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Abstract:

The conventional credit score locks out the informal SMEs in the industrial belts of Pune such as
Bhosari because of the unaudited financial statements. The AIS models provide an Alternative Data

Scoring, which depends on non-conventional indicators such utility payments. The traditional scoring is
beaten by Al-based models (XGBoost) by 22 percent in default risk prediction. AUC for the Al model
reached 0.89. The loan disbursement rates in Pune went up by 35%. The machine learning-based scoring
is revolutionary to the business in Pune, as long as the bias of the algorithm is addressed.

Keywords: AI-Driven Credit Scoring, Informal SMEs, Alternative Data, Credit Default Risk, Machine
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Introduction:

There is a silent revolution in the
allocation of capital that is taking place in the
industrial corridors of Pune, in the automotive
ancillaries of Chakan, as well as the service
clusters of Viman Nagar. By 2026, the
dependence on the so-called CIBIL Score is being
complemented by the advanced Artificial
Intelligence (AI) algorithms that will be able to
read the health of a business based on its digital
exhaust (RBI, 2025). To a small company in Pune
that operates on cash and UPI, and yet does not
have the formal GST filing, the first three years of
existence is a fortress to the traditional banking.
This situation places a bottleneck on the system
of a city that makes a major contribution to the
GDP of Maharashtra.

The trends in the Fintech lending indicate
that the new collateral is the Alternative Data.
Although we are aware of the fact that Al is

capable of working with enormous volumes of

unstructured data, it is still unclear how these
models work in the context of the Informal
Manufacturing sphere of Pune, in particular. The
constructs of the research are as follows: Al-
Model Precision (Independent Variable), Loan
Approval Rates (Dependent Variable), and Credit
Default Risk (Outcome Variable). This paper is
one of those that fill the gap between the global
Al theory and the local business reality by
discussing the Pune Metropolitan Region.

The rationale behind this research is that
there is a gap in funding SMEs that is still a major
challenge to the decentralized manufacturing
units in Pune. There are theoretical gaps in the
knowledge of the Black Box nature of Al in
which lenders are not always able to tell why the
loan has been turned down. The previous
literature has paid considerable attention to the
consumer credit, but the specifics of the B2B
informal trade within a Tier-1 Indian city are not

researched extensively. When it comes to this
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problem it may free billions of the frozen capital
and small-scale engineers in Pimpri can upgrade
to automated equipment.

The unexplored part of this topic is the
Inconsistency of the Digital Signals in the
informal sector. As an example, the number of
UPI transactions could be very high, and this
could indicate an increase in business or it could
be just a change in the way of payment. This
brings out a gap in the literature that remains
unaddressed: the Validity of Non-Traditional
Signals. This paper aims to complete the debate
on whether Al can actually differentiate the
Transacting and Earning in this informal economy
of the industrial clusters of Pune.

The Information Asymmetry Theory and
the Signal Theory form the theoretical basis of
this study. Through the application of an Al
perspective, this paper will aim to show that the
theory of technology can narrow the information
gap between the lenders and borrowers. The
research will compare the accuracy of the Al-
based scores as predictors with the traditional
banking metrics and will measure the socio-
economic value of the improved access to credit.
The end result is to build a more accommodating
credit ecosystem.

Finally, the study addresses its objectives
to determine how machine learning algorithms
are effective in predicting the default of the thin-
file borrowers. It attempts to give an empirical
finding of the Precision-Inclusion trade-off where
improved models may result in the expanded
financial access. Through the particular industrial
composition of the city of Pune, the study will
offer practical recommendations to the local
NBFCs as well as the digital lenders who are
interested in exploiting the Indian Economy’s
Missing Middle.

Literature Review and Gaps in Research:
Shifting linear models with Machine
Learning (ML) in credit risk has been reported in
studies such as Mishra and Pradhan (2024) who
suggest that a non-linear models have a higher
ability to capture the chaos of the informal

markets.

Research Gaps:

1. Model Specificity: The majority of Al credit
models are Generalist. It does not have
research on the weights in terms of the
Industry-Specific ~ between  the  auto-
component and the IT-service SMEs in Pune.

2. Psychometric Gap: Al scoring involving the
use of the behavioural data is taking off, and
its legal position is not well established in

India.

Objectives of the study:

1. To find out how Al-based credit scoring
compares with conventional credit scoring
tools in predicting SME default risk.

2. To analyse the association between the variable
of the alternative data and the SME
repayment behaviour.

3. The objective of the research was to
understand how Al-based credit scoring
influences the rate of loan issuance in the

industrial areas of Pune.

Hypothesis of the study:
1. Hypothesis: Model Superiority (Core
Hypothesis)

HO: Al-based credit scoring does not significantly
differ with the traditional credit scoring in
predicting the SME default risk.

H1: Credit scoring that occurs through Al is much
accurate in predicting compared to the
conventional credit scoring.

2. Hypothesis 2: Alternative Data/ Repayment
Relationship.
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HO: An alternative data variable is not
substantially correlated to SME repayment Research Methodology:

behaviour.
H1: The SME repayment behaviour has a strong
positive correlation with the alternative data
variables.
3.
HO: The use of Al-based credit scoring does not

Hypothesis 3: Effect on Loan Approval Rate.

have a pronounced effect on raising the rate of
loan approvals among informal SMEs.

HI:
enhances the level of loan approvals among the
informal SMEs.

When used as credit scoring, Al greatly

A Quasi-Experimental Design examined a sample
of 1,200 loan applications of NBFC in Pune. An
XGBoost Al Model that included 150+ other
variables (utility payments, social footprints etc.)
was used to evaluate the experimental group and
ROC/AUC
correlations in SPSS v29.

analyze curves and repayment

Data Analysis:
Table 1: Descriptive Statistics of SME Borrowers
Feature Mean Median || Std. Dev
Monthly UPI Volume (%) 1,45,000 95,000 55,000

Interpretation: The average informal SME in the
study operates with a relatively low monthly

digital volume, suggesting that there is a

Table 2: Traditional

significant portion of their business remains in
cash hence, necessitating "Alternative Data" to

complete the credit profile.

vs. Al Model Performance

Metric |[|[Traditional Score

Al-Driven Score|Improvement (%)

Accuracy 71.5%

89.2% +17.7%

Interpretation: The Al-driven score shows a
massive 17.7% improvement in the accuracy,

proving that the modern algorithms are far better

at decoding the financial health of SMEs than

static banking forms.

Table 3: Correlation: Alternative Data vs. Repayment

Variable Repayment UPI Vol Bill Consistency
Repayment 1.00 0.62%%* 0.55%*
Interpretation: "Bill Consistency” (utility business owner manages the fixed obligations is a

payments) shows a very strong correlation with

the repayment ($0.558), confirming that how a

high-fidelity signal of credit intent.
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Table 4: Regression Weights for Al Model (XGBoost)
Feature Name Weight t-stat p-value
Transaction Velocity 14.22 <.001

Interpretation: Transaction velocity of the

frequency and speed of the account movements is

the most significant predictor and outperforming

static balance sheet metrics.

Table 5: Approval Rate Changes by Ward

‘Ward Cluster Pre-Al (%)

Post-Al (%) Delta (%)

Bhosari (Ind.) 22%

48% +26%

Interpretation: The industrial ward of Bhosari
saw the most significant jump in the approvals,
proving that Al is unlocking capital for the

manufacturing units that were previously "Credit

Invisible."

Table 6: Hypothesis Validation

Hypothesis Test

p-value Result

$H_1$

ROC Analysis

0.001 Accepted

Interpretation: The p-value of 0.001 confirms
that the Al model is statistically superior to the
traditional systems in predicting borrower

behaviour.

Results and Discussion:

The first outcome of this study is the
authentication of Al as a means of financial
democratization. The Al model has managed to
find the "High-Potential" SMEs in Pune that are
overlooked by the traditional banks as they did
not meet the strict criteria of the collateral. This is
an indication that behavioural patterns in the
informal economy are more predictive than
physical assets in predicting the credit intent.
Secondly, the research discovered that the score
of an SME is highly affected by the "Locational
Cluster" of the particular SME. The SMEs in the
existing MIDC clusters in the Al model were also
found to have higher scores in the category of
Social Trust most probably because of the
interdependence of supply chains. It is a new

discovery in the Pune business environment.

Lastly, the danger of the so-called
Algorithmic Exclusion has to be brought up.
Although the AI model itself is efficient, it
benefits the digital active companies. It runs a risk
of further exclusion of the traditional workshops
in Pune. To provide ethical lending, Al innovation

should be accompanied by the human control.

Conclusion:

This study ends by noting that the Al-
based credit rating is no longer a dream of the
future but a current requirement of the industrial
development of Pune. The Key Findings reveal
that the approvals of the loans have risen by 35
percent, which proves that the Alternative Data
can be effective to bridge the SME financing gap.
The algorithmic precision is being used in the
"Problem Statement" of the credit invisibility to
facilitate the influx of capital to the productive
core of the city informal sector. The implications
on the banking industry and the SMEs are
immense. By switching to the granular data sets,
lenders will be able to lower their NPLs, and

small business owners will be motivated to move

4
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their business online. But, the research notes that
the limitation in the form of the Data
Homogeneity because the model was trained on
the industrial data only and it may not fit the
service and agriculture-related sectors of Pune in
equal measure.

In the future, Future Work may consider
discussing Future work: Explainable Al (XAI) to
enable the borrowers to know their scores and
enhance their financial results. With Pune
becoming a manufacturing hub in the global
market, the incorporation of Al in business will be
the key to the stagnant development versus a
dynamic, all-embracing economy. Finally, the
research confirms that the technology is fulfilling
the needs of the local industrial intelligence, the
outcome is a more stable and successful business

ecosystem of everybody.
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Abstract:

The rapid growth of electric mobility in urban India has accelerated the development of supporting
charging infrastructure. Among gig-economy workers such as food delivery riders and logistics couriers,
operational efficiency and energy replenishment speed play a critical role in determining vehicle
productivity. This study investigates consumer perceptions toward two prominent electric vehicle energy
solutions—battery swapping and fast-charging stations—among gig-economy electric two-wheeler users in
Pune city. The research adopts a quantitative approach using primary data collected from 100 delivery
partners operating across major commercial zones of Pune. A structured questionnaire based on a five-
point Likert scale was used to evaluate perceptions related to time efficiency, operational cost, accessibility,
and battery reliability. Statistical techniques including descriptive analysis, paired sample t-test, and
Wilcoxon signed rank test were applied to compare perceptions between the two infrastructure models. The
findings reveal that battery swapping systems are perceived as significantly more time-efficient than fast
charging, primarily because they eliminate waiting time associated with charging cycles. However, the
results also indicate that users express stronger trust in the reliability and health of personally owned
batteries compared to swapped batteries. The study highlights the importance of transparent battery health
monitoring systems and standardized battery certification to strengthen consumer confidence in Battery-as-
a-Service platforms. The findings contribute to policy discussions and infrastructure planning for electric
mobility in urban India, particularly in cities with expanding gig-economy transport demand.

Keywords: Electric Vehicles, Battery Swapping, Fast Charging Infrastructure, Gig Economy Mobility,
Battery-as-a-Service, Pune City

Introduction:

The global transition toward sustainable
transportation has intensified in recent years due
to increasing concerns regarding environmental
pollution, fossil fuel dependency, and climate
change. Electric vehicles (EVs) have emerged as
a viable alternative to internal combustion engine
vehicles because of their lower emissions and
improved energy efficiency. Governments across
the world have introduced supportive policies to
encourage the adoption of electric mobility and
accelerate the development of charging
infrastructure (Sovacool et al., 2019).

India has also witnessed a significant
transformation in its electric mobility ecosystem.
Government initiatives such as the Faster
Adoption and Manufacturing of Electric Vehicles
(FAME) scheme and state-level EV policies have
encouraged manufacturers and startups to invest
in electric mobility solutions. Urban centers with
strong economic activity and technological
ecosystems are experiencing faster EV adoption
compared to other regions.

Pune city represents one of the leading
hubs for electric vehicle adoption in western
India. The city has a large concentration of
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technology firms, automobile industries, and
service sector enterprises, which collectively
contribute to increased mobility demand. At the
same time, Pune has experienced a rapid
expansion of the gig-economy workforce,
particularly in sectors such as food delivery,
courier services, and e-commerce logistics.

For gig-economy workers, vehicle
efficiency is directly linked to income generation.
Delivery riders typically operate their vehicles for
extended hours each day and must complete a
high number of trips to maintain financial
stability. In such situations, minimizing downtime
becomes essential. Traditional charging methods
often require riders to wait for extended periods
while their batteries recharge, which can
significantly reduce productivity.

To address this challenge, new
infrastructure models have emerged in the electric
mobility ecosystem. Two prominent energy
replenishment systems are currently competing in
urban markets. The first model involves fast-
charging stations that allow vehicles to recharge
using high-capacity direct current charging
systems. The second model involves battery
swapping stations where depleted batteries can be
replaced instantly with fully charged ones.

Battery swapping operates under the
concept of Battery-as-a-Service (BaaS), where the
user does not own the battery but instead
subscribes to a service that provides access to
charged batteries. This model reduces vehicle
downtime and lowers the upfront cost of EV
ownership. However, it also raises questions
regarding battery quality, maintenance standards,
and reliability.

Despite the rapid expansion of these
infrastructure systems, limited academic research
has explored how gig-economy workers perceive
the relative advantages and disadvantages of these
two models. Understanding these perceptions is
important because the success of electric mobility

infrastructure depends not only on technological
availability but also on user trust and operational
practicality.

This study therefore examines the
comparative perception of battery swapping and
fast-charging infrastructure among gig-economy
EV users in Pune city. The research focuses on
two critical dimensions: operational efficiency
and battery reliability. By analyzing the
experiences of delivery workers who depend
heavily on electric vehicles for their daily income,
the study provides insights into the infrastructure
models that best support commercial electric

mobility.

Literature Review:

The adoption of electric vehicles has been
widely studied from technological, economic, and
environmental perspectives. Infrastructure
availability remains one of the most important
factors influencing EV adoption decisions.
Several studies indicate that the accessibility and
reliability of charging infrastructure directly affect
consumer willingness to transition from
conventional vehicles to electric mobility
(Rezvani et al., 2015).

Fast-charging infrastructure has
traditionally been considered the primary solution
for EV energy replenishment. Technological
advancements have enabled high-capacity direct
current chargers capable of significantly reducing
charging time. According to Smit and Joshi
(2025), ultra-fast charging technologies can
provide substantial energy within a short period,
making them suitable for urban mobility
environments. However, even advanced fast-
charging systems still require waiting periods,
which may limit their practicality for commercial
fleet operators.

Battery swapping has emerged as an
alternative approach designed to eliminate

charging downtime. Instead of waiting for a
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battery to recharge, users can replace their
depleted battery with a fully charged one at a
swapping station. Research by Zhang et al. (2022)
suggests that battery swapping systems can
significantly reduce operational downtime and
improve vehicle utilization rates.

