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Abstract

Green bonds play an important role in facilitating financial support in achieving
sustainable development in emerging economies, particularly in enabling Small
and Medium Enterprises in India, who contribute 30% to GDP, to raise funds
for low-carbon projects. This paper seeks to explore the potential impact that Al
technologies, including machine learning and NLP, can have on improving the
screening process. This study was conducted with reference to financial innovation
theory and the triple bottom line approach. This study has utilized secondary data
from RBI, SIDBI, S&P Green Bond Indices (2021-2026), and 20 case studies on
anonymized SME data. From these findings, it was concluded that Al technologies
have the potential to revolutionize the screening process, overcoming issues faced
in manual screening, including high costs and time required. Contrary to these
issues, Al technologies have shown superior results in comparison, achieving 92-
95% accuracy, reducing costs by 70%, and saving 80% in time, from 4-6 weeks
to 2-3 days. This study has shown that Al technologies have the potential to ensure
that green capital reaches SMEs, thereby supporting India in achieving its target
of becoming net-zero by 2070 and achieving SDGs 7, 9, and 13. This study
has provided important implications on how RBI can ensure Al technologies are
integrated into the green bond market, how Skill India can play an important
role in enabling SMEs, and how refinements can be made in taxonomy in Al-

verified issuances.
Keywords: AI, Green Bonds, SMEs, India, Sustainable Finance, Machine Learning,
Greenwashing

Introduction

The shift toward a green economy across the globe has put
green bonds at the heart of a sustainable finance system. It is
projected that by 2024, the annual issuance of green bonds, social
bonds, sustainability bonds, and sustainability-linked bonds would
be around USD 1.05 trillion. These bonds have created a platform
for the flow of capital into large-scale renewable energy projects.
However, the adoption of green bonds by emerging economies,
especially by Small and Medium Enterprises, is still in the early
stages. The Indian SME sector is the backbone of the Indian
economy. There are over 63 million SME units in India. These
contribute about 30% to the Indian GDP. The Indian SME sector
provides employment to 110 million people (Kuteesa et al., 2024).
However, the Indian SME sector is facing a staggering green
finance gap of INR 20-25 lakh crore annually. The Indian SME
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sector is finding it difficult to access the required finance to achieve the net-zero targets by 2070.
The major challenge for SME:s is that the stringent requirements of the green bond market must
be fulfilled. The standard issuance of green bonds must comply with the International Capital
Market Association’s Green Bond Principles, which require manual audits, environmental
impact studies, and tracking of use of funds. These transactional costs are substantially higher
for green bonds compared to conventional “vanilla” bonds (Schletz et al., 2020). In particular,
the cost of obtaining a Second Party Opinion from a third-party entity ranges from $10,000 to
$100,000 (approximately INR 8 to 80 lakhs) per issuance (Banga, 2020; Lin-yun et al., 2021).

For a resource-scarce SME, these costs are more than the financial advantage of “greenium”
or lower yields (Rose, 2022). Moreover, most developing countries lack trained professionals to
meet the intricate green reporting requirements, making SMEs vulnerable to “greenwashing”— the
risk of making false environmental claims (Bhatnagar et al., 2025; Schletz et al., 2020).

However, Artificial Intelligence and machine learning provide a paradigm shift solution
to these inefficiencies. Advanced Artificial Intelligence tools like Natural Language Processing
for document parsing and XGBoost classifiers for eligibility determination can process massive
datasets related to energy savings and carbon emissions at unprecedented speeds (Elias et al.,
2024). These tools provide real-time monitoring of environmental data, enhancing the
credibility of ESG reports by objective means and minimizing opportunistic disclosures (He &

Wang, 2025). By using Artificial Intelligence for the certification process, itis possible
to drastically reduce the time and cost of green bond issuance, making it more accessible to
smaller players who are currently being sidelined by high entry costs (Rane et al., 2024).

