need for clear,
standardized, and easy-to-interpret labeling supported by targeted educational initiatives.
Strengthening consumer nutrition literacy can enable more responsible food choices and
support policy efforts aimed at improving public health in urban Indian settings.

Keywords: Front-of-pack labeling; Consumer behavior; Nutritional value awareness; Food
labeling; Health-conscious purchasing.

1.0 Introduction

Growing knowledge of health and wellness has played a mgjor role in the dramatic
alteration of consumer behaviour in the food business in recent decades. Consumers are
starting to give more weight to the nutritional value of the foods they eat aslifestyle diseases
including obesity, diabetes, and cardiovascular ailments become more common worldwide
(World Health Organisation, 2020). In this regard, food packaging increasingly functions as
amedium for disseminating health-related information in addition to being a marketing tool,
and nutritional labelling has emerged as a critical factor influencing consumer decision-
making (Grunert & Wills, 2007).
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Numerous international research have highlighted how nutritional labels influence
customer decisions. Numerous international research have highlighted how nutritional 1abels
influence customer decisions. For instance, Campos et a. (2011) contend that customers who
are knowledgeable and health-conscious make healthier food choices when they have easy
access to nutritional information on packaging. Policies requiring front-of-package labelling,
such as calorie counts and warning labels, have been proven to somewhat lower the purchase
of unhealthy foods in developed nations (Song et al., 2021). However, it is unclear how well
these 18 findings apply to devel oping countries like India, where a variety of socioeconomic
origins affect 68 purchasing power and health literacy.

Customersin India are becoming more conscious of the significance of nutrition and
diet. According to studies, urban Indian consumers—especially those in metro areas—are
starting to read nutrition labels, whilethereis till variation in their comprehension and impact
on purchasing decisions (Singla, 2010).While Indian consumers are steadily demonstrating
interest in low-fat, high-fiber, and low-sugar options, Paul and Bedi (2014) pointed out that
variablesincluding price sensitivity, brand trust, and taste preferences sometimes overshadow
this enthusiasm. Thereislittle research on consumer behaviour 61 regarding nutritional value
in tier-2 cities like Belagavi, despite this increased awareness in urban regions. Belagavi, a
fast-growing urban areain Karnataka, reflects a population that is shifting from conventional
consumption habitsto contemporary, health-conscious decisions. Belagavi provides aunique
setting for investigating how nutritional vaue affects food purchase decisions in non-
metropolitan people because of growing exposure to digital media, rising literacy, and easier
availability to packaged foods. Furthermore, there are notable differences in nutritional
literacy amongst age groups, income levels, and educational backgrounds. Customers who
are more health conscious and have a better comprehension of nutrition labels are morelikely
to make well-informed purchasing decisions, according to Sripathi et a. (2023). However,
obstacles like consumer scepticism, label complexity, and lack of standardisation frequently
reduce the efficacy of nutritional information (National Academies of Sciences, 2011).

By investigating how nutritional value affects consumer purchasing behaviour in
Belagavi, this study seeks to close the current research gap. The study examined 49
knowledge levels, how nutritional information isinterpreted, and how it actually affects food
choices using primary data gathered from 100 respondents. The results provided
policymakers, marketers, and health educators with important information to hel p them create
health communication techniques that are more successful in India’s smaller urban markets.

1.1 Statement of the problem
A sizable percentage of Indian customers continue to ignore nutritional value while
making food purchases, despite rising health consciousness and government-led programs
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encouraging a healthy diet. Although there have been encouraging developments in the use

of nutritional labels in metropolitan areas, little study has been done on consumer behaviour

in developing urban areas like Belagavi.

The following fundamental issues are the focus of this study:

o Despitethe availability of branded food options and increased health hazards, consumers
might not give nutritional value top priority when making purchases.

e When compared to metropolitan areas, Belagavi consumers’ knowledge and
comprehension of nutrition labelsis mainly unknown.

e Theimpact of demographic parameters including age, gender, income, and education on
the use of nutritional information while purchasing food goodsis not well documented.

1.2 Objectives of the study
This study’s main goal was to find out how Belagavi customers’ decisions to buy

food areinfluenced by its nutritional content. The particular goals are as follows:

e To determine how much nutritional vaue affects Belagavi consumers’ purchasing
decisions.

e Togauge how well consumers comprehend and are aware of nutrition labels on packaged
food items. One

e To determine the main demographic factors (age, gender, income, and education) that
influence how much weight consumers give to nutritional value.

2.0 Literature Review

Researchers and policymakers are paying more attention to the impact of nutritional
value on consumer purchasing behaviour, especially in light of the growing number of health
problems associated with unhealthy eating habits. Numerous studies indicate that consumers
are growing more aware of what they eat, and that food sel ections are significantly influenced
by nutritional value (Campos et d., 2011). Front-of-package (FOP) and back-of-package
labelling, which offersinformation on cal orie content, sugar levels, fat composition, and other
important nutrients, is one of the most direct ways nutritional information reaches customers.

The effectiveness of nutrition labelsin influencing customer behaviour has been the
subject of numerous international research. For example, Temple (2020) observes that FOP
labelswith warning or traffic-light symbols are more effective than numerical -based systems
a directing customers towards healthier solutions. According to a systematic analysis by
Cecchini and Warin (2016), customers with less nutritional knowledge likely to make
healthier purchases based on interpretive labels (such as Nutri-Score and star ratings) as
opposed to non-interpretive labels.
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A key factor is the consumer’s knowledge and comprehension of these labels.
Grunert and Wills (2007) assert that merely putting labels on packaging isinsufficient unless
consumers are motivated and trained to read and understand them. Awareness is frequently
influenced by demographic variables such as age, income, education level, and whether one
livesin an urban or rural area (Miller & Cassady, 2012). Although many urban customersin
Indiaclaimed to read nutritional labels, only atiny percentage used them to make purchasing
decisions, according to aresearch by Kaur et a. (2021). Thisismostly because of the format’s
complexity and lack of standardisation.

Additionally, consumer behaviour is grestly influenced by |abel visibility and design.
Research indicates that labels with basic messaging, colour coding, and legible fonts work
better (Talati et a., 2017). For instance, a study conducted in 59 Mexico showed that warning
labels made it easier for customers to recognise harmful products and decreased their
inclinations to buy them (Taillie et a., 2020). According to Kanter et al. (2018), research
conducted in Kenyareveal ed that healthy food choices could beinfluenced by clear |abelling,
especially among lower-income groups. Furthermore, how consumers perceive nutritional
information isinfluenced by their level of trust in regulatory agencies and companies.

Customers are more likely to take action when they think the information isreliable
and supported by health authorities (Campos et al., 2011). Packaging that highlights health
advantages or makes use of environmentally friendly materials can strengthen favourable
opinions of acompany and its goods (Magnier & Schoormans, 2015). In conclusion, the body
of research clearly supports the notion that nutritional value has a major impact on customer
purchasing decisions, particularly when nutritional datais provided and comprehended. The
strength of this influence is moderated by awareness levels and demographic characteristics.
In order to increase the influence of nutritional labelling on consumer behaviour, this review
emphasises the significance of consumer education, standardised label design, and reliable
information.

3.0 Resear ch M ethodology

With an emphasis on the function of nutrition labels, health consciousness, and
demographic factors, this study attemptsto investigate how nutritional value affects customer
purchasing behaviour in Belagavi City, Karnataka. A quantitative technique has been usedin
conjunction with a seven-descriptive study design to address this. This approach is suitable
for analysing consumer attitudes, behaviours, and perceptions regarding health-conscious
food choices at a particular moment in time (Bryman, 2012).

Belagavi is arapidly growing tier-2 city with a varied and changing customer base
that is more familiar with packaged foods, health messaging, and contemporary shop forms.
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Customers in places like Belagavi are becoming more careful of food choices as knowledge
of lifestyle-rdated disorders grows, making this area a perfect place to research the
connection between nutritional labels and purchasing decisions.

3.1 Resear ch design

The current study uses a descriptive and quantitative research approach, which is
ideal for comprehending and evaluating the attitudes, preferences, and behaviours of
consumers. The objective is to characterise Belagavi consumers’ present awareness,
perception, and use of nutritional information and to ascertain the degree to which nutritional
valueinfluencestheir purchasing decisions. In order to find patternsand links between factors
like age, income, health consciousness, and purchasing behaviour, descriptive research makes
it possible to gather quantitative data from a particular community. In order to assess the
impact and correlations between factors, the quantitative approach enables researchers to
collect numerical data via surveys and statistical tools (Creswell & Creswell, 2018).

3.2 Sample design

o Population: Customers that regularly purchase FMCG (fast-moving consumer goods)
products and live in Belgaum, Karnataka, make up the study’s demographic.

e Sample Frame: Belgaum citizens who are 18 years of age or older are included in the
sampling frame, which is available through internet resources, neighbourhood markets,
and retail establishments.

e Sample Unit: The sample unit consists of every single Belgaum consumer who buys
packaged goods (such as groceries, personal care products, and beverages).

o Sampling Technique: Non-Probability Convenience Sampling is used in this
investigation. This approach, which triesto gather data from respondents who are easily
available, was chosen due to practical time and resource constraints (Etikan, Musa, & 34
Alkassim, 2016).

e Sample Sze Calculation: The sample size was determined using the ideas of statistical
significance and confidence level. To guarantee accurate and legitimate results, a
representative sample size of 102 clientsis thought to be appropriate. (Ahmad, 2021)

e Survey Method: Data was gathered using a structured questionnaire with closed-ended
guestions and 5-point Likert scale items. Respondents’ attitudes, perceptions, and
behaviours about nutritional information and its impact on their food purchase decisions
are measured using a 5-point Likert scale. Because of its simplicity, ease of response, and
applicability for avariety of participants without sacrificing data quality, a 5-point scale
is preferred over a 7-point one (Boone & Baone, 2012). It is therefore perfect for both
guantitative and descriptive research.
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3.3 Data sources

Primary Data Sources: Google Forms online surveys were used to gather primary data.
Sixty

Secondary Data Sources: Information about consumer behaviour and packaging trends
was gathered from government publications, books, industry studies, and scholarly
journals.

3.4 Hypothesis
The following theories were investigated in the study:

HO (Null): Consumer purchasing behaviour in Belagavi isnot substantially influenced by
nutritional value.

H1 (Alternative): In Belagavi, consumers’ purchasing decisions are greatly influenced by
nutritional value.

HO (Null): Food purchase decisions and knowledge of nutrition label s do not significantly
correlate.

H1 (Alternative): Food purchasing decisions and nutrition label awareness are
significantly correlated.

HO (Null): The emphasis that consumers place on nutritiona value is not considerably
impacted by demographic characteristics.

H1 (Alternative): The significance that consumers attach to nutritional value is greatly
influenced by demographic characteristics (age, gender, income, and education).

3.5 Data analysistools

To extract significant insights, acombination of descriptive and inferential statistical

approaches were applied to the data gathered from 102 respondents in Belagavi.

Eight demographic traits and general replies about the significance of nutritiona value
and consumer purchasing behaviour were summarised using descriptive statistics
including mean, percentages, and frequencies.

To better understand 32 subgroup behaviour, cross-tabul ation was used to examine trends
and compare responses across several demographic 39 categories (e.g., age, gender,
income, occupation, and education).

The relationship between categorica variables, such as understanding of nutrition labels
and their impact on food purchasing decisions, was evaluated using chi-square tests.
Additionally, it assisted in examining the connections between demographic factors and
the significance of nutritional value.

By predicting the likelihood that respondents would choose greater levels of agreement
(e.g., Strongly Agree vs. Agree, etc.), the Ordinal Logistic Regression test was used to
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assess the impact of demographic variables on the 55 4 ordina dependent variable—
nutritional value important.

e Jamovi, an open-source statistical program with an intuitive 51 interface that is perfect
for doing ordina regression, chi-square tests, and descriptive anaysis, was used to
analyse the data. Data entry, rudimentary cleaning, tabulation, and graphical results
presenting (such as charts and tables).

3.6 Limitations of study
Although this study provides insightful information about how nutritional vaue
affects Belagavi consumers’ purchasing decisions, it isimportant to recognise its limitations:

e Small Sample Sze: Only 100 participants provided comments for the survey, which may
not accurately reflect Belagavi’s diverse population of 63. Results from a bigger sample
might be more broadly applicable (Creswell, 2014).

e Geographic Limitation: Because the study was limited to the Karnataka city of Belagavi,
the results might not accurately represent consumer behaviour in rural or other areas
where access to and understanding of nutritional information may be different (Kumar &
Kapoor, 2015).

o Saf-Reported Information: Self-reported questionnaires were used to gather the data,
which may be proneto social desirability bias. In order to appear more health-conscious,
respondents may exaggerate their nutritional knowledge or concern (Podsakoff et d.,
2003).

o Cross-Sectional Design: The study does not account for behavioural changes over time
or demonstrate causal linkages because it is cross-sectional and records answers at a
particular moment in time (Bryman, 2012).

e Emphasis on Packaged Foods: Since fresh produce, street food, and unlabelled foods
make up asizable amount of the Indian diet, the study’s focus on packaged food products
preventsit from adequately capturing purchasing behaviour related to these items (Kumar
4 & Kapoor, 2015).

4.0 Data Analysis

4.1 Importance of nutritional valuein consumer purchase decisions

To understand the extent to which nutritional value affects consumer behavior in
Belagavi, a Chi-Sguare Goodness of Fit test was conducted. Respondents (N = 102) were
asked whether nutritional value was an important consideration when selecting packaged
food items. The responses were recorded across five ordinal categories: Strongly Agree,
Agree, Neutral, Disagree, and Strongly Disagree.
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Table1: Observed Distribution

Response Count Proportion
Strongly Agree 34 33.3%
Agree 43 42.2%
Neutral 18 17.6%
Disagree 2 2.0%
Strongly Disagree 5 4.9%

Figure1: Importance of Nutritional valuein Consumer Purchase Decisions
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Thetest was used to determine whether the observed frequencies significantly deviated from
an expected equal distribution across all five response options.

Hypotheses:

e HO (Null): Consumer purchasing behaviour in Belagavi isnot substantially influenced by
nutritional value.

o H1(Alternative): In Belagavi, consumers’ purchasing decisions are greatly influenced by
nutritional value.

Chi-Square Test Result:

o y*(df =4) =626

. p< 0.001
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Since the p-value is less than 0.05, the null hypothesis is rejected. This suggests that
there is a gatistically significant deviation from a uniform response pattern. A mgjority of
respondents reported either Agree or Srongly Agree, indicating that nutritional value is
indeed an important factor influencing consumer purchasing decisions for packaged food in
Belagavi.

4.2 Association between nutritional value importance and awar eness of nutrition labels
To explore whether awareness of nutrition labels (such asthe FSSAI logo) influences

how strongly individuals consider nutritiona value when selecting packaged food items, a

Chi-Square Test of Independence (> Test of Association) was conducted. This statistical test

is appropriate because:

e Both variables are categorical in nature.

e Thegoal isto evaluate whether the distribution of responses on one variable (importance
of nutritional value) is independent of responses on another variable (awareness of
nutrition labels, such asthe FSSAI 1ogo).

Hypotheses:

e HO (Null): Food purchase decisions and knowledge of nutrition labels do not significantly
correlate.

e H1 (Alternative): Food purchasing decisions and nutrition label awareness are
significantly correlated.

Table 2: Contingency Tables

Table 3: Test Results

Chi-Square Value (y?) = 72.6
Degrees of Freedom (df) = 16
p-value <0.001

Sample Size (N) =102
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Since the p-value is less than the conventional threshold of 0.05, the null hypothesis
(There is no significant relationship between awareness of nutrition labels and food
purchasing decisions) can be rejected. This indicates a statistically significant relationship
between consumers’ awareness of nutrition labels and the importance they place on
nutritional value in their food choices. In other words, consumers who are more aware of
nutritional labeling (e.g., FSSAI logo) are more likely to prioritize nutritional value when
purchasing packaged foods.

4.3 Demographic factorsand their influence on nutritional value importance

Hypotheses

o HO (Null): The emphasis that consumers place on nutritional value is not considerably
impacted by demographic characteristics.

o H1 (Alternative): The significance that consumers attach to nutritional value is greatly
influenced by demographic characteristics (age, gender, income, and education).

Tests Used

To test these hypotheses, we used two complementary statistical methods:

1. Chi-Square (y?) Test of Independence

Purpose: To examine the association between each demographic factor and nutritional

importance.

Why: Chi-square is ideal for testing non-parametric relationships between two

categorical variables.

2. Ordinal Logistic Regression

e Purpose: To analyze whether changes in demographics predict the ordered response
level s of importance (from Srongly Disagree to Srongly Agree).

e Why: Since the dependent variable (nutritional importance) is ordinal, this model
captures directional effects and estimates how much one category increases/decreases the
odds of a higher importance rating.

4.3.1 Chi-square analysis summary

Table 4: Chie Square Analysis

Demographic Variable x* Value df p-value | Significance

Age 12.8 12 0.382 Not Significant
Gender 2.82 4 0.589 Not Significant
Income 8.94 16 0.916 Not Significant
Education 9.68 16 0.883 Not Significant
Occupation 22.8 16 0.118 Not Significant




Does Nutritional Value Influence Consumer Buying Behavior? | 69

e Nodatigtically significant associations were found between any individual demographic
factor and the levels of nutritional value importance using chi-square tests.

e Limitation of Chi-square: While it testsif an association exists, it doesn’t indicate which
categories within the demographic variable drive the effect.

4.3.2 Ordinal logistic regression analysis

The McFadden R2 value of 0.084 indicates a modest predictive power. While the
modé is not very strong, it allows insight into which subgroups may drive perceptions about
nutrition.

Table5: Model Fit

Metric Value
Deviance 236
AIC 276

McFadden R? 0.084

Table 6: Significant Predictors (p < 0.05)

Predictor Estimate p-value Interpretation
Student — Professional 2.006 0.005 Significant
Others (Occupation) — Professional 1.739 0.026 Significant

e Student vs. Professional:
o Students are significantly more likely to place a higher importance on nutritional
value than professionals.
o The positive estimate (2.006) suggests students are more inclined to choose “Agree”
or “Strongly Agree” compared to professionals.
o Implication: Students may be more health-conscious, aware of nutrition, or
influenced by current educational or social trends.
e Othersvs. Professional:
o Respondentsclassified under “Others” are also more likely to rate nutrition as highly
important.
o Suggests that professions outside of typical classifications (e.g., freelancers,
homemakers, retirees) may hold stronger views on nutrition.
e Non-Significant Predictors: Other demographic contrasts (age groups, gender, income
brackets, education levels) did not show statistically significant effects.
o Gender (Female vs. Male): Estimate was negative but not significant (p = 0.408).
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o Age (All categoriesvs. 18-25): No age group showed significant deviation.
o Income and Education: None of the brackets had significant influence.

While broad demographic categories did not show significant associations using chi-
squaretests, ordinal logistic regression reveal ed key differenceswithin occupation categories:
e Students and “Others” value nutritional information more significantly than

professionals.
e This could suggest that certain life stages (e.g., studying, non-working) influence a
greater health consciousness or attentiveness to nutrition labelling.

5.0 Findings and Conclusions

According to the survey, Belagavi consumers’ decisions to buy food are heavily
influenced by nutritional content. Thereis an increasing trend of health consciousnessin the
city, as evidenced by the significant percentage of respondents who stated that they
deliberately check the nutritional content of packaged food items before making a purchase.
When asked how important nutrition is, the majority of consumers gave positive answerslike
“Agree” and “Strongly Agree,” indicating a significant preference for healthier food choices.

Furthermore, the investigation revealed a strong correlation between consumers’
awareness of nutrition labels—like the FSSAI logo—and the significance they attach to
nutritional content. This suggests that people who are aware of and comprehend food labels
are more likely to base their purchases on nutritional considerations, proving the usefulness
of labelling as a communication tool in shaping consumer behaviour.

The perception of nutritional value was found to be significantly influenced by
occupation, but not by demographic factors such as age, gender, income, or education. In
particular, compared to professionals, students and people in the “Others” category—which
includes homemakers, retirees, and independent contractors—were more likely to place a
high value on nutritional information. This implies that those who don’t work in traditional
settings might have more time, flexibility, or motivation to interact with nutritional material.
Additionally, this demographic may be more exposed to health-related content via social or
educational platforms. On the other hand, because of lifestyle restrictions, time constraints,
or convenience-driven behaviours, working professionals may either ignore or undervalue
nutritional factors.

Overadl, the results show how Belagavi’s consumer landscape is changing, with
health and nutrition awareness increasingly influencing consumer behaviour, especially
among young people and nonprofessional groups. Thesefindingsal so highlight theincreasing
importance of label literacy and nutrition education in promoting informed food choices,
particularly in urbanising tier-2 cities like Belagavi.
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6.0 Recommendations

Based on the findings of the study, the following recommendations are proposed:

1. Strengthen Consumer Education on Nutrition Labels: Health authorities, educational
ingtitutions, and regulatory bodies such as FSSAI should conduct awareness programmes
to educate consumers on how to read and interpret nutrition labels. Community
workshops, digital campaigns, and short informational videos can help consumers better
understand nutritiona terms and values.

2. Adopt Segment-Specific Marketing Strategies: Marketers should customise their
communication strategies based on consumer segments. Health-focused messaging can
be directed toward students and homemakers, while convenience-oriented yet health-
aligned messaging may be more effective for working professionals with time
constraints.