The concept of Battery-as-a-Service has
also gained attention in the electric mobility
sector. Under this model, consumers purchase
electric vehicles without batteries and subscribe
to battery access services. This reduces the initial
purchase cost of EVs and shifts battery ownership
to infrastructure providers (Wang et al., 2020).

In densely populated urban environments,
battery swapping may offer practical advantages.
Gunjan (2026) observes that compact battery
swapping kiosks require less physical space than
large charging stations, making them suitable for
cities with high population density and limited
infrastructure space.

Battery swapping also presents certain
challenges. Standardization of battery design
across different vehicle manufacturers remains a
major technical barrier. Additionally, users often
express concerns about the quality and lifespan of
shared batteries within swapping networks
(Narayan & Kumar, 2023).

From a behavioral perspective, user trust
plays an important role in infrastructure adoption.
Studies show that consumers are more likely to
adopt new technologies when they perceive them
as reliable and economically beneficial (Ajanovic
& Haas, 2020). In the gig-economy sector, where
mobility efficiency directly affects income
generation, these perceptions become even more
critical.

Although existing studies have explored
EV infrastructure and consumer adoption
patterns, several gaps remain in the literature.
First, most studies examine electric mobility at a
national or global level, with limited focus on
localized urban ecosystems such as Pune. Second,

many studies analyze fast-charging and battery
swapping independently rather than comparing
the two systems using the same user sample.
Third, there is limited empirical research
examining how gig-economy workers perceive
operational efficiency and battery reliability
across these infrastructure models. Addressing
these gaps can provide valuable insights into the
infrastructure solutions most suitable for urban

electric mobility systems.

Objectives of the Study:

1. To compare the perceived time efficiency of
battery = swapping and  fast-charging
infrastructure among EV delivery partners in
Pune city.

2. To evaluate the perceived cost and operational
benefits of battery swapping compared with
fast charging.

3. To examine the level of consumer trust in
battery reliability between owned batteries

and swapped batteries.

Hypotheses:

H1: There is a significant difference in perceived
time efficiency between battery swapping and
fast-charging infrastructure.

H2: Consumer trust in battery health differs
significantly between owned batteries and

swapped batteries.

Research Methodology:

The study adopts a quantitative research
design based on primary data collected from gig-
economy electric vehicle users in Pune city. A
total of 100 delivery partners operating electric
two-wheelers were selected as respondents using
convenience sampling across major commercial
zones including Kothrud, Wakad, Hadapsar,
Camp, and Baner. Data were collected using a
structured questionnaire based on a five-point
Likert scale measuring perceptions related to time
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efficiency, accessibility,
reliability, and battery health trust. The collected

data were analyzed using SPSS

operational  cost,
statistical
software. Descriptive statistics were used to
characteristics  and

summarize  respondent

infrastructure preferences. Inferential statistical

Data Analysis and Interpretation:

tests including the paired sample t-test and
Wilcoxon signed rank test were applied to
determine whether significant differences exist

between the two infrastructure models.

Table No-1 Age Table 2: Preferred Energy Table 3: Perceived Time
Replenishment Method Efficiency
Age | Frequency | % Infrastructure | Frequency % | Infrastructure | Mean | SD
Type Type
20-25 29 29 Battery 64 64 Battery 4.38 | 0.65
Swapping Swapping
26-30 41 41 Fast Charging 36 36 Fast 2.74 | 0.82
Charging

31-35 20 20

Above
10 10
35
Table 4 Paired Sample t-Test (Time Table S Trust in Table 6 Wilcoxon
Efficiency) Battery Reliability Signed Rank Test
(Battery Trust)
Comparison Mean t df | Sig | Battery Mean Battery V4 Sig
Difference | value type Trust | Value

Swapping 1.64 7.01 |99 |.00 | Owned 4.05 Owned | 3.52 | .001

vs Charging Swapped | 3.25 \&
Swapped

The demographic profile of the
respondents indicates that the majority of electric
vehicle users participating in the study belong to
the younger working population engaged in gig-
economy activities. A large proportion of
respondents fall within the 2630 years age group
(41%), followed by 20-25 years (29%), 31-35
years (20%), and above 35 years (10%). This
distribution suggests that the gig-economy EV
workforce in Pune is largely dominated by young
individuals who are more receptive to
technological innovations and alternative mobility
solutions. When examining the preferred energy

replenishment method, the findings reveal that 64

percent of respondents prefer battery swapping,
while 36

infrastructure. The

percent  prefer  fast-charging

preference for battery
swapping can be attributed to its operational
advantages, particularly the ability to replace
depleted batteries quickly and continue deliveries
without extended waiting time.

Further analysis of perception scores
shows a significant difference in the perceived
time efficiency of the two infrastructure models.
Battery swapping recorded a higher mean score
(4.38) charging (2.74),

indicating that users strongly perceive swapping

compared to fast

systems as more efficient in minimizing

downtime. The paired sample t-test results

9
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support this observation, with a mean difference
of 1.64 and a significance value below 0.05,
confirming a statistically significant difference in
perceived time efficiency. At the same time, the
results indicate that respondents demonstrate
greater trust in the reliability of owned batteries
(mean = 4.05) compared to swapped batteries
(mean = 3.25). The Wilcoxon Signed Rank Test
further confirms this difference with a significant
Z value of 3.52, indicating that trust levels
between the two battery types differ significantly.
While battery swapping is perceived as more
time-efficient and operationally beneficial for gig-
economy workers, concerns regarding battery
reliability and maintenance remain an important

factor influencing user perceptions.

Hypothesis Validation:

H1: Accepted — Battery swapping is significantly
more time efficient than fast charging.

H2: Accepted — Trust in battery reliability differs
significantly between owned and swapped

batteries.

Results and Discussion:

The findings of the study highlight
important insights regarding electric mobility
infrastructure preferences among gig-economy
workers in Pune city. One of the most notable
observations is the strong preference for battery
swapping infrastructure due to its ability to
minimize operational downtime. Delivery
partners operating in high-demand urban
environments depend heavily on quick turnaround
times in order to maximize the number of
deliveries completed during working hours.
Battery swapping systems allow riders to replace
discharged batteries within a few minutes,
enabling them to continue their work without
interruption.

Another significant finding relates to the

economic and operational implications of the two

infrastructure models. Battery swapping services
often operate through subscription-based systems
that eliminate the need for users to purchase
expensive batteries. This reduces the initial
investment required to enter the electric mobility
ecosystem. For gig-economy workers who may
have limited financial resources, such models can
lower the barrier to EV adoption.

Despite these advantages, the study also
reveals an important concern among EV users
regarding the reliability of swapped batteries.
Many respondents expressed greater confidence
in batteries they personally own and maintain.
This perception suggests that users associate
personal ownership with better control over
battery condition, charging habits, and long-term
performance.

Furthermore, the results indicate that trust
plays a critical role in the adoption of battery
swapping systems. While operational efficiency
attracts users toward swapping infrastructure,
concerns regarding battery lifecycle, maintenance
standards, and potential degradation may
influence long-term acceptance. Infrastructure
providers must therefore address these concerns
through transparent monitoring mechanisms.

Startups operating battery swapping
networks may benefit from integrating digital
battery health monitoring systems into their
mobile applications. Such systems could display
battery performance metrics, usage history, and
certification indicators that assure users of battery
reliability. By improving transparency and
standardization, infrastructure providers can
strengthen user confidence and encourage broader

adoption of battery swapping services.

Conclusion:

The growth of electric mobility in urban
India requires efficient and reliable infrastructure
systems capable of supporting diverse mobility
needs. This study examined consumer perceptions

10
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toward battery swapping and fast-charging
infrastructure among gig-economy EV users in
Pune city.

The findings

swapping offers significant advantages in terms of

indicate that Dbattery
operational efficiency, particularly for delivery
workers who rely on continuous vehicle usage.
Instant battery replacement allows riders to
minimize downtime and maintain productivity
throughout the day. As a result, battery swapping
appears to be highly suitable for commercial
electric mobility applications.

The study also identifies trust-related
challenges associated with shared battery
systems. Users demonstrate stronger confidence
in the reliability and performance of personally

owned batteries compared to swapped batteries.

Addressing  these concerns will require
standardized battery management practices,
transparent monitoring systems, and clear

communication regarding battery health and
maintenance protocols.

Both infrastructure models play important
roles in the evolving electric mobility ecosystem.
While fast charging may remain suitable for
private EV owners and long-distance travel,
battery swapping appears particularly beneficial
for high-utilization commercial vehicles operating

in dense urban environments such as Pune.

References:

1. Ajanovic, A., & Haas, R. (2020). Economic
prospects for battery electric vehicles. Energy
Policy.

2. Gunjan, P. (2026). Urban EV infrastructure
development in Indian cities. Journal of
Sustainable Mobility.

10.
11.

12.

13.

14.

15.

. Li, S., Tong, L., Xing, J., & Zhou, Y. (2021).

Electric vehicle adoption patterns. Energy
Economics.

. Narayan, S., & Kumar, V. (2023). Electric

mobility transition in India. Transport Policy.

. Rezvani, Z., Jansson, J., & Bodin, J. (2015).

Consumer adoption of electric vehicles.

Transportation Research.

. Smit, R., & Joshi, A. (2025). Ultra fast

charging technology development. Energy
Reports.

. Sovacool, B., Axsen, J., & Kempton, W.

(2019).
Energy Policy.

Electric vehicle policy analysis.

. Wang, Y., Tang, B., & Li, J. (2020). Battery

swapping technology development. Energy

Storage Journal.

. Zhang, X., Xiong, R., & Shen, W. (2022).

Battery swapping systems for electric
vehicles. Applied Energy.

IEA. (2024). Global electric vehicle outlook.
Kumar, R., & Singh, P. (2024). Urban EV
adoption behavior. International Journal of

Transport Studies.

Patil, S., & Deshpande, R. (2024). Charging
infrastructure planning. Energy Systems
Journal.

Sharma, V., & Gupta, N. (2023). Gig

economy mobility patterns. Urban Transport
Review.

Joshi, M., & Patankar, A. (2023). Battery as a
service models. Energy Economics Review.
Bhardwaj, M. (2022).

transition in developing economies. Energy

Electric mobility

Strategy Reviews.

11



International Journal of Advance and Applied Research
www.ijaar.co.in

ISSN - 2347-7075 Impact Factor - 8.141
Peer Reviewed Bi-Monthly
Vol. 7 No. 23 March - April - 2026

The Environmental Cost of Innovation: Balancing Corporate Carbon Neutrality

Objectives with Al Integration

Dr. Wafiya Wahid
Assistant Professor and Research Guide, Department of Commerce, Poona College of Arts, Science &
Commerce Savitribai Phule Pune University Pune -1, India.
Corresponding Author — Dr. Wafiya Wahid
DOI - 10.5281/zenod0.19367975

Abstract:

As companies quickly integrate Generative Al (GenAl) into their core operations, there is a
fundamental contradiction between technical advancement and Environmental, Social, and Governance
(ESG) duties.With an emphasis on training versus inference energy consumption, this article examines the
extent of Al's carbon footprint and assesses the adequacy of current carbon-neutrality measures. We
anticipate that daily Al inference currently accounts for 88% of total Al-related energy use, requiring a
change from training-focused mitigation to real-time operational optimization, based on an analysis of
simulated energy consumption data from 50 top tech and finance organizations (2023-2026). According to
our research, businesses that used "Carbon-Aware Scheduling" decreased their Scope 2 emissions linked to
Al decreased by an average of 22% during the same time period, but those who merely used carbon offsets
experienced an effective reduction of 5%. Our "Green AIl" architecture emphasizes algorithmic and
infrastructure efficiency for sustainable implementation.

Keywords: Green Al, Digital Decarbonization, Inference-Phase Emissions

Introduction: Objectives of the Study:

Al workloads are estimated to account for 1. To Evaluate the Energy Surge: To calculate
25% (262.5 TWh) of the worldwide data center the overall rise in carbon emissions and
electricity consumption, which is predicted to electricity use that happens when a
reach approximately 1,050 TWh in 2026. This corporation incorporates artificial
puts Al's energy demand on par with that of intelligence into its routine operations.
countries like Australia. The "Green-in-Al" 2. To Compare Creation vs. Usage Costs: To
(infrastructure) cost is often underreported, even ascertain whether the initial energy cost of
while Al offers "Green-by-Al" solutions, such as developing the Al (training) in a corporate
streamlining logistics for a multinational shipping context is less than the long-term energy
company that claimed a 12% decrease in fleet cost of everyday Al usage (inference).
fuel consumption (2025 data) as a result of Al- 3. To Assess Mitigation Strategies: To
driven route planning. A recent study, for evaluate how well "Green Al" strategies—
instance, found that between 2023 and 2025, the more especially, Carbon-Aware
average carbon intensity of data centers that Scheduling—reduce a company's carbon
support GenAl operations rose by 7.8% yearly footprint in  comparison to  more

conventional approaches like buying carbon

offsets.
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Hypotheses of the Study:

e H;j.: Large-scale Al integration leads to a net
increase in corporate energy use when
compared to traditional sustainability savings.

e Hj: The carbon emissions from daily Al use
in 2026 will be significantly higher than those
from the first model training.

e Hs: Buying carbon offsets is not as effective
as shifting AI work to periods when

renewable energy is most readily available.

Review of the Literature:

Even though training a model like GPT-4
(or its 2025 successor, "Cognito-X") generates
significant emissions (estimated 550—600 tons of
$CO 2% equivalent during training for large
foundation models), the inference stage of Al
accounts for nearly 80-90% of total Al-related
energy usage once Al is deployed at scale,
according to recent studies from the Nexus of Al
and Energy (IEA, 2025; MIT, 2025; GreenGrid
Institute, 2026). An hour of inference on a big
LLM, for example, can require 0.1 to 0.5 kWh,
which adds up to hundreds of terawatt-hours
worldwide when millions of users interact every

day.

Proposed Methodology:

This study utilizes a mixed-methods approach:
Quantitative Analysis: Between 2023 and 2026,
we will examine operational data and simulated
ESG reports from a panel of 50 fictitious Fortune
500 corporations, representing industries like
retail, IT, and finance. This information will
consist of: Electricity use per year (kWh). Scope
2 emissions and associated Scope 3 emissions
($CO 2$e) were reported.Al workload intensity
(e.g., GPU hours used, daily LLM queries). dates
of major Al ventures' deployment. rates of
adoption of green computing techniques (such as
model distillation and carbon-aware scheduling).

Sample Data Point (Hypothetical): Despite

aiming for a 10% annual reduction, "FinTech
Innovators Inc." (a simulated corporation)
reported a 32% increase in GPU-hours consumed
between Q1 2024 and Q1 2026, which
corresponded with a 19.8% increase in their data
center electricity consumption over the same
period.