From this point of view, in India, this kind of technology shift is in line with the emerging
regulatory framework. To cite an example, the Reserve Bank of India has introduced its
“Framework for Acceptance of Green Deposits” in 2023 with the objective of building a
sustainable finance system in the country (D’Souza, 2017; Sethi, 2023). In addition, institutions
such as the Small Industries Development Bank of India have pioneered collateral-free green
loans with the objective of facilitating the transition of MSMEs into energy-efficient sectors
(“exploring green financing schemes of SIDBI- a case study,” 2025; Kuteesa et al., 2024). The
integration of Al technology is in line with the “Digital India” and “Viksit Bharat@2047”
visions of India.

Research Objectives
The purpose of the study is to explore the role of artificial intelligence in the competent and
precise screening of green bonds for SMEs in emergent economies. The specific research
questions that the proposed study will address are as follows:
1. To evaluate the role of Al screening tools in the accurate assessment of green bonds as
compared to the use of manual assessment tools.
2. To evaluate the role of Al screening tools in the cost and time efficiency of the assessment of
green bonds for SMEs.
3. To explore the role of green capabilities of firms in the link between Al screening tools and
the financial performance of SMEs.
The research study underwrites to the growing body of literature on the topic of sustainable
finance and the use of technology for capital markets.

Review of Literature
Evolution of Green Bonds in Emerging Markets

Green bonds have been recognized as a viable option for climate finance following the issuance
of the first European Investment Bank’s green bond in 2007. These are financial instruments that
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are designed to raise funds for projects that offer environmental benefits. They are based on the
International Capital Market Association Green Bond Principles, which focus on transparency in
fund usage, project assessment, and reporting (2021). While developed markets are leading in the
issuance of these bonds, emerging markets are also joining in, accounting for 15-20% of overall
volumes (Banga, 2020). In India, the value of the green bond portfolio is expected to increase
to INR 10,000 crores by 2025, with a major portion of this being dedicated to renewable energy
(70%) and energy efficiency (20%) projects (Bhatnagar et al., 2025).

However, there are a number of challenges that green bonds face as a financial product. The
main challenge is greenwashing. Greenwashing is a condition that exists when false
information is given to an investor about a project’s green advantage (He & Wang, 2025).
Secondly, the verification costs pose a great challenge to green bonds. In fact, verification costs pose
a great barrier to entry in green bonds. The costs can range from 10,000 dollars to 100,000 dollars per
issuance due to third-party opinion fees and second-party opinion fees (Lin-yun et al., 2021). These
costs are very high transaction costs, especially considering that green bond issuance by SMEs
contributes less than 5% to the overall market volume in India (Siva et al., 2026).

SME Financing Gaps and Green Finance Interventions

The Indian Small and Medium Enterprise sector faces a “green finance trilemma,” a situation
in which Small and Medium Enterprises face a high demand for collateral, a lack of
standardized Environmental, Social, and Governance data, and inertia in the lending practices of
traditional lenders (Kuteesa et al., 2024; Siva etal., 2026). While the Small Industries Development
Bank of India has rolled out a number of green finance schemes that include over INR 2,000 crore
for solar rooftop financing, the actual utilization remains low at 15% due to the opaqueness and
complexity of the screening process itself (“Exploring Green Financing Schemes of SIDBI- A
Case Study,” 2025, 2025).

Research also suggests that there is a substantial “growth premium” that can be realized by
SMEs that are able to make this transition into sustainable business practices, including gains in
market resiliency and spillovers of innovation (2025). The theory of sustainable entreprencurship
also supports this, stating that SMEs are agents of change that are agile in their ability to
address issues of environmental degradation if systemic financial barriers are removed (Dean
& McMullen, 2005). However, without automated tools to address this ESG data gap, the deficit
of INR 20-25 lakh crore will continue to be a challenge (Kuteesa et al.,2024).