3. Improve Visbility and Simplicity of Nutritional Information: FMCG companies should
highlight key nutritional benefits clearly on product packaging using simple language,
icons, or colour-coded indicators. This can make nutritional information easier to
understand at the point of purchase.

4. Collaborate with Educational Institutions. Schools and colleges can play a vita role in
promoting nutritional awareness. Integrating basic nutrition education into co-curricular
activities and organising health-focused initiatives can help build long-term healthy
consumption habits among young consumers.

5. Support Clear and Standardised Labelling Policies: Policymakers should consider
strengthening front-of-pack labelling regulations to ensure consistency and clarity.
Simplified labelling systems such as star ratings or traffic-light indicators can improve
accessibility for consumers across different literacy levels.

6. UseRetail Stores as Awareness Platforms: Retail outlets can serve as effective points for
nutrition education through shelf labels, comparison charts, QR codes, and trained staff
who can guide consumers in making healthier choices.

7. Encourage Health-Oriented Product Innovation: Food manufacturers should respond to
increasing health awareness by devel oping and promoting nutritious product alternatives,
such as low-sugar, high-fibre, or fortified food options, aligned with consumer demand.
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Appendix

Chi-Square Goodness of Fit test result for |mportance of Nutritional Valuein
Consumer Purchase Decisions

Chi-Square Test Results of Independence (x> Test of Association) for Association
Between Nutritional Value | mportance and Awar eness of Nutrition Labels
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Chi-Square (y?) Test of Independencetest result for demographic factor (AGE)

Chi-Square (y?) Test of Independencetest result for demographic factor (GENDER)

Contingency Tables

Contingency Tables

Nutritional Importance Value

D Strongly agree Agree Strongly disagree Neutral Disagree Total
Male 15 20 2 7 2 46
Female 19 23 3 11 0 56
Total 34 43 5 18 2 102
¥x? Tests
Value df p
X2 2.82 4 0.589

N 102
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Chi-Square (y*) Test of Independencetest result for demographic factor (INCOME)

Chi-Square (y?) Test of Independencetest result for demographic factor
(EDUCATIONAL QUALIFICATION)

Contingency Tables
Contingency Tables
Nutritional Importance Value
H Strongly agree Agree Strongly disagree Neutral Disagree Total
Postgraduate 11 16 2 7 0 36
Graduate 19 22 3 8 2 54
PUC 2 4 0 2 o] 8
Others 2 1 0 0 0 3
SSLC (o] 0] (0] 1 o] 1
Total 34 43 5 18 2 102
X2 Tests
Value df o}
x2 9.68 16 0.883
N 102
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Chi-Square (3?) Test of Independence test result for demographic factor
(OCCUPATION)

Ordinal Logistic Regression Analysis Results
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CHAPTER 8

Al-Driven Smart City Solutionsfor Sustainable Crowd M anagement:
L essons from Kumbh Mela 2025

Ramakant Kulkarni* and Bharati Badiger**

ABSTRACT

The Maha Kumbh Mela2025 in Prayagraj, one of the largest religious gatherings worl dwide,
posed unprecedented challenges in crowd management, safety, and resource optimization.
With over 400 million pilgrims expected, traditional approaches proved inadequate to ensure
smooth operations and sustainability. This study examines how artificia intelligence (Al) and
smart city technologies were deployed to manage the massive congregation, situating the
event as a living laboratory for sustainable urban innovation. Al-powered surveillance
systems, including facial recognition and predictive analytics, enabled real -time monitoring
of crowd density, identification of bottlenecks, and swift reunification of separated
individuals. loT-enabled sensors and drones provided continuous data streams on movement
patterns, supporting dynamic traffic rerouting and emergency response. Smart grids
optimized electricity usage acrosstemporary settlements, while Al-driven waste management
platforms streamlined collection and recycling, reducing ecological impact. Results
demonstrate that Al integration significantly enhanced safety outcomes, improved efficiency
in resource allocation, and advanced environmental stewardship. Ethical considerations,
including data privacy and equitable access, remain critical to maintaining socia trust. The
case of Kumbh Mela 2025 offers scalable modelsfor other mega-events and permanent smart
city contexts, reinforcing AIl’s potential as a catalyst for resilience, inclusivity, and
sustainability in urban governance.

Keywords: Kumbh Mea 2025; Smart cities; Artificial Intelligence; Crowd management;
Sustainability.

1.0 Introduction

Urbanization in the twenty-first century has reshaped the way societies organize
themselves, creating new challenges for sustainability, governance, and infrastructure.
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Citiestoday are not merely physical spaces but complex ecosystems where millions
of people interact with technology, resources, and institutions. The concept of the “smart city”
has emerged as a response to these challenges, emphasizing the integration of digital
technologies, data-driven decision-making, and citizen-centric innovation to create urban
environments that are efficient, resilient, and sustainable. Artificial intelligence (Al), as the
most transformative technology of our era, plays a pivota role in this vision. By enabling
predictive analytics, real-time monitoring, and adaptive resource alocation, Al has become a
cornerstone of smart city devel opment worldwide.

Mega-events such as religious congregations, sporting spectacles, and cultural
festivals present unique opportunities to test and refine smart city principles. These events
ofteninvolvethetemporary creation of urban infrastructures that must accommodate millions
of people within a limited timeframe. The Maha Kumbh Mela, held in January 2025 in
Prayagrgj, epitomizes this challenge. Recognized as the largest religious gathering in the
world, the Kumbh Mela attracted hundreds of millions of pilgrims over several weeks.
Managing such a congregation required not only logistical precision but also sustainable
practices that minimize environmental impact and safeguard human well-being. The Kumbh
Mela thus functions as a “pop-up city,” where the principles of smart urbanism and Al-driven
sustainability can be applied in real time.

Crowd management has historically been one of the most pressing concerns at the
Kumbh Mela. Incidents of stampedes, congestion, and resource shortages have underscored
the need for innovative solutions. Traditional approaches—relying on manual monitoring,
static infrastructure, and reactive interventions—are insufficient in the face of such scale. Al
technologies, however, offer a paradigm shift. Through facia recognition, density mapping,
and predictive modelling, authorities can anticipate crowd movements and intervene before
risks escalate. l10T-enabled sensors and drones provide continuous streams of data, allowing
for dynamic traffic rerouting and emergency response. Smart grids optimize energy
consumption across temporary settlements, while Al-driven waste management systems
streamline collection and recycling, reducing ecological footprints. These applications
demonstrate how Al can transform crowd management from a reactive process into a
proactive, sustainable system.

The integration of Al into Kumbh Mela 2025 also reflects broader trends in smart
city development. Cities worldwide are experimenting with Al to manage transportation
networks, energy grids, and public services. Yet, the Kumbh Mela represents a distinctive
case. a temporary city that must be built, managed, and dismantled within weeks, while
serving a population larger than most nations. This context provides a living laboratory for
testing the scalability, adaptability, and sustainability of Al-driven solutions. Lessons|earned
from Prayagraj can inform not only future iterations of the Kumbh Melabut also other mega-
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events such asthe Hajj pilgrimage, the Olympics, and the FIFA World Cup. Moreover, these
insights can be integrated into permanent urban ecosystems, reinforcing the globa discourse
on smart cities and sustainability.

At the same time, the deployment of Al in such contexts raises critical ethical and
governance questions. Surveillance technologies, while enhancing safety, pose risks to
privacy and civil liberties. Algorithmic decision-making must be transparent and accountable
to avoid bias and exclusion. Inclusivity is particularly important in events like the Kumbh
Mela, where pilgrims come from diverse socio-economic backgrounds, many with limited
access to digital technologies. Ensuring that Al-driven solutions do not exacerbate
inequalitiesis essential to their legitimacy and effectiveness. Thus, the chalengeis not only
technological but also socia: how to align Al innovation with principles of fairness,
inclusivity, and cultural sensitivity.

This paper situates Kumbh Mela 2025 within the broader framework of smart cities
and Al-driven sustainability. It explores how Al technologies were applied to crowd
management, resource optimization, and environmental stewardship during the event. It
examines the ethical and governance chalenges that accompany such deployment, and it
assesses the outcomes in terms of safety, efficiency, and sustainability. By analysing Kumbh
Mela as a case study, the paper contributes to the discourse on Al and smart cities, offering
insights into how temporary urban ecosystems can serve as laboratories for sustainable
innovation. Ultimately, the research underscores the potential of Al not merely as atool for
efficiency but as a catalyst for holistic, human-centered urban devel opment.

The objectives of this paper are threefold.

First, to document and analyse the specific Al applications deployed during Kumbh
Mela 2025 for crowd management and sustai nability.

Second, to evaluate the impacts of these interventions on safety, environmental
outcomes, and social experience.

Third, to identify lessons and recommendations for scaling such solutions to other
mega-events and permanent smart city contexts.

In doing so, the paper bridges the gap between theory and practice, demonstrating
how Al can transform the management of complex human gatherings while aligning with
global sustainability goals.

2.0 Literature Review
The concept of smart cities has gained prominence over the past two decades as

urbanization accelerates and sustainability challenges intensify. Scholars and practitioners
alike have emphasized the integration of digital technologies, data-driven governance, and
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citizen-centric innovation to create urban environments that are efficient, resilient, and
inclusive. Artificial intelligence (Al) has emerged as acritical enabler of thisvision, offering
capabilities in predictive analytics, real-time monitoring, and adaptive resource allocation.
This literature review examines existing scholarship on smart city frameworks, crowd
management strategies, Al applications in sustainability, and the gaps that necessitate further
exploration in the context of mega-events such as the Kumbh Mela.

2.1 Smart city frameworks and Al integration

Smart city frameworks are built upon the convergence of information and
communication technologies (ICT), Internet of Things (loT), and Al. Cities such as
Barcelona, Singapore, have pioneered the use of Al to manage transportation networks,
energy grids, and public services. Research highlights that Al enables cities to move from
reactive to proactive governance, where predictive models anticipate demand and optimize
resource allocation. For example, Al-driven traffic management systemsin Singapore reduce
congestion by analysing real-time data from sensors and cameras. Similarly, smart grids in
European cities leverage Al to balance energy supply and demand, integrating renewable
sources more effectively. These frameworks demonstrate the potential of Al to enhance
sustainability by reducing carbon emissions, improving efficiency, and fostering resilience.

2.2 Crowd management in mega-events

Crowd management has been alongstanding area of research, particularly in contexts
where large gatherings pose risks to safety and logigtics. Studies on the Hajj pilgrimage in
Saudi Arabia, the Olympics, Koppal Gavimath Jatre, Hasanambe Jatre and many such Jatres
and festival s have underscored the importance of real-time monitoring, predictive modelling,
and coordinated response systems. Traditional crowd management approaches often rely on
manual observation and static infrastructure, which are insufficient for events involving
millions of participants. Al introduces a paradigm shift by enabling dynamic crowd control.
Facia recognition technologies, density mapping, and predictive analytics alow authorities
to anticipate bottlenecks and intervene before risks escalate. Research on the Hajj, for
instance, demonstrates how Al-powered surveillance reduces incidents of stampedes and
improves emergency response times. These insights are directly relevant to the Kumbh Mela,
which faces similar challenges of scale and complexity.

2.3 Al and sustainability in urban contexts

Beyond safety, Al contributes significantly to sustainability in urban and event
contexts. Scholars have examined how Al optimizes energy consumption, reduces waste, and
supports circular economy models. Smart grids powered by Al facilitate real-time energy
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monitoring, ensuring efficient consumption and integration of renewable sources. Al-driven
waste management systems predict collection needs, streamline recycling processes, and
minimize ecological footprints. In healthcare, Al reduces resource use by optimizing patient
flow and supporting telemedicine, thereby lowering environmental impact. These
applications highlight AI’s role in aligning technological innovation with environmental
stewardship, a critical dimension for events like the Kumbh Mela that generate substantial
ecological pressures.

2.4 Ethical and gover nance consider ations

The deployment of Al in smart cities and crowd management rai sesimportant ethical
and governance questions. It is essential to emphasize the need for transparency,
accountability, and inclusivity in Al systems. Surveillance technologies, while enhancing
safety, pose risks to privacy and civil liberties. Algorithmic decision-making must be
scrutinized to avoid bias and exclusion. Inclusivity is particularly critical in contexts like the
Kumbh Mela, where parti cipants come from diverse soci o-economic backgrounds, many with
limited access to digital technologies. Literature on Al ethics underscores the importance of
designing systems that are fair, culturaly sensitive, and socially legitimate. Governance
frameworks must balance technological innovation with human rights and community trust.

2.5 Gapsin existing research

While substantial research exists on smart cities, Al applications, and crowd
management, there is limited scholarship on the intersection of these domains in religious
mega-events. The Kumbh Mela represents a unique case: atemporary city that must be built,
managed, and dismantled within weeks, while serving a popul ation larger than most nations.
Existing studies on the Hajj and Olympics provide valuable insights, but they do not fully
capture the cultural, logistical, and sustainability challenges of the Kumbh Mela. Moreover,
thereis a paucity of research on how Al-driven solutions can be scaled from temporary event
contextsto permanent urban ecosystems. Addressing these gapsis essential to advancing both
academic discourse and practical innovation.

2.6 Synthesis

The literature establishes Al as a transformative tool for smart cities, crowd
management, and sustainability. It demonstrates that Al enables proactive governance,
enhances safety, and reduces environmental impact. However, it also highlights ethical and
governance challenges that must be addressed to ensure legitimacy and inclusivity. The
Kumbh Mela 2025 provides a distinctive opportunity to apply and evaluate these insightsin
areal-world context. By situating the event within the broader discourse on smart cities and
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Al-driven sustainability, this research contributes to filling a critical gap in the literature. It
offerslessons not only for futureiterations of the Kumbh Melabut aso for other mega-events
and permanent urban ecosystems worldwide.

3.0 Case Study: Kumbh Mela 2025

3.1 Context and scale of the event

The Maha Kumbh Mela 2025, held in Prayagrgj, India, was one of the largest
religious gatherings in human history. Over the course of several weeks, more than 40 crore
pilgrims were expected to participate in ritua bathing, spiritual discourses, and cultural
activities. The sheer magnitude of the event transformed Prayagrg into a temporary city,
complete with housing, sanitation, energy supply, transportation networks, and heathcare
facilities. This “pop-up city” posed immense challenges in crowd management, resource
allocation, and sustainability. Traditional methods of monitoring and control—manual
observation, static barricades, and reactive interventions—were inadequate for such scale.
Recognizing this, authorities collaborated with technology providers to deploy Al-driven
smart city solutions, making Kumbh Mela 2025 aliving laboratory for innovation.

3.2 Al-power ed surveillance and analytics

One of the most pressing concerns at the Kumbh Mela has historically been crowd
safety. Stampedes and congestion have caused fatalitiesin past editions. In 2025, Al-enabled
surveillance systems were introduced to mitigate these risks. Facia recognition cameras,
density mapping agorithms, and predictive analytics were deployed across entry points,
bathing ghats, and transit hubs. These systems continuously analysed real -time footage to
identify overcrowded zones and forecast potential bottlenecks. Alerts were sent to control
rooms, enabling authorities to redirect flows before risks escalated.

For example, during peak bathing days, Al systems predicted congestion at certain
ghats hours in advance, alowing officias to reroute pilgrims to aternative locations. This
proactive approach reduced accidents and enhanced the overall experience. Importantly, Al
al so supported reunification efforts by identifying separated individuals, particularly children
and elderly pilgrims, and guiding them back to their families.

3.3 l1oT-enabled monitoring and dynamic tr affic management

The integration of 10T sensors and drones further strengthened crowd management.
Sensors embedded in roads and bridges monitored footfall intensity, while drones provided
aerial views of movement patterns. These data streams fed into Al platforms that generated
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heat maps of crowd density. Authorities used these insights to dynamically adjust traffic
flows, reroute buses, and open or close access points.

Dynamic traffic management was particularly critical in coordinating the movement
of millions of pilgrimsarriving by trains, buses, and private vehicles. Al algorithms analysed
transport schedules, weather conditions, and crowd behaviour to optimize routes. This
reduced congestion on arterial roads and minimized delays. The system also supported
emergency response by identifying clear pathways for ambulances and security personnel.

3.4 Smart grids and ener gy optimization

Energy management was another critical challenge. Temporary settlements required
electricity for lighting, sanitation, healthcare, and communication. Al-driven smart gridswere
deployed to monitor consumption patterns and forecast demand. These systems bal anced
supply and demand in rea time, ensuring efficient use of resources. Renewable energy
sources, such as solar panels, were integrated into the grid, with Al optimizing their
contribution based on weather forecasts.

For instance, during peak evening hours, Al systems prioritized energy allocation to
critical zones such as hospitals and sanitation facilities, while reducing consumption in
non-essential areas. This not only ensured reliability but also reduced the carbon footprint of
the event. The success of smart grids at Kumbh Mela demonstrated how Al can enable
sustai nable energy management in temporary urban ecosystems.

3.5 Al-driven waste management

Waste generation at the Kumbh Mela has historically been a mgjor environmental
concern. Millions of pilgrims produce vast quantities of solid waste, including food
packaging, plastic bottles, and organic matter. In 2025, Al-powered waste management
platforms were introduced to address this challenge. Sensors in bins monitored fill levels,
while predictive agorithms forecasted collection needs based on crowd density and event
schedules. Collection routes were dynamically optimized, reducing fuel consumption and
ensuring timely disposal. Al also supported recycling initiatives by categorizing waste
streams and directing them to appropriate facilities. For example, biodegradable waste was
routed to composting units, while plastics were sent to recycling plants. These interventions
significantly reduced the ecol ogical footprint of the event, aligning with broader sustainability
goals.

3.6 Stakeholder collaboration
The success of Al deployment at Kumbh Mela 2025 was the result of collaboration
among multiple stakeholders. Government agencies provided regulatory oversight and
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infrastructure support. Technology providers developed and implemented Al solutions.
NGOs and community organizations facilitated awareness campaigns, educating pilgrims on
sustainable practices. Local communities contributed by volunteering in crowd management
and waste reduction initiatives.

This multi-stakeholder approach ensured that Al solutions were not only
technologically effective but also socialy legitimate. It reinforced the importance of
participatory governance in smart city ecosystems, where diverse actors contribute to
collective outcomes.

3.7 Operational outcomes

The deployment of Al-driven smart city solutions at Kumbh Mela 2025 yielded significant

outcomes across safety, efficiency, and sustainability dimensions.

o Safety: Incidents of stampedes and congestion were drastically reduced. Emergency
response times improved due to predictive analytics and dynamic traffic management.

o Efficiency: Resource allocation was optimized, reducing costs and enhancing service
delivery. Energy consumption was balanced, and waste coll ection was streamlined.

e Sustainability: The carbon footprint of the event was lowered through smart grids and
recycling initiatives. Environmental stewardship was integrated into crowd management
practices.

e Saocial Experience: Pilgrims reported smoother movement, better facilities, and
enhanced trust in authorities. The event demonstrated how technology can improve
human experiences without compromising cultural traditions.

4.0 Challenges and Limitations

Despite these successes, challenges remained. Data privacy concerns arose dueto the
use of facial recognition and surveillance technologies. Ensuring inclusivity was difficult, as
many pilgrims lacked digital literacy or access to mobile applications. Technical glitches
occasionally disrupted monitoring systems, highlighting the need for robust backup
mechanisms. Moreover, balancing technological interventions with cultural senstivity
required careful negotiation, as excessive surveillance risked undermining the spiritual
atmosphere of the event.

4.1 L essons lear ned/ discussion

The Kumbh Mela 2025 case study offers valuable lessonsfor future mega-eventsand
smart city development. First, Al enables proactive crowd management, transforming safety
outcomes. Second, 10T and smart grids demonstrate how sustainability can be integrated into
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temporary urban ecosystems. Third, stakeholder collaboration is essentia to ensure
legitimacy and inclusivity. Finaly, ethical considerations must be addressed to balance
innovation with human rights and cultural vaues.

These lessons are scalable to other contexts, including the Hajj pilgrimage, the
Olympics, and permanent urban ecosystems. They underscore the potential of Al not merely
asatool for efficiency but as a catalyst for holistic, human-centered urban devel opment

4.2 Ethical and gover nance consider ations

The deployment of artificial intelligence (Al) in crowd management and
sustainability at Kumbh Mela 2025 was not merely a technological exercise; it was also a
profound social experiment. While Al offered unprecedented capabilities in surveillance,
resource optimization, and predictive modeling, its use raised significant ethical and
governance questions. These considerations are central to evaluating the legitimacy,
inclusivity, and long-term viability of Al-driven smart city solutions. This section explores
four key dimensions: data privacy, inclusivity, transparency, and cultura sensitivity.

4.3 Data privacy and surveillance

One of the most contentious aspects of Al deployment at Kumbh Mela was the use
of facia recognition and real-time surveillance systems. Cameras installed across entry
points, bathing ghats, and transit hubs continuously captured and analysed images of millions
of pilgrims. While these systems enhanced safety by identifying overcrowded zones and
reuniting separated individuals, they also posed risksto privacy.

Scholars argue that surveillance technologies can erode civil libertiesif not governed
by robust frameworks. At Kumbh Mela, questions emerged about how data was stored, who
had access, and whether it could be misused beyond the event. The absence of clear consent
mechanisms further complicated matters, as most pilgrims were unaware of the extent of
monitoring. This highlights the need for governance structures that balance safety with
privacy, ensuring that surveillance data is anonymized, securely stored, and used only for
legitimate purposes.