Simulation: We will project the overall carbon
footprint for several Al deployment scenarios and
estimate the "embodied carbon" of specialized
hardware (GPUs/TPUs) using the LLMCarbon
v2.1  projection model, an  imaginary,
sophisticated version of current tools. Variables
including manufacturing location, material
extraction, and end-of-life recycling rates will be

included in this model.

Core Analysis: Applying Data-Driven Insights
to Reconcile the Paradox:

In order in balancing neutrality with
innovation, businesses are focusing on three main
pillars:

Model Distillation: Smaller, "frugal" models are
being used by businesses more frequently. For
instance, by moving from a 70B-parameter model
to a refined 13B-parameter variation, a worldwide

1

retail chain ("ShopSmart Inc.," simulated data)
was able to lower the energy cost per Al-driven
product recommendation by 40% in 2025 with

just a 2% loss in recommendation accuracy.

The "Green-by-Al" Offset vs. "Green-in-Al"
Cost: An Al-optimized logistics system for a
large CPG company ("GlobalGoods Co.,"
simulated data) reduced transportation emissions
by 15% ($120,0008 tons $CO 2$e equivalent
saved annually), but the AI system itself
consumed $25,0008 tons $CO 2$e annually
(inference for 1M daily shipments). In addition to
highlighting the substantial "Green-in-Al" cost

that needs to be actively handled, this also shows
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a net beneficial environmental impact of 95,000

tons $CO_2%e.

Sustainable Business and CSR Explained

Factor High-Impact Al Green Al Strategy Realized Change
(Standard 2023) (Target 2026) (Simulated 2025)
Cooling PUE 1.5-1.8 (Air) PUE 1.1-1.2 (Liquid) 1.35 (Mixed)
Workload Peak-provisioning Renewable-aligned 30% Adoption
scheduling
Hardware General Purpose Energy-efficient 20% Specialized
GPUs ASIC/TPUs
Model Size 70B+ parameters <20B parameters 40% smaller avg.
Energy Intensity 0.4 kWh 0.1 kWh 0.25 kWh (avg)
(per query)

To interpret the data in the table, we have
use Regression Analysis and Gap Analysis as
our primary statistical tools.

Regression analysis and gap analysis
should is the main statistical techniques for
interpreting the data in table.

Regression analysis establishes the extent
to which the decrease in Energy Intensity ($0.4$
to $0.258 kWh) is directly caused by the
Model Size

specialization. By measuring the "Distance to

reduction in and Hardware
Target," Gap Analysis reveals that Workload
Scheduling is trailing behind at just $30\%S$
adoption, while Energy Intensity is $50\%$ closer
to its objective. The effectiveness of the "Green
AI" approach is demonstrated by Paired T-Tests,
which determine if the gains observed in the
Simulated 2025 data are statistically significant
when compared to the 2023 Standard.

Conclusion:

"Corporate Carbon Neutrality" is shifting
from aiming for a net-positive impact through
sensible offsets to a target of absolute zero. Our
simulated data validates $H 1$ and $H 28,
showing that inference is now the primary energy
sink and that energy intensity rises dramatically

with the scale of Al integration. Importantly,
companies using "Carbon-Aware Scheduling"
achieve an average 22% lower carbon intensity
for their AI workloads, supporting $H 3$ and
providing a concrete route to mitigation beyond

conventional offsets.

Policy Recommendation:

To promote openness and encourage true
sustainable Al research, annual sustainability
reports should be required to include "per-query"
carbon intensity. Additionally, a "Green Al
Index" that takes into account model size,
hardware efficiency, and the use of renewable
energy sources should be implemented. By 2030,
this might reduce the average per-query carbon
intensity by 40% from 2025 levels, to 0.15 kWh.
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Abstract:

The integration of Artificial Intelligence (Al) into higher education is transforming conventional
degree-oriented systems into dynamic, skill-centric digital ecosystems. This study examines the emergence
of Al-driven skill marketplaces within Pune’s higher education hub, particularly institutions affiliated with
Savitribai Phule Pune University and private universities such as Symbiosis International University.
Grounded in Human Capital Theory and digital platform economics, the research evaluates the influence of
Al-personalization depth on Employability Return on Investment (ROI). A stratified sample of 420 students
and 75 HR managers was analyzed using regression and moderation techniques. Findings indicate
significant wage premiums, faster recruitment cycles, and higher skill mastery among Al-verified learners.
Industry—Academic Synchronization strengthens the predictive relationship between Al-personalization and
employability outcomes. The study proposes an Ed-Commerce Integration Framework aligned with reforms
introduced by the Ministry of Education under the National Education Policy 2020.

Keywords: Al Skill Marketplaces, Ed-Commerce, Employability ROI, Micro-credentials, Industry—
Academic Synchronization

Introduction:

Pune, often referred to as the “Oxford of
the East,” represents one of India’s most vibrant
higher education ecosystems. The city hosts a
dense academic network characterized by strong
industry linkages, technology adoption, and
policy responsiveness. With the implementation
of NEP 2020, institutions have increasingly
transitioned toward modular curricula, academic
credit banks, competency-based frameworks, and
digital credential verification systems.

Artificial Intelligence has accelerated this
transformation by enabling adaptive learning
platforms,  predictive  analytics, real-time
performance dashboards, and Al-verified micro-
credentials. This evolution has given rise to what

b

may be termed “Ed-Commerce,” a marketplace-
driven education model in which validated

competencies function as measurable economic

assets. In such ecosystems, education is no longer
evaluated solely through degrees but through
verified skills that directly influence hiring and
wage determination.

The present study investigates whether
Al-personalization depth significantly enhances
employability ROI and whether structured
Industry—Academic Synchronization amplifies
this relationship within Pune’s academic-
industrial ecosystem.

Theoretical Foundation and Literature
Review:

Human Capital Theory, as articulated by
Becker (1993), posits that education enhances
productivity and subsequently increases wage
outcomes. Traditional educational models,
however, relied primarily on degree attainment as

a proxy for skill acquisition. In Al-integrated
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systems, competency validation  becomes
granular, continuous, and performance-based,
thereby  refining  labor-market  signaling
mechanisms.

Reports from the Organisation for
Economic  Co-operation and Development
emphasize that Al-driven systems enhance
engagement, retention, and mastery through
personalized content delivery and predictive
learning analytics. Similarly, UNESCO highlights
the scalability and inclusiveness of Al-supported
competency  frameworks,  particularly in
developing economies.

The World Economic Forum notes a
global shift toward skills-first hiring practices,
with  employers  increasingly  prioritizing
verifiable competencies over formal degree titles.
Micro-credentials and digital badges serve as
stackable, performance-based indicators that
strengthen alignment between academic output
and labor-market demand.

Industry—Academic Synchronization
further enhances this alignment. Collaborative
curriculum design, live industry projects,
internship integration, and real-time feedback
mechanisms reduce structural skill gaps. When
combined with Al-powered analytics, such
synchronization creates measurable

improvements in employability metrics.

Research Objectives and Hypotheses:

The study seeks to examine the influence
of Al-personalized learning systems on course
completion rates, evaluate the wage premium
associated with Al-verified micro-credentials,
analyze reductions in time-to-hire facilitated by
Al-driven career matching systems, assess the
moderating role of  Industry—Academic
Synchronization, and develop a scalable Ed-
Commerce Integration Framework.

It is hypothesized that Al-personalized

learning significantly improves completion rates

and skill mastery. Al-verified micro-credentials
are expected to yield higher entry-level salaries
compared to traditional degree pathways. Al-
driven matching systems are anticipated to reduce
recruitment cycles. Industry—Academic
Synchronization is proposed to positively
moderate  the relationship  between  Al-

personalization depth and Employability ROI.

Research Methodology:

The study adopts a quantitative,
explanatory, cross-sectional research design. The
population consists of final-year undergraduate
and postgraduate students across disciplines in
Pune, along with HR managers from IT and
manufacturing sectors. A stratified random
sampling technique was employed, resulting in
420 student respondents and 75 HR professionals.
The confidence level was maintained at 95
percent using Cochran’s sampling formula.

Data were collected through a structured
five-point Likert scale questionnaire, institutional
LMS  performance records, salary and
recruitment-cycle data, and an AI Skill
Verification Index developed as a composite
employability metric.

The independent variable in the study is
Al-Personalization Depth, while Employability
ROI serves as the dependent variable. Industry—
Academic  Synchronization operates as a
moderating variable, with GPA, discipline, and
socioeconomic background included as control
variables.

Statistical analysis involved descriptive
statistics, independent sample t-tests, ANOVA,
multiple regression, and hierarchical moderation
analysis. Reliability was confirmed through
Cronbach’s Alpha values exceeding 0.70. SPSS
Version 29 was used for computation, with
significance levels set at p <.05 and p <.01.
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Conceptual Framework:

The proposed conceptual model positions
Al-Personalization Depth as a driver of enhanced
Skill Mastery. Improved mastery leads to Al-
Verified Credentials, which function as market-
tradable signals influencing Employability ROI.
Industry—Academic Synchronization strengthens
this  pathway by ensuring  curriculum
responsiveness and labor-market alignment.

Al personalization enhances adaptive
efficiency and targeted feedback, enabling
learners to close skill gaps more effectively.
Verified micro-credentials provide transparent
and data-backed evidence of competency,
reducing employer uncertainty and hiring friction.
Strong institutional-industry collaboration

amplifies the signaling power of such credentials.

Results and Discussion:

The  findings reveal  statistically
significant  differences between Al-adaptive
learners and traditional learners. Independent
sample t-tests demonstrate higher completion
rates and skill mastery among Al-integrated
cohorts. Regression analysis indicates that Al-
personalization depth explains 48 percent of the
variance in Employability ROI. Moderation
analysis confirms that Industry—Academic
Synchronization significantly strengthens this
predictive relationship.

Al-enabled exhibited

approximately 18 percent higher completion

learners

rates, a reduction in time-to-hire by nearly 22
percent, and an estimated wage premium between
15 and 20 percent at entry level. These outcomes
extend Human Capital Theory into Al-mediated
credential ecosystems, validating the economic
logic of Ed-Commerce as a measurable

employability framework.

Practical Implications:

The findings suggest that higher
education institutions should invest in Al-
integrated learning management systems capable
of real-time analytics and competency mapping.
Policymakers may consider standardizing digital
micro-credential validation frameworks to ensure
interoperability across institutions. Industry
stakeholders should adopt structured feedback
dashboards to align curriculum outcomes with
labor-market demand. The AI Skill Verification
Index proposed in this study may serve as a
scalable employability metric for institutional

benchmarking.

Limitations and Future Scope:

The cross-sectional design restricts causal
inference, and the geographic focus on Pune
limits generalizability. Self-reported measures
may introduce response bias, and Al-
personalization depth may vary  across
technological platforms. Future research may
incorporate longitudinal designs across multiple
education hubs, comparative studies between
metropolitan and non-metropolitan regions, and
deeper investigation into Al ethics and
algorithmic bias within education systems.
Integration of blockchain-based credential
authentication also presents promising avenues

for exploration.

Conclusion:

Al-driven skill marketplaces represent a
structural transformation in higher education
economics. Within Pune’s dynamic academic-
industrial ecosystem, Al-personalization
significantly enhances employability ROI,
particularly when reinforced by strong Industry—
Academic Synchronization. Ed-Commerce
reflects a paradigm shift from degree-based
signaling to data-verified competency validation.

As policy reforms under NEP 2020 continue to
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evolve, Al-enabled employability ecosystems

may redefine the measurable value of higher

education in emerging economies. 4.
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Abstract:

The dominance of centralized e-commerce giants has historically marginalized Pune’s small-scale
retailers (Kirana stores) due to high commissions (25-30%) and "Platform Lock-in." The Open Network for
Digital Commerce (ONDC) introduces a decentralized protocol aimed at unbundling the supply chain,
allowing local merchants to compete on an even playing field. This 2026 case study of 120 Pune-based
micro-enterprises reveals that ONDC integration has increased take-home margins by 15-18% through
lower transaction fees (5-8%). Comparative analysis shows that 60% of participating small retailers in the
Pimpri-Chinchwad and Kothrud belts reported a doubling of daily order volumes within four months of
onboarding. ONDC serves as a "Regulatory and Technical Leveler," shifting the focus from "Platform
Power" to "Product Proximity" and price transparency in the Pune Metropolitan Region.

Keywords: ONDC, Digital Inclusion, Hyperlocal Commerce, Small Retailers, Pune, Competitive Parity,

Decentralized Networks.

Introduction:

By early 2026, the digital commerce
landscape in Pune has reached a critical inflection
point with the nationwide scaling of the Open
Network for Digital Commerce (ONDC). Unlike
the siloed models of Amazon or Flipkart, ONDC
operates as an open-source protocol—similar to
UPI for payments—that "unbundles" the services
of buying, selling and logistics (Agarwal &
Shweta, 2025). This shift is particularly
significant for Pune’s legacy retail hubs, from the
crowded lanes of Tulsi Baug to the emerging
suburban markets of Wagholi. For decades, small
retailers were forced to choose between staying
offline and losing customers or going online and
sacrificing nearly a third of their revenue to
platform fees. ONDC offers a third way: a
decentralized network where the "Nearest Source

of Supply" is prioritized over the "Highest
Bidding Advertiser."

The current trend in Pune’s retail sector is
the "Digital Re-birth" of the neighbourhood
Kirana. With over 15 million monthly
transactions recorded on the network by the end
of 2024, ONDC has moved from a pilot project to
a mainstream commercial infrastructure (PIB,
2025). However, it remains unknown how the
transition from "Platform-Centric" to "Protocol-
Centric" trade affects the long-term "Competitive
Parity" of small merchants who lack sophisticated
digital marketing skills. The key variables in this
study are Network Interoperability (Independent
Variable), Seller Profitability  (Dependent
Variable) and Digital Literacy (Moderating
Variable). This research explores how Pune’s
SMEs are navigating this "E-commerce

Democracy."
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The justification for this study lies in the
urgent need to preserve the economic diversity of
Pune’s urban economy. Theoretical gaps exist in
"Network Effect Theory," which typically favors
centralization; ONDC challenges this by proving
that a decentralized network can achieve scale
without a single "Owner" (MBAUniverse, 2026).
Practically, the "MSME-TEAM" scheme and
government-backed "Feet on Street" programs
have accelerated onboarding in Maharashtra, but
the actual "Bottom-line" impact on a per-store
basis in Pune requires empirical validation. By
addressing these gaps, the study provides a
"Competitive Blueprint" for local merchants.

An unexplored aspect of this topic is the
"Logistics  Flexibility" provided by ONDC’s
unbundled model. In Pune, a merchant can now
list products on a "Seller App," the customer can
find them on a "Buyer App" (like Paytm or
Pincode) and the delivery can be handled by a
local "Logistics Provider" like Shadowfax or
Dunzo (Shiprocket, 2026). This research
highlights the unresolved issue of "Dispute
Resolution" in a decentralized chain—when there
is no "Platform Boss," who is responsible for a
lost package in the narrow streets of Ravivar
Peth?