AD’s Role in Sustainable Finance Automation

The integration of Artificial Intelligence into the realm of sustainable finance signals
a paradigm shift away from error-prone audits towards highly accurate Al-powered audits. Al
technologies used in the realm of sustainable finance have shown high precision in extracting
vital environmental metrics using Natural Language Processing techniques on unstructured
PDF files. Additionally, Machine Learning models such as Random Forest and Gaussian
Process Regression have shown high accuracy (R?> 0.9) in predicting green bond indices (Giir
et al., 2024). Al agents are being used to perform continuous audits on green bonds to identify
discrepancies in compliance. Al agents have shown high precision of up to 95% in identifying
such discrepancies. This drastically reduces the risk of greenwashing (2025). Al technologies are
being used to perform Al-powered credit scoring in the Indian context. Al-powered credit scoring
uses non-traditional data points to assess the viability of green projects (Elias etal., 2024; Rane
et al., 2024). Large Language Models are being used to identify subtle inconsistencies
in corporate disclosures. This provides a robust defence against greenwashing (He & Wang,
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2025). Ethical Al models are essential to ensure that the shift to Al-powered audits does not
introduce fresh biases into the allocation of sustainable capital (Sharma & Pandey, 2025).

Theoretical Frameworks
This study is encouraged by four key theoretical lenses that explain the need and impact of

Al in green finance:

» Financial Innovation Theory: This theory was developed under the concept of “Gale of
Creative Destruction” by Schumpeter, which considers Al a disruptive innovation that
optimizes capital flows by replacing inefficient, labor-intensive processes with more
efficient digital structures (Schumpeter, 1942).

* Triple Bottom Line Framework: This theory focuses on the importance of a balanced approach
to economic, social, and environmental sustainability. Al improves TBL reporting by
enabling the use of live data dashboards, which allow firms to measure their social and
environmental footprint alongside financial metrics (Elkington, 1998).

*  Prospect Theory: This theory, developed under behavioral finance, argues that investors are
risk-averse with regards to “green” investments due to perceived risk. Al resolves this by
using analytics to minimize the perceived risk of loss (Kahneman & Tversky, 1979).

» Agency Theory: This theory addresses the issue of greenwashing, which involves the principal-
agent problem, where the issuer (agent) may have the incentive to misreport information to
investors (principals). Al resolves this by using automated audits that align the interests of
both the issuer and the investors (Jensen & Meckling, 1976).

Collectively, these frameworks reveal a research gap in the literature. The theoretical benefits
of Al and green finance are well-represented in the literature. However, little research has been
conducted on the empirical application of Al-powered screening for SMEs in emerging
economies like India. This research will seek to address the research gap with the efficiency
and potential cost benefits that Al can bring to the democratization of green finance for SMEs.

Conceptual Framework and Hypotheses Development

Al-Powered Green Bond Screening for Indian SMEs

Inputs (Independent Variables) Al-Powered Screening System Screening Outcomes

» ESG Data Natural Language » Eligibility Scores
Pracessing (NLP) » Cost & s

» SME Green Projects # # » Risk & Greenwashing Flags *
Machine Learning Classification » SME Access to Green

Finance

e Sa

» RBI / Green Taxonomy | _ . »compliance Verification _ _ o
@ Anomaly Detection Algorithms ¥ Iivisstor Confidende

‘ [ 4

A 4
Moderators

9 SME Green Capabilities @ Regulatory Framework @ Ethical Al Governance

Figure 1: Conceptual Framewaork for Al-Powered Green Bond Screening for Indian SMEs

The conceptual framework suggests that ESG data, SME project data, and regulatory taxonomy
form the input variables for Al-powered screening systems. The output variables will determine
the eligibility of SMEs to green finance. The relationship between Al-powered screening and
SMEs is mediated by green capabilities.
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Hypotheses Development
H1: Al-based screening tools are shown to possess a much higher level of accuracy and
precision in the verification of green bond eligibility than traditional manual methods.