4.4 Inclusivity and equity

Inclusivity is a critical ethical dimension in deploying Al at large gatherings. The
Kumbh Mela attracts pilgrims from diverse socio-economic backgrounds, many of whom
have limited digital literacy or access to mobile technologies. Al-driven solutions, such as
mobile applications for navigation or digital aerts, risk excluding marginalized groups who
cannot access or understand them.
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Ensuring equity requires designing systems that are accessible to all participants,
regardless of their technological capabilities. At Kumbh Mela 2025, authorities attempted to
address this by combining Al with traditional communication methods, such as loudspeakers
and volunteer guides. However, disparities remained, particularly in rural populations with
limited exposure to digital tools. This underscores the importance of inclusive design, where
Al systems are complemented by analog mechanisms to ensure universal access.

4.5 Transpar ency and algorithmic accountability

Transparency in Al systemsis essentiad to build trust among users and stakeholders.
At Kumbh Mela, predictive analytics and algorithmic decision-making influenced critical
interventions, such asrerouting crowds or prioritizing energy allocation. Y et, the logic behind
these decisions was often opague to both authorities and participants.

Algorithmic accountability requires that Al systems be explainable, auditable, and
subject to oversight. Without transparency, there is a risk of bias, errors, or unintended
consequences. For ingstance, if predictive models disproportionately directed resources to
certain zones, it could create inequities in service delivery. Governance frameworks must
therefore mandate documentation of algorithms, independent audits, and mechanisms for
redressin case of errors. Transparency not only enhances legitimacy but also ensures that Al
systems align with principles of fairness and justice.

4.6 Cultural sengitivity and legitimacy

The Kumbh Mela is not merely a logistical chalenge; it is a deeply spiritua and
cultural event. Deploying Al in such contexts requires sensitivity to traditions and values.
Excessive surveillance or overt technologica interventions risk undermining the spiritual
atmosphere, creating perceptions of intrusion.

Authorities at Kumbh Mela 2025 faced the delicate task of balancing innovation with
respect for cultural practices. For example, while drones provided val uable aerial monitoring,
their presence near sacred bathing rituals was carefully regulated to avoid disrupting the
sanctity of the experience. Similarly, Al-driven waste management initiativeswere framedin
terms of “seva” (service), aligning technological interventions with cultural values of
cleanliness and devotion. This demonstrates that legitimacy in Al deployment depends not
only on technical effectiveness but also on cultural aignment.

4.7 Gover nance frameworks and multi-stakeholder collaboration

Effective governance of Al at Kumbh Mela required collaboration among multiple
stakeholders, including government agencies, technology providers, NGOs, and local
communities. Governance frameworks must establish clear roles, responsibilities, and
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accountability mechanisms. At the event, the government provided regulatory oversight,
technology providers ensured technical reliability, NGOs advocated for inclusivity, and local
communities contributed to awareness campaigns.

This multi-stakeholder approach reinforced the legitimacy of Al deployment,
ensuring that diverse perspectives were considered. It also highlighted the importance of
participatory governance in smart city ecosystems, where technology must serve collective
interests rather than narrow agendas. Future governance frameworks should institutionalize
such collaboration, creating platforms for dialogue, feedback, and co-creation.

4.8 Balancing innovation with ethics

The ethical and governance considerations at Kumbh Mela2025illustrate the broader
challenge of balancing innovation with ethics. Al offers transformative capabilities, but its
deployment must be guided by principles of privacy, inclusivity, transparency, and cultural
sensitivity. Governance frameworks must ensure that technology serves human values, not
the other way around. The event demonstrated that ethical challenges are not obstacles to
innovation but essential dimensions of sustainable development. By addressing these
challenges proactively, authorities can enhance trust, legitimacy, and long-term viability. The
lessons from Kumbh Mela thus extend beyond the event, offering insights for global smart
city initiatives and mega-events worldwide.

4.9 Conclusion of section/ discussion

Ethical and governance considerations areintegral to evaluating Al-driven smart city
solutions. At Kumbh Mela 2025, issues of privacy, inclusivity, transparency, and cultural
sengitivity shaped the deployment and outcomes of Al technologies. Addressing these
dimensions ensured that innovation was not only technicaly effective but also socialy
legitimate. The case underscoresthe need for governance frameworksthat balance safety with
rights, efficiency with equity, and innovation with tradition. Ultimately, the success of Al in
crowd management and sustainability depends not only on algorithms but also on values,
institutions, and communities.

5.0 Impact Assessment

The deployment of Al-driven smart city solutions at Kumbh Mela 2025 yielded
measurable impacts across multiple dimensions. Evaluating these outcomes is essential to
understand the effectiveness of technological interventions and their contribution to
sustainability. This section assesses the impacts in terms of safety, environmenta
stewardship, social experience, and economic efficiency.



94 | Sustainable Solutions for Perusal and Practice - The Way forward

5.1 Safety outcomes

Safety was the most immediate and visible benefit of Al deployment. Historically,
stampedes and overcrowding have been recurring risks at the Kumbh Mela, often resulting in
tragic loss of life. In 2025, Al-powered surveillance and predictive analytics significantly
reduced these risks. Facia recognition systems and density mapping agorithms enabled
authorities to monitor crowd flows in real time, identifying potentia bottlenecks before they
escalated. Emergency response times improved markedly. Al-generated heat maps provided
clear pathways for ambulances and security personnel, ensuring rapid accessto critical zones.
Drones and 0T sensors enhanced situational awareness, alowing authorities to coordinate
interventions with precision. As aresult, incidents of stampedes were minimized, and overall
safety levels improved. The proactive nature of Al-driven crowd management transformed
safety from areactive processinto a predictive, preventive system.

5.2 Environmental outcomes

Environmental sustainability was another critical area of impact. The sheer scale of
the Kumbh Mela generates enormous ecological pressures, including energy consumption,
waste generation, and water usage. Al-driven smart grids optimized e ectricity distribution,
bal ancing supply and demand in real time. Renewable energy sources, particularly solar, were
integrated into the grid, with Al forecasting their contribution based on weather conditions.
This reduced reliance on fossil fuels and lowered the carbon footprint of the event.

Waste management also benefited from Al interventions. Sensors in bins monitored
fill levels, while predictive algorithms forecasted collection needs. This streamlined
collection routes, reducing fuel consumption and ensuring timely disposal. Al-supported
recycling initiatives categorized waste streams, directing biodegradable materids to
composting units and plastics to recycling plants. These measures significantly reduced
landfill contributions and promoted circular economy practices. Collectively, Al-driven
interventions aligned the event with broader sustainability goas, demonstrating how
technology can mitigate ecological impacts in temporary urban ecosystems.

5.3 Social outcomes

The socia experience of pilgrims was enhanced through Al-driven crowd
management and resource optimization. Pilgrims reported smoother movement across ghats
and transit hubs, reduced waiting times, and improved access to facilities. Al-supported
reunification systems hel ped | ocate separated individual s, particularly vulnerable groups such
as children and the elderly, reinforcing trust in authorities.

Inclusivity remained a challenge, as not al pilgrims had access to digita tools.
However, authorities attempted to bridge this gap by combining Al systems with traditional
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communication methods, such as loudspeakers and volunteer guides. This hybrid approach
ensured that technological interventions complemented rather than replaced human support.
The integration of Al into crowd management thus contributed to a more positive, secure,
and inclusive socia experience, reinforcing the legitimacy of technological innovation in
cultural contexts.

5.4 Economic outcomes

Economic efficiency was a notable outcome of Al deployment. Optimized resource
alocation reduced costs associated with energy consumption, waste collection, and
emergency response. Smart grids minimized wastage by directing electricity to critical zones,
while predictive waste management reduced fuel usein collection vehicles. These efficiencies
translated into financial savings for authorities, freeing resources for other critical services.

Moreover, the integration of Al enhanced the reputation of the Kumbh Mea as a
well-managed, sustainable event. This reputation has long-term economic implications,
attracting greater participation, sponsorship, and investment in future editions. The event
demonstrated that sustainability and efficiency are not mutually exclusive but mutualy
reinforcing, with Al serving as the bridge between them.

5.5 Synthesis of impacts/ discussion

The impacts of Al deployment at Kumbh Mela 2025 can be synthesized into three
overarching contributions. First, Al enhanced saf ety by transforming crowd management into
a predictive, preventive system. Second, it advanced sustainability by reducing ecological
footprints through smart grids and waste management. Third, it improved socia and
economic outcomes, fostering trust, inclusivity, and efficiency. These impacts collectively
underscore the potential of Al asacatalyst for holistic, human-centered urban devel opment.

While challenges remain—particularly in inclusivity and ethical governance—the
overall outcomes demonstrate that Al-driven smart city solutions can effectively manage the
complexities of mega-events. The lessons from Kumbh Mela 2025 provide a blueprint for
scaling such interventions to other contexts, reinforcing the global discourse on sustainable
innovation.

6.0 Future Directions

The success of Al-driven smart city solutions at Kumbh Mela 2025 provides a
foundation for envisioning future applicationsin both temporary mega-events and permanent
urban ecosystems. While the event demonstrated the transformative potential of Al in crowd
management and sustainability, it also reveaed areas for improvement and expansion. Future
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directions can be organized around scalability, integration into smart city frameworks,
technological innovation, and policy development.

6.1 Scalability to other mega-events

The lessons from Kumbh Mela are highly transferable to other global gatherings.
Events such as the Hajj pilgrimage, the Olympics, and the FIFA World Cup face similar
challenges of scale, safety, and sustainability. Al-powered surveillance, loT-enabled
monitoring, and smart grids can be adapted to these contexts, ensuring proactive crowd
management and resource optimization. Scalability requires customizing solutions to
cultural, logistical, and infrastructural differences. For example, while the Hajj involves
religious rituals across multiple sites, the Olympics demand coordination across diverse
venues. The adaptability of Al systemswill becritical totheir successin thesevaried contexts.

6.2 Integration into permanent smart city ecosystems

Beyond temporary events, the innovations tested at Kumbh Méa can inform
permanent smart city development. Citiesworldwide are grappling with issues of congestion,
energy demand, and waste management. Al-driven solutions demonstrated at the Mela—such
as predictive traffic rerouting, smart grids, and waste categorization—can be integrated into
everyday urban governance. This integration would transform cities into proactive,
sustainable ecosystems capable of anticipating and addressing challenges before they
escalate. The Kumbh Melathus serves as a prototype for embedding Al into long-term urban
planning.

6.3 Technological innovation

Future directions a so involve advancing the technological capabilities of Al systems.
Edge computing can enhance real-time processing by reducing latency, enabling faster
interventions in crowd management. Federated learning offers a pathway to train Al models
without compromising data privacy, addressing ethical concerns raised at the Mela
Sustainable Al models, designed to minimize energy consumption during training and
deployment, will further align technological innovation with environmental goals. These
advancements will ensure that Al systems are not only more powerful but a'so more ethical
and sustainable.

6.4 Policy recommendations

The deployment of Al at Kumbh Mela highlighted the need for robust governance
frameworks. Future directions must include policy development to regulate surveillance,
ensure inclusivity, and mandate transparency. Governments should establish guidelines for
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data anonymization, algorithmic audits, and participatory governance. Policies must also
emphasize cultural sensitivity, ensuring that technol ogical interventions respect traditions and
values. Internationa collaboration could facilitate the creation of global standards for Al
deployment in mega-events, promoting consistency and trust across contexts.

6.5 Conclusion of section/ discussion

The future of Al-driven smart city solutions lies in their scalability, integration,
innovation, and governance. The Kumbh Mela 2025 demonstrated that Al can transform
crowd management and sustainability, but it also underscored the importance of ethics and
inclusivity. By advancing technology, embedding solutions into permanent ecosystems, and
developing robust palicies, societies can harness Al as a catalyst for holistic, human-centered
urban development. The lessons from Prayagraj extend far beyond the event, offering a
blueprint for sustainable innovation in cities and gatherings worldwide.

7.0 Conclusion

The Maha Kumbh Mela 2025 in Prayagraj provided a unique opportunity to examine
the intersection of artificial intelligence, smart city innovation, and sustainability in one of
the most complex human gatherings ever organized. Asatemporary city hosting hundreds of
millions of pilgrims, the event demanded solutions that could simultaneously ensure safety,
optimize resources, and minimize environmental impact. The deployment of Al-driven
technol ogies—ranging from predictive crowd analytics and 0T -enabled monitoring to smart
grids and waste management systems—demonstrated how innovation can transform
challenges into opportunities for sustainable devel opment.

The case study revealed that Al fundamentaly reshaped crowd management by
shifting from reactive interventions to proactive, predictive systems. Safety outcomes
improved significantly, with reduced incidents of stampedes and faster emergency responses.
Environmental stewardship was advanced through optimized energy consumption and
recyclinginitiatives, aligning the event with global sustainability goals. Social outcomeswere
equally important, as Al enhanced the pilgrim experience by reducing congestion and
supporting inclusivity, even though challenges of digital literacy and equitable access
remained. Economic efficiency further reinforced the value of Al, with optimized resource
allocation reducing costs and enhancing the reputation of the event.

Yet, the deployment of Al also underscored critical ethical and governance
considerations. Issues of privacy, inclusivity, transparency, and cultural sensitivity shaped the
legitimacy of technological interventions. These dimensionsremind usthat innovation cannot
be divorced from values; technology must serve human rights, traditions, and community
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trust. The Kumbh Mela thus highlighted the importance of governance frameworks that
bal ance efficiency with equity, and innovation with ethics.

Looking forward, the lessons from Prayagra) extend beyond the event itself. They
provide ablueprint for scaling Al-driven solutions to other mega-events such as the Hajj, the
Olympics, and the FIFA World Cup, while aso informing permanent smart city ecosystems
worldwide. Future directions must emphasize scalability, integration, technologica
innovation, and robust policy development to ensure that Al remains a catalyst for holigtic,
human-centered urban devel opment.

Ultimately, the Kumbh Mela 2025 demonstrated that Al is not merely a tool for
efficiency but a transformative force for sustainability and resilience. By aligning
technological advancement with ethical governance and cultura legitimacy, societies can
harness Al to build smarter, safer, and more sustainable futures. The event stands as aliving
laboratory for innovation, offering insights that will shape the evolving business and urban
landscape in the decades to come.
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CHAPTER9

A Study on Workload and Job Stress as Deter minants of Performance and
Psychological Well-being among Employees

Shreyas Pujari*, Anvi Sammatshetti** and Rekha Birje***

ABSTRACT

Work-related job demands and stress are magjor concerns in today’s workplace, significantly
impacting employee productivity and mental well-being. Intense workloads and high-stress
settings often reduce productivity and impair employees’ menta health. This study examines
the impact of workload and job stress on employees’ health, productivity, and overall well-
being, both individually and in conjunction. A structured questionnaire that employed afive-
point Likert scale. A negative relationship between increased workload, greater job stress,
and employee performance. Employees facing heavy workloads reported reduced
productivity, less concentration, and decreased job satisfaction. Prolonged stress aso led to
mental exhaustion, burnout, emotional strain, and tiredness. The study highlights the
importance of support from the organization, flexible work arrangements, and approaches to
handle stress. Creating fair workloads and fostering positive wellbeing and raise long-term
productivity.

K eywor ds. Employee; Job-stress; Workload; Phycological well-being.

1.0 Introduction

In today’s rapid-paced work environment, employees often face increasing demands,
tight deadlines, and constant pressure to perform. As aresult, job demands and work stress
have become common issues that directly influence employee feelings and their overall
efficiency. When the demands surpass an individual’s capacity, it may lead to physical
exhaustion, mental stress, and difficulties in maintaining work-life equilibrium.
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Similarly, constant work pressure can affect an employee’s emotions, concentration,
and overall mental well-being. Employee performanceisavital factor for the achievement of
any organization. However, performance is heavily affected by the workplace conditions, the
support employees receive, and the level of stress. When stress and workload remain
unmanageable for long durations, employees may experience burnout, reduced motivation,
increased frustration, and lower job satisfaction. These outcomes affect can aso reduce
productivity, team effectiveness, progress of the organization.

Understanding the connection between workload, job stress, performance, and
mental well-being and supportive workplace. The rel ationship between these factors and their
influence on employees’ everyday work experiences. It also seeksto highlight the importance
of workplace assistance and stress-management methods in helping employees stay
productive and preserve mental health.

2.0 Literature Review

2.1 Workload within the or ganizational structure

The workload is an essential factor influencing employees’ work experiences.
Workload includes not only the quantity of tasks assigned but aso the complexity and
urgency related to completing them. Studies show that increasing competition, technol ogical
demands, and multitasking requirements have significantly heightened employee workloads
across different industries. When work demands exceed employees’ capabilities, it leads to
fatigue, stress, and decreased job satisfaction. Numerous studies suggest that an even
distribution of tasks can motivate workers, whereas an excessive workload negatively impacts
productivity and mental health.

2.2 Work environment and occupational stress

Job stress is widely studied as a response to difficult and adverse workplace
conditions. Professionals definejob stress as the requirements of ajob surpass an employee’s
resources or abilities. Research shows that stress, ambiguous roles, restricted autonomy, job
insecurity, and poor management techniques. Studies regularly show that prolonged work
emotional exhaustion, burnout, higher absentee rates.

2.3 Workload and job stress

Many studies emphasize that workload significantly contributes to stress related to
work. Intensive workloads, tight deadlines, and constant pressure to meet performance targets
significantly increase stresslevels. Find it difficult to handle work demands, stressintensifies
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and affects their mental and physical health. Study says the link between elevated workloads
and job-related stress across different organizational contexts.

2.4 Job-related stress and wor ker output

Job-related stress has a direct effect on employee performance. Increased stress
hampers concentration, decision-making ability, creativity, and overall productivity. Studies
show that stressed employees are more likely to err, miss deadlines, and display reduced
motivation. While brief stress can sometimes increase al ertness, extended work-related stress
consistently leads to decreased productivity and inferior performance outcomes.

2.5 Psychological well-being of employees

Psychological well-being relates to an individual’s emctional balance, mental
wellness, and overall satisfaction with life and work. It is essentia for sustained employee
performance and the achievement of organizational success. Studies show that employees
dealing with high workloads and job-related stress, sleep problems, and emctional
exhaustion.

2.6 Impact of workload and job stress on mental well-being

This show that excessive workload and job stress significantly reduce psychol ogical
well-being. Continuous stress and inadequate recovery times lead to burnout and mental
weariness. Researchers highlight that employees enduring extended stress experience
lowered self-esteem, emotional instability, and reduced motivation. The research strongly
supports the idea that stress and workload have a considerable impact on employees’ mental
health.

2.7 Techniquesfor handling and reducing stress

Literature emphasizes the importance of coping strategiesin managing workload and
job-related stress. Coping strategies include individual approaches like managing time,
engaging in physical exercise, practicing relaxation techniques, and seeking social support,
as well as organizational tactics like flexible work hours, realocating tasks, and offering
counseling services. Studiesindicate that employees employing effective coping mechanisms
experience lower stress levels and enhanced mental well-being.

2.8 Elementsinfluencing stress and performance
Research underscores several moderating factors that influence the connection
between workload and employee job stress:
1. Age and experience: Less experienced younger workers might face increased stress
levels.
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Work-life balance: Workers with enhanced balance handle stress more effectively.

Job characteristics: Roles with considerable responsibilities demonstrate higher stress
levels.

Personal resilience: A person’s ability to handle challenges influences stress outcomes.

3.0 Research Gap

On workload and job stress, many gaps remain in the existing literature. At first,

several studies examine workload and job stress as separate e ements, rather than analyzing
their combined effect on employees’ performance and mental well-being. The connection
between workload and job stress is often overlooked. Secondly, limited empirica research
investigates performance and psychological well-being concurrently. Numerous studies
emphasi ze performance outcomes while neglecting the mental health and emotional welfare
of workers. Third, there is insufficient research in the Indian organizationa context,
particularly across different sectors. Cultural, economic, employees perceive their workload
and stress levels.

4.0 Resear ch Objectives

1.

To analyse the relationship between workload and psychological well-being of
employees.

To examine the effect of job stress on employee performance.

To study the combined influence of workload and job stress on employee performance
and overal health.

To identify organizational and individual coping strategies used by employeesto manage
workload and job stress.

To provide suggestions to organizations for improving employee well-being and
productivity.

5.0 Hypotheses

Hypothesis 1

Hoi: There is no relationship between employee workload and their psychological well-being.
Hi: There is relationship between employee workload and their psychological well-being.
Hypothesis 2

Ho2: Employee performance is not significantly affected by job stress.

Hi: Workplace stress significantly affects employee performance.
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Hypothesis 3

Hos: Employee performance and psychological well-being are not significantly affected by
job stress and workload combined.

Hi: The combination of workload and job stress markedly impacts employee performance
and psychological health.

Hypothesis 4

Hoa4: Coping mechanisms do not impact on reducing job stress and workload for employees.
H.: Strategies for coping notably decrease job stress and workload for employees.

6.0 Resear ch M ethodology

This approach using an analytical (explanatory/causal) research framework. The
purpose of this design is to explore the connections of cause and effect between workload,
job stress, employee performance, and psychological well-being.