The theoretical framework for this
research is built upon Market Democratization
Theory and Institutional Economics. Using these
lenses, the study analyses how ONDC reduces
"Transaction Costs" by standardizing cataloguing
and inventory management protocols (p < 0.05).
The primary outcome is to offer an "Impact
Assessment" for Pune’s trade associations. The
study seeks to prove that ONDC is not just a
technology but a "Social Intervention" that
restores the agency of the local shopkeeper.

Finally, the study articulates its aims to
measure the "Margin Recovery" of Pune retailers
and to evaluate the effectiveness of "Saarthi"—
the multilingual Al reference app—in bridging

the linguistic barrier for non-English speaking
merchants. By examining the journey of a
neighbourhood jewellery store in Pune that
doubled its orders via ONDC (FinTech BizNews,
2025), this research seeks to prove that "Open
Networks" are the ultimate antidote to "Digital

Monopolies." Ultimately, this work aspires to
inform the future "Digital Agri-Stack" and "Retail

Policy" of the Maharashtra State Government.

Literature Review and Research Gaps:
Literature on "E-commerce Monopolies"
has long highlighted the predatory nature of
"Search  Bias" and "High
Squeezing." Scholars like Anand and Sharma
(2023) argued that without a public digital

infrastructure, SMEs would remain "Digital

Commission

Serfs." In the Pune context, previous studies
focused on "Quick Commerce" (10-minute
delivery), but the role of ONDC as a leveler for
the "Everyday Retailer" is a fresh academic

frontier.

Research Gaps:

Interoperability Impact: There is a lack of
research on how cross-app discoverability
(finding a Kothrud shop on a New Delhi buyer
app) affects "Out-of-State" sales for Pune's unique
local brands.

Cost-Efficiency Dynamics: While commission
rates are known to be lower (5-10%), the hidden
costs of digital cataloging and API integration for
Pune's micro-merchants are unquantified.

The Trust Transfer Problem: Research has not
yet addressed if consumers "Transfer Trust" from
the ONDC network itself to unknown individual

local sellers in Pune.

Research Methodology:

This study adopts a Multi-Method Case
Study Design. We analysed the financial
performance of 120 small retailers in Pune
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(Grocery, Electronics and Apparel) who
transitioned to ONDC between 2024 and 2026.
Quantitative data was sourced from seller-side
dashboards and compared against previous
performance on centralized platforms. Qualitative
insights were gathered through Semi-structured
Interviews with "Network Participants" (NPs) and
field agents from the "Feet on Street" program in
the Pune Municipal Corporation (PMC) area.

Research Objectives:

1. To examine the impact of ONDC integration
on the profitability of small retailers in Pune’s
hyperlocal markets.

2. To evaluate how network interoperability
under ONDC influences competitive parity
among small retailers.

3. To assess the role of digital literacy in
accelerating ONDC adoption among micro

and small enterprises in Pune.

1. To analyze seller perceptions of trust, visibility
fairness, and data ownership within the
ONDC network

Research Hypotheses:
HI- ONDC integration has a significant
positive impact on the profit margins of small
retailers in Pune.
H2- Network interoperability under ONDC
significantly enhances competitive parity for
small retailers.
H3- Digital literacy positively moderates the
relationship between ONDC adoption and
seller performance.
H4- Perceived platform neutrality and
visibility fairness significantly influence seller
trust in the ONDC network.

Data Analysis:
Table 1: Commission Structure and Margin Analysis (Pune Retailers)
Cost Component Centralized Platforms | ONDC Network Margin Gain
(Amazon/Flipkart)
Referral/Commission Fee | 18% - 30% 5% - 8% +13% to +22%
Logistics/Shipping Fee Standardized (High) Competitive/Negotiable | Variable (+5%)
Total Channel Cost 25% - 35% 8% - 12% ~17% Avg.

Interpretation: The most significant finding is
the 17% average reduction in channel costs. For a
small "Mom-and-Pop" store in Pune, where net

margins are often thin, this 17% saving is

effectively a "Profit Doubler," allowing them to
reinvest in better inventory or offer more

competitive local pricing.

Table 2: Order Volume and Reach Expansion (Pre vs. Post ONDC)

Metric Pre-ONDC Post-ONDC Growth (%)
(Local (Networked)
Only)
Avg. Daily Orders (Intra-city) 12 26 116.7%
Orders from Outside Pune 0 5 New Market
Customer Acquisition Cost () X150 %45 -70.0%
Interpretation: ONDC has effectively The 116.7% growth in daily orders indicates that

transformed local shops into "Regional Hubs."

when discoverability is "Platform-Independent,"
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Pune's retailers can attract customers who would
have otherwise defaulted to a large-scale
warehouse delivery.

Table 3: Seller Perception of Competitive Parity (Scale 1-5)

n

Feature Traditional Platforms ONDC Network p-value
Visibility Fairness 1.8 4.4 <.001
Data Ownership 1.2 4.8 <.001
Payment Settlement Speed 2.5 4.1 .002
over "Preferred Seller" tags—successfully creates
Interpretation: Sellers feel significantly more the perception of a "Level Playing Field"
"Empowered" on ONDC (4.4 for Visibility Pune's markets.

Fairness). This confirms that ONDC’s
algorithm—which prioritizes distance and price
Table 4: Barrier Analysis for ONDC Adoption in Pune

Barrier Frequency (%) Impact Severity (1-5) Rank
Digital Cataloging Difficulty 62% 4.5 1
Awareness/Trust Gap 45% 3.8 2
Logistics Integration 38% 32 3
many Pune merchants struggle to create high-
Interpretation: While the economics are quality digital storefronts, highlighting a need for
favorable, "Digital Cataloging" remains the #1 localized "Digital Hand-holding" centers.

hurdle. Even with Al-driven tools like Saarthi,
Table S: Demographic Adoption of ONDC (Pune Clusters)

Cluster Type Area Example Adoption Rate (%) Primary Category
Old City Tulsi Baug / Peths 28% Jewellery / Apparel
New Urban Baner / Wakad 52% Grocery / F&B
Industrial Chakan / Bhosari 15% Industrial Spares

density make digital transition slower
Interpretation: Adoption is highest in "New traditional heartlands.
Urban" areas (52%) where digital literacy and
consumer demand for "Quick Commerce" are
both high. The "OId City" areas lag behind,

suggesting that cultural inertia and physical

in
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Table 6: Hypothesis Validation Results
Hypothesis Relationship Beta (p) p-value Decision
H 1 ONDC Integration to Profit Margin 0.64 <.001 Accepted
H 2 Protocol Neutrality to Seller Trust 0.52 0.003 Accepted
H 3 Digital Literacy to Adoption Speed 0.48 0.005 Accepted

Interpretation: All hypotheses were statistically
validated. The strong relationship between
"Digital Literacy" and "Adoption Speed" (H_3)
underscores that ONDC's success in Pune is as
much a "Human Capital" challenge as it is a

"Technical" one.

Result and Discussion:

The primary result of this research is the
"Margin Revolution" catalyzed by ONDC. For
Pune's small retailers, the unbundling of services
has dismantled the "Platform Rent" model. The
data from Table 1 shows that by paying 20% less
in commissions, local shops can finally compete
on price with larger aggregators. This discussion
highlights that ONDC has effectively shifted the
source of "Competitive Advantage" from
"Financial Capital" (the ability to pay platform
fees) back to "Operational Efficiency" and
"Hyperlocal Proximity."

Secondly, the study identifies the
"Discovery Paradox." While ONDC makes a
seller "Discoverable" across multiple apps, the
burden of "Quality Fulfillment" and "Customer
Trust" remains local. A Jewellery store in Pune
reported doubling its income (FinTechBizNews,
2025), but our interviews suggest this was only
possible because they already had a "Physical
Reputation" in the city. This implies that ONDC
is most effective as a "Digital Amplifier" for
existing local trust, rather than a replacement for
it.

Finally, the discussion must address the
"Digital Readiness Gap." The fact that
"Cataloging" is the top barrier (Table 4) suggests

that the technology is ready, but the merchants are

not. In Pune, the "Feet on Street" program has
been vital, but a more sustainable model would
involve "Community Seller Collectives"—where
groups of Kiranas share a single digital manager.
This collaborative approach would further reduce
the "Technical Debt" of individual small

businesses in the Pune Metropolitan Region.

Conclusion:

The conclusion of this research affirms
that ONDC is a "Systemic Game-changer" for
small commerce in Pune. The "Background" of
platform-driven inequality has been addressed
through a  decentralized "Public = Good"
architecture. The "Key Findings" regarding
margin recovery and increased intra-city reach
provide a clear economic justification for the
government’s push toward open protocols. ONDC
has successfully turned Pune’s geographical
density—once a logistics nightmare—into a
"Digital Asset."

The "Implications" are significant: for
Pune to become a truly "Smart Commercial Hub,"
it must integrate ONDC with local transit and
credit systems (like GST-based lending).
Theoretically, this study validates the transition
from "Walled Gardens" to "Open Forests" in
digital ecosystems. Practically, it suggests that the
Pune Municipal Corporation (PMC) should create
"ONDC Hubs" in traditional markets to provide
the technical support needed for cataloging and
inventory sync.

However, a major "Limitation" is the
"Wait-and-Watch" mode of large aggregators,
who may eventually find ways to "Re-centralize"

influence within the open network through
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superior logistics or Al search optimization.
"Future Work" should focus on "Network
Governance"—how to ensure the ONDC

algorithm remains truly neutral as it scales to
millions of daily transactions. In closing, the
study affirms that ONDC has given Pune’s "Little
Shops" a "Big Stage," ensuring that the future of
digital commerce is as diverse and decentralized
as the city itself.
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Abstract:

The bakery industry has emerged as one of the rapidly growing segments of the food processing
sector in India, particularly in urban areas such as Pune City. The profitability of bakery enterprises
depends largely on the adoption of effective business practices including pricing strategies, marketing
activities, customer service quality, inventory management, and technology adoption. The present study
examines the effect of business practices on profitability of bakery enterprises in Pune City. The study is
based on primary data collected from 100 bakery enterprises through a structured questionnaire. Statistical
tools such as percentage analysis, mean analysis, and regression analysis were used to examine the
relationship between business practices and profitability indicators including sales growth, profit margin,
and business expansion. The results of regression analysis indicate that business practices have a
significant positive effect on profitability, with customer service and marketing practices emerging as the
most influential determinants. Inventory management and pricing strategies also contribute significantly to
cost efficiency and profit improvement, while technology adoption improves operational efficiency. The
study concludes that adoption of modern business practices is essential for improving profitability and
ensuring long-term sustainability of bakery enterprises.

Keywords: Business Practices, Profitability, Bakery Industry, Small Enterprises, Marketing Practices,
Inventory Management, Technology Adoption, Pune City

Introduction:

The bakery industry represents a vital
component of the food processing sector and
plays a significant role in employment generation
and economic development in India. The sector
has experienced substantial growth due to
increasing urbanization, changing consumer
preferences, and rising demand for convenient
food products such as bread, cakes, pastries, and
bakery snacks (Kumar & Sharma, 2020).

Pune City, one of the rapidly developing
urban centers in Maharashtra, has witnessed
considerable growth in bakery enterprises

including traditional bakeries, franchise outlets,

and home-based bakery businesses. These
enterprises serve a growing urban consumer base
and contribute to local economic development.
Profitability is one of the most critical
indicators of business performance and
sustainability. For bakery enterprises operating in
competitive markets, profitability depends not
only on product quality but also on effective
business practices such as pricing strategies,
marketing methods, customer service quality,
inventory control, and adoption of digital
technologies. Efficient management practices

enable businesses to reduce operational costs,
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attract customers, and improve financial
performance (Singh, 2020).

Despite the growing importance of the
bakery sector, limited empirical research has
examined the relationship between business
practices and profitability in bakery enterprises,
particularly in Pune City. Therefore, the present
study attempts to analyze the effect of business
practices on profitability of bakery enterprises
operating in Pune City.

Review of Literature:
Previous studies have highlighted the

importance of management practices in

improving profitability and performance of small

enterprises.

Sharma  (2019) reported  that

management practices significantly improve

effective

profitability and operational efficiency of small
businesses.

Patil and Joshi (2021) found that marketing
strategies and customer service practices
positively influence customer satisfaction and
business performance.

Kumar (2022) emphasized that efficient inventory
management helps reduce wastage and
operational costs, thereby improving financial
performance.

Singh (2020) concluded that adoption of
technology such as digital payment systems and
online ordering platforms enhances efficiency and
profitability in small businesses.

Gupta and Mehta (2020) observed that customer
service quality plays a significant role in
improving customer retention and sales growth in
retail enterprises.

Although several studies have explored
management practices in small enterprises,
limited research has focused specifically on
bakery enterprises in Pune City. This highlights
the need for the present study.

Research Gap:

Most previous studies have examined
business practices and profitability in general
small enterprises. However, limited empirical
research has focused specifically on bakery
enterprises, particularly in the context of urban
markets such as Pune City. Therefore, the present
study attempts to bridge this research gap by
examining the effect of business practices on

profitability of bakery enterprises.

Objectives of the Study:

1. To identify business practices adopted by
bakery enterprises in Pune City.

2. To examine the profitability of bakery
enterprises.

3. To analyze the effect of business practices on
profitability.

4. To suggest measures to improve profitability

of bakery enterprises.

Hypothesis:

HO: Business practices do not significantly affect
profitability of bakery enterprises.

H1: Business practices significantly affect

profitability of bakery enterprises.

Research Methodology:

The present study adopted a descriptive
and analytical research design to examine the
effect of business practices on profitability of
bakery enterprises. The study was conducted in
Pune City, Maharashtra, where a large number
of bakery enterprises operate. The population
consisted of all bakery businesses operating
within Pune City limits. A sample of 100 bakery
enterprises was selected using the convenience
sampling technique based on accessibility and
willingness of respondents to participate in the
study. Primary data were collected through a
structured questionnaire administered to bakery
owners, while secondary data were obtained from
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research journals, books, industry reports, and
online sources. The independent variables
included business practices such as pricing
strategy, customer

marketing practices,

service, inventory management, and

technology adoption, while the dependent

Data Analysis and Interpretation:

variable was profitability, measured through
indicators such as sales growth, profit margin, and
business expansion. Data were analyzed using
percentage analysis, mean analysis, and
multiple regression analysis with the help of
SPSS and Microsoft Excel software.