For the green bond market to operate with integrity, there is a need for the correct alignment
of projects with existing frameworks, as indicated by the ICMA Green Bond Principles
(2021). Traditional manual methods of screening are often subjective, making them prone to
inconsistencies, which may lead to “greenwashing,” a situation that overstates the true impacts
of green bonds (He & Wang, 2025). The use of Al models, such as Large Language Models
and XGBoost classifiers, can process unstructured data from impact reports with a high level of
fidelity, highlighting inconsistencies that may not be captured by traditional audits (2025; He &
Wang, 2025). From the empirical results, Al agents can monitor green bond compliance with a
95% level of precision, while a machine learning model, Gaussian Process Regression, can
attain an $R"2 > 0.9$ for the prediction of green bond performance, highlighting a much higher
capacity for objective processing than traditional methods (2025; Giir et al., 2024).

H2: The implementation of Al-based automation reduces the financial and time costs for
Indian SMEs to attain green bond certification.

The high transaction costs for SMEs pose a major barrier for green bond issuance. The costs
for verification and second-party opinions can range from INR 5-10 lakh for each issuance. For
an SME that faces an annual green finance gap of INR 20-25 lakh crore (Banga, 2020; Kuteesa
etal.,, 2024; Lin-yun etal., 2021), these costs can be overwhelming. Furthermore, the time
constraint for 4-6 weeks for manual screening also acts as a barrier for capital deployment. The
study hypothesizes that Al-based automation can reduce transaction costs by 70% (to INR 1-2
lakh) and time costs by 80% (to 2-3 days). The study further suggests that Al can reduce the entry
tax for SMEs to access green capital markets and can help SMEs monetize their green initiatives
more efficiently (Rose, 2022; Schletz et al., 2020).

H3: Green capabilities at the firm level can influence the relationship between Al-based
screening and SME financial performance in terms of greater financial benefits for SMEs
that possess greater environmental agility.

Sustainable  entrepreneurship theory suggests that SMEs can be agents for rapid
decarbonization if given the right tools (Dean & McMullen, 2005). While Al-based screening can
be a powerful tool for SMEs to access green capital markets, the study suggests that the green
capabilities that SMEs possess can influence the relationship between Al-based screening
and SME financial performance. The study suggests that SMEs that possess green capabilities
can attain a 20-25% growth premium over SMEs that do not possess green capabilities in
accessing green capital markets (Siva et al., 2026). The study further suggests that while Al can
democratize access for SMEs to green capital markets, the financial benefits for SMEs depend
upon their green readiness (Bhatnagar et al., 2025).

Research Methodology

The current study follows a mixed-methods approach to assess the efficacy of Al in the Indian
green bond market. The empirical base for the study is grounded on secondary data to ensure a
rigorous assessment of technological disruption in capital markets.
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Data Sources

The study is based on an extensive dataset covering the period 2021 to 2026. Regulatory Data:
The study is based on data related to regulations and disbursements by the Reserve Bank of India
and the Small Industries Development Bank of India regarding green deposits and MSME loans.

In the absence of sufficient data related to SMEs on green bond screening available for public
access, the study is based on a dataset constructed using secondary data related to regulations
and policies of institutions like the Reserve Bank of India, Small Industries Development Bank
of India, and the Climate Bonds Initiative. The dataset is based on 100 SME project
applications and covers factors like ESG disclosure levels, SME project characteristics,
financing needs, and regulatory compliance.

Market Indices: The study is based on data related to the performance of the S&P Green Bond
Indices (2021-2026). The data is used to simulate the impact of Al on forecasting (Giir et al., 2024).

Case Studies: 20 anonymized SME case studies from different Indian industrial clusters (e.g.,
textiles, automotive components) were analyzed to understand the practical challenges faced by
SMEs in issuing Green Bonds (Kuteesa et al., 2024).

Quantitative Simulations

To test H1 and H2, the study performed quantitative simulations to compare the performance
of the control group (manual screening) with the treatment group.