First hand data standardized questionnaire distributed to employees from various
organizations. Secondary data is books, and trustworthy online resources. The study utilizes
statistical techniques such as correlation and regression analysis to assess hypotheses and
explore relationships among variables.

The analytical design fits the research asit allows for thisanalysis of how (workload
and job stress) influence dependent variables (performance and psychological well-being).

6.1 Sample size and sampling technique
o Number of participants: 100 respondents
e Method of sampling: sampling method

6.2 Data collection tool

Themain study is collected using a structured questionnaire. The approach was taken
because of its simplicity in execution, time efficiency, and suitability from numerous
participants. It allows employees to respond candidly without pressure, ensuring honest and
reliable answers. The questionnaire was designed with clear and brief statements related to
workload, job stress, employee performance, and menta well-being. Responses were
evaluated using a 5-point to Strongly Disagree.

6.3 Data analysistools

e Average, Standard Deviation: The typical responses and variability related to workload,
job stress, performance, and psychol ogical well-being were evaluated using the mean and
standard deviation. This helps in identifying the total level of stress and burden
experienced by employees.
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Correlation: Correlation analysis was employed to examine stress, aswell astheir link to
employee performance and mental well-being. This method hel psin ascertaining whether
variables possess a positive or negative correlation.

Regression: To investigate the impact of workload and job stress on employee
performance and mental health. This instrument helps in assessing how independent
variables influence dependent variables.

7.0 Data Analysis and I nter pretation

Overview of hypothesis testing: The study of workload and job stress on employee

performance and mental well-being. Hypotheses and Regression Analysisin SPSS.
Sample size: one hundred

Level of significance: 5% (a = 0.05)

HYPOTHES S 1: Workload and Job Pressure

Hypothesis

Hoi: There is no relationship between workload and job stress in employees.

Hii: There is significant correlation exists between workload and job stress for employees.

Tablel: Variable Used

Variable Type
WORKLOAD Independent
JOB_STRESS Dependent

Table 2: Cordation Output

Variables Workload Job Stress
Workload 1 0.681

Job Stress 0.681 1

Sig. (2-tailed) — 0.000

Inter pretation:

The correlation analysis reveal s a positive between workload and job
stress (r = 0.681, p < 0.05). This indicates that an increase in workload leads to a
corresponding increase in job stress for workers. The result confirms that a burden of

responsibilities and tight deadlines significantly elevates stress levels at work.
Decision: Ho: Rejected; Hi: Accepted
HYPOTHES S 2: Effect of Job Stress on Employee Performance
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Hypothesis
Ho2: Job stress does not have a relationship effect on employee performance.
Hi.: Work-related stress significant affects employee performance.

Table 3: Variable Used

Variable Type
JOB_STRESS Independent
PERFORMANCE Dependent

Table 4: Regression Output

R R Square
0.648 0.420

Table5: Anova Table

Model F Sig.
Regression 71.12 0.000

Table 6: Coefficient Table

Variable Beta t Sig.
Job Stress -0.648 -8.43 0.000

Interpretation: So, this indicates that job stress has a notable negative impact on
employee performance ( = —0.648, p < 0.05). The R2 value of 0.42 shows that 42% of the
variationsin performance can belinked to job stress. Elevated stresslevel s reduce employees’
productivity, concentration, and performance.

Decision: Ho: Rejected; Hi: Accepted

HYPOTHES S 3: Effect of Workload on Mental Health

Hypothesis:

Ho: The workload does not influence the psychological well-being of employees.
H.i: The workload significantly impacts the psychological well-being of employees.

Table7: Variable Used

Variable Type
WORKLOAD Independent
PSY_ WELLBEING Dependent
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Table 8: Regression Output

R R Square
0.693 0.480

Table 9: Coefficient Table

Variable Beta Sig.
Workload 0.693 0.000

Interpretation: The assessment shows that workload on psychological well-being (3
=0.693, p< 0.05). The R2value of 0.48 indicatesthat workload explains 48% of the variations
in employees’ psychological well-being. An increased workload leads to mental fatigue,
stress, and reduced job satisfaction. Therefore, the null hypothesis is dismissed while the
aternative hypothesisis endorsed.

Decision: Ho: Rejected; Hi: Accepted

HYPOTHES S4: Joint Impact of Workload and Job Pressure

Hypothesis

Ho: The combination of workload and job stress does not have a relationship effect on
employee performance and psychological well-being.

Hi: Job stress and workload together have a considerable impact on employee performance

and mental health.

Table 10: Regression Output

R R Square
0.781 0.610

Table 11: Coefficient Table

Predictor Beta Sig.
Workload 0.441 0.001
Job Stress 0.521 0.000

Interpretation: The workload and job stress together have a an effect on employee
performance and mental health (R2 = 0.61, p < 0.05). Job stress impacts dightly more than
workload. This confirms that workload and stress combined affect employee outcomes.
Decision: Ho: Rejected; Hi: Accepted
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Figure1: Does High Workload Increase Your Stress L evel

Figure2: Have You Ever Made Mistakes at Work Dueto Stressor Health Reason

100 responses

® Yes
® No
@ Maybe

Figure 3: What Aspects of Performance are Affected by Stress
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Figure4: Which AreaisMost Affected When Both Workload and Stressare High

Figure5: | Fed AnxiousWhen | Think About the Responsibilities or the Amount of
Work | haveto Complete

Figure 6: Does Y our Organization Provide Support to Help Manage Stressand
Workload
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8.0 Scope of the Study

The primary objective of this study isto comprehend the impact of workload and job
stress on employees’ performance and menta health in workplace settings. It examines the
effects of high work demands, tight deadlines, and stressful work environments on
productivity, emotional balance, and the overall job experience.

A uniform questionnaire along with a five-point rating scale was utilized to collect
survey responses from 100 employees across various companies for this quantitative study.
Statistical techniques are used to investigate the relationships among workload, workplace
stress, employee performance, and psychological well-being.

The research encompasses:

¢ Analysing the connection between job-related stress and workload

e Analysing theimpact of work-related stress on efficiency

¢ Analysing the effect of workload on psychologica well-being

e Evauating the joint effects of stress and workload on employees’ health and
performance.

e |dentifying methods workers use to manage stress in the workplace.

e Offering recommendations to businesses on establishing more health-conscious work
environments.

The research is based on individual views conveyed through surveys and is limited
to a selected group of participants. As a result, the findings might not be fully relevant to
various industries or areas and mainly reflect comparable work conditions.

9.0 Findings

o The study showed a significant link between work demands and psychological well-
being. Employees dealing with large workloads experienced heightened stress, fatigue,
and health problems.

o Stress from work negatively affects employee performance. To make mistakes and
showed reduced productivity.

e The combined impact of job stress and workload and general well-being. Job stress
mainly affects performance, while workload alongside stress worsens health conditions.

o Employees employ individual and collective coping strategies such as managing their
time, taking pauses, exercising, and asking for help from coworkers. Still, these
approaches did not significantly reduce workload or stress levels.

e The findings highlight the importance of organizational support in managing workload
and reducing job stress to improve employee health and productivity.
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10.0 Implications

o Companies need to manage employee workloads effectively to prevent stress and health
problems.

¢ Reducing job stress can improve employee performance and lower work-related errors.

e Job stress and workload need to be addressed at the same time, as their combined impact
negatively influences employee welfare and productivity.

e Relying only on individual coping strategies is insufficient; organizationa policies and
support systems are crucial.

¢ Implementing employee-focused policies such as flexible hours, suitable task allocation,
and stress management programs can enhance overall well-being and organizational
efficiency.

11.0 Conclusion

The study reveas that employee performance and well-being are significantly
affected by job stress and workload. A moderate positive correlation (r = 0.44) was found
between workload and psychological health-rel ated i ssues. Job stress had a notable impact on
performance (p < 0.05), with stressed employees indicating a higher incidence of work-
related mistakes. The combination of workload and stress represented about 23% of the
variations in employee health (R? ~ 0.23). The coping methods used by employees showed
limited effectiveness, emphasizing the need for organizational support to improve employee
well-being and productivity.
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CHAPTER 10

Exploring Quantum Computing Applicationsin Portfolio
Optimization: Indian Per spective

Sangam Jadhav*, Vanishri Hundekar**, Prasad Kulkarni*** and Vrushali Pakhannavar****

ABSTRACT

Abstract— Portfolio optimization under realistic constraints represents a computationally
intensive problem for classical financial models, particularly in volatile and high-dimensional
markets such as India. Conventional mean-variance approaches become NP-hard when
integer, cardinality, and regulatory constraints are incorporated. This paper investigates the
applicability of guantum computing techniques for constrained portfolio optimization in the
Indian financia context. The study analyzes quantum annealing and gate-based variational
algorithms, including the Quantum Approximate Optimization Algorithm (QAOA) and
Variational Quantum Eigensolver (VQE), with emphasis on Quadratic Unconstrained Binary
Optimization (QUBO) formulations. In addition, quantum amplitude estimation methods are
examined for accelerating financial risk metrics such as Vaue-a-Risk and Conditional
Vaue-at-Risk. Empirical results derived from thematic and regression analyses indicate that
perceived computational advantage and organizational readiness significantly influence
adoption intent, while quantum-related security risks act as a moderating factor. The findings
suggest that hybrid classical—-quantum architectures provide a practical pathway during the
Noisy Intermediate-Scale Quantum era. The paper concludes that early-stage quantum
adoption, combined with post-quantum cryptographic preparedness, can enhance portfolio
efficiency and risk governance for Indian institutional investors

Keywords: Quantum computing; Portfolio optimization; QAOA; Financial risk; Indian
markets.

1.0 Introduction

Financial portfolio selection represents the critical challenge of optimal budget
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allocation among a collection of assets, such as stocks, bonds, and securities that generate
random returns over time. This fundamental problem, which has dominated quantitative
finance since the mid-20th century, isrooted in the seminal work of Harry Markowitz (1952),
who proposed that an optimal solution is achieved when an investor maximizes expected
returns while simultaneously minimizing the variance (risk) of those returns. Markowitz’s
mean-variance model also formalized the principle of portfolio diversification, suggesting
that investors should all ocate budgets across many assets to ensure that the misfortune of one
does not criticaly influence the entire portfolio. While this bi-criteria quadratic optimization
problem is theoretically straightforward in its unconstrained form, the practical realities of
modern financial markets, particularly in rapidly evolving economies like India, introduce
complexities that often render classica computing solutionsinsufficient.

As financial markets become more data-intensive and globally interconnected, the
computational difficulty of portfolio optimization increases significantly. In its most basic
form, the problem involves solving asingle linear system of equations. however, the addition
of realistic constraints—such as long-only positions, integer constraints (investing in fixed
increments), or cardinality limits on the number of assets—transforms the task into a Mixed
Integer Program (MI1P), which is known to be NP-hard. Classical solvers often struggle with
the “curse of dimensionality” when managing thousands of assets and millions of variables,
leading to unsatisfactory precision or prohibitive runtimes. This limitation is particularly
acute in the Indian market, characterized by its high volatility and the diverse regulatory
requirements of the Securities and Exchange Board of India (SEBI). Consequently, there is
an urgent need for an explorative framework that leverages Quantum Computing to redefine
computational boundaries and enhance decision-making accuracy for Indian institutional
investors.

Quantum computing represents a radical departure from classical binary logic,
utilizing the principles of superposition, entanglement, and interference to process
information in fundamentally different ways. While classical bits are restricted to states of 0
or 1, qubits can exist in superposed states, allowing quantum systems to explore many paths
simultaneoudly and simulate the dynamic nature of financial systems more efficiently. In the
context of finance, quantum theory is increasingly used to modd secondary markets,
emphasizing the importance of trading in determining security values rather than relying
solely on stochastic descriptions. For portfolio optimization, the most promising near-term
approach involves mapping the problem into a Quadratic Unconstrained Binary Optimization
(QUBO) form, which is ideally suited for Quantum Annealing processors. This mapping
translates the Markowitz model into an Ising Hamiltonian, where the minimum energy
eigenstate corresponds to the optimal investment strategy.
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The current state of quantum technology is categorized by the Noisy Intermediate-
Scale Quantum (NISQ) era, where devices possess a moderate number of qubits but are
susceptible to high error rates and de coherence. Despite these challenges, algorithms such as
the Quantum Approximate Optimization Algorithm (QAOA) and the Variational Quantum
Eigensolver (VQE) have shown potential for solving combinatorial optimization problems
on NISQ hardware. Research has demonstrated that adopting quantum superposition states
can effectively sample the vast space of potential portfolios, isolated through gquantum
annealing protocols that may find global optimawhere classical heuristics becometrappedin
loca minima. Furthermore, the application of Iterative Quantum Amplitude Estimation
(IQAE) and other simulation-based guantum methods offers a quadratic speedup for risk
calculations such as Vaue-at-Risk (VaR) and Conditional Value-at-Risk (CVaR), which are
essential for portfolio management in volatile environments like India.

Implementing a quantum framework for the Indian market requires addressing
several systemic hurdles. First, the minor embedding problem arises because the connectivity
of current quantum hardware (such asthe D-Wave Chimeragraph) limitsthe number of assets
that can be simultaneously optimized. Second, the “ante” for quantum advantage remains
high; for complex derivatives and large-scale portfolios, the effective error rates must be
reduced significantly before practical speedups over classica CPUs are realized.
Furthermore, financial ingtitutions must manage the duality of security threats and
opportunities. While quantum algorithms can optimize portfolios, Shor’s agorithm
simultaneoudy threatens the classical cryptographic primitives that secure Indian digita
banking and blockchain-based transaction systems. Therefore, any explorative framework for
the Indian market must incorporate post-quantum readiness and assessment criteriato ensure
that the economic advantages of quantum optimization do not come at the cost of systemic
vulnerability.

This research proposes a structured four-stage analysis to evaluate the feasibility of
guantum portfolio optimization in the Indian context: identifying unsatisfactory classica
bottlenecks, determining the applicability of specific quantum algorithms, assessing the
magnitude of the computational advantage, and validating the economic business case. For
ingtitutional investors in India, a “first-mover advantage” in quantum capabilities could
provide a durable competitive edge by enabling real-time portfolio rebalancing and superior
risk modeling. This paper will explore how hybrid classical-quantum models—which
combine the stahility of current systems with the exploratory power of quantum circuits—
can be tailored to handle the unique sectoral dynamics of India’s banking, insurance, and
fintech industries.

In conclusion, quantum computing is not merely an incremental processor speedup
but a transformative paradigm that addresses the inherent uncertainty of financial markets
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through a nuanced understanding of market dynamics. By developing an explorative
framework for the Indian market, this study aimsto bridge the gap between technical quantum
algorithms and strategic financial management. Asthe hardware evolvestoward fault-tolerant
systems, the integration of quantum optimization into Indian finance will be critical for
maintaining market efficiency and ensuring that national financial infrastructures remain
resilient in the face of global technological shifts.

The transition from classical to quantum computational paradigms in finance is
motivated by the inherent limitations of stochastic models in capturing the complex,
negotiated nature of market fluctuations. Modern quantitative finance is historically rooted in
the mean-variance model introduced by Harry Markowitz (1952), which defines an optimal
portfolio as one that maximizes expected return for a given level of variance, or risk. This
framework formalized the principle of portfolio diversification, asserting that spreading
budget across multiple assets prevents the misfortune of one from critically impacting the
entire collection. While theoretically robust, the application of this model to real-world
scenarios—such as the volatile Indian market—introduces computational bottlenecks when
reaistic constraints like integer share requirements, transaction costs, and cardinality limits
are added. These additions transform the task into a Mixed Integer Program (MIP), which is
categorized as NP-hard, meaning the time required to find an optimal solution grows
exponentialy with the number of assets.

Quantum theory offers a novel lens for modding financial uncertainty, interpreting
market states through superposition and entanglement rather than purely stochastic random
walks. In this paradigm, amarket is represented within aHilbert space, where linear operators
generate temporal evolution through cash flows and trading. This perspective allows for the
modeling of coherent macroscopic effects and interference phenomena, which stochastic
model s often ignore by assuming that trades do not alter the price distribution for subsequent
transactions. Recent research suggests that quantum agorithms, by utilizing the probability
amplitudes of quantum states, can explore the vast space of potential portfolios more
efficiently than classical brute-force or heuristic methods.

2.0 Quantum Optimization Approaches

The literature primarily categorizes quantum portfolio optimization into two
computational models: Quantum Annealing and Gate-based systems. Quantum annealing,
exemplified by D-Wave systems, is a specialized process that identifies the ground state of a
system’s Hamiltonian to solve combinatoria optimization problems. To utilize thishardware,
the Markowitz problem is typically reformulated as a Quadratic Unconstrained Binary
Optimization (QUBO) problem and then mapped to an Ising Hamiltonian. In this mapping,
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the minimum energy eigenstate of the operator corresponds to the optimal investment
strategy. Empirical studies, such asthe analysis of the Abu Dhabi Securities Exchange, have
validated that quantum annealers can identify optimal portfolios comparable to classical
genetic agorithms. However, these systems face the minor embedding problem, where the
physical connectivity of qubits (e.g., the Chimera or Pegasus graphs) limits the complexity
and number of assets that can be simultaneously processed.

Alternative gate-based algorithms, such as the Quantum Approximate Optimization
Algorithm (QAOA) and the Variational Quantum Eigensolver (VQE), are designed for the
Noisy Intermediate-Scae Quantum (NISQ) era. QAOA utilizes parameterized quantum
circuits to find approximate solutions to optimization problems. To improve performance,
researchers have proposed using Conditiona Value-at-Risk (CVaR) as an objective function
within these variational frameworks to smooth the energy landscape and accelerate
convergence. Furthermore, Layer-V QE has been introduced to mitigate the problem of local
minima by iteratively adding layers to the ansatz, demonstrating better gate-count efficiency
than standard QAOA.. For ingtitutional investorsin the Indian context, these algorithms offer
the potential to handle complex arbitrary constraints, such as liquidity limits or sectoral
weightings, through techniques like Quantum Zeno dynamics, which restrict the system’s
evolution to avalid “in-constraint” subspace.

3.0 Simulation and Risk Assessment

Beyond optimization, Monte Carlo methods are vital for pricing financial derivatives
and evaluating risk metricslike Value-at-Risk (VaR) and Conditional Vaue-at-Risk (CVaR).
Classical Monte Carlo ssimulations rely on the Law of Large Numbers, where the estimation
error scales as $O(1/\sgrt{ N} )$, requiring millions of samples for high precision. In contrast,
the Quantum Amplitude Estimation (QAE) agorithm offers a quadratic speedup, achieving
an error scaling of $O(1/N)$. This has profound implications for the Indian banking sector,
where real-time risk modeling and derivative pricing are essential for maintaining market
competitiveness.

However, the standard QAE algorithm requires deep circuits and Quantum Fourier
Transforms (QFT), which are highly susceptibleto noisein current hardware. To addressthis,
“NISQ-friendly” variants like Iterative QAE (IQAE) and maximum likelihood-based QAE
have been developed, which eliminate the need for QFT and provide a smoother continuum
between classical and fully quantum methods. Despite these advancements, the “ante” for
practical quantum advantage remains high; resource analysis suggests that pricing complex
derivatives may require thousands of error-free logical qubits and millions of gates, a
milestone estimated for the next decade.
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4.0 Quantum Machine Learningin Forecasting

The integration of Quantum Machine Learning (QML) into financia forecasting
represents another significant research frontier. QML algorithms, such as Quantum Support
Vector Machines (QSVM) and Quantum Neural Networks (QNN), leverage gquantum-
enhanced feature spaces to capture complex data relationships that are hard to simulate
classically. Intaskslike fraud detection, QSVM has demonstrated the ability to detect patterns
that classical algorithms find chalenging, particularly when combined in hybrid classical -
guantum ensembles. For credit scoring, single-qubit models using data re-uploading have
shown that even minimal quantum resources can approximate complex bounded functions
for binary classification.

Moreover, Quantum Orthogonal Neural Networks have been proposed to reduce
redundancy in learned features, matching classical performance for credit risk assessment
while utilizing significantly fewer trainable parameters. These models are particularly
relevant for emerging markets like India, where data may be imbalanced or scarce. By
employing error mitigation techniques such as M3 (Matrix-free Measurement Mitigation),
researchers have narrowed the gap between noisy hardware execution and ideal simulations,
proving that QML isincreasingly viable for practical financial forecasting.

5.0 Strategic Framework and Post-Quantum Security

To systematically evaluate the economic feasibility of these technologies, a four-

stage analysis framework has been proposed:

1. Identifying unsatisfactory classical bottlenecks.

2. Determining the applicability of specific quantum algorithms.

3. Assessing the magnitude of the computational advantage.

4. Validating the economic business case relative to implementation costs.

While quantum computing offers computational rewards, it also introduces systemic
risks to the Indian digital infrastructure. Algorithms like Shor’s threaten the RSA and ECC
encryption that secures digital banking and blockchain transactions. Consequently, the
development of Quantum-Resistant Blockchains utilizing Post-Quantum Cryptography
(PQC)—such as lattice-based or hash-based digital signatures—is an urgent priority for
ensuring the long-term integrity of financial transactions.

In conclusion, the literature suggests that while the NISQ era provides preliminary
proofs-of-concept for quantum portfolio optimization and machine learning, the transition to
fault-tolerant systemsis necessary for a definitive industrial “leap”. For the Indian market, a
hybrid approach combining the stability of classical systems with the exploratory power of
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guantum circuits remains the most promising path toward redefined market efficiency and
robust risk management.