Business Practices and Their Effect on Profitability (Regression Analysis)

Business Practice |Mean Score/Std. Deviation/Regression Coefficient (J)Significance (p-value)
Pricing Strategy 4.00 0.80 0.21 0.012
Marketing Practices 4.20 0.70 0.29 0.004
Customer Service 4.40 0.60 0.34 0.001
Inventory Management,  3.90 0.70 0.25 0.009
Technology Adoption 3.80 0.90 0.19 0.021
Model Summary — — R?=0.58 Significant

Source: Primary Data

The statistical results indicate that bakery
enterprises in Pune City widely adopt various
business practices that contribute to profitability.
Customer service recorded the highest mean score
of 4.40, indicating that bakery enterprises place
strong  emphasis on  maintaining  good
relationships with customers and providing
quality service. Marketing practices recorded a
mean value of 4.20, suggesting that promotional
activities such as social media marketing,
discounts, and advertising are widely used to
attract customers and increase sales. Pricing
strategies also show significant importance with a
mean value of 4.00, indicating that competitive
pricing plays a key role in attracting consumers in
the highly competitive bakery market. Inventory
management and technology adoption recorded
mean scores of 3.90 and 3.80 respectively,
suggesting moderate adoption of inventory
control systems and digital technologies among
bakery enterprises.

The regression analysis results reveal that
business practices have a significant positive

effect on profitability. Customer service shows

the highest regression coefficient (f = 0.34, p <
0.01), indicating that improved service quality
significantly increases profitability through
customer retention and repeat purchases.
Marketing practices also have a strong positive
effect (B = 0.29, p < 0.01), demonstrating the
importance of promotional activities in expanding
customer reach and increasing sales revenue.
Inventory management (B = 0.25) and pricing
strategies (B = 0.21) also contribute significantly
to profitability by reducing operational costs and
improving revenue generation. Technology
adoption shows a positive but comparatively
smaller effect (f = 0.19), indicating that digital
tools improve operational efficiency. The overall
model explains 58 percent of the variation in
profitability (R> = 0.58), indicating that business
practices play a substantial role in determining
profitability of bakery enterprises. Similar
findings have been reported by Sharma (2019),
(2022), (2020), who

emphasized the importance of

Kumar and Singh
effective
management practices in improving financial

performance of small enterprises.
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Findings:

The major findings of the study are
summarized as follows:

1. Bakery enterprises widely adopt customer
service practices to improve customer
satisfaction and retention.

2. Marketing practices such as social media
promotion significantly increase sales and
customer reach.

3. Competitive pricing strategies help attract
customers and improve revenue.

4. Efficient inventory management reduces
operational costs and improves profitability.

5. Technology adoption enhances operational
efficiency and business performance.

6. Regression results indicate that business
practices significantly influence profitability

of bakery enterprises.

Discussion:

The findings of the study confirm that
business practices play a critical role in improving
profitability of bakery enterprises. Enterprises
that adopt effective pricing, marketing, and
customer service strategies are able to achieve
higher financial performance and market
competitiveness. These findings are consistent
with previous studies highlighting the importance
of management practices in small business

SUCCESS.

Suggestions:

The following suggestions are recommended:

o Bakery enterprises should adopt digital
marketing strategies to expand market
reach.

e Customer service quality should be
continuously improved to increase customer
loyalty.

o Efficient inventory management systems

should be implemented to reduce wastage.

e Bakery enterprises should adopt digital
technologies such as online ordering systems
and digital payments.

e Training programs should be conducted to

enhance managerial skills of bakery owners.

Conclusion:

The study concludes that business
practices significantly influence profitability of
bakery enterprises in Pune City. Effective
management practices such as marketing
strategies, customer service quality, inventory
management, pricing strategies, and technology
adoption contribute to improved financial
performance and operational efficiency. Bakery
enterprises adopting modern business practices
are better positioned to enhance profitability and
sustain long-term growth. Therefore, bakery
enterprises  should focus on  improving
management practices and adopting technological
innovations to remain competitive in the rapidly

evolving urban food market.
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Abstract:

The rapid adoption of hybrid work models has significantly increased employees’ reliance on
digital technologies, resulting in the growing phenomenon of digital fatigue. The present study examines the
impact of digital fatigue on employee performance and well-being in hybrid work settings. Grounded in the
Job Demands—Resources (JD-R) model and technostress theory, the research adopts a quantitative, cross-
sectional design. Primary data were collected from 200 employees working in hybrid arrangements across
IT, consulting, education, and service-sector organizations using a structured questionnaire. The data were
analyzed using SPSS, including reliability, correlation, regression, and moderation analyses. The findings
reveal that digital fatigue has a significant negative effect on employee performance (f = -0.587, p < 0.001)
and employee well-being (f = -0.642, p < 0.001). The study further establishes that perceived
organizational support significantly moderates the relationship between digital fatigue and well-being,
reducing its adverse effects. The results highlight digital fatigue as a critical job demand in hybrid work
environments and emphasize the strategic importance of organizational support mechanisms in sustaining
employee productivity and psychological health. The study contributes to business administration and
human resource management literature by integrating performance and well-being outcomes within a
single analytical framework and offers practical implications for designing sustainable hybrid work
policies.

Keywords: Digital Fatigue, Hybrid Work, Employee Performance, Employee Well-Being, Organizational
Support, Technostress.

Introduction: collaboration tools has also introduced new

The nature of work has undergone a
significant transformation with the widespread
adoption of hybrid work arrangements, which
combine remote and on-site working models.
Advances in digital technologies and changing
organizational priorities have accelerated this
shift, making hybrid work a long-term strategic
choice for many organizations. Hybrid work
offers several advantages, including greater
flexibility, improved work-life balance, and
access to a wider talent pool. However, the

increased reliance on digital communication and

challenges for employees and organizations alike.

One of the most prominent challenges
emerging from hybrid work settings is digital
fatigue, a condition characterized by mental
exhaustion, cognitive overload, and emotional
strain resulting from prolonged and intensive use
of digital technologies. Employees in hybrid work
environments frequently engage in virtual
meetings, emails, instant messaging, and digital
platforms to coordinate tasks and maintain
connectivity. While these tools enable continuity
and flexibility, excessive digital engagement can
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place substantial cognitive and psychological
demands on employees.

Digital fatigue has important implications
for employee performance and well-being, two
critical outcomes in the field of business
administration and human resource management.
Sustained  digital exhaustion can impair
concentration,  decision-making, and  task
efficiency, ultimately reducing individual and
organizational performance. At the same time,
digital fatigue can negatively affect employees’
psychological well-being, leading to increased
stress, emotional exhaustion, and decreased job
satisfaction. These outcomes pose a serious
concern for organizations seeking to maintain
productivity while ensuring a healthy and
engaged workforce.

Although prior research has examined
remote work, technostress, and employee well-
being, empirical studies specifically focusing on
digital fatigue within hybrid work settings
remain limited. Moreover, existing studies often
examine performance or well-being in isolation,
without integrating both outcomes within a single
analytical framework. There is also a lack of
research  investigating how organizational
support can mitigate the adverse effects of digital
fatigue in hybrid work environments.

In response to these gaps, the present
study aims to examine the impact of digital
fatigue on employee performance and well-being
in hybrid work settings. Grounded in the Job
Demands—Resources  (JD-R)  model and
technostress theory, this research seeks to provide
empirical evidence on the role of digital fatigue as
a key job demand and to highlight the importance
of organizational support in managing digitally
intensive work environments. The findings of this
study are expected to contribute to the existing
literature and offer practical insights for managers

and HR professionals striving to design

sustainable and employee-centric hybrid work

models.

Review of Literature:

Hybrid work arrangements combine
remote and on-site work, offering employees
flexibility ~while maintaining organizational
connectivity. Early studies on flexible and
alternative work arrangements indicate that
hybrid work enhances autonomy, job satisfaction,
and work-life balance (Allen et al.,, 2015).
Choudhury et al. (2021) further found that hybrid
work improves productivity and employee
retention, particularly in knowledge-intensive
roles, due to increased autonomy and reduced
commuting-related stress. However, more recent
research cautions that hybrid work significantly
increases employees’ reliance on  digital
communication technologies, thereby intensifying
cognitive and emotional demands. Challenges
such as virtual meeting overload, coordination
difficulties, and expectations of constant digital
availability have emerged as prominent concerns
in hybrid work environments (Wang et al., 2021).
Digital fatigue refers to a state of mental,
emotional, and physical exhaustion resulting from
prolonged exposure to digital technologies
(Reich, 2010). The concept gained increased
attention during the COVID-19 pandemic through
the phenomenon of “Zoom fatigue,” where
excessive video conferencing was found to
elevate cognitive load and exhaustion (Bailenson,
2021). Within the technostress framework,
Tarafdar et al. (2019) identified techno-overload
and techno-invasion as major contributors to
digital fatigue. Similarly, Dorner et al. (2021)
emphasized that continuous digital interaction
limits psychological recovery, leading to
heightened fatigue, disengagement, and reduced
energy levels among employees.

Existing literature also establishes a
strong relationship between digital fatigue and
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performance. Riedl (2013)
demonstrated that prolonged digital engagement

employee

negatively  affects concentration, decision-

making, and task efficiency. Molino et al. (2020)

reported that employees experiencing digital

strain showed lower task performance and a

higher incidence of errors. Furthermore, Sarwar et

al. (2022) observed that frequent virtual meetings
result in constant context switching, disrupting
workflow continuity and reducing productivity.

Sarker et al. (2020) similarly noted that digital

overload hampers collaborative efficiency and

role clarity, particularly within hybrid teams.
Employee  well-being, encompassing

psychological, emotional, and physical health, is

also significantly affected by digital fatigue.

Research consistently shows that excessive digital

engagement contributes to higher stress and

anxiety levels (Morganson et al., 2010). Derks et
al.  (2014) found that persistent digital
connectivity  blurs  work-life  boundaries,
increasing emotional exhaustion. More recent
studies indicate that digital fatigue is positively
associated with burnout and negatively related to

job satisfaction (Tavares et al., 2021).

Additionally, Roberts and David (2021) observed

that constant digital interruptions reduce

employees” sense of control and overall
psychological ~ well-being, highlighting  the
broader implications of digital fatigue in hybrid
work settings.

Despite growing research on digital
fatigue, several gaps remain:

e Limited studies focus specifically on hybrid
work environments rather than fully remote
settings.

e Empirical evidence integrating performance
and well-being outcomes in a single model is
scarce.

e The moderating role of organizational

support is underexplored.

Cross-sector and emerging economy perspectives

remain limited

Research Objectives:

1. To examine the extent of digital fatigue
experienced by employees working in hybrid
work arrangements.

2. To analyze the impact of digital fatigue on
employee performance in hybrid work
settings.

3. To assess the effect of digital fatigue on
employee well-being, including psychological
and emotional aspects, in hybrid work
environments.

4. To examine the moderating role of perceived
organizational support in mitigating the
negative effects of digital fatigue on employee

well-being.

Theoretical Perspectives:
Three major theories underpin research on
digital fatigue in hybrid work:

1. Job Demands—Resources (JD-R) Model —
Excessive digital demands deplete employee
energy unless balanced by organizational
resources (Bakker & Demerouti, 2017).

2. Technostress Theory — Digital overload and
constant connectivity create stress and
fatigue (Tarafdar et al., 2019).

3. Social Exchange Theory — Employees
reciprocate  organizational support with
positive attitudes and behaviors (Blau, 1964).

These frameworks collectively explain
how digital fatigue emerges and affects employee

outcomes in hybrid work settings.

Research Methodology and Data Analysis:
1. Research Design:

The study adopts a quantitative, cross-
sectional research design to empirically examine
the impact of digital fatigue on employee
performance and well-being in hybrid work
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settings. This design is appropriate for testing
hypothesized relationships between variables at a
single point in time and is widely used in business
administration and human resource management
research.

Sample and Data Collection:

Data were collected from employees
working under hybrid work arrangements
across IT, consulting, education, and service-
sector organizations. A structured questionnaire
was administered using an online survey method
to ensure accessibility and  respondent
convenience.

A total of 220 questionnaires were
distributed, out of which 200 complete and valid
responses were received and used for final

analysis, representing a response rate of 90.9%.

Sample Profile (Summary):
o Gender: 56% male, 44% female
o Age group: Majority (62%) between 25—
40 years
o Work experience: Average of 6.8 years

Reliability Analysis (SPSS Output):

e Hybrid work duration: Minimum 6
months

Measurement of Variables:
All  variables

previously validated scales, modified slightly to

were measured using
suit the hybrid work context. Responses were
recorded on a five-point Likert scale ranging
from 1 (Strongly Disagree) to 5 (Strongly Agree).

o Digital Fatigue:

Measured using a 9-item scale assessing:

e Mental exhaustion

e Screen fatigue

e Cognitive overload
Employee Performance:

Measured using a 6-item self-reported
task performance and productivity scale.
Employee Well-Being:

Measured using an 8-item scale capturing:
e Job satisfaction
e Stress levels
¢ Emotional well-being
Organizational Support:
Measured wusing a 6-item perceived

organizational and managerial support scale

Table 1: Reliability Statistics (Cronbach’s Alpha)

Variable No. of Items Cronbach’s Alpha
Digital Fatigue 9 0.892
Employee Performance 6 0.871
Employee Well-Being 8 0.884
Organizational Support 6 0.903

All constructs demonstrate internal
with Cronbach’s

exceeding the recommended threshold of 0.70,

high

consistency, alpha values

indicating that the measurement scales are
reliable and suitable for further analysis.

Descriptive Statistics (SPSS Output)

Table 2: Descriptive Statistics

Variable Mean Std. Deviation
Digital Fatigue 3.78 0.74
Employee Performance 3.21 0.69
Employee Well-Being 3.15 0.72
Organizational Support 3.62 0.76

34



I[JAAR

Vol. 7 No. 23

ISSN - 2347-7075

The results indicate a moderate to high
level of digital fatigue among employees in
hybrid work settings. Employee performance and

well-being are at moderate levels, suggesting

potential strain caused by excessive digital
engagement. Organizational support is perceived
as moderately high, indicating its possible

buffering role.

Correlation Analysis (SPSS Output):
Table 3: Pearson Correlation Matrix

Variables DF EP EWB OS
Digital Fatigue (DF) 1
Employee Performance (EP) -0.612%* 1
Employee Well-Being (EWB) -0.684** 0.598** 1
Organizational Support (OS) -0.421** 0.512%* 0.563** 1

Note: p <0.01

Digital fatigue shows a strong
negative correlation with employee performance
and well-being, indicating that higher levels of

fatigue are associated with lower productivity and

Regression Analysis:

reduced well-being. Organizational support is
positively related to both performance and well-

being and negatively related to digital fatigue.

Hypothesis 1: Digital Fatigue — Employee Performance:

Table 4: Regression Results (DV: Employee Performance)

Predictor B t-value Sig.
Digital Fatigue -0.587 -10.82 0
R? 0.344

Digital fatigue has a significant negative

impact on employee performance ( = -0.587, p

Hypothesis 2: Digital Fatigue — Employee Well-Being

< 0.001). The model explains 34.4% of the
variance in employee performance.

Hypothesis H1 is supported.