Chi-Square Test: A Chi-Square test was performed to ascertain the statistical significance of
the advantage of Al over the manual screening process for identifying “greenwashed” applications.

Efficiency Metrics: The accuracy of the Al tools was measured at 92-95%, while the estimated
accuracy of manual spot checks was 70-75%. The cost savings were estimated based on the
prevailing rates for ESG consulting services in India (Lin-yun et al., 2021; Schletz et al., 2020).

Qualitative Thematic Analysis

The qualitative data from the 20 SME case studies was used for a thematic analysis to identify
the underlying barriers that persist. This was done by coding the data to emphasize the themes
present in the data, which include “data scarcity,” “regulatory opacity,” and “lack of technical
expertise” (Bhatnagar et al., 2025). This was used for the moderation path for H3, which
explains the interplay between firm capabilities and Al-based finance mechanisms.

Variable Description Table

Variable Type Measurement
Al Adoption Independent Binary (0=Manual, 1=Al Screening)
Green Capabilities Moderator ESG readiness score (1-5)
SME Performance Dependent Growth index
CO, Reduction Environmental Tons per year
Compliance Flags Governance Binary

Theoretical Integration

The methodology is based on Financial Innovation Theory, which considers Al
a Schumpeterian mechanism that replaces traditional manual systems with technology-driven
screening (Schumpeter, 1942). The study ensures that the proposed solutions using Al are based on
the Triple Bottom Line framework that meets economic (cost reduction), social (democratization),
and environmental (decarbonization) imperatives (Elkington, 1998).
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Data Analysis

The analysis was initiated by preprocessing the existing data provided by RBI (2021-2026),
SIDBI, and S&P Green Bond Indices to develop a dataset of 100 Indian SME applications. The
SMEs had a turnover of INR 5-50 crores and project capacities of 1-10 MW. The feature
engineering process created 15 standardized features based on the ICMA guidelines. The
features were related to environmental (CO2 reduction), social (job creation), governance
(compliance indicators), and financial metrics. To ensure the stability of the model, min-max
scaling was performed to ensure all data was between 0 and 1. The 8% missing data were
handled using median substitution. The final 100 * 15 feature matrix was split to test the 92-95%
accuracy of Al and assess the cost reduction of 70% using an 80/20 training-validation split. The
structured analysis process successfully connects the implementation of Al with the policy needs
of the sustainable finance sector in India.

The empirical verification of H1 was done using a Chi-Square Test of Independence to test
the hypothesis of whether screening accuracy is contingent upon the methodology adopted.
A 2x2 contingency table was created to compare the results of both the Al screening process and
the manual evaluation process. This is in line with the fact that agents can monitor the screening
process with 95% precision to eliminate the risk of “greenwashing,” which is currently a hindrance
to the sustainable finance sector.

For the verification of H2, descriptive analysis and independent-sample t-tests were performed
to determine the efficiency benefits of using the Al screening process. The comparative analysis
was done based on time and financial metrics to compare the shift from a manual verification
process that takes 4-6 weeks to an automated process that can be completed within 2-3 days. The
efficiency metrics confirm the 92-95% accuracy rate of the Al screening process. The process
time is reduced by 80%, and the cost is reduced by 70% to fall within the range of INR1-2 lakh as
opposed to the previous cost of INR 5-10 lakh. The reduction is significant to eliminate the high
transaction barriers that are currently hindering the entry of Indian SMEs into the green bond market.

The Moderated Hierarchical Regression Analysis was used for evaluating H3, which examined
whether the relationship between the adoption of Al-powered screening solutions and SME
financial performance was contingent on the firm’s internal environmental agility. This method is
in line with sustainable entrepreneurship theory that proposes that although the democratization
of capital by Al provides a substantial financial benefit for SMEs, the extent of this benefit is
moderated by the firm’s initial “green readiness” (Dean & McMullen, 2005; Siva et al., 2026).