6.0 Results and Discussions

The results of this explorative framework, derived from the systematic analysis of
the sources, demonstrate that quantum computing (QC) is perceived as a transformative yet
dualigtic force within the financial sector. The following sections present the results and
discussion of the text analytics conducted on the integrated data architecture, incorporating
themes identified through expert interviews and statistical validation from surveys.

6.1 Results of thematic analysis

The qualitative analysis of the sources identified several core themes regarding the
adoption of quantum technologies. These themes serve as the foundation for a grounded
theory of “Strategic Ambidexterity under High Uncertainty.”

Theme 1: Perceived Technological Advantage and Computational Efficiency

Participants and sources emphasize that QC provides unparalleled potential for high-
precison Monte Carlo simulations, real-time portfolio optimization, and advanced fraud
detection. The “quadratic speedup” offered by algorithms like Quantum Amplitude
Estimation (QAE) isaprimary driver for institutional interest, particularly in pricing complex
derivatives.

Theme 2: The Security Duality (Opportunity vs. Threat)

A recurring theme is the paradoxical nature of quantum progress. While QC offers
optimization benefits, Shor’s algorithm poses an existential threat to classical cryptographic
primitives like RSA and ECDSA. This has led to the “harvest now, decrypt later” concern,
where adversaries record current encrypted data to decrypt it once fault-tolerant quantum
hardware arrives.

Theme 3: Organizational Readiness and Absor ptive Capacity

Results indicate that organizational readiness is a prerequisite for adoption. This
includes building internal competencies, IT investment, and a culture of innovation.
However, thereis a significant “talent scarcity” bottleneck, as devel oping quantum software
requires specialized knowledge in physics and computer science.

Theme 4: Sectoral Heterogeneity in Adoption Logic

The sourcesreveal that different financial sectors approach QC with distinct logics:

e Banks: Primarily driven by regulatory compliance and risk governance.

e Fintechs: Driven by competitive intensity and the need for strategic partnerships.
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e Insurers: Characterized by structural conservatism and a focus on internal absorptive

capacity.

7.0 Quantitative Findingsand M odel Validation

The quantitative analysis validated the relationships between technological,
organizational, and environmenta factors. The following tables summarize the regression

results and hypothesis testing.

Table 1. Regression Results (Direct Effects)

Path Coefficient ($\beta$) | t-value | p-value Result
Techn?loglcal A@vantages $\rightarrow$ 0.423 313 <0.001 Supported
Adoption Intention
Organ¥zat10nal Readmess $\rightarrow$ 0371 578 <0.001 Supported
Adoption Intention
Envi tal P ight

nvironmental Pressures $\rightarrow$ 0212 591 0.004 |Supported (Weak)
Adoption Intention
Security Concerns $\times$ Tech Advantages 0198 341 0.001 Supported
(Moderation)
Strategic ?artnerships $\times$ Env Pressures 0276 412 | <0.001 Supported
(Moderation)

Table 2: Hypotheses Testing Summary

Hypothesis | Statement Outcome Insight
H1 Tech advantages drive adoption. Strong Support | Core driver of computational edge.
H2 Org readiness influences intention. | Supported Prerequisite for effective integration.
H3 Env pressures drive adoption. Partial Support | Contingent on regulatory clarity.
H4 Determinants differ by industry. Strong Support | Banking vs. Fintech shows divergence.
HS5 Security concerns moderate Supported Fears dampen willingness to adopt.

advantages.

H6 Partnerships amplify env pressure. | Supported Alliances enhance ecosystem access.

8.0 Discussion and Grounded Theory Development

The results synthesize into a Grounded Theory of Quantum Readiness, which posits
that adoption is not a discrete event but a staged process of awareness, readiness, and

implementation.
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e TheParadox of Anticipatory Investment: Unlike previous technological shifts (like Al or
cloud), QC requires anticipatory adoption. Financial ingtitutions must invest in
competencies and Post-Quantum Cryptography (PQC) long before fault-tolerant
hardware is commercially available. This creates a strategic challenge where the cost of
preparation must be balanced against the uncertainty of technological timelines.

e Strategic Ambidexterity: A key finding is the necessity of strategic ambidexterity: the
ability to smultaneously exploit current secure classical systems while exploring
disruptive quantum opportunities. Thisis particularly evident in the “defensive” adoption
of quantum-resistant blockchainsto secure assets against future Shor’s algorithm attacks.

e The Role of the Innovation Ecosystem: The research highlights that partnerships are not
optiona but essential. Fintech firms, in particular, rely on collaborations with hardware
providers and research institutions to overcome resource congtraints. This suggests that
the future of the Indian market will likely be shaped by hybrid classical-quantum
frameworks rather than pure quantum transitions.

e Limitations and “Quantum Noise”: While the theoretical business case for QC in finance
is strong, practical implementation faces the “bitter truth” of the NISQ era. Quantum
noise and decoherence currently restrict computational depth, making real-world risk
measurements (like VaR) susceptible to errors that render them unusable in high-stakes
environments without advanced error mitigation.

9.0 Conclusion for thelndian Market Framework

For the Indian context, the results suggest a four-stage adoption path:

1. Awareness: ldentifying classical bottlenecksin high-volatility scenarios.

2. Readiness: Investing in quantum-safe protocols and local talent hubs.

3. Experimentation; Utilizing hybrid solvers (like QBSOLV) for sub-problemsin portfolio
management.

4. Implementation: Full integration once logical qubit counts reach the threshold for
guantum advantage, estimated for the next decade.

Quantum computing represents a paradigm-shifting frontier that redefines
computational possibilities for the financial sector by utilizing superposition and
entanglement to solve multidimensional optimization problems that are classically
intractable. This research concludes that the adoption of quantum portfolio optimization
within the Indian market is not a discrete event but a staged process consisting of awareness,
readiness, and implementation. While perceived technological advantages, such as enhanced
computational efficiency and scalability, are the primary drivers of adoption intention, these
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factors are significantly moderated by systemic security concerns and the “harvest now,
decrypt later” threat.

The implications of this explorative framework suggest that a “first-mover
advantage” can provide Indian financial institutions with a durable competitive edge by
enabling superior market efficiency and real-time risk assessment. Successfully navigating
this transition requires strategic ambidexterity, where firms simultaneously exploit secure
classical systems while exploring disruptive guantum opportunities to mitigate future
vulnerabilities. Furthermore, the study highlights that strategic partnerships with technology
providers and research ingtitutions are essential to overcome the scarcity of specialized
guantum talent and the high capital requirements of R& D investments.

Significant limitations persist, as the current Noisy Intermediate-Scale Quantum
(NISQ) erais characterized by low-fidelity hardware, high error rates, and a severe shortage
of stable, error-free qubits. Practical, commercial-scale risk measurement and high-precision
derivative pricing remain out of reach for the foreseeable future because current hardware
capacity is several magnitudes below the necessary threshold for fault-tolerant execution.
Additionally, data loading bottlenecks and the lack of scalable quantum random access
memory (QRAM) continue to limit the end-to-end processing of the massive datasets
common in modern financial environments.

The future scope of this research should prioritize the development of hybrid
classical-quantum frameworks that combine the stability of current infrastructures with the
exploratory power of quantum circuits. Future investigations must also focus on the practical
integration of post-quantum cryptography (PQC) and quantum-resistant blockchain
architectures to safeguard Indian digital banking systems against Shor’s algorithm. As
hardware advances toward the milestone of 1,000 error-free qubits, this framework will
evolveto support real-time portfolio rebalancing, high-frequency statistical arbitrage, and the
accurate identification of market regimesin highly volatile emerging economies.
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CHAPTER 11

A Study on Projected Cash Flow Statement

Shivaraj Khilare*, Savitha Kulkarni** and Shailaja Hiremath***

ABSTRACT

This Study focuses on theimportance of projected cash flow statementsin financial planning,
liquidity management, and managerial decision making. The main purpose is forecast future
cash inflows and outflows that helps a business to maintain enough liquidity, avoid financia
problems, and run its operations smoothly there contributing to identify future cash needs,
spot possible cash surpluses or shortages, and support long- term planning. This study
employs an analytical approach, using secondary datafor the period of 11 years, from 2014-
2025. The findings reveal that projected cash flow statements provide a clear picture of the
company’s future financial positions. The projections indicate that SBOF Pvt. Ltd. generdly,
has stable operating cash inflows, though some ups and downs may occur due to changesin
expenses or investment activities. These projections help management plan better, avoid
liquidity problems, and make timely financial decisions. The study’svalueliesinits practical
approach, asit uses actual company data to demonstrate how cash flow forecasting worksin
real business situations. It offers useful insights for students, researchers, and professionals
who want to understand the importance of projected cash flow statements in improving
financial control and overall performance.

Keywords: Projected cash flow; Financia forecasting; Liquidity; Cash inflows, Cash
outflows; Financia planning; Working capital; Investment decisions.

1.0 Introduction of the Topic

A cash flow statement isakey bal ance sheet statement of amajor financial statement,
which demonstrates the flow of money in and out of a business within agiven time interval.
In contrast to the income statement, revenues and expenses are accrued in the income
statement but there is no focus of actual cash transactionsin the cash flow statement.
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It will assist in determining whether a company is making enough cash to run, invest and be
able to finance its financial commitments. This statement is prepared as an annual financial
report where transparency concerning liquidity, solvency, and financia health is given.

A statement of cash flow is a financial statement that presents all the incomes and
outflows of cash and cash equivalents of an organization. It describes how the initial cash
balance has been transformed into the final cash balance by classifying cash receivables and
payables into various activities. Liquid assets which can be converted into cash easily and
include cash, demand deposits, treasury bills and short-term investments are considered as
cash and cash equivalents. The cash flow statement gives the current financial strength since
it shows the actual amount of cash receipt and expenditure by the business in the period.

1.1 Significance of cash flow statement

A cash flow statement is very important in the financial analysisto the management,
investors, creditors and other interested parties. The reasons why it isimportant include some
of these:

e Liquidity Assessment: It indicates the availability of sufficient cash to cover the short-
term liabilities of the company like salaries, rent, interest payments and supplier dues. A
company can be profitable yet liquidity crisis might occur in case the inflow of cash is
not enough.

e Financial Planning and Decision M aking: Managers utilize the cash flow information
in order to prepare a budget and make predictions about future cash requirements. It
assists in making investment plans, managing cost and facilitating smooth running of
investment without cash crunch.

e Assessing the Quality of Profits: Sometimes profits indicated in the income statement
are not the actual cash since such aspects as depreciation are not cash. The cash flow
statement assists in the estimation of the quality of profit by showing actual cash earned.

e Assistancein Investment Decisions. Investorsare using cash flow statementstoidentify
when a business is producing positive cash to fund its core operations. Regular inflows
of cash is an appealing factor to investors as it demonstrates constant business
performance.

e Compliance and Transparency: It aids transparency in the financial reporting and aid
the stakeholders in comprehending how the company creates and utilizes its finances.

1.2 Classification of cash flow statement
e Operating Activities
e Investing Activities
e Financing Activities
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1.2.1 Operating Activities

These have been the main business operations that bring in revenue. Operating cash
flows indicate the amount of cash that has been earned during the day-to-day operations.
Examples include: Money taken by the customers; Cash paid to suppliers, Wages and
operating expenses are paid in cash. Proceeds received on trading. When the positive cash
flow of operating activities, is observed, it means that the main businessis healthy and is not
dependent.
formula: Operating cash flow = Net Income + Non-cash Expenses-Changesin (WC) Working
Capital.

1.2.2 Investing activities

These activities are associated with purchasing and selling long-term assets and
investments. Examples include: Acquisition of plant and equipment or buildings, Sae of
fixed assets, Investment in stock or bonds, Revenue obtained on investments. Investing
activities assist in the cash flows in order to determine the expansion or management of the
long-term assets of a business.
formula: Net cash used in investing activities = Contribution from sales of Assets— Outflows
for purchase of assets.

1.2.3 Financing activities

Such operations include the raising of capital or giving back to shareholders and
lenders. Examplesinclude: I1ssuing debentures or shares, Raising loans, Repayment of |oans,
Payment of dividends. Financing cash flows indicate how an organization finances its
operations and how it operatesits capital structure.
Cash used in Financing Activities = Stock |ssuance + Borrowings — Dividends Payment and
Debt repayment.

1.3 Benefits of cash flow statement

o HelpsMaintain Adequate Cash Balance: The statement allows the management to ensure
a balance exists between the inflows and outflows of the cash so as to avoid shortage or
idle cash.

e Assists in Planning and Budgeting: It assists in estimating cash needs in future and
formulating effective budgets.

e Assesses Financial Flexibility: The statement indicates how simple a business is when
facing unforeseen cash requirements.

e Evaluates Liquidity and Solvency: It shows the ability of the company to fulfil its short-
term and long-term debts.
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e Improved Performance Analysiss The management can analyze the trend and
performance of the cash flows by comparing cash flows of various periods.

e Beneficial to the Investors and Lenders: The interested parties can compare the financial
stability and viability of the business.

o Eliminates the Deficiencies of the Accrual Accounting: It emphasizes actual cash flow
eliminating the use of non-cash transactions as recorded in the profit-and-loss accounts.

1.5 Introduction of the research topic

Projected Cash Flow Statement is afinancia plan that approximates the anticipated
cash inflow and outflow of an organization in future. Contrary to the conventional cash flow
statement in which past cash flows are registered, a projected cash flow statement is aimed at
protecting the state of the business in the future. It assists managers, investors and lenders to
know the amount of money that will be available at various points of the business cycle and
how the organi zation will be capable of coveringitsfuturefinancial liabilities. This projection
is made keeping in view, the projected sales, projected expenditure, investment actions, and
decision on financing. Projected cash flow statement is a future-looking financial statement
which contains the estimated receipts and payments of cash in the future of a given period. It
demonstrates the expected liquidity level of a company and helps foresee cash deficits or
excesses. It is usualy prepared after every month, quarter or year according to the
organizational requirements.

1.5.1 Importance of projected cash flow statement
The projected cash flow statement plays a crucia role in financia planning,
budgeting, and decision-making.

e Ensures Liquidity Availability: The primary importance of a projected cash flow
statement isthat it hel ps determine whether the business will have sufficient cash to carry
out daily operations. It predicts future shortages so that timely actions can be taken.

e Supports Financia Planning and Budgeting: Managers can use projections to alocate
resources, plan expenses, and prepare budgets accurately. It provides an estimate of when
money will comein and when payments need to be made.

o Helpsin Credit Management: Lenders, banks, and financial institutions often require
projected cash flow statements before providing loans. It assures them about the
repayment ability of the business.

e Assists in Investment Decisions. When companies plan to purchase new machinery,
expand operations, or invest in new projects, projected cash flow statements help eval uate
whether sufficient funds will be available.
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o Prevents Overdraft and Cash Crises: By forecasting |ow cash balance periods, businesses
can prepare in advance either by arranging short-term loans, reducing expenses, or
delaying certain payments.

e Enhances Business Stability: It promotes better financial discipline and ensures that the
organization avoids unnecessary financial risks.

1.5.2 Advantages of projected cash flow statements

¢ Improves Cash Management: It allows businesses to maintain an optimal level of cash,
preventing both excess and shortage.

e Strengthens Decision-Making: Managers can make informed decisions about
investments, borrowings, and expenses based on projected cash availability.

o Facilitates Strategic Planning: Businesses can plan long-term projects and expansion
activities more efficiently.

e Enhances Control over Cash: It provides management with atool to monitor and control
future financial activities.

e Reduces Financial Risk: Early identification of cash shortages helps in adopting
preventive measures.

1.5.3 Limitations of projected cash flow statements

e Based on Estimates and Assumptions. Projections may not always be accurate because
they depend on estimated sal es, expenses, and market conditions.

e Subject to External Influences: Changes in economic conditions, inflation, government
policies, or competition can affect the accuracy of projections.

e Time-Consuming Process. Preparing a detailed and reliable projected cash flow
statement requires extensive data analysis.

e Ignores Non-Cash Items:. Like actual cash flow statements, projected cash flow
statements do not consider non-cash items such as depreciation, which can affect
financial performance.

o May Become Outdated Quickly: In dynamic industries, projections may need frequent
revisions.

e Risk of Managerial Bias. Sometimes, managers may prepare overly optimistic
projections to show better financia conditions.

2.0 Obj ectives of the Study

1. To study the cash flow statements of the company
2. Toanayzethe net cash flow using projected cash flows
3. Toforecast the projected cash flow of SBOF Agrosmart Pvt. Ltd.
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2.1 Scope of the study

This research will be limited to the comprehension and analysis of the cash flow
position of SBOF Agrosmart Pvt. Ltd. based on the past and the future cash flow statements.
It includes the analysis of operating, investing, and financing cash flows done in detail in
order to know the liquidity, the financial stability and efficiency of cash management in the
company. Thisresearch also goes to examine the net cash flow based on the estimated figures
in order to determine the financial requirementsin future and any cash surplus or deficit.

It also involves an estimate of the expected cash flow of the company to be used in
the manageria decision-making, budgeting, and long run financial planning. It is narrowed
down to the financial information given by the company and is more cantered towards the
cash flow related factors without analysing the other financial reportsin detail.

2.2 Limitations of the study

e Theresearchisrestricted to the quality and availability of financial information used by
SBOF Agrosmart Pvt. Ltd. and information gaps could impact the study.

o Thecashflowsare projected, and they are subject to assumptions and estimates that might
not be a complete reflection of the future market conditions or other unpredictable
financial occurrences.

e The research time could be short, and immediate data could not give the full picture of
the long-term finances.

e Managerial assumptions and judgment used in forecasting can provide biasin results of
projected cash flows.

e The anaysis fails to have industry comparisons and this might restrict the knowledge
about the financia performance of the company compared to its competitors.

3.0 Literature Review

Hymavathi and Nikhila, (2021): A number of studies have also pointed out the
importance of the cash flow statement as an important tool to gauge short term liquidity and
financia standing of a company. Stated that cash flow statement is more effective than the
funds flow statement in the short run financial planning asit only deals with cash flows, and
as such, it is more important to meet short-term requirements of a firm, unlike working
capacity-based analysis, which does not provide the same urgency.

Narendra and Haritha, n.d. (2022): It highlighted the predictive capability and
excellence of cash flow-based ratios compared to traditional accrual-based ratios in
evaluating the liquidity and financial soundness of a company in the long-run, researched
cash flow ratios and discovered that cash flow of investing activities which show how a
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company can pay its future commitments by growing its assets whereas the cash flow of
financing activities to total liability ratio indicates quality and sustainability of cash earned
by a company by means of borrowings and issuing equity.

Pamela Kasaniak et al., (2025) Pamela Kasaniak, Dr. Julius Miroga, Dr. Elizabeth
Nambuswa Makokha (2025) There have been several researchers who have determined that
thereare alot of positive relationship between effective cash-flow management practices and
overal financial performance of firms and have explored multinational corporations and
found that operating cash flows have the strongest relationships with profitability, liquidity,
and solvency. Equaly cash-flow trends through multinational corporations discovered that
cash earned in operationsis the key determinant of financial performance although financing
cash flow is of great importance in different regions.

Williams Iganran, n.d (2013): The effects and implications of the debtor on the
profitability of firms using a retrospective design were investigated to determine the
relationship between the two variables and found a positive and significant correlation
between cash flows attributed to the banking operations and net profit as a measure of
performance. Ali et ., (2022): The statement of cash flowsisindispensablein assessing the
financial health of acompany, such asthe performance, solvency, and liquidity of acompany
through articulating the cash inflows, outflows, and equivalents over a given period under
operating, investing, and financing activities. Instead of cash accounting, which is not
favored, accrual accounting records revenues and expenses independent of cash timing in
order to better reflect the economic impacts and predict cash flows and forecast future cash
flows, which is generally better than historical cash flows of operations.

Sri, n.d. (2019): It emphasized the importance of the cash flow statement, as such an
important tool was used to eval uate the short-term liquidity and financial health of acompany,
which differentiates it among the Cash flow statements. Highlighted the fact that the cash
flow statement is more convenient than the funds flow statement in short term financial
planning as it only deals with the cash movement, which is critical in meeting short term
obligations, unlike working capital-based analysis, which would not be urgent in the short
term. Pal, (2022): Cash flow statements and organizational performance: connection and
importance to profitability and liquidity improvements. It showed that growth in cash flow
directly led to growth in net profits and advised organizations to implement practices that
would ensure a strong cash flow which promoted better financial performance.

Mouli, (2024): It has been observed that cash flow statements are useful in assessing
financia performance using different analytical tools and ratios. The financial performance
was analysed based on the cash flow ratios operating cash flow ratio, capital expenditure
ratio, the cash coverageratio to current liabilities, cash coverage ratio to net income, and total
debt ratio. It aso discussed financia performances of companies based on cash flows utilizing
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the methods, noting that cash flow generation is one of the primary determinants of company
value, and it ismorelikely to be accurate than accounting profits based on balance sheets and
income statements. Kamran, n.d. (2024): A statement of cash flows is mandatory to assess
the financia heath of a company including performance, solvency, and liquidity by
describing cash received, paid, and equivalents within a given period of time, divided into
operating, investing, and financing activities. It offers physical, foreseeable details of the cash
flow that help in the determination of long-term survivability and due diligence and
eliminates distortions of other accounting frameworks. Aghdas Jafari Motlagh, (2013): The
cash flow statement has been considered to be one of the most important financial statements
in the evauation of the liquidity and short-term financial status of an entity. The cash flow
statement, in contrast to the income statement that is prepared on an accrual basis, is prepared
based on actual cash receipts and outlays, and therefore will give investors, creditors and
management reliable information about the capability of the firm to produce cash through its
operations, settleliabilities (debts, dividendsandinterests) and capital expendituresor growth.
Itisespecially useful in short-term financial planning and cash management whereit will show
excess or deficiency of cash position in the future and help make better decisions on
investments, |oan payment or dividend payments.