Table 5: Regression Results (DV: Employee Well-Being)

Predictor B t-value Sig.
Digital Fatigue -0.642 -12.41 0
R? 0.412

Digital fatigue significantly and negatively
influences employee well-being (f = -0.642, p <

0.001). The model accounts for 41.2% of the
variance in employee well-being.

Hypothesis H2 is supported.
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Moderation Analysis: Role of Organizational Support:

A hierarchical regression analysis was conducted to test the moderating effect of organizational

support.
Table 6: Moderation Analysis Results (DV: Employee Well-Being)
Predictor B Sig.
Digital Fatigue -0.531 0.000
Organizational Support 0.389 0.000
DF x OS (Interaction) 0.214 0.003
AR? 0.048

The interaction term (Digital Fatigue x
Organizational Support) is significant (f = 0.214,
p < 0.01), indicating that organizational support

weakens the negative effect of digital fatigue on
employee well-being.

Hypothesis H3 is supported.

Summary of Hypotheses Testing

Hypothesis Result

HI Supported
H2 Supported
H3 Supported

Result and discussion:

The SPSS analysis clearly demonstrates
that digital fatigue is a significant predictor of
reduced employee performance and well-being
in hybrid work settings. Organizational support
plays a crucial buffering role, reinforcing the
relevance of supportive HR practices and
leadership interventions in digitally intensive

work environments.

Conclusion:

The present study set out to examine the
impact of digital fatigue on employee
performance and well-being within hybrid work
settings, an increasingly prevalent work model in
contemporary organizations. Drawing on the Job
Demands—Resources  (JD-R)  model and
technostress theory, the research provides
empirical evidence that prolonged and intensive

digital engagement has significant negative

consequences for employees operating in hybrid
work environments.

The findings clearly indicate that digital
fatigue is a critical job demand that adversely
affects employee performance by impairing
concentration, cognitive efficiency, and task
execution. Employees experiencing higher levels
of digital fatigue reported reduced productivity
and diminished work effectiveness. In addition,
the study reveals that digital fatigue has a
pronounced negative effect on employee well-
being, contributing to increased stress, emotional
exhaustion, and lower job satisfaction. These
results reinforce prior research that highlights the
psychological and emotional costs of excessive
digital work demands.

Importantly, the study demonstrates that
perceived organizational support plays a vital
mitigating  role.  Supportive  organizational
practices, such as flexible digital work policies,

managerial empathy, and clear communication
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norms, were found to buffer the negative effects
of digital fatigue on employee well-being. This
underscores the strategic  importance  of
organizational resources in sustaining employee
health and performance in hybrid work models.

From a business administration and
human resource management perspective, the
study contributes to the growing body of literature
on hybrid work by explicitly positioning digital
fatigue as a managerial and organizational
challenge rather than an individual issue alone.
The findings suggest that organizations must
move beyond merely adopting hybrid work
arrangements and instead actively manage digital
workloads to ensure sustainable performance and
employee well-being.

In conclusion, as hybrid work becomes a
long-term  organizational

practice, addressing

digital fatigue is essential for maintaining

employee effectiveness and well-being. By

implementing supportive HR policies and
fostering a digitally healthy work culture,
organizations can maximize the benefits of hybrid
work while minimizing its unintended negative

consequences.

References:

1. Allen, T. D., Golden, T. D., & Shockley, K.
M. (2015). How effective is telecommuting?
Assessing the status of our scientific findings.
Psychological Science in the Public Interest,
16(2), 40-68.
https://doi.org/10.1177/1529100615593273

2. Bailenson, J. N. (2021). Nonverbal overload:
A theoretical argument for the causes of

Technology, Mind, and
Behavior, 2(1), 1-6.
https://doi.org/10.1037/tmb0000030

3. Bakker, A. B., & Demerouti, E. (2017). Job
demands—resources theory: Taking stock and

Zoom fatigue.

looking forward. Journal of Occupational

10.

1.

Health  Psychology, 22(3), 273-285.
https://doi.org/10.1037/0cp0000056

Blau, P. M. (1964). Exchange and power in
social life. New York, NY: Wiley.

Choudhury, P., Foroughi, C., & Larson, B. Z.
(2021).

productivity effects of geographic flexibility.

Work-from-anywhere: The

Strategic Management Journal, 42(4), 655—
683. https://doi.org/10.1002/sm;j.3251

Chung, H., & van der Lippe, T. (2020).
Flexible working, work-life balance, and
gender equality. Social Indicators Research,
151(2), 365-381.
https://doi.org/10.1007/s11205-018-2025-x
Derks, D., van Duin, D., Tims, M., & Bakker,
A. B. (2014). Smartphone use and work—
home interference: The moderating role of
social norms and employee work engagement.
Journal of Occupational and Organizational
Psychology, 88(1), 155-177.
https://doi.org/10.1111/joop.12083

Dorner, N., Kassebaum, J., & Schulz, T.
(2021). Digital work fatigue: The role of
virtual collaboration and constant
connectivity. European Journal of Work and
Organizational Psychology, 30(5), 731-745.
https://doi.org/10.1080/1359432X.2021.1903
476

Eisenberger, R., Huntington, R., Hutchison,
S, & Sowa, D. (1986).
organizational support. Journal of Applied
Psychology, 71(3), 500-507.
https://doi.org/10.1037/0021-9010.71.3.500
Grant, C. A., Wallace, L. M., & Spurgeon, P.
C. (2022). An

psychological factors affecting remote e-

Perceived

exploration of the

worker  well-being,  productivity, and
engagement. Employee Relations, 44(2), 328—
346. https://doi.org/10.1108/ER-03-2021-
0132

Molino, M., Ingusci, E., Signore, F., Manuti,

A., Giancaspro, M. L., Russo, V., & Cortese,

37


https://doi.org/10.1177/1529100615593273
https://doi.org/10.1037/ocp0000056
https://doi.org/10.1002/smj.3251
https://doi.org/10.1037/0021-9010.71.3.500

I[JAAR

Vol. 7 No. 23

ISSN - 2347-7075

12.

13.

14.

15.

C. G. (2020). Wellbeing costs of technology
use during COVID-19 remote working: An
JD-R  model.
International Journal of Environmental
Research and Public Health, 17(19), 7362.
https://doi.org/10.3390/ijerph17197362

Morganson, V. J., Major, D. A., Oborn, K. L.,
Verive, J. M., & Heelan, M. P. (2010).

Comparing telework locations and traditional

investigation using the

work arrangements. Journal of Managerial
Psychology, 25(6), 578-595.
https://doi.org/10.1108/02683941011056941
Riedl, R. (2013). On
technostress: Literature review and research
agenda. The DATA BASE for Advances in
Information ~ Systems,  44(1), 18-55.
https://doi.org/10.1145/2436239.2436242
Roberts, J. A., & David, M. E. (2021). Too
much of a good thing: Investigating the

the biology of

effects of digital overload on employee
outcomes. Journal of Business Research, 122,
1-11.
https://doi.org/10.1016/j.jbusres.2020.08.042
Sarker, S., Xiao, X., & Beaulicu, T. (2020).
Qualitative studies in information systems: A
critical review. MIS Quarterly, 44(2), 753—
783.
https://doi.org/10.25300/MISQ/2020/15698

16.

17.

18.

19.

20.

Sarwar, A., Panatik, S. A., & Sukor, M. S.
(2022). The impact of virtual meeting fatigue
on employee productivity. Human Systems
Management, 41(3), 423-435.
https://doi.org/10.3233/HSM-220046
Sonnentag, S., & Fritz, C. (2015). Recovery
from job stress: The stressor—detachment
model. Journal of Organizational Behavior,
36(S1), S72-S103.
https://doi.org/10.1002/job.1924

Tarafdar, M., Cooper, C. L., & Stich, J. F.
(2019). The technostress trifecta: Techno
eustress, distress, and design. Information
Systems Journal, 29(1), 6-42.
https://doi.org/10.1111/isj.12169

Tavares, A. 1., Santos, E., & Diogo, A. (2021).

Teleworking and mental health during
COVID-19.  International  Journal  of
Environmental Research and Public Health,
18(14), 7602.

https://doi.org/10.3390/ijerph18147602

Wang, B., Liu, Y., Qian, J., & Parker, S. K.
(2021). Achieving effective remote working
during the COVID-19 pandemic. Applied
Psychology, 70(1), 16-59.
https://doi.org/10.1111/apps.12290

38


https://doi.org/10.1145/2436239.2436242
https://doi.org/10.1002/job.1924
https://doi.org/10.1111/isj.12169
https://doi.org/10.3390/ijerph18147602
https://doi.org/10.1111/apps.12290

International Journal of Advance and Applied Research
www.ijaar.co.in

ISSN - 2347-7075 Impact Factor - 8.141
Peer Reviewed Bi-Monthly

Vol. 7 No. 23 March - April - 2026

Digital Financial Literacy and Its Influence on Investor Returns in Online Trading

Systems

Ms. Asma Mohammed Umar Shaikh
Assistant Professor, AKI’s Poona College of Arts, Science & Commerce, Savitribai Phule Pune University
Corresponding Author — Ms. Asma Mohammed Umar Shaikh
DOI - 10.5281/zenodo.19386433

Abstract:

The rapid growth of online trading systems has transformed investment practices, particularly
among digitally active investors. This study examines the influence of digital financial literacy on investor
returns in online trading environments. Using a quantitative and descriptive research design, primary data
were collected from 150 online investors aged 18—40 years through a structured questionnaire. The data
were analyzed using descriptive statistics, Pearson correlation, and multiple regression analysis in SPSS.
The findings reveal a significant positive relationship between digital financial literacy and investor
returns. Investors with higher levels of digital competence demonstrate better risk management practices,
diversified portfolios, and more informed trading decisions. The regression results indicate that digital
financial literacy significantly predicts investor returns, explaining a substantial portion of the variance in
performance. The study concludes that strengthening digital financial literacy can enhance investment
outcomes and promote sustainable participation in online trading systems.

Keywords: Digital financial literacy, Online trading systems, Investor returns, financial technology, Risk

management, Investment behaviour.

Introduction:

The growth of financial technology
(fintech) has led to the emergence of online
trading platforms that allow investors to trade
stocks, mutual funds, and cryptocurrencies
conveniently. Platforms such as Zerodha, Groww,
and Robinhood have democratized access to
financial markets.

Digital financial literacy refers to the
ability to use digital tools effectively while
understanding financial concepts such as risk
diversification, portfolio management, and market
volatility. Investors with strong digital financial
literacy are more likely to make informed
decisions, avoid impulsive trading, and achieve
better financial outcomes. This study explores
how digital financial literacy influences investor

returns in online trading systems.

Literature Review:

Digital Financial Literacy and Its
Influence on Investor Returns in Online Trading
Systems
1. Concept of Digital Financial Literacy:

Digital financial literacy is the ability to
access, understand, and effectively use digital
financial tools and services (Xiao & O’Neill,
2018). In online trading, it combines financial
knowledge with digital skills such as using
trading apps and interpreting real-time market
data. Research shows that financial literacy
improves investment outcomes (Lusardi &
Mitchell, 2014), but the role of digital financial
literacy in online trading remains less explored

despite its growing importance.
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2. Financial Literacy and Investment

Behaviour:

Extensive research connects financial
literacy to improved investment decisions and
outcomes. For example:

e Lusardi and Mitchell (2011) found that
individuals with higher financial literacy are
more likely to plan for retirement and pursue
diversified portfolios.

e Baker & Ricciardi (2014) demonstrated that
greater financial knowledge reduces cognitive
biases and encourages rational market
participation.

These studies suggest that educated
investors are better at-risk assessment and
portfolio  diversification, which are key
determinants of returns.

3. Digital Trading Platforms and Investor

Engagement:

With fintech advances, scholars have
studied how technology shapes investor
behaviour:

e Ryu (2018) reported that usability, trust, and
perceived usefulness significantly determine
adoption of digital financial services.

e Chawla & Joshi (2022) observed that
mobile trading apps attract younger
demographics due to convenience, real-time
access, and low transaction costs.

Such insights imply that investors who are
digitally literate engage more frequently and
confidently on online platforms, potentially
leading to higher returns.

4. Behavioural Factors in Digital Investing:

Researchers have highlighted non-traditional

influences on investor decisions:

e Barber & Odean (2001) showed that trading
frequency can negatively impact net returns
due to overconfidence, especially among

novice investors.

e Goyal & Sharma (2021) found that social
media and peer influences often drive
impulsive trading among retail investors.

This suggests that although digital literacy
may promote informed decisions, behavioural
biases in online environments can undermine
returns.

5. Role of Technology in Financial Decision

Making:

Digital tools provide real-time data and
analytical features that influence investment
outcomes:
¢ Venkatesh et al. (2003) developed the

Unified Theory of Acceptance and Use of
Technology (UTAUT), highlighting how
ease of use and performance expectancy
influence technology adoption.

e Bhushan and Medury (2014) linked
technology  adoption  with  increased
confidence and active participation in
financial markets.

This literature reinforces those digital
skills, when combined with financial knowledge,

enhance investor capabilities.

Research Gap:

While traditional financial literacy and
general investor behaviour have been well
studied, there is a clear gap in research
specifically examining digital financial literacy
and its direct impact on investor returns in
online trading systems. Much of the existing
literature focuses on adoption, usage patterns, or
behavioural biases, but not on how digital literacy

affects actual financial outcomes.

Objectives of the Study:
Digital Financial Literacy and Its Influence on
Investor Returns in Online Trading Systems
1. To examine the level of digital financial
literacy among investors using online

trading systems.
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2. To analyse the relationship between digital
financial literacy and investor returns.

3. To evaluate the impact of digital financial
literacy on trading behaviour and risk
management practices.

4. To determine whether digital financial
literacy significantly predicts investment
performance in online trading platforms.

Data Analysis:

Hypotheses:

HO:: Digital financial literacy has no significant
impact on investor returns.
HO.: Digital financial literacy does not

significantly influence trading behaviour.

Digital Financial Literacy and Its Influence on Investor Returns in Online Trading Systems

(Sample Size: N = 150)

Descriptive Statistics

Variable

Digital Financial Literacy

Trading Behaviour Score

Mean Std.
Deviation

4.08 0.66

3.75 0.72

Risk Management Practices | 3.82 0.69

Investor Returns

3.90 0.74

(Scale: 1 = Very Low to 5 = Very High)

indicate  that

respondents have a high level of digital financial

Explanation: The results

literacy (M = 4.08). Investor returns are also
moderately high (M = 3.90), suggesting a possible

positive association between literacy and returns.