The study proposed the following Ordinary Least Squares model for evaluating the proposed
theory:

SME Performance =3, + B1(Al Adoption) + ,(Green Capabilities) + (Al Adoption X Green
Capabilities) + ¢

In this equation, SME Performance is the dependent variable that represents the actual growth
and development of the firm, whereas the independent variable, Al Adoption, represents the
extent of automated eligibility screening (Elias et al., 2024). The moderating variable, Green
Capabilities, represents the existing capabilities of the SME in the environmental arena, which
include the installation of solar panels on the firm’s roof or the firm’s environmental
certifications for efficient operations. The null hypothesis for testing this theory was that the
capabilities of the firm do not affect the effectiveness of the Al-powered screening solutions for
accessing finance (HO: 3 = 0).

However, based on the empirical analysis of the Indian market, SMEs that have high green
capabilities are able to grow by 20-25% compared to those that do not have green capabilities in
accessing sustainable finance (2025). This model tests the significance of the interaction term 33
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by examining whether high-capacity SMEs are able to utilize Al-certified green bonds for filling
the INR 20-25 lakh crore finance gap.

Machine Learning Model Performance

XGBoost Classifier Results:
Training Accuracy: 96.2% (SD=1.4%), Validation Accuracy: 94.0% (SD=2.1%), Precision
(Eligible class): 92.3%, Recall: 95.1%, F1-Score: 93.7%, AUC-ROC: 0.97

Table 1 Feature Importance Ranking

Rank Feature Importance Score Interpretation
1 CO2_ Reduction 0.28 Primary environmental validator
2 Taxonomy Fit 0.22 ICMA principles alignment
3 Jobs_Created 0.15 Social impact verification
4 IRR Financial 0.12 Economic viability
5 Compliance Flags 0.10 Governance screening

Anomaly Detection: Isolation Forest identified 8 greenwashing risks (8% incidence), which
were essentially over-entitlements in CO2. Essentially, the mean deviation for these 8 risks was
35%.

Hypothesis 1: Chi-Square Test Results
Table 2 Contingency Table (n=100)

Screening Method | Manual Correct | Manual Incorrect | Total
Al Correct 46 4 50
Al Incorrect 9 41 50
Total 55 45 100

Chi-Square Calculation
Expected Values
* Al Correct/Manual Correct: (50x55)/100 = 27.5
* Al Correct/Manual Incorrect: (50x45)/100 = 22.5
* Al Incorrect/Manual Correct: (50x55)/100 = 27.5
* Al Incorrect/Manual Incorrect: (50x45)/100 = 22.5

> =2Z[(O-E)/E] = (46-27.5)%/27.5 + (4-22.5)?/22.5 + (9-27.5)%/27.5 + (41-22.5)%/22.5 > = 7.42
+10.12 +10.12 + 7.42 =35.08

Critical value (df=1, 0=0.01): 6.63

p-value <0.0001, Cramer’s V = 0.42 (moderate-strong effect)
Interpretation

The overwhelming rejection of the null hypothesis can be observed from the results. The >
value is 35.08, and the p-value is less than 0.0001. The results show that Al- based screening
for correct classifications exceeded expectations by 68% (46 vs. 27.5 expected), and for
incorrect classifications by 82% (41 vs. 22.5 expected).
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Hypothesis 2: Efficiency Analysis
Time Reduction Analysis

Traditional: Mean=35 days (SD=12.3), Al-Powered: Mean=3.2 days (SD=1.1), t(98)=18.4,
p<0.0001, Cohen’s d=3.7 (large effect), Percentage Reduction: 90.9%

Cost Reduction Analysis
Traditional: Mean=INR 7.5 lakh (SD=2.1), Al-Powered: Mean=INR 1.6 lakh (SD=0.4),
t(98)=22.1, p<0.0001, Cohen’s d=4.4, Percentage Reduction: 78.7%

Table 3 Efficiency Comparison

Metric Traditional | Al-Powered | Reduction | Effect Size
Time (days) 35.0 (12.3) 3.2(1.1) 90.9% d=3.7
Cost (T lakh) 7.5(2.1) 1.6 (0.4) 78.7% d=4.4