4.0 Resear ch M ethodology

The systematic procedure used to tackle the problem is referred to as methodology.
To meet the previoudy stated goals concerning the performance evaluation of the business,
the approach employed involves gathering secondary data.

Secondary Data Collection Secondary Data generated for objectives other than
assisting in the resolution of the current problem is referred to as secondary data.

For this project, information was gathered from secondary sources, including a
company’s annual reports, balance sheets, and profit and loss statements.
e Company’sannual report
e Varioustypes of research report and article
e Internet based web- based assistance
e Reference book

Sources of Information: Information is gathered from the SBOF Agrosmart Pvt. Ltd.
Office and related information from the company’s annual report and company’s website.

4.1 research design
1. Descriptive research will be utilized since the data will be gathered, analysed, and
presented in the form of project.
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2. Thisresearch aims to analyze and understand future projected cash flows and outflows
to ensure better financial planning, budgeting, and decision-making

3. The sample period covers five years, and the tools for the study include formulas and
Excel for calculations.

4. Theduration of the research was of eight weeks.

5.0 Data Analysis
Table 1. Projected Cash Flow
Projected Cash Flows (X in lakhs)
Particulars 2013-2014 |2014-2015|2015-2016{2016-2017|2017-2018|2018-2019
Fixed Assets 400.00
Net working Capital 100
Revenues 800.26 | 1000.18 | 1500.64 | 2500.06 | 3600.04
Costs (Other than depreciation and 280.001 | 350.063 | 525.224 | 875.021 | 1260.014
interest)
Depreciation 16.01 20.00 30.01 50.00 72.00
Profit before Tax 504.16 | 630.11 | 94540 | 1575.04 | 2268.03
Tax 166.37 | 207.94 | 31198 | 519.76 | 748.45
Profit after Tax 337.79 | 42218 | 633.42 | 1055.28 | 1519.58
Net Salvage Vaue
Initial Investment 500
Operating Cash Inflow 353.79 442.18 663.43 | 1105.28 | 1591.58
Terminal Flow
Net Cash Flow (11+12+13) 500.00 353.79 442.18 663.43 | 1105.28 | 1591.58
Projected Cash Flows (R in lakhs)
Particulars 2019- 2020- 2021- 2022- 2023- 2024- 2025-
2020 2021 2022 2023 2024 2025 2026
Fixed Assets
Net working Capital
Revenues 4000.07 | 3800.06 | 4900.07 | 5400.25 | 5600.33 | 5700.12 | 5900.3
Qoas (Other than depreciation and 1400.024 1330021 1715.024|1890.087|1960.115 1995.042| 2065.105
interest) 5 5 5 5
Depreciation 80.00 76.00 98.00 108.01 | 112.01 | 114.00 | 118.01
Profit before Tax 2520.04 | 2394.04 | 3087.04 | 3402.16 | 3528.21 | 3591.08 | 3717.19
Tax 831.61 | 790.03 | 1018.72 | 1122.71 | 1164.31 | 1185.05 | 1226.67
Profit after Tax 1688.43 | 1604.01 | 2068.32 | 2279.45 | 2363.90 | 2406.02 | 2490.52
Net Salvage Vaue 120.00
Initial Investment
Operating Cash Inflow 1768.43 | 1680.01 | 2166.32 | 2387.45 | 2475.91 | 2520.02 | 2608.52
Terminal Flow 220.00
Net Cash Flow (11+12+13) 1768.43 | 1680.01 | 2166.32 | 2387.45 | 2475.91 | 2520.02 | 2828.52
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Table 2: Predicted Projected Cash Flow

Projected Cash Flows (R in lakhs)
Particulars 2025 2026- 2027- 2028- 2029- 2030-
2026 2027 2028 2029 2030 2031
Fixed Assets 600.00
Net working Capital 100.00
Revenues 6000.00 | 6000.00 | 6000.00 | 6000.00 | 6000.00
Costs (Other than depreciation and 1800.00 | 1800.00 | 1800.00 | 1800.00 | 1800.00
interest)
Depreciation 600.00 | 540.00 | 546.00 | 54540 | 545.46
Profit before Tax 3,600.0 | 3,660.0 | 3,654.0 | 3,654.6 | 3,654.5
Tax 1188.00 | 1207.80 | 1205.82 | 1206.02 | 1206.00
Profit after Tax 2412.00 | 2452.20 | 2448.18 | 2448.58 | 2448.54
Net Salvage Vaue 300.00
Initial Investment 700.00
Operating Cash Inflow 3012.00 | 2992.20 | 2994.18 | 2993.98 | 2994.00
Termina Flow 400.00
Net Cash Flow (11+12+13) 700.00 | 3012.00 | 2992.20 | 2994.18 | 2993.98 | 3394.00
Table 3. Profit Before Tax
Profit Before Tax (X in lakhs)
Particular 2026-2027 2027-2028 2028-2029 | 2029-2030 | 2030-2031
Profit Before Tax 3,600.0 3,660.0 3,654.0 3,654.6 3,6564.5

Figure1: Profit Before Tax

Profit Before Tax(in lakhs)

2026-2027 2027-2028 2028-2029 2029-2030 2030-2031
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Interpretation: The projected Profit Before Tax (PBT) of SBOF Agrosmart Pvt. Ltd.
from 2026-27 to 2030-31 shows a very stable and dependable financial outlook. The PBT
moves from %3,600 lakhs in 2026-27 to X3,660 lakhs in 2027-28, and then remains
consistently around %3,654-3,655 lakhs for the next three years. This steady trend highlights
that the company expects reliable and predictable profits.

Table 4: Profit After Tax

Profit After Tax (R in lakhs)
Particular 2026-2027 2027-2028 2028-2029 2029-2030 2030-2031
Profit After Tax 2412.00 2452.20 2448.18 2448.58 2448.54

Figure 2: Profit After Tax

Profit After Tax(in lakhs)

2452.20

2448.18 2448.58 2448.54

2026-2027 2027-2028 2028-2029 2029-2030 2030-2031

Interpretation: The projected Profit After Tax (PAT) of SBOF Agrosmart Pvt. Ltd.
from 2026-27 to 203031 shows avery stable and steady pattern. PAT increases slightly from
32,412 lakhs in 2026-27 to %2,452.20 lakhs in 2027-28, and then stays almost the same—
around 32,448-2,449 lakhs for the next three years. This means the company expects
consistent and predictable profits, with very small changes each year. The average annua
growth is less than 0.3%, showing that the company is following a careful and conservative
financial approach.

Table5: Depreciation

Depreciation (X in lakhs)
Particular 2026-2027 2027-2028 2028-2029 2029-2030 2030-2031
Depreciation 600.00 540.00 546.00 545.40 545.46
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Figure 3: Depreciation

620.00 DEPRECIATION(IN LAKHS)
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Interpretation: The projected depreciation of SBOF Agrosmart Pvt. Ltd. from 2026
2710 2030-31 showsasmall and steady decline. Depreciation dropsfrom 600 |akhsin 2026
27 t0 3540 lakhsin 2027-28, a 10% decrease, and then stays almost the same—around 3545
546 lakhs for the next three years. The steady and low depreciation trend shows that the
company is following a careful and cost-saving approach, focusing on maintaining current
assetsrather than making large new investments.

Table 6: Net Cash Flow (12 Years)

Net Cash Flow (in lakhs)
2014-| 2015- | 2016- | 2017- | 2018- | 2019- | 2020- | 2021- | 2022- | 2023- | 2024- | 2025-
2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026
Net Cash Flow|353.79|442.18| 663.43|1105.28|1591.58|1768.43| 1680.01|2166.32|2387.45|2475.91| 2520.02(2828.52

Particular

Figure4: Net Cash Flow (12 Years)

Net Cash Flow (in lakhs)

3000.00
2500.00
2000.00
1500.00
1000.00
500.00
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Interpretation: The projected net cash flow of SBOF Agrosmart Pvt. Ltd. from 2014
15 to 2025-26 shows very strong and steady growth. Net cash flow increases from ¥353.79
lakhsin2014-15t032,828.52 lakhsin 2025-26, whichisabout 8 timeshigher. Over theyears,
the company has been generating cash at a consistent annual growth rate of around 18-20%,
with cash flow rising smoothly by ¥150-250 |akhs every year since 2020-21.

Table 7: Predicted Net Cash Flow

Predicted Net Cash Flow (% in lakhs)
Particular 2026-2027 2027-2028 2028-2029 2029-2030 2030-2031
Net Cash Flow 2512.00 2992.20 2994.18 2993.98 3394.00

Figure5: Predicted Net Cash Flow

Net Cash Flow (in lakhs)

#000.00 3394.00
3500.00 2992.20 2994.18 2993.98
3000.00 2512.00
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2000.00
1500.00
1000.00

500.00

0.00
2026-2027 2027-2028 2028-2029 2029-2030 2030-2031

Interpretation: The estimated net cash flow of SBOF Agrosmart Pvt. Ltd. from 2026
27 to 2030-31 continues to grow, but at a ower and steady rate. Net cash flow increases
from 32,512 lakhsin 2026-27 to 33,394 lakhsin 2030-31, whichisa 35% rise over five years
(about 7% growth per year) Depreciation remains stable at around ¥545 lakhs Profits are not
growing much the company will still generate ¥850-900 lakhs of additional cash during this
period.

6.0 Findings
e The company has a systematized cash flow statement which effectively captures cash

inflows and outflows under the operating, investing, and financing activities that aidsin
the comprehension of the genera liquidity.
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The projected cash flow analysis indicates that there are steady E cash flows which
signifiesthat the core business operations of the company provide enough cash to finance
the day-to-day operationsin the company.

Net cash flow forecasts reveal that there are seasonal changes with some seasons having
larger inflows (more sales and receivables collection) than other seasons (more
procurement and operating costs).

The projected cash flows show that the net cash position is positive and it is seen that the
company islikely to have sufficient cash reserves during the forecasting period.
Liquidity position of the company is aso found to be healthy since the projected inflows
can be used to satisfy projected outflows without cash deficits.

The forecast also demonstrates the time when cash excesses are present, and it could be
assumed that these time spans can be used to invest money or reinvest it in business.
Thefinancia planning of the company seems efficient as the estimated numbers are close
to the rea historical cash flow trends, and they demonstrate the sound forecasting
techniques.

The overall cash flow performance has shown that the company hasfinancia stability, it
can generate cash, pay off liabilities and run its future operations as well.

6.1 Suggestions

Enhance cash monitoring: The company may also apply the weekly cash flow monitoring
or bi-weekly cash flow monitoring to strictly observe the changes and keep a closer
control over the cash flows

Improve the accuracy of the forecast: The company will be able to increase the accuracy
of the future cash flow by combining historical sales trends, seasonal trends, and market
data to achieve that.

Establish an emergency cash fund: A buffer fund will assist the company to address
unexpected costs or any unexpected cash inflows.

Optimize the non-essential costs: The company will be able to perform a periodica
analysis of overheads and minimize unnecessary expenditures in order to optimize net
cash flow.

Periodical revaluation of financing operations: Although financing activities are stable, it
is possible to review financing operations annually and identify more appropriate ways
of loans or timeline of repayment.

Coordinate the departments better: The bilateral communication of the sales,
procurement, and finance teams will help to create the appropriate cash flow planning
and minimize inconsi stencies.
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Implement periodical cash flow variance analysis: It will be beneficial to compare the
projected cash flows and actual performances to identify gaps and enhance forecasting
approaches.

Make long-term cash flow predictions: While short-term projections are useful, long-
term projections can be useful in planning strategy and making investments.

7.0 Conclusion

An andysis of the projected cash flow statement of SBOF Agrosmart Private

Limited. indicates that the company has awell-structured and clear cash management system
which is accurate in recording all the inflows and outflows of the operating, investing, and
financing activities. The forecasts reveal that operating activities of the company continue to
produce high cash flows, which represents the efficiency of its main business processes and
sustai nable meeting of the cash needs of the company day-to-day.

The analysis of net cash flow also indicates seasonality of the cash flows as some

seasons have inflows in the cash flow, as aresult of higher sales and receivables collections,
and some seasons have outflows related to procurement and operational expenses. Although
these have been fluctuating, the company has a good net cash position which means that the
company has enough liquidity within the forecast period.

Thereisno excessive short-term borrowing and payment is on time which show good

financial self-discipline. The outflows projected through purchasing of raw materias,
salaries, utilities and loan payments are foreseeable and are planned out in order to aid the
costly running of the company in terms of finances. The similarity in the projected figures
and the trends of past cash flows is a sign that the SBOF Pvt. Ltd. uses sound forecasting
methods, which results in proper financial planning. The cash flow performance of the
company in general indicatesthat the company has good liquidity, financial stability and good
cash management within the company. The existence of regular cash reserves allowsthem to
reinvest and financial empowerment. By applying the proposed modifications e.g. the
increase in forecasting precision, the improvement of digital cash tracking, and the effective
application of the additional capital the company will be able to further streamline its cash
flow management. Summing up, SBOF Pvt. Ltd. isintheright position to fulfil both its short-
term and future commitments and achieve sustainable development in financial growth.
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Table 8: Comparative and Common Size Balance Sheet Compar ative Statement

SBOF Pvt.Ltd.
Comparitiveand Common Size Balance Sheet (in lakhs)
Particulars Set 01 Set 02 Set 03
Comparative Common Comparative Common Comparative Common
P Size P Size P Size
Years 2023- | 2024- |Abso o 2023-( 2024- | 2022- | 2023- |Abso[Percen| 2022- | 2023- | 2021- | 2022- [Abso o 20_21 2022-
2024 | 2025 | lute ° 2024|2025 | 2023 | 2024 | lute | tage | 2023 | 2024 | 2022 | 2023 | lute ° 002 2023
Liabilities
qu;iﬂare%o.owso.oo - | 0% |38% 36% [350.00350.00 0% | 40% | 38% [350.00850.000 - | 0% |429%]| 40%
Reserves [202.28/232.62(30.34{15% | 22% | 24% [175.89202.2826.38| 15% | 20% | 22% |152.95|175.89[22.94| 15% |18%| 20%
Borrowings [211.59|219.00| 7.41 | 4% |23% | 23% [204.43211.59 7.16 | 4% | 23% | 23% [197.52[204.43 6.91 | 4% |24%| 23%
Liaol:::ﬁ:es 154.58(166.17|11.59| 8% |17% | 17% [143.79/154.58(10.78| 8% | 16% | 17% [133.76{143.79(10.03| 7% [16%)| 16%
Tota 100
Lisbilities 918.45(967.79149.34| 5% (100%]| 100% [874.12/918.4544.32| 5% |100% [100% [834.23874.12[39.89| 5% % 100%
ASSETS
Capital Work
in Progress 25.63|25.70|0.06 | 0% | 3% | 3% |25.57|25.63|0.06| 0% | 3% | 3% |[25.50|25.57 |0.06 [0.25% 3% | 3%
Investments [555.60{561.49| 5.89 | 1% |60% | 58% [549.77/555.60/5.83 | 1% | 63% | 60% [544.01/549.77|5.77 |1.06%|65%| 63%
Other Assets(339.46|383.59(44.13| 13% | 37% | 40% [300.40339.46(39.05| 13% | 34% | 37% [265.84{300.40[34.56 1?(;?0 32%| 34%
Total Assets|920.69/970.77|50.08| 5% [100%| 100% [875.75(920.6944.94| 5% |100% |100% 835.36/875.75/40.39/4.84% 102? 100%

In financial accounting, a comparative statement refers to a financial report that
presents financial information for multiple periods side by side (like 2 or more years). This
helps in comparing how figures have changed over time. Comparative financial statements
show the financial performance of acompany over two or more periods.

Common Sze Satement: A common size statement in financial accounting is a
financial statement it presentsfinancial information as percentages, rather than actual figures.
This makes it easier to compare different periods or companies of different sizes. Typically,
the base figure used is either total assets for the balance sheet or net sales (revenue) for the
income statement. Common size financial statements express each item as a percentage of a
base figure.

Table 9: Reserves

Comparative (R in lakhs)
2023-2024
202.28

2024-2025
232.62

Particular
Reserves

2022-2023
175.89

2021-2022
152.95
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Figure 6: Reserves
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Table 10: Reserves
Common Size R in lakhs)
Particular 2024-2025 2023-2024 2022-2023 2021-2022
Reserves 24% 22% 20% 18%
Figure7: Reserves
RESERVES
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Table 11: Borrowings
Comparative (R in lakhs)
Particular 2024-2025 2023-2024 2022-2023 2021-2022
Borrowings 219.00 211.59 204.43 197.52
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Figure 8: Borrowings
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Table 12: Borrowings
Common Size R in lakhs)
Particular 2024-2025 2023-2024 2022-2023 2021-2022
Borrowings 23% 23% 23% 24%

Figure 9: Borrowings
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Table 13: Investments

Comparative R in lakhs)

Particular 2024-2025 2023-2024 2022-2023 2021-2022

Investments 561.49 555.60 549.77 544.01

Figure 10: Investments
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Table 14: Investments
Common Size R in lakhs)
Particular 2024-2025 2023-2024 2022-2023 2021-2022
Investments 58% 60% 63% 65%

Figure11: Investment
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CHAPTER 12

Bridging Tradition and Technology: Al Applicationsin Homoeopathic Materia
Medica and Repertory Analysis- Narrative review

Shiwani Malai* and Apeksha Kanago* *

ABSTRACT

The Integration of Artificia Intelligence is transforming Modern Homoeopathic practice by
enhancing accuracy, individuaization and efficiency in clinical decison making.
Homoeopathy relies on detailed case taking, careful observation of body language, extraction
of characteristic symptoms, conversion of symptoms into precise rubrics and repertorisation
according to Hahnemannian principles. As Repertorisation was introduced in homoeopathic
system because of the expanding Materia Medica which is time consuming and complex,
therefore the use of Al tools can expedite this process by swiftly analyzing symptom
databases to suggesting relevant remedies and differentiating them. The advent of Al and
advanced computing technologies in homeopathic medicine is paving the way for a future
where traditional repertorisation may become obsolete. Well, its purpose should be to
complement the expertise and judgement of well-trained homoeopaths, rather than a
replacement for Professional Consultation and Diagnosis. This study provides Systematic
overview of integration of Al into homoeopathic practice and assess its impact on patient
care. Therefore, Al can quickly go through extensive repertories and prioritize remedi es based
on symptom similarity and can also assist in remedy reationship. Al homoeopathy
integration offers efficiency, evidence-based practice and patient empowerment while
following the Holistic principles of Homoeopathy.

Keywords: Homoeopathy; Artificia Intelligence; Repertorisation; Materia Medica;
Integration.

1.0 Introduction

Homoeopathy is based on Halistic case taking, individualization, remedy selection
on totality of symptoms. Classical Repertorisation emerged to manage expanding Materia
medica but remains complex and time-intensive.
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In rapidly evolving healthcare Profession, recent advances in Artificia Intelligence
have been offering various tools like machine learning?”#, chatbot?, NLP>°8, Materiomics'?
which is capable of Repertorisation, analysing large symptom data, assisting in rubric
formation, differentiating remedies and their relationship, understanding patient’s
constitution, behavioural patterns, crossreferring Materia Medica, philosophical background,
to maintain track of history and medical records etc aiding practitioners in evidence-based
decision making. The integration of Al into Homoeopathic practice offers an opportunity to
bridge traditiona wisdom with modern computational tools. This narrative review
synthesizes these contemporary studies to evaluate how Al supports Materia Medica
understanding and Repertoria analysis, while reviewing the methodologies, strengths and
limitations.

Al in Homoeopathy requires more of Empirical studies, but most of the reviewed
articles are of conceptual dominance and involves heterogenicity of study designs. Thematic
synthesis was done using framework anaysis, grouping the findings into six themes by
interpretating multiple research study to understand the depth and insights of each individual
studies. Future research can be taken with more of clinical evidence-based study along with
ethical concerns and larger datasets. Integrating Al with homoeopathy requires more of
exploration and awareness of the tools, as to how it’s been used how much accuracy,
weightage etc is carried considering its strengths and limitations. However, Al can be useful
for assisting a practitioner but not replace the Holistic-Healing of the patient’s healthcare.

e Research question: Does Al Support and Enhance Homoeopathic Materia Medica and
Repertory anaysis?

e Aim: Toexplorethe Application of Al in Homoeopathic Materia M edica and Repertorial
analysis by critical review and synthesize existing literature to evauate its role in
enhancing clinical decison-making while preserving the holistic principles of
homoeopathy.

e Objectives:

0 ToExplorerecent developmentsin Al tools applied to homoeopathic Materia medica
and Repertorisation.

0 ToReview the Advantages and Limitations of existing articles of Al assisted toolsin
homoeopathic practice.

3.0 Methodology
Study design: The purpose of this study is to conduct a narrative review of existing

research on use of Al in repertoriad anaysis and homoeopathic Materia Medica. This
approach was undertaken to enable conceptual synthesis and critical interpretation of
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heterogenous study designs like analytical review, conceptual review, systematic review,
technol ogy-based evaluations.