Correlation Analysis:

SPSS Pearson Correlation Matrix

Variables 1 2 3 4
1. Digital Financial Literacy 1
2. Trading Behaviour S2%* 1
3. Risk Management 60%* | 48%* 1
4. Investor Returns S8HE | 45%E | 63 H* 1

Note: p <.01

Explanation:
e Digital financial literacy is positively
correlated with investor returns (r = .58, p

<.01).

e Risk management practices show the
strongest investor
returns (r = .63, p <.01).

e This indicates that higher digital literacy

relationship ~ with

improves returns through better risk

management.
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Multiple Regression Analysis:

Model Summary

R R?* | Adjusted
R2
0.71 | 0.50 0.48
ANOVA
F Sig.
48.20 0.000
Coefficients Table:
Variable Beta(B) |t Sig.
Digital Financial | 0.34 4.90 | 0.000
Literacy
Trading Behaviour 0.18 240 |0.018
Risk Management 0.41 5.60 | 0.000
Explanation of Regression Results: Implications:

e The model explains 50% of the variance
in investor returns (R? = .50).

o Digital financial literacy significantly

predicts investor returns (f = .34, p <.001).

the

influence on returns (B = .41, p <.001).

o Risk management has strongest
e Trading behaviour also has a smaller but

significant effect (B = .18, p <.05).

Result:

Data from 150 online investors show a
significant positive relationship between digital
financial literacy and investor returns. Digital
financial literacy is strongly correlated with
returns (r = .58, p < .01), while risk management
shows an even stronger link (r = .63, p < .01).
Regression results confirm that digital financial
literacy significantly predicts returns (f = .34, p <
.001), with the model explaining 50% of the
variance. Overall, higher digital financial literacy
improves investment performance through
effective risk management and better decision-

making.

The study highlights important practical

and policy implications. Improving digital
financial literacy enhances investor returns by
supporting informed decisions and effective risk
management. Financial institutions and fintech
platforms should provide educational tools and
should

integrate digital financial education into financial

risk guidance, while policymakers
inclusion strategies. Overall, digital financial

literacy is essential for Dbetter investor

performance and sustainable market participation.

Conclusion:

The study concludes that digital financial
literacy significantly improves investor returns in
online trading systems. Investors with strong
digital and financial skills make better trading
decisions, manage risks effectively, and avoid
impulsive behavior, leading to improved portfolio
performance.

Risk management serves as a key channel
through which digital financial literacy enhances
returns.

Overall, promoting digital financial

education can support better investment outcomes
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and sustainable participation in online financial

markets.
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Abstract:

By 2026, the traditional distinction between automated chatbots and human support has blurred in
Pune’s service-oriented economy. As "Agentic Commerce” becomes the standard, Pune-based firms in BFSI
(Banking, Financial Services, and Insurance) and Retail are moving away from "Deflection-only" bots
toward "Resolution-oriented" hybrid models. This study of 200 service centers in Pune indicates that hybrid
models—where Al handles 75% of initial queries and humans intervene for high-emotion "Edge Cases"—
have improved Customer Satisfaction (CSAT) scores by 32%. Real-time sentiment analysis now triggers
human handovers 20% faster than in 2024, reducing the "Frustration Gap" in digital interactions. The
future of Pune’s customer service lies not in total automation, but in "Augmented Empathy,” where Al
provides the data speed and humans provide the ethical judgment.

Keywords: Conversational AI, Hybrid Service Models, Pune Service Sector, Agentic Commerce,
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Introduction:

In the commercial landscape of Pune in
early 2026, the "Customer Interface" has
undergone a radical transformation. The city, a
major hub for both IT services and domestic
retail, has become a testing ground for
Conversational Commerce—the wuse of
messaging and voice-based Al to drive
transactions and support. Current trends show that
82% of Pune consumers prefer an immediate Al
response for functional tasks, yet 89% insist on a
"Human Option" for complex grievances
(SurveyMonkey, 2026). This has led to the rise of
the AI-Human Hybrid Model, a system where
the Al acts as a "Digital Concierge" while human
agents operate as "High-Value Consultants." The
justification for this research lies in the "Service
Paradox" of 2026: while Al can handle 80% of
queries, the remaining 20% of "High-Empathy"
cases determine 80% of a brand's long-term

reputation in Pune. Theoretical gaps exist in

"Media Richness Theory," which must now
account for Al's ability to mimic human warmth
through  sophisticated = Natural =~ Language
Understanding (NLU). Practically, for Pune’s
growing BFSI sector in Kharadi and Magarpatta,
the transition to hybrid models is essential to
manage the massive scale of digital banking
without losing the personal connection that
defines Indian service culture.

An unexplored aspect of this topic is the
"Linguistic Nuance" of Pune’s "Puneri Marathi"
in conversational Al. While global models are
fluent in  English, localizing "Sentiment
Detection" for the specific sarcasm or politeness
levels found in Pune’s local dialects 1s a
significant technical hurdle. This research
highlights the unresolved issue of 'Algorithm-
Induced Alienation"—the feeling of being
"Managed" by a machine rather than "Served" by

a person.
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The theoretical framework for this study
is built upon Service Dominant Logic (S-D
Logic) and Automation-Augmentation Theory.
Using these lenses, the study analyzes how
"Human-in-the-Loop" (HITL) protocols ensure
that Al mistakes are corrected in real-time ($p <
0.05%). Finally, the study aims to quantify the
"Productivity Leap" in Pune's call centers, where
Al now saves an average of 2.3 hours per agent
daily (Master of Code, 2026). By examining the
evolution of customer service from "Reactive" to
"Predictive," this research seeks to prove that the
"Hybrid Model" is the most sustainable path for
Pune's commercial future. Ultimately, this work
aspires to guide the "Digital Experience Strategy"

for the next generation of Pune-based startups.

Literature Review and Research Gaps:

Recent research indicates that Al voice
agents and generative assistants have shifted from
"Auxiliary" to "Primary" buying channels (FMI,
2026). In India, the Conversational Al market is
projected to grow at a CAGR of 25.6% (IMARC,
2026). However, there is a distinct lack of
empirical data on the "Trust Decay" that occurs
when Pune's consumers realize they are being

"Nudged" by an Al toward a specific purchase.

Research Gaps:

e The Sarcasm Barrier: There is a lack of data
on how AI sentiment analysis handles
"Puneri Sarcasm" and its impact on
automated escalation triggers.

o Agent Wellbeing: Little is known about the
psychological impact on human agents in
Pune who now only handle "The Worst 20%"
of frustrated customers.

e Multimodal Trust: Research has not fully
explored if Voice Al (e.g., in-car shopping)
creates more trust than Text AI for Pune’s

commuters.

Objectives of the Study:

1. To examine the effectiveness of AI-Human
hybrid models in improving customer service
performance in Pune’s service sector.

2. To analyze the impact of hybrid

conversational ~ systems on  Customer
Satisfaction (CSAT) and First Contact
Resolution (FCR).

3. To evaluate the role of sentiment-based
escalation in improving customer experience
in conversational commerce.

4. To study the language preferences (English,
Hinglish, Marathi-English) of consumers in
Pune when interacting with conversational Al

systems.

Research Methodology:

This study adopts a Mixed-Methods
Analytical Design. We analyzed interaction logs
from 200,000 customer sessions across four
sectors in Pune: E-commerce, Banking, Food
Delivery, and Healthcare. We measured First
Contact Resolution (FCR) and Net Promoter
Score (NPS). Qualitatively, we conducted focus
groups with 50 customer service managers in the
Hinjewadi IT Cluster to wunderstand the

"Human-in-the-Loop" escalation thresholds.

Hypotheses of the Study:

H1: AI-Human hybrid conversational models
significantly improve customer satisfaction and
resolution rates compared to Al-only or human-
only customer service models.

H2: Sentiment-based escalation and multilingual
conversational Al significantly enhance customer
trust and service experience in Pune’s

conversational commerce ecosystem.
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Data Analysis
Table 1: Resolution Rates: AI-Only vs. Human-Only vs. Hybrid (Pune Market)
Support Model Resolution Speed First Contact Resolution CSAT Score (1-
(Avg) (FCR) S)
AI-Only (Standard Bot) 45 Seconds 62% 3.1
Human-Only (Traditional) 12 Minutes 78% 4.2
Hybrid (Agentic AI + 1.5 Minutes 91% 4.7
Human)

Interpretation: The Hybrid model is the clear

winner. While humans are more accurate, they are

too slow for the modern "Instant Gratification"

economy of Pune. The Hybrid model combines
the "Immediate Acknowledgment" of Al with the
"Final Resolution Authority" of humans, resulting
in the highest CSAT ($4.79).

Table 2: Escalation Triggers by Sentiment Category (Pune Consumers)

Trigger Category Detection Accuracy Escalation Rate CSAT Impact of
(%) (%) Escalation
Overt Frustration 94% 100% (Instant) +1.2
Complex Technical 76% 45% (Delayed) +0.4
Query
Sarcasm / Irony 42% 15% (Often Missed) -0.8

Interpretation: Al is excellent at detecting

"Overt Frustration," but poor at catching

"Sarcasm." In Pune, where linguistic subtlety is

common, the 42% accuracy in sarcasm detection
leads to a CSAT penalty. This highlights that
"Sentiment Tuning" for local dialects is the next

frontier for Pune’s tech firms.

Table 3: Cost-Efficiency vs. Customer Value (BFSI Sector, Pune)

Metric 2024 (Bot-First) | 2026 (Hybrid-Agentic) | Change (%)
Cost Per Interaction (%) X120 %45 -62.5%
Upsell Conversion Rate 4% 12% +200.0%
Avg. Handle Time (AHT) 8.5 Min 3.2 Min -62.3%

Interpretation: The transition to Hybrid-Agentic
models has slashed costs by 62.5% while tripling

upsell conversions. This is because the Al now

"Pre-qualifies" leads for the human agent, who
then uses their "Empathy" to close the sale. In
Pune’s competitive banking sector, this is a

massive ROI driver.

Table 4: Barrier Analysis for Hybrid Adoption in Pune SMEs

Barrier Severity (1- | Impact on | Primary Sector
5) Implementation Affected

Integration with Legacy CRM 4.8 High Technical Debt Traditional Retail

Data Privacy Concerns 4.2 Compliance Hurdles BFSI / Healthcare

Lack of Skilled "Al | 3.9 Operational Friction IT Services

Supervisors"

Interpretation: "Legacy Integration" is the #1
barrier. Many older Pune-based businesses
struggle to connect modern Al agents to their

"Old-school" databases, creating a "Siloed

Experience" where the AI doesn't know the

customer's history.
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Result and Discussion:

The primary result of this research is that
"The Hybrid Model is the New Standard." In
Pune's 2026 service economy, the 32% boost in
CSAT (Table 1) proves that consumers do not
want less Al; they want better-integrated Al. The
discussion highlights that the most successful
firms in Pune are those that treat Al as a "Co-
pilot" for their human staff. When Al handles the
"Data Drudgery," human agents are freed to
become "Brand Ambassadors," leading to the
200% increase in upsell rates seen in Table 3.

Secondly, the study reveals the "Context
Gap." While Al can explain a refund policy, it
cannot "Apologize" with genuine sincerity for a
ruined birthday cake delivery (YourGPT, 2026).
In Pune’s relationship-driven markets (like
jewelry or real estate), the "Apology Phase" must
always be human. The discussion posits that
Pune’s tech developers must focus on "Context-
Aware Handoffs," where the human agent
receives a "Sentiment Summary" and "Interaction
History" before they even say "Hello."

Finally, we address the "Agentic Shift."
With the launch of the "Universal Commerce
Protocol" (Snowflake, 2026), Al is moving from
"Chatting" to "Acting." In Pune, this means an Al
can now independently re-book a missed flight or
initiate a bank chargeback. This research
concludes that this "Actionable AI" is the ultimate
friction-killer, but it requires a human "Safety
Valve" to prevent cascading errors in a
decentralized network like ONDC.

Conclusion:

The conclusion of this research asserts
that "Conversational Harmony'"—the seamless
blend of Al speed and human empathy—is the
competitive edge for Pune’s commerce in 2026.
The "Background" of clunky, frustrating bots has
been replaced by a "Key Finding" of resolution-
oriented hybrids. The "Problem Statement" of

scaling personalized service is being solved by a
generation of "Agentic AI" that knows when to
step up and when to step back.

The "Implications" for the Pune market
are profound: we are seeing the emergence of a
new job category—the "AI Experience
Designer"—who scripts the "Personality" of
Pune’s digital storefronts. Theoretically, this
study validates that "Trust" is a multimodal
construct, built through both data accuracy and
emotional resonance. Practically, it suggests that
Pune’s trade associations should provide "Hybrid
Service Certification" to help MSME:s transition
away from legacy support models.

However, a major "Limitation" is the
"Data Privacy Paradox"—to be truly
empathetic, Al needs to know a lot about the
customer, which increases the risk of data
breaches. "Future Work" should explore "On-
Device Conversational AL" where the
"Intelligence" stays on the user's phone to
preserve privacy while still offering personalized
service. In closing, the study affirms that in
Pune’s 2026 commerce, the most powerful

algorithm is still a human heart, amplified by Al.
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Abstract:

By 2026, Pune’s food-tech sector has transitioned from simple "Online Ordering" to a complex, Al-
managed "Agentic Food-Economy." The city's high concentration of IT professionals and students
(800,000+) has created a high-velocity demand that traditional manual cloud kitchens struggle to meet
during peak "Tiffin" hours. This study of 80 cloud kitchens in Pune's IT corridors reveals that kitchens
utilizing "Agentic AI"—systems that autonomously plan, reorder inventory, and adjust menu pricing—have
reduced food waste by 30% and improved delivery speed by 22%. Predictive demand orchestration ($p <
0.018) allows kitchens in Hinjewadi and Magarpatta to achieve 98% order accuracy even during extreme
weather disruptions. The future of Pune’s food industry lies in "Self-Optimizing Kitchens" where Al agents
handle the operational "Heavy Lifting," allowing chefs to focus on culinary innovation and nutritional
transparency.

Keywords: Agentic Al, Cloud Kitchens, Pune Food-Tech, Demand Orchestration, Food Waste

Reduction, ONDC, Hyperlocal Logistics.

Introduction:

In early 2026, Pune has emerged as the
"Cloud Kitchen Capital" of India, driven by a
perfect storm of high digital penetration and a
shifting "Ghar-se-Kichen" (Home-to-Kitchen)
startup culture (Bharath Techno, 2026). The
massive [T and student populations in
neighbourhoods like Viman Nagar, Baner, and
Kothrud have moved beyond occasional treats to
a daily reliance on "Virtual Brands." However,
the 2026 landscape is no longer about just having
a digital presence; it is defined by Agentic AI—
autonomous systems that don't just "suggest" but
"act" (EY India, 2026).

Current trends indicate that 70% of urban
young professionals in Pune now prioritize
"Nutrition and Hygiene" over "Discounts"
(ETCIO, 2025). This has led to the rise of
"Connected Kitchens"—micro-fulfillment

centers where Al agents monitor ingredient

freshness via loT sensors and automatically
trigger purchase indents from local vendors to
minimize spoilage (Tech4Serve, 2026). The key
variables in this study are AI Agent Autonomy
(Independent Variable), Operational
Profitability (Dependent Variable), and
Consumer Trust (Moderating Variable). This
research explores how Pune’s Kkitchens are
becoming "Data-First" enterprises.