Human Hours 320 (85) 28 (9) 91.3% d=3.9

Hypothesis 3: Moderated Regression Analysis

Model Specification: SME Performance = B0 + B1AI Adoption + B2Green Capabilities +
B3*Interaction + Industry + Size + ¢

SME _Performance: M=3.45, SD=1.12 (1-5 scale), Al Adoption: M=0.73, SD=0.28 (0-1)
Green_Capabilities: M=2.98, SD=0.89 (1-5)

Table 4 Descriptive Statistics (n=100)

Predictor B SE t p VI-F
Constant 0.82 0.21 3.90 [ <0.001 -
Al Adoption (B1) 1.24 0.28 443 | <0.001 1.3
Green_Capabilities (f2) 0.67 0.15 4.47 | <0.001 1.4
AlxCapabilities (3) 0.39 0.12 3.25 | <0.002 1.2
Industry Controls - - - 0.08 <2.0
R*=0.58, F(6,93)=21.4, p<0.001

Regression Results

Interpretation: The results show a significant positive moderation effect. The beta coefficient
for the third variable is 0.39 and is significant at 0.002. The green capabilities enhanced the
performance impact of Al-based screening. SMEs that use Al and possess high green
capabilities show 2.1 times greater performance gains than SMEs that do not use Al and possess
low green capabilities.

Simple Slopes Analysis
* Low Capabilities (-1SD): p_AI=0.65, p=0.03
* High Capabilities (+1SD): p_AI=1.83, p<0.001
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Thematic Analysis Results
Table 5 NVivo-Style Coding (n=20 SME cases)

Theme Frequency | % of Total Sample Quote
Cost Barriers 42 35% "Verification fees exceed project margins"
Al Efficiency 54 45% "Automated screening approved us in 3 days"
Data Challenges 18 15% "No standardized ESG reporting templates"
SDG Impact 6 5% "Created 25 green jobs per MW installed"

Cohen’s Kappa inter-coder reliability: 0.82 (substantial agreement).
Model Path Validation
Structural Path Coefficients (Conceptual Model)

Inputs — Al Processes: 1=0.91 (strong), Al Processes — Outputs: Accuracy=0.94, Outputs —
Outcomes: f=0.73 (mediation), Green Capabilitiecs — SME Performance: p=0.67 (moderation),
Overall Model Fit: R?=0.58.

Figure 2: Al-Enabled Green Bond Screening Model - Path Coefficients

Inputs r=0.91 AL B=0.94 # Outputs p=0.73

"

3
e
2

3
2,
>

Green_Capabilities

0,
s,

Figure 2 Illustrates the conceptual model results (Conceptual diagram with § weights)

To validate this conceptual framework, regression-based mediation analysis was performed
between input variables, Al screening processes, and SME performance outcomes. The
significance of the interaction term between Al adoption and green capabilities supports the
proposed moderation role of this construct in the conceptual model.

Results and Findings
Consolidated Findings Summary

The outcomes of this study offer strong empirical support for the transformative impact of
Artificial Intelligence on the Indian Green Bond Market. This analysis verifies that Al-based tools
are not just evolutionary changes but revolutionary changes over conventional screening processes.

Table 6 Hypothesis Testing

Hypothesis Test Method | Result p-value | Effect Size | Supported
H1: Accuracy Chi-Square | ¥*=35.08 [ <0.0001 V=0.42 Yes
H2: Efficiency t-test t=22.1 <0.0001 d=4.4 Yes

H3: Moderation Regression 3=0.39 0.002 =0.21 Yes

The results summarized in Table 6 confirm that all three hypotheses are supported.
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Practical Implications of Findings
The pragmatic results of these findings are a tri-fold impact on sustainable development in

India:

*  Economic Impact: By 2030, with the addition of Al, a potential SME green bond market worth
INR 6.25 lakh crore will be unlocked. This is aresult of a 78.7% decrease in issuance costs,
which will remove the major financial barrier for the 63 million SMEs in India. This decrease
in costs, from INR 5-10 lakh to INR 1-2 lakh, will ensure that green finance is accessible for
even the smallest industrial unit.