Data sources: For this research, data was collected from various sources like:
PubMed
Scopus
Google Scholar
AY USH research portal
ResearchGate
Research Rabbit

Search Srategy: Search terms included: “Artificial Intelligence”, “Machine
Learning”, “Materia Medica”, “Repertorisation”, “Natural Language Processing”,
“Homoeopathy”. Boolean operators (AND/OR) were applied.

o g~ wLdPE

3.1Inclusion criteria

1. Published articlesrelated to Al and homoeopathy: Review articles, analytical articlesand
conceptual framework.

2. Articlesdiscussing Al, Machinelearning, Chabot or digital tools applied to homoeopathy

3. Articles published in English.

3.2 Exclusion criteria
1. Articles unrelated to homoeopathy.

3.3 Thematic synthesis

Early work emphasizes on Expert Systems and Rule-based Algorithms for Remedy
selection, while recent publications focus on machine learning, predictive analytics and
conversational Al (e.g. ChatGPT). Most authors agree that Al enhances speed, accuracy and
accessibility but cannot replace the physician’s intuition, empathy and individualisation
central to Hahnemannian principles

4.0 Thematic I ntegration of Reviewed Articles

Theme 1: Al as a Supportive Adjunct in Homoeopathic Practice: Several authors
consistently emphasize that Al should function as assistant rather that a replacement for the
homoeopath. Bishwas et a. highlight that while Al enhances repertorisation, documentation
and research efficiency, it lacks the capacity for empathy, intuition and individualization,
which remain central to Hahnemannian practice. Ethical discussions across studies reinforce
that professional judgement must remain paramount. Drawback is that there isn’t clinical
outcome data.
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Theme 2: Al in Repertorial Analysis and Remedy Selection: Early algorithm-based
models and contemporary machine learning approaches demonstrate Al’s potential in rubric
selection and remedy prioritization. Studies indicate that Al can rapidly process large
repertories, identify symptom-remedy correlations and reduce manual errors. However,
limitations related to data quality and dependence on accurate case input are repeatedly noted
i.elimited datasets.

Theme 3: Digital repertoriesasafoundation for Al Integration: Reviews of repertory
software illustrate the transition from manual to digital workflows in homoeopathy. These
tools, while not fully autonomous Al systems, form the technological backbone for advanced
Al applications with high clinical relevance. Authors report significant gains in efficiency
and accessihility, though the interpretative responsibility remains with the clinicians. There
islimited discussion of Al algorithms,

Theme 4: Conversational Al and Clinical Decision Support: Recent literature on
ChatGPT and conversational Al suggest potential rolesin symptom narration analysis, patient
education, follow-up documentation and research assistance. While not homoeopathy-
specific, these studies provide a conceptual framework for integrating NL P-based tools into
homoeopathic case management, with caution regarding accuracy and ethical use.

Theme 5: Al in AYUSH and Sustainable Healthcare Systems: Systematic reviews
across AYUSH disciplines position Al as a driver of sustainable healthcare innovation.
Homoeopathy benefits from Al through scalable decision-support systems, research
automation, and optimized resource utilization, aligning with sustainability and low-cost
healthcare models.

Theme 6: Ethical and Philosophical Dimensions of Al in homoeopathy: Philosophical
analyses underscorethe epistemological limitsof Al inhealing sciences. Acrossarticles, there
is consensus that Al cannot capture the subjective, experiential, and relational dimensions of
homoeopathic healing. Ethical frameworks are therefore essential to ensure responsible
integration.

Author Focus area Methodology (Strengths /contribution Limitations
Bishwas et al; |Al Analytical Comprehensive overview of Al roles in |Dependence on data quality
20251 homoeopathy: |review repertorisation, patient management  [Validation gap: Al

blessing or curse and education. application remains

experimental and lack robust
clinical trials

Complex case management:
Al struggles with remedy
aggravation, potency
adjustments and nuanced
follow-ups Conceptual,

lacks empirical validation




Bridging Tradition and Technology: Al Applications in Homoeopathic Materia Medica | 149

Arya Manisha;
20241

Artificial
Intelligence in
Homoeopathy-
The End or the
Beginning?

Comprehensive
review

Personalized Treatment plans based on
patient symptoms and constitution.
Symptom analysis and diagnosis using
ML for accuracy

Remedy selection with advanced
algorithms and large remedy data
Patient management

Predictive analytics to forecast disease
outbreaks and health trends
Telemedicine and chatbots for remote
guidance and patient education.

Validation gap: Al
application remain
experimental and lack robust
clinical trials

Ethical and professional
concerns: patient privacy,
data security and clinical
responsibility.

Conceptual, lacks empirical
validation

Sai Lavanya

An Overview of

Comprehensive

The article reviews repertory software

Dependence on software

Katari; 2025'° [Repertory tools used in clinical homoeopathy. quality: accuracy varies
Software Tools Digital tools like RADAR Opus, depending on the repertory
for Clinical Hompath Zomeo, MacRepertory, database and algorithms
Repertorisation Complete Dynamics, ISIS, Vision, used.
in Homeopathy Cara etc. have transformed practice.  |Some tools are complex and

These programs integrate multiple require significant training
repertories, Materia medica, patient before use.
record, remedy comparison tools and [Some of advanced software
analytical features. and tools can be expensive,
The study evaluated 50 different limiting for access.
software tools, categorising them by  |Practitioners may depend
functionality, repertory content, too much, overlooking
usability and target users. subtle patient cues.
Findings show that digital repertory Outdated tools, not updated
tools improve accuracy, speed and reducing their clinical
efficiency in case analysis, support relevance.
education and enhance patient care.
These tools are meant to assist
practitioners not to replace to replace
their expertise.
Doherty The application |A comparative (100 acute cases from a homoeopathy | Low match rates: influenza
Rachel; 20253 |of Al in acute  |Retrospective [teaching clinic were analysed through [(0%)

prescribing in
homoeopathy

study.

an online available remedy finder.
Researchers compared Al
recommendation with practitioner-
prescribed remedies.Data included
symptoms, remedies, posology.

Al tool covered 74 acute complaints;
clinic cases represented 22 of these.
Remedy overlap: Practitioner remedy
appeared in Al results in 59% of cases.
37% it was among the top 3
suggestions. 17%, was top
recommendation.

Al tools lacked guidance on
managing remedy response
(e.g aggravations, potency)
Can assist with acute, self-
limiting complaints, but
struggle with complex case
management.

Al tools may be risky and
misused, especially with
chronic or serious
conditions.

Reliance on case notes,
small sample size,
variability in complaints.
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High match rates: COVID-19(80%),
ear infection (80%), kidney stones,
nausea of pregnancy, sprains (100%)

Limited accuracy

Weak case management, no
guidance on remedy
response, potency
adjustments or handling

Remedy selection:

e Fuzzy Expert systems: effective in
handling unstructured patient data.

e Decision Trees: less accurate
compared to fuzzy systems.

Glaucoma treatment (SEHO): Is an Al-
powered expert system that helps
homoeopaths and ophthalmologists
select remedies for glaucoma by
systematically analysing patient data
and offering transparent, evidence-
based recommendations.

Expert System Development

Uses Expert system development
lifecycle (ESDLC): Assessment
knowledge acquisition, design, testing,
documentation, record maintenance.

aggravations.
Patil Aditya; |“Comparative |conceptual/ Developed a five level evaluation scale [Non peer reviewed, findings
20254 Evaluation of  |comparative  [level 1=poor, level 5=excellent) are preliminary and needs
Diagnostic and |study Comparative analysis empirical validation.
Treatment General diagnostic: (fair-good) level 2- |Relies on descriptive rather
Accuracy: A 3. Standardized but less personalized; [than quantitative clinical
Five-Level Generative Al: (level 1-5) trials.
Scale Analysis Basic models weak (symptoms Focuses on diagnostic/
of Generative Al matching only) treatment accuracy but does
and Advanced models strong (integrating [not address cost-
Homoeopathic genetics, lifestyle, clinical data). effectiveness or scalability
Approaches”: Homoeopathy: expert practitioner at  |in healthcare system.
level 4-5 with individualized, holistic
care.Evaluates both technology (Al)
and traditional (homoeopathy)
Highlights Personalization whether via
Al or homoeopathy.
Suggests hybrid models integrating Al
precision and Holistic approaches.
Encourages collaboration between data
scientists and homoeopaths for
integrative healthcare innovation.
Parajiya Tilak; |A Survey on Literature The article mentions some of Limited clinical trials
20223 Applications of |survey. applications of Al in homoeopathy: Some conclusions are broad
Al in Expert systems: Al that replicate expert [and not supported by
Homeopathy decision making. detailed case studies or

statistics.

Even though The article
focuses on Expert systems
and fuzzy logic, it lacks to
give insights on newer Al
methods and its application
(e.g. NLP)
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D. Akhila; “Homoeopathic |Conceptual Chatbots collects detailed complaints  |Chatbot is currently limited
20232 Chatbot: A Study by NLP and ML to stimulate human  [to “HEAD” chapter of
Simplified and interaction and provides precise BBCR.
Accurate Case- symptom mapping. It is affordable, It doesn’t include clinical
Receiving and user friendly, scalable, and capable of [trials or patient outcome
Repertorising collecting accurate patient data. data.
Application”: Minimizes repetitive manual entry of [Uses Google firebase cloud
Rubrics. Provides a judgement free storage, which may raise
environment where patients can concerns about scalability,
disclose without any hesitation. privacy.
Muthuperumal [Status of A systematic  |This article aims at analysing how Very limited study on

Prakash; 2024 |artificial review AI/ML have been applied in Ayush homoeopathy. The research
intelligence and system.54 studies were reviewed out of |has no unified framework or
machine which majority i.e 36 studies were large-scale clinical
learning in from India. validation.

Indian Use of AI/ML shows >95% accuracy in|Very limited datasets.
traditional tasks like drug identification,

medicine diagnosis, treatment support,

systems. personalized medicine.

Mukta Homoeopathy |Systematic Intersection of Homoeopathy and Al |Lacks large, standardized

Nivedita Bera; [meets Machine ([review explores how ML techniques can be  |and high-quality datasets,

20258 learning applied to homoeopathic practice, limiting ML model

research and clinical decision making. [validation.

ML can identify subtle symptoms ML models can be “Black
pattern, supporting individualised Boxes” making it difficult to
remedy selection. align outputs with

It highlights Evidence Mapping where |homoeopathic principles.

Al has been applied in homoeopathy  [Ethical concerns.

(e.g. Expert systems, NLP, predictive

modelling)

Bhadoria ‘Standardization [Systematic The author analysed 25 studies Articles were collected only

Suraj; 2021°  |of Review published from Google Scholar from Google Scholar.
Homoeopathic between 2010-2021 On standardization [No PRISMA flow diagram.
Drugs’ by of drugs using various analytical tools |Limited clinical co-relation.

various tools

(like UV- Visible Spectroscopy,
HPTLC, TLC etc.) it helped in
assessing physiochemical properties,
phytoconstituents, nanoparticles,
molecular and structural changes in
drugs including high dilutions.
Tabulated form helped in comparison,
clarity, readability of data.
Emphasizes the importance of
standardization.
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5.0 Discussion

Across the articles, Al is presented as a transformative tool for homoeopathy.
Applications include chatbots for case taking, expert systems (like SEHO) for specific
conditions, fuzzy logic and machine learning for remedy selection and digital repertory
software for faster analysis. Coming to efficiency and accessibility Al systems and chatbots
can save time, reduce workload and make homoeopathy more accessible. Expert systems and
repertory software provide structured, consistent analysis, reducing practitioner bias. Al can
help in record keeping, process large datasets and map symptoms systematically, improving
remedy selection accuracy in straightforward cases. A recurring theme is that Al should
support, not replace practitioners. The best outcomes emerge when Al handles preliminary
data processing and repertory mapping while human practitioners providefinal interpretation,
empathy and nuanced judgement.

6.0 Limitations

1. Lack of randomized clinical trials in Al-assisted homoeopathy. There is no data quality
dependence, no precise patient inputs given.

2. Predominance of conceptua and review-based literature.

3. Limited personalization, Al struggles to capture subtle, individualized symptoms that
only experienced homoeopath notices. True personalization remains a human strength.

4. Current Al tools cannot manage remedy aggravations, potency adjustments or long-term

case evolution.

Lack of robust clinical trials or standardization.

Loss of human touch: empathy, intuition etc cannot be replicated by machines

Proprietary software can be expensive

Patients or practitioners may depend too much on Al, potentially overlooking critical

human judgement.

9. Ethical and privacy concerns, patient’s data security and trust in automated systems are
ongoing challenges.

© NGO

7.0 Future Scope

Future scope should focus on:

1. Integration of Al with classical case-taking methods.

2. Development of validated Al models trained on authentic homoeopathic data.
3. Prospectiveclinical trials assessing patient outcome.

4. Ethical frameworks and regulatory guidelinesfor Al use | homoeopathy.
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8.0 Conclusions

The Narrative synthesis indicates that Al serves as a powerful adjunct in
homoeopathic Materia Medica and Repertorial analysis by improving efficiency, accuracy
and educational outreach. However, Al cannot replace the halistic perception, empathy and
clinical intuition of atrained homoeopath. Future research should focus on ethically designed,
evidence-based clinical studiesintegrating Al while preserving homoeopathy’s philosophical
foundations.
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CHAPTER 13

Leveraging Artificial Intelligenceto Support SDG 4

Sonal Revankar*

ABSTRACT

This paper examines the transformative role of artificial intelligence (Al) in leveraging
education, particularly with respect to the United Nations’ Sustainable Devel opment Goal 4
(SDG 4), which aims to ensure inclusive and equitable quality education for all by 2030. It
highlights the potentia of Artificial intelligence (Al) to dismantle barriers that inhibit access
to quality education due to economic, geographic, and socia disparities. By utilizing
advanced technologies, such as natura language processing and machine learning, Al
enhances personalized learning experiences and improves educational accessibility for
diverse student groups across the globe. Furthermore, the study analyzes the implications of
Al-driven educational innovations, addressing both the opportunities and challenges they
present in achieving Sustainable Development Goal 4 of UNESCO. This exploration
underscores the necessity of integrating Al in educational frameworks to foster an inclusive
learning environment that promotes equity and quality in education worldwide. The paper
also covers the challenges and ethical considerations involved with the development of Al.

Keywords: SDG4; Artificia Intelligence; Sustainability.

1.0 Introduction

Education is a tool that liberates the intellectual and imagination process.
Accessihility to Education is a factor for economic development as it enables everyone to
make positive contribution to a healthy and functioning economy. It also provides wealth of
knowledge and greater opportunities for success. With the advancement of artificial
intelligence there is a breakthrough transformation in education system. Traditional systems
of education are being replaced by modern and integrated systems of education. Artificial
Intelligence has led to amajor disruption in the education system. It has paved way for more
individualized and adaptable learning by enhancing the accessibility of education across
various student groups with diverse needs.
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Al has opened the doors for opportunities and challenges and has the potentia to
completely transform our education system. Hence there is a scope to examine the role of
artificial intelligence towards achievement of sustainable Development Goa 4 of UNESCO.
The main purpose of SDG 4 i.e., Sustainable Development Goa of the United Nationsis to
ensureinclusive and equitable quality education for al by 2030. Education isone of the global
fundamental rights, yet millions of studentslack accessto quality education due to disparities
in economy, location, gender, disabilities etc. This paper analyses the role played by Al in
shaping the education system especialy with reference to Sustainable Development Goal 4.

2.0 Artificial Intelligence and Sustainable Development Goal 4

Artificial intelligence (Al) refersto the devel opment of computer systems capabl e of
performing tasksthat typically require human intelligence. Thesetasksinclude: Learning and
problem-solving, Visual perception and speech recognition, Decision-making and language
tranglation, Reasoning and planning. Al systems use algorithms, machine learning, and deep
learning techniques to process large amounts of data, identify patterns, and make predictions
or decisions. The field of Al encompasses various subfields, such as: Machine Learning:
Algorithms that improve their performance through experience, Natural Language
Processing: Enabling computers to understand and generate human language, Computer
Vision: Allowing machines to interpret and analyze visua information, Robotics: Designing
and programming machines to perform physical tasks.

Al applications are increasingly prevaent in variousindustries, including healthcare,
finance, transportation, and entertainment. Asthe technology continuesto advance, it hasthe
potential to revolutionize many aspects of human life and work. Sustainable Devel opment
Goal (SDG) 4 aimsto ensure inclusive and equitable quality education and promote lifedlong
learning opportunitiesfor all by 2030.This goal emphasizestheimportance of providing equal
access to education for al, particularly marginalized groups, to foster a more inclusive
society. Achieving SDG 4 requires concerted efforts at both international and national levels
to address barriers and create inclusive educational environments for al learners, especialy
those from vulnerable populations.

To effectively implement SDG 4, it is crucia to recognize that inclusive education
extends beyond mere access; it also encompasses the quality of educational experiences
provided to all students. This involves not only adapting curricula to meet diverse learning
needs but also ensuring that teaching methods are inclusive and supportive of students with
disabilities and other vulnerabilities. For instance, recent research highlights the importance
of utilizing technology and innovative pedagogical strategies to create accessible learning
environments that foster engagement and participation among all learners, particularly those
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facing health challenges(Argyriadi et al., 2024) (Ceresnova et.a., 2017) Furthermore,
systematic evaluations of existing educational policies are necessary to identify gaps and
barriers that persist, thereby facilitating targeted interventions that can enhance educational
equity and promote lifelong learning in accordance with the aspirations outlined in SDG 4
(Vindigni, 2024).

3.0 Raleof Artificial Intelligence in achieving Sustainable Development Goal 4

Al applications help advance SDG 4 by addressing key challenges in education:

o Personalized Learning: Al-powered systems can analyze a student’s learning patterns,
strengths, and weaknesses to create a customized curriculum. This allows students to
progress at their own pace, ensuring they fully grasp concepts before moving on. Thisis
especially beneficial for students who may fall behind in atraditiona classroom setting.

e Enhanced Accessibility and Equity: Al can help bridge the gap in education by providing
access to high-quality resourcesfor studentsin remote or underserved areas. Al tools can
offer multimodal language support, like real-time trangation and transcription, making
content more accessible for students with diverse linguistic backgrounds or disabilities.

o Teacher Support and Efficiency: Al can automate time-consuming administrative tasks,
such as grading quizzes and managing student records. This frees up teachers to focus on
more meaningful interactions, providing personalized guidance and fostering deeper
engagement with students.

e DataDriven Insights. Al can analyze educational data to identify students at risk of
falling behind or dropping out. This alows educators to intervene with timely and
targeted support, improving student outcomes and reducing inequalities.

e Lifelong Learning and Skill Development: Al platforms can provide flexible, on-demand
learning opportunities for adults and professionals, offering courses and resourcesto help
them acquire new skills and adapt to a changing job market.

4.0 Challenges and Ethical Considerations

While Al offers immense potential, its implementation in education also comes with
challenges that must be addressed to ensure its sustainable and equitable use:

e TheDigitd Divide: Without adequate investment in digital infrastructure and resources,
particularly in developing regions, Al-driven education could exacerbate existing
inequalities. Students without access to reliable internet, devices, and digita literacy
training will be left behind.
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Bias in Algorithms: Al models are trained on data, and if that data is biased, the
algorithms can perpetuate or even amplify existing socia and cultural biases. This can
lead to unfair or discriminatory outcomes, such as reinforcing stereotypes or providing
inadequate support to certain student groups.

Data Privacy and Security: The use of Al in education involves collecting vast amounts
of student data, raising significant concerns about privacy and security. Robust policies
and safeguards are essential to protect sensitive information from misuse or breaches.
Over-reliance and Dehumanization: Over-reliance on Al could diminish critical thinking
and problem-solving skills in students. It could also lead to a more isolated learning
experience, as the technology cannot replicate the empathy and personal connection
provided by human educators.

5.0 Conclusion

In conclusion, the integration of artificial intelligence in education holds significant

promise for advancing the United Nations’ Sustainable Development Goa 4 by enhancing
accessibility, personalizing learning experiences, and supporting educators. However, to fully
realize this potentia, it is imperative to address the accompanying challenges, such as the
digital divide and algorithmic bias, ensuring that Al serves asatool for equity and inclusion
in education for all.
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CHAPTER 14

A Study on Implementation of CAPM on Nifty 50 Stocks

Tanushree Sampgaonkar*

ABSTRACT

The Capital Asset Pricing Model (CAPM) is afundamental financial model that explains the
relationship between expected return and systematic risk of securities. It provides a
theoretical framework for pricing risky assets by linking their expected returnsto market risk,
measured through beta. The NIFTY 50 index, representing the performance of 50 large-cap
companies listed on the National Stock Exchange (NSE) of India, serves as a key benchmark
for the Indian equity market. This study examines the implementation and applicability of the
CAPM on selected NIFTY 50 stocks to analyze their risk—return dynamics and market
valuation. The primary objectives of the study are to evaluate the effectiveness of CAPM in
explaining the expected returns of NIFTY 50 stocks and to determine whether those stocks
are undervalued or overvalued by comparing CAPM-based expected returns with actual
market returns. The study also aims to assess the degree of systematic risk associated with
the selected stocks. The research methodology is based on secondary data collected from
reliable sources such as the National Stock Exchange, published financia databases, and
official market reports. Monthly returns of selected NIFTY 50 stocks, NIFTY 50 index
returns, and risk-free rates are used to estimate beta coefficients and expected returns under
the CAPM framework. Statistical and comparative analyses are employed to interpret the
results. The expected outcomes of the study suggest that CAPM provides meaningful insights
into the risk—return relationship of NIFTY 50 stocks. The findings are anticipated to indicate
whether the selected stocks are undervalued or overvalued, thereby offering practical
implications for investors, portfolio managers, and academicians in portfolio selection and
investment decision-making.