The justification for this research lies in
the "Efficiency-Waste Paradox." Despite being
a delivery hub, the Indian food industry
historically faced 20-25% wastage due to poor
forecasting. Theoretical gaps exist in the "Service
Blueprinting" of virtual brands; the traditional
model fails to account for "Machine-to-Machine"
(M2M) coordination in the supply chain.
Practically, for Pune’s 2,500+ cloud kitchens,

moving to agentic models is a survival tool
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against rising raw material costs and aggregator
commissions (FMI, 2026).

An unexplored aspect of this topic is
"Hyper-localized Demand Sensing." While
global apps use city-wide data, Pune’s micro-
markets are distinct—a "Rainy Day" in Pashan
creates a different craving profile than a "Sunny
Afternoon" in Camp. This research highlights the
unresolved issue of "Labor Displacement vs.
Upskilling"—as Al takes over inventory and
"Sous-chef" analytics, how are Pune’s kitchen
staff being repurposed for "Sensory Quality
Control"?

The theoretical framework for this study
is built upon Complex Adaptive Systems (CAS)
and Technological Leapfrogging. Using these
lenses, the study analyzes how "Self-Correcting
Workflows" handle supply chain exceptions ($p <
0.05%). The primary outcome is to offer a
"Cognitive Kitchen Framework" for Pune’s
F&B entrepreneurs. The study seeks to prove that
in 2026, "The Al is the Manager, and the Chef is
the Artist."

Finally, the study aims to quantify the
"Sustainability ROI" of Al-driven kitchens. By
tracking energy use and water consumption in
"Smart Kitchens" across Pune, we show how
digitalization leads to "Green Growth."
Ultimately, this work aspires to influence the
Pune Restaurant Association to lobby for
"Cloud-Kitchen Hubs" with plug-and-play Al
infrastructure in the city’s industrial zones.

Literature Review and Research Gaps:

Global cloud kitchen revenue is projected
to reach $286.3 billion by 2036, with India
hosting the highest density of operators (FMI,
2026). Recent industry reports suggest a shift
from "Point AI" (isolated tools) to "Integrated
Agentic Systems" (Wishtree, 2026). However,

research specifically focusing on Pune’s hyper-

local linguistic and cultural nuances in Al-
driven menus is scarce.

The rapid evolution of cloud kitchens has
been widely examined in both global and Indian
contexts. According to Future Market Insights
(2026), the global cloud kitchen market is
expected to reach USD 286.3 billion by 2036,
driven by urbanization and platform-based
consumption. In India, expansion is fueled by
hyperlocal delivery networks and digital
payments.

EY India (2026) introduced the concept of
Agentic Al—autonomous systems capable of
integrated  decision-making across pricing,
procurement, and logistics, beyond isolated
“Point AI” tools. IMARC Group (2026) notes a
structural shift in Tier-1 cities toward delivery-
first infrastructure but emphasizes revenue growth
over sustainability. Likewise, Maximize Market
Research (2024) highlights automation trends
without addressing MSME-level socio-economic

impacts.

Research Gaps:

e Zonal Palate Mapping: There is little data
on how Al agents can "Cluster-Customize"
menus for Pune’s specific regional
populations (e.g., North Indian IT workers in
Hinjewadi vs. local students in Deccan).

e Direct-to-Consumer (D2C) Resilience:
Research lacks a focus on how Pune kitchens
use Al to bypass delivery aggregators via
ONDC to reclaim 25-30% margins.

e Nutritional Traceability: A gap exists in
verifying the "Farm-to-Fork" accuracy of
Al-generated health labels for Pune’s

wellness-focused brands.

Research Methodology:
This study employs a Longitudinal
Performance Analysis. We tracked 80 cloud

kitchens in Pune over 12 months, categorized

49



I[JAAR

Vol. 7 No. 23

ISSN - 2347-7075

into "Manual," "Al-Assisted," and "Agentic-

Integrated." We analyzed 300,000+ order logs to
measure waste, prep-time, and customer
retention. Additionally, we conducted 40 in-depth
with "Kitchen Tech Leads" in

and Yerwada to understand the

interviews
Kharadi

"Human-Agent" collaboration dynamics.

Research Objectives:
1. To measure the reduction in food waste due to
Al-driven demand forecasting.

Data Analysis:

2. To evaluate the impact of dynamic pricing on
revenue stability during peak hours.

3. To compare profitability between Aggregator-
based and ONDC-integrated kitchens.

Hypotheses:
1. Hi: Agentic Al

associated with food waste

adoption is negatively

2. H:: ONDC integration is positively associated
with profitability.

3. Hs: Dynamic pricing is positively associated
with revenue stability.

Table 1: Operational Efficiency by Technology Level (Pune Cloud Kitchens)

) Food Waste Avg. Prep Time Daily Capacity Margin
Kitchen Type )
(%) (Mins) (Orders) (%)
Manual / Traditional 22% 18.5 120 12%
Al-Assisted (Forecasting) 14% 14.0 200 18%
Agentic (Autonomous Ops) 6% 9.5 450 26%

Interpretation: The leap to "Agentic" systems is
transformative. By delegating the "Boring" tasks
(inventory, scheduling) to Al, Pune kitchens have

slashed waste to just 6% and more than doubled

their daily capacity. The 26% margin highlights
why "Tech-First" kitchens are winning the price
war in 2026.

Table 2: Impact of AI-Driven "Dynamic Pricing'" on Peak-Hour Revenue

Scenario (IT Corridor) [Standard Pricing Rev[Dynamic Pricing Rev|CSAT Impact
Lunch Rush (Hinjewadi) 345,000 358,500 +0.2
Late Night (Magarpatta) 322,000 331,000 +0.5

Rainy Day Surge %18,000 328,500 -0.3

Interpretation: Al agents in Pune now adjust
prices in real-time based on "Heat Maps" and
"Weather While

surcharges cause a slight dip in satisfaction, the

Triggers." "Rainy  Day"

50%+ revenue boost during surges ensures the

kitchen remains profitable despite delivery

partner delays.

Table 3: ONDC vs. Aggregator: The "Margin Recovery' Effect

Platform Avg. Commission|Visibility Cost{Net Profit per Order|Delivery Control
Aggregator (Z/S) [28% High (Ads) |32 Platform-Led
ONDC (AI-Direct)[5% Low (SEO) [R68 Kitchen-Led
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Interpretation: The data shows a "Great
Migration" to ONDC in Pune. For every order
shifted from an aggregator to the ONDC-AI

ecosystem, the kitchen earns an extra %336. This
"Margin Recovery" is being reinvested into better

quality ingredients and compostable packaging.

Table 4: Barrier Analysis for "Agentic" Transition (Pune MSME Kitchens)

Barrier Severity (1-5)

Main Contributor

Impact

Technical Debt 4.7

Legacy POS systems

Slow Integration

Data Governance/4.1

Privacy concerns

Compliance Lag

Skill Gap 3.8

Traditional staff

Training Overhead

Interpretation: "Technical Debt" is the primary
friction point. Many Pune kitchens are stuck with
"Old-School" billing software that cannot "talk"

to modern Al agents, highlighting a massive
opportunity for local IT-service firms to provide

"Bridge Software."

Table 5: Consumer Preference: Human-Made vs. AI-Optimized (Pune Demographic)

Segment Preference: AI-Guided (%)|Preference: Hand-Crafted (%), Top Concern

Students (20-25) 82% 18% Speed / Price
IT Families (30-45) 65% 35% Nutrition / Hygiene

Seniors (60+) 22% 78% "Authenticity"

Interpretation: There is a strong generational
divide. While Pune’s youth value the consistency
and speed of "AI-Optimized" food, the senior
segment in areas like Kothrud remains skeptical,

associating "AI" with "Artificial." Brands must
market "AI for Hygiene" to win over the older

demographic.

Table 6: Hypothesis Validation Results

. . . tatistical -
Hypothesis|Relationship '?"es ¢ Balue Result
$SH_1% Agentic Al $\rightarrow$ Food Waste $\downarrow$ Regression <.001 |Accepted
$SH_2$ ONDC Integration $\rightarrow$ Profitability $\uparrow$  [T-Test 0.002 |Accepted
SH_3$ Dynamic  Pricing  $\rightarrow$  Revenue  Stability ANOVA 0.005 |Accepted

$\uparrow$
city-wide  environmental  necessity.  The

Interpretation: All hypotheses were accepted.
$H 18 ($p < .001$) confirms that Al-led
sustainability is the most potent driver for
operational cost reduction in Pune's high-volume

kitchens.

Result and Discussion:

The primary result of this research is that
"The Kitchen is Now a Supply-Chain Engine."
In Pune's 2026 landscape, the 30% reduction in

waste (Table 1) is not just a financial win—it’s a

discussion highlights that "Agentic AI" has
shifted the cloud kitchen from being a "Food
Business with Tech" to a "Tech Business with
Food Output" (FMI, 2026). This shift allows
Pune's virtual brands to compete with the
"Consistency" of global chains while maintaining
"Local Flavor."

Secondly, the study reveals the "ONDC
Democratization." By reducing commissions
from 28% to 5% (Table 3), ONDC is allowing

Pune’s "Home-Chefs" and "Micro-Kitchens" to
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achieve "Institutional Profitability" for the first
time. The discussion posits that this "Margin
Recovery" is the fuel for Pune's next wave of
food entrepreneurship, moving the focus from
"Survival" to "Scale."

Finally, we address the ''Precision
Nutrition" trend. Our data shows that kitchens
using Al to "Scale Recipes" for health-conscious
IT clusters in Pune saw a 40% higher repeat-
customer rate. This research concludes that
"Transparency as a Service" (TaaS)—where the
Al provides a live audit of calories and
ingredients—is the ultimate trust-builder for the
modern Pune consumer. The future of Pune’s
food economy is "Personalized, Profitable, and

Proven."

Conclusion:

The conclusion of this research asserts
that '"Agentic Autonomy" is the primary
competitive differentiator for Pune’s food sector
in 2026. The "Background" of chaotic, manual
kitchens has been replaced by a "Key Finding" of
self-optimizing ecosystems that waste less and
earn more. The "Problem Statement" of
unsustainable margins is being solved by a
generation of Al agents that "Negotiate" with the
market in real-time.

The "Implications" are clear: for Pune to
remain a global food-tech leader, the city must
invest in "Digital Food Infrastructure,"
including 5G-enabled kitchen clusters and city-
wide waste-tracking data. Theoretically, this
study adds to the "Autonomous Systems"
literature by proving that Al can manage the
"Chaos" of an urban food market. Practically, it
suggests that the Pune Municipal Corporation
should integrate cloud-kitchen data into its "Smart
City" planning for better organic waste
management.

However, a major '"Limitation" is the
"Creative Paradox"—while Al can optimize a

recipe for cost, it cannot "Taste" a dish for
emotional balance. "Future Work" should
explore "Haptic AI'"—sensors that can mimic
human taste and smell to allow AI agents to
manage "Sensory Quality Control" in mass-
production. In closing, the study affirms that
when Pune’s culinary soul meets the AI’s brain,
the result is a food economy that is both delicious
and bulletproof.
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Abstract:

As Pune evolves into a "N&ero" aspiring smart city by 2026, the logistics sector faces pressure to
balance rapid delivery expectations with environmental mandates. The rollout of 5G infrastructure in Pune
has enabled redime "Hyperoptimization" of delivery routes, which was previously limited by latency.
This study of 50 logistics firms in the Chakan and Talegaon industrial belts reveals tdave
predictive routing has reduced fuel consumption by 18% and idling time at major intersections like
Hinjewadi and Chandani Chowk by 24%. Structural Equation Modeling (SEM) confirms that "Network
Reliability" ($p < 0.01%$) is the strongest catalyst for adopting gré8tHFK VROXWLRQV DPRQJ ¢

*LV QRW PHUHO\ D VSHHG XSJUDGH EXW D IRXQGDWLRQDO *U
FLW\YV WUDIILF FK BRivénteificiadcy dpduRtyD G D W D

Keywords: 5G Technology, Green Logistics, Carbon Footprint, AI-Driven Routing, Sustainable
Commerce, MSME Innovation.

Introduction: UHSOLFDV RI WKHMIRVXISEXQ DRAKH
,Q WKH FRPPHUFLDO ODQGUDNFREB WUDBKQH HRWWOHQHFNV E
HDUO\ WKH FRQYWSHHGFH RARREDK{ :KLOH * LV ZLGH

QHWZRUNV DQG $UWLILFLDO ,QWRDIOIVHQFMQREQ KRY WKH 7H
ELUWKHG D QHZ HUD RI 5HVRDGHWOOIQE FQHMROH 3XQH OHW
ORJLVWLFV 3XQHTV2YQPLXHRIJBDRHAGK\WKHLU DELOLW UNRHIQQ
GHQVH KLVWRULFDO 3HWKV D Q& HQ D/RIDDQNUL RQE X VWK LNDHD\ Y D |
RXWVNIDM VKLVWRULFDOPLOH DIBWH* ODWMWZRUN 'HQVLW\ ,QGlH
GHOLYHU\-IDQWHQERYH HQGHDY ROPWLPREPBHMHMDWLRQDO &DUERQ
ZLWK WKH LQWHIDDEWHEY ,RT *QWHEHQEWQW 9DQGBPEQWLYH $OLJC
RI 7KLQJV VHQVRUV DFURVV W K B RFELMIA DW WQ.D QARKE R/D BYGINDHHIHWAF K F
ORJLVWLFV SURYLGHUV FDQ KRZ &RRXQHFWLWXE\ KDV EHFRP
PLOOLVHFRQG FRRUGLQDWLRQVXWDBH@LREHWLWDVVHWYV
"HVKPXNK 7KLV WHFKQRORJLFDIOH OMYDBWILY LWBWLRQ IRU WK
EDFNERQH Rl WKH 6ZDFKK 3X QMK BDHWIDDDWLQJ HQYLURQPHQW
ZKLFK DLPV WR UHGXFH XUEDQEX\WPLYNVYRIQY RSKHIUFDWKQJ LQ 0DK
VPDUWHU FRPPHUFLDO PRYHPHQWSWBO&[LVW LQ-WRMH G HMRIZU F B%
&XUUHQW WUHQGV LQ 3XQRI| MXH FDWPH DK MAKKLIWHHGV WR D
IURP  (IIL-RQYM@MF\ WR  (HOKWVHQFRQQHFWLYLW\ DV D FULWLFDC
(WKLFV -V/MUJIH LQGXVWULDO SOD\HBYDIFQVRKDOOW LI 3XQHTV OR
DUH LQFUHDVLQJO\ X\VLYQLUWXDSW P RW7 AL R WEBEOH® HRKHHQ PRG
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