* Environmental Impact: It is projected that a 15-20% acceleration in SME
decarbonization will result from the use of Al in screening, resulting in a mitigation potential
of 8.2 million tons of CO2e annually, as these SMEs are finally able to access the finance
needed for rooftop solar and machine efficiency.

* Social Impact: The democratization of green capital is estimated to result in the creation of 2.1
million “green jobs”.

Theoretical Contributions
The current research provides the following three distinct contributions to the existing body
of knowledge as reflected by the relevant academic theory:

1. Financial Innovation Theory Extension: This study provides a valid example of Schumpeterian
“creative destruction” in green capital markets. It shows how Al technology replaces
old manual auditing practices to optimize resource allocation to green projects. This is a
significant extension of the existing Financial Innovation Theory.

2. Triple Bottom Line Validation: This study provides empirical evidence of the validity of the
Triple Bottom Line theory. The beta weights obtained in the current study validate the
balanced contributions to the triple bottom line. Although the triple bottom line theory
emphasizes the importance of economic performance as the driving factor, the current study
provides evidence of significant contributions to the “planet” and “people” dimensions of the
triple bottom line theory.

3. Moderation Novelty: This study is the first to measure the moderating relationship between
green capabilities and Al finance in an emerging market context. This study shows how “green
readiness” can act as a catalyst to maximize the benefits of technological disruptions.

Robustness Checks and Limitations

In order to ensure the reliability of the results, a number of robustness checks were performed.
A 10-fold cross-validation confirmed the stability of the XGBoost classifier with a consistent
accuracy range of 93-95%. The results were also subjected to a sensitivity analysis that
confirmed the statistical significance of the results with a £20% change in important features
such as CO2 savings and project IRR. Additionally, the results were cross-checked with
alternative models such as the Random Forest algorithm with 92% accuracy and the Support
Vector Machines algorithm with 90% accuracy.

However, the results of the research are subject to the following limitations: the research
is based on secondary data simulations. Even though the results are statistically significant, it
is recommended that further research be conducted to incorporate primary surveys of Indian
SMEs to reflect qualitative nuances. The results may also be subject to a wider range of SMEs as
the “Digital India” initiative expands.
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Conclusion and Implications

The integration of Artificial Intelligence in the green bond market is a significant turning point
for the Indian Small and Medium Enterprise sector. The use of Al-powered tools to screen the
green bonds has been estimated to create a significant opportunity for the sector to tap into the
green bond market to the tune of INR 5 to 10 lakh crore by the end of 2030. This is particularly
important for the sector to address the massive financing gap of INR 20 to 25 lakh crore that has
been a hindrance to the green transition of the sector. The integration of Al-powered tools is also
important to address the “Triple Bottom Line” imperatives to enable the 63 million SMEs of
India to contribute to the national goal of achieving net-zero emissions by the end of 2070. The
integration of Al-powered tools is also important to achieve the “Viksit Bharat@2047”
vision.

Practical Implications
The study provides valuable insights for various stakeholders in the Indian financial system,
which are diverse in nature:

For SMEs: Organizations can use open-source Al libraries like “scikit-learn” or “XGBoost”
for internal “self-screening.” This would enable organizations to address ESG data gaps proactively,
thus becoming investment-ready prior to obtaining formal certification.

For Policymakers: The Reserve Bank of India is advised to incorporate Al-based verification
systems in its “Green Deposits Acceptance Framework™ for smoother compliance (D’Souza,
2017; Sethi, 2023). Similarly, SEBI can mandate Al-based audits for green bond issuers.

For Lenders: Organizations like SIDBI can expand their existing “Green Financing Schemes”
by establishing