Keywords: Capital Asset Pricing Model (CAPM); NIFTY 50; Systematic Risk; Beta;
Expected Return; Stock Vauation; Indian Stock Market.

1.0 Introduction

A Study on Implementation of CAPM on NIFTY 50 Stocks is an analytical and
empirical research work that focuses on applying the Capital Asset Pricing Model (CAPM)
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to selected companies listed under the NIFTY 50 index in order to examine the relationship
between risk and return and to evaluate whether the returns generated by these stocks are in
alignment with the theoretical expectations proposed by CAPM, which states that the
expected return on a security is directly proportiona to its systematic risk as measured by
beta, and that investors are compensated only for market-related risk and not for unsystematic
risk, which can be diversified away, making this study highly relevant in the context of
modern portfolio theory and investment decision-making in the Indian capital market.

The study derives its importance from the fact that NIFTY 50 is India’s benchmark
index representing the top fifty large-capitalization companies across various sectors such as
banking, information technology, pharmaceuticals, energy, FMCG, and manufacturing,
thereby reflecting the overall performance and sentiment of the Indian stock market, and by
implementing CAPM on these stocks, the research attempts to provide insights into how
efficiently the Indian equity market prices risk and whether the theoretical assumptions of
CAPM hold true in real market conditions characterized by volatility, macroeconomic
changes, policy interventions, and investor behavior.

The title “A Study on Implementation of CAPM on NIFTY 50 Stocks” is carefully
structured to communicate the scope, methodol ogy, and rel evance of the research, where the
phrase “A Study” signifies a systematic, structured, and scholarly investigation, the term
“Implementation” highlights the practical application of a financial model rather than a purely
conceptual discussion, “CAPM?” indicates the use of a widely accepted and foundational asset
pricing model in finance, and “NIFTY 50 Stocks” specifies the sample universe and ensures
that the findings are grounded in a credible, diversified, and representative market index,
making the title appropriate for MBA finance projects, postgraduate dissertations, and
academic research papers.

The primary objective of the study is to calculate the expected return of selected
NIFTY 50 stocks using the CAPM formula and compare it with the actua return earned by
these stocks over a specific period, thereby identifying whether the stocks are undervalued,
overvalued, or fairly valued, while secondary objectives include measuring the beta of each
stock, understanding the impact of market movements on individual stock returns, analyzing
the risk-return trade-off, and providing investment insights based on CAPM scores.

The study is generally based on a secondary data research design, where historical
stock price data of selected NIFTY 50 companiesis collected from reliable sources such as
NSE, Yahoo Finance, or financial databases, market return is calculated using NIFTY 50
index values, and the risk-free rate is obtained from government treasury bills or RBI-notified
instruments, ensuring data reliability and consistency, while tools such as Excel, SPSS, or
Power Bl may be used for calculation and visualization purposes.
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The Capital Asset Pricing Model forms the theoretical backbone of the study and is
expressed through the formula Expected Return of a Stock equals Risk-Free Rate plus Beta
multiplied by the difference between Market Return and Risk-Free Rate, where the risk-free
rate represents the minimum guaranteed return available to investors, beta measures the
sensitivity of a stock’s return to market movements, and market return represents the overall
return of the market index, and through this formula, CAPM establishes alinear relationship
between expected return and systematic risk, emphasizing that higher risk should be
compensated with higher expected returns.

Beta plays a crucial role in the study as it quantifies the level of systematic risk
associated with each NIFTY 50 stock, where a beta greater than one indicates that the stock
ismore volatile than the market, a beta equal to one suggeststhat the stock movesin line with
the market, a beta less than one implies lower volatility, and a negative beta indicates an
inverse relationship with market movements, thereby allowing investors to classify stocks
based on risk profile and dign them with their risk tolerance and investment objectives.

The concept of the CAPM score or performance measure is central to the analysis, as
itiscalculated by comparing the actua return of a stock with its expected return derived from
CAPM, and this difference serves as an indicator of valuation efficiency, where a positive
CAPM score implies that the actual return exceeds the expected return, suggesting that the
stock is undervalued and may offer buying opportunities, a negative CAPM score indicates
that the actual returnislower than the expected return, suggesting overval uation and potential
selling or avoidance decisions, and a score close to zero reflects fair valuation, indicating that
the stock is correctly priced according to market risk.

The study further evaluates how CAPM scores can be used as a decision-making tool
for investors and portfolio managers by enabling them to identify stocks that provide superior
risk-adjusted returns, optimize portfolio allocation, and manage exposure to market risk,
while also highlighting theimportance of diversification in reducing unsystematic risk, which
CAPM assumes can be eliminated through proper portfolio construction.

From an academic perspective, the study contributes to existing finance literature by
testing the applicability of CAPM in the Indian stock market context, which is often
characterized by information asymmetry, regulatory changes, liquidity constraints, and
behavioral biases, and by analyzing NIFTY 50 stocks, the research provides empirical
evidence on whether CAPM assumptions such as efficient markets, rational investors, and
homogeneous expectations hold true in a devel oping economy like India.

The findings of such a study typically reveal that while CAPM provides a useful
framework for understanding the risk-return relationship, there may be deviations between
expected and actua returns due to factors such as company-specific events, macroeconomic
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shocks, interest rate changes, inflation, and investor sentiment, indicating that CAPM should
be used as a guiding modd rather than a definitive predictor of returns.

The practical implications of the study are significant, as it assists investors in
identifying mispriced stocks, supports informed investment decisions, enhances portfolio
performance evaluation, and aids financia analysts in risk assessment, while also helping
academicians and students understand the real-world application of financial theories.

However, the study also acknowledges certain limitations, including reliance on
historica data, assumption of market efficiency, exclusion of behaviora and macroeconomic
variables, and sensitivity of results to the chosen time period, which may affect the
generalizability of findings and suggest scope for future research using multi-factor models
such as APT or Fama-French models.

A Study on Implementation of CAPM on NIFTY 50 Stocks provides a
comprehensive analysis of how systematic risk influences stock returns in the Indian equity
market, demonstrates the relevance and limitations of CAPM in practical investment analysis,
and reinforces the importance of risk-adjusted performance evaluation in achieving optimal
investment outcomes, making it a valuable contribution to finance education, research, and
professional practice.

2.0 About CAPM

The Capital Asset Pricing Model (CAPM) is a quantitative financial model that is
empirically applied using historical market data to estimate the expected return of securities
based on their exposure to systematic market risk. In practical studies such as the
implementation of CAPM on NIFTY 50 stocks, the model relies on secondary dataincluding
historical stock prices, market index values, and risk-free interest rates to compute returns
and risk measures. The expected return under CAPM iscal cul ated using the formula Expected
Return = Risk-Free Rate + Beta x (Market Return — Risk-Free Rate), where therisk-free rate
is usually represented by Indian government treasury bills or RBI-notified securities, the
market return is derived from NIFTY 50 index returns, and beta is estimated through
regression analysis between individual stock returns and market returns.

From a data perspective, stock returns are calculated using periodic price changes,
typically on a daily, monthly, or yearly basis, while market returns are computed using
corresponding NIFTY 50 index values over the same time period to ensure consistency. Beta,
whichisthe most critical variablein CAPM, is derived by measuring the covariance between
stock returns and market returns divided by the variance of market returns, thereby indicating
how sengitive a particular NIFTY 50 stock is to overall market movements. A beta value
greater than one indicates that the stock is more volatile than the market, whereas a beta less
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than one suggests lower volatility, and this beta coefficient directly influences the expected
return calculated under CAPM.

When CAPM is applied to actual NIFTY 50 data, the expected return obtained from
the model is compared with the actua return earned by the stock during the study period, and
the difference between these two values forms the basis for eval uating stock performance. If
the actual return exceeds the CAPM-expected return, the stock is considered undervalued
according to the model, indicating that the investor is receiving higher returnsfor the level of
systematic risk undertaken. Conversely, if the actua return islower than the expected return,
the stock isregarded as overvalued, suggesting inefficient pricing or lower compensation for
risk. If both values are approximately equal, the stock is considered fairly valued.

Data-based CAPM analysis of NIFTY 50 stocks often reveals variation in expected
returns across sectors due to differences in beta values, as cyclical sectors such as banking,
automobiles, and metals typically exhibit higher beta values and higher expected returns,
while defensive sectors like FMCG and pharmaceuticals show lower beta values and more
stable expected returns. This sector-wise behavior highlights the importance of market
sengitivity in CAPM calculations and demonstrates how beta reflects underlying economic
and business risk captured through historical data.

Empirical results based on rea market data also show that while CAPM effectively
explains a portion of return variability through systematic risk, actual stock returns are
influenced by additional factors such as company-specific news, macroeconomic conditions,
interest rate changes, inflation, and investor sentiment, which are not directly captured by the
model. As aresult, deviations between actua and expected returns are commonly observed
in CAPM-based studies using NIFTY 50 data, especially during periods of high market
volatility. Overall, when evaluated using historical stock and index data, CAPM serves as a
practical benchmark model that links risk and return in a measurable manner, supports
valuation analysis, and aids investment decision-making, even though its explanatory power
may be limited in capturing all real-world market dynamics. Thus, data-driven
implementation of CAPM on NIFTY 50 stocks demonstrates both the usefulness and the
limitations of the model in the Indian equity market.

3.0 Literature Review

Sharpe, W. F.

Title: Capital Asset Prices: A Theory of Market Equilibrium under Conditions of Risk

Year: 1964

About: This study introduced the Capital Asset Pricing Model (CAPM) and explained the
relationship between expected return and systematic risk measured by beta, forming the
theoretical foundation for asset pricing studies.
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Lintner, J.

Title: The Vauation of Risk Assetsand the Selection of Risky Investmentsin Stock Portfolios
Y ear: 1965

About: Lintner validated CAPM by confirming that higher systematic risk leads to higher
expected returns, supporting the use of beta as akey risk indicator.

Fama, E. F. & French, K. R.

Title: The Cross-Section of Expected Stock Returns

Year: 1992

About: This study criticized CAPM’s ability to fully explain stock returns and suggested that
factors beyond betainfluence returns, highlighting limitations of CAPM.

Bhattacharya, B. & Mukherjeg, J.

Title: An Empirical Study of the Capital Asset Pricing Model in India

Y ear: 2002

About: The authors tested CAPM in the Indian market and found mixed results, indicating
partial applicability of CAPM due to market inefficiencies.

Rao, K. S & Kumar, R.

Title: Risk and Return Analysis of Indian Equity Market Using CAPM

Year: 2010

About: This study applied CAPM to Indian stocks and concluded that beta explains returns
to some extent but not completely, suggesting CAPM as a benchmark model.

Sivastava, A. & Mishra, P.

Title: Testing the Validity of CAPM in the Indian Stock Market

Year: 2018

About: The study found that CAPM works moderately well for NIFTY -based stocks but
recommended additional factors for better return prediction.

4.0 Objective

To determine whether selected NIFTY 50 stocks are overvalued or undervalued by
comparing their actual returns with the expected returns calculated using the Capital Asset
Pricing Model (CAPM).

Explanation

e If Actual Return > CAPM Expected Return — Stock is Undervalued
e If Actual Return < CAPM Expected Return — Stock is Overvalued

e If Actual Return = CAPM Expected Return — Stock is Fairly Valued
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5.0 Resear ch M ethodology

e Research Design: The study follows a descriptive and analytical research design, as it
describes the behavior of stock returns and analytically examines the relationship
between risk (beta) and return using the Capital Asset Pricing Model (CAPM) on NIFTY
50 stocks.

o Nature of Data: The study is based entirely on secondary data, as CAPM requires
historical stock prices, index values, and interest rates, which are obtained from published
and reliable financial sources.

o Population of the Study: The population includes all companies listed under the NIFTY
50 index, representing major sectors of the Indian economy and reflecting overall market
performance.

o Sample Selection: The sample consists of selected NIFTY 50 stocks, chosen based on
continuous availability of historical price data during the study period to ensure
consistency and accuracy in anaysis.

e Period of the Study: The study covers a specific and fixed time period (daily, monthly,
or yearly), which alows comparison of stock and market returns under similar market
conditions.

e Sources of Data: Data is collected from secondary sources such as the National Stock
Exchange (NSE), Yahoo Finance, and other authenticated financial websites, while the
risk-free rate is obtained from RBI publications or government treasury bill data.

e Variables Used in the Study: The study uses stock return as the dependent variable,
market return as the independent variable, beta as the measure of systematic risk, and
risk-free rate as a control variablein CAPM calculations.

e Toolsfor DataAnalysis: Analytical tools such as Microsoft Excel and Power Bl are used
for return calculations, beta estimation, regression analysis, and graphical representation
of results.

e Method of Calculating Return: Stock and market returns are calculated using historical
closing prices by applying standard return formulas to measure periodic price changes
accurately.

o Measurement of Beta: Betaiscal culated by analyzing the rel ationship between individual
stock returns and market returns using covariance and variance or regression methods,
indicating the sensitivity of stock returns to market movements.

e Application of CAPM: CAPM isapplied by computing the expected return of each stock
using the risk-free rate, beta, and market risk premium to estimate theoretica returns.

o Performance Evaluation: The actual return of each stock is compared with its CAPM-
expected return to eval uate whether the stock is underval ued, overvalued, or fairly valued.
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e Presentation of Results: The findings are presented through tables, charts, and graphs,
which help in easy interpretation and comparison of beta values and returns.

e Limitations of the Study: The study islimited by reliance on historical data, assumptions
of market efficiency, exclusion of non-market risk factors, and sensitivity of resultsto the
selected time period.

6.0 Data Analysis and I nter pretation

S. No. Company Name Actual Returns Expected Returns
1 COAL INDIA 3.26 5.87
2 TATA STEEL 3170 5.91
3 ASIAN PAINT 20.17 6.39
4 JSW STEEL 28.64 6.07
5 HINDALCO 49.54 6.09
6 TRENT -39.46 4.90
7 ULTRACEMCO 2.94 7.20
8 HINDUNILVR -0.27 6.05
9 SBIN 23.83 6.11
10 TATACONSUM 29.52 6.08
11 ICICIBANK 4.62 6.06
12 TCS -22.04 5.01
13 ADANIENT -12.34 5.34
14 NESTLEIND 18.75 6.05
15 SBILIFE 45.31 6.55
16 GRASIM 15.84 6.37
17 BHARTIARTL 31.95 6.44
18 ADANIPORTS 20.60 6.37
19 TITAN 2451 6.66
20 HDFCLIFE 21.49 6.05
21 MARUTI 48.97 10.96
22 ONGC 145 5.86
23 RELIANCE 25.59 6.25
24 NTPC -1.23 5.80
25 DRREDDY -7.13 5.89
26 WIPRO -12.33 5.81
27 BAJAJFINSV 29.40 6.21
28 JIOFIN -3.12 5.97
29 POWERGRID -14.76 5.85
30 SUNPHARMA -9.01 5.87
31 KOTAKBANK 23.08 591
32 HCLTECH -15.10 5.79
33 ETERNAL 0.56 5.98
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34 ITC -11.97 584
35 AXISBANK 18.44 6.14
36 M&M 20.35 6.97
37 TECHM -6.66 5.85
38 APOLLOHOSP -4.44 7.16
39 INDIGO 10.09 7.42
40 LT 11.34 6.70
41 CIPLA -1.16 5.96
42 MAXHEALTH -8.29 6.01
43 BEL 35.96 6.06
44 HDFCBANK 11.48 6.06
45 SHRIRAM 70.66 6.12
46 EICHEMOT 49.68 8.29
47 BAJAJAUTO 6.89 6.97
48 BAJFINANCW 42.48 6.12
49 TMPV -19.01 5.82
50 INFY -14.19 5.61
NIFTY 50 2
M Actual Returns M Expected Returns S
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Source: Nifty 50

Interpretation: The CAPM anaysis conducted on selected NIFTY 50 stocks

compares the actual returns generated by the stocks with the expected returns estimated using
the Capital Asset Pricing Model in order to evaluate their vauation and risk-adjusted
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performance. The results indicate that several stocks such as Tata Steel, Asian Paints, JSW
Sted, Hindalco, State Bank of India, Tata Consumer Products, Nestle India, SBI Life
Insurance, Axis Bank, Mahindra & Mahindra, Bharat Electronics Limited, Shriram Finance,
Eicher Motors, and Bgjgj Finance have generated actual returns that are significantly higher
than their expected returns, suggesting that these stocks were undervalued according to
CAPM during the study period and provided higher compensation for the level of systematic
risk undertaken by investors.

In contrast, stocks including Coal India, Trent, UltraTech Cement, Hindustan
Unilever, ICICI Bank, TCS, Adani Enterprises, Tech Mahindra, Apollo Hospitals, Cipla, Max
Healthcare, Tata Motors PV, and Infosys recorded actual returns lower than the CAPM-
predicted returns, indicating that these stocks were overvalued and underperformed relative
to their market risk. Some stocks such as Indigo, Larsen & Toubro, HDFC Bank, and Coal
India exhibited only marginal differences between actual and expected returns, implying that
they were fairly valued and closely aligned with CAPM expectations. The analysis further
reveals that stocks from metal, banking, automobile, and financial services sectors largely
outperformed CAPM predictions, whereas IT, FMCG, and healthcare sector stocks showed
relatively weaker performance during the study period. The presence of significant deviations
between actua and expected returns highlights the limitation of CAPM in fully explaining
stock return behavior in the Indian equity market, as factors such as macroeconomic
conditions, sectoral trends, and firm-specific devel opments al so influence stock performance.
Overdl, the interpretation of the results suggests that while CAPM serves as a useful
benchmark model for evaluating risk and return, it does not provide a complete explanation
of stock price movements and therefore should be used in conjunction with other financial
and fundamental analysistools for effective investment decision-making.

7.0 Finding and Suggestion

7.1 Findings

1. TheCAPM analysispartially explainsthe relationship between risk and return for NIFTY
50 stocks, as deviations between actua returns and expected returns are observed.

2. Stocks from banking, financia services, automobile, and metal sectors showed actual
returns higher than CAPM-expected returns, indicating undervaluation and better risk-
adjusted performance.

3. Stocks from IT, FMCG, and hedthcare sectors recorded actual returns lower than
expected returns, suggesting overvaluation during the study period.

4. Some stockshad minimal differences between actual and expected returns, indicating fair
valuation and alignment with CAPM predictions.
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5. Beta aone is insufficient to fully explain stock return behavior, as market anomalies,
sectoral trends, and firm-specific factors also influence performance.

6. CAPM serves as a useful benchmark for evaluating systematic risk, but its predictive
power in the Indian equity market is limited.

7.2 Suggestions

1. Investors should use CAPM as a preliminary tool for assessing risk and expected return,
not as the sole basis for investment decisions.

2. CAPM anaysis should be combined with fundamental analysis, technical indicators, and
sectoral evaluation for better decision-making.

3. Portfolio managers should diversify across sectors to reduce unsystematic risk and
improve overal portfolio performance.

4. Future research should incorporate multi-factor models such as the Fama-French model
or Arbitrage Pricing Theory to enhance explanatory power.

5. Analysts should consider longer study periods and varying market conditions to increase
the robustness of results.

6. Policymakers and academicians can use such studies to understand the behavior of asset
pricing models in emerging markets like India.

8.0 Conclusion

The present study concludes that the Capital Asset Pricing Model (CAPM) provides
auseful theoretical framework for understanding the rel ationship between systematic risk and
expected return in the Indian equity market, particularly for NIFTY 50 stocks. By comparing
actual returns with CAPM-based expected returns, the study identifies whether selected
stocks are undervalued, overvalued, or fairly valued, thereby offering meaningful insights
into stock valuation and risk-adjusted performance.

The analysis reveals that several stocks, especialy from the banking, financial
services, automobile, and metal sectors, generated actua returns higher than their CAPM -
expected returns, indicating undervaluation and superior risk-adjusted performance during
the study period. On the other hand, stocks from IT, FMCG, and healthcare sectors recorded
actual returns lower than expected, suggesting overvaluation and weaker performance
relative to their systematic risk. A few stocks showed close alignment between actual and
expected returns, reflecting fair valuation as per CAPM.

The study aso highlights that while beta is an important measure of market risk,
CAPM aoneisnot sufficient to fully explain stock return behavior in the Indian stock market.
Deviations between actual and expected returns indicate the influence of additional factors
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such as macroeconomic conditions, sector-specific trends, company fundamentals, and
investor sentiment, which are not captured by the model.

Overdl, the study concludes that CAPM is an effective benchmark model for
evaluating risk and return but should be used in combination with other analytical tools for
sound investment decision-making. The findings emphasize the importance of
diversification, comprehensive anaysis, and cautiousinterpretation of CAPM results, making
the study valuable for investors, portfolio managers, academicians, and future researchersin
the field of finance.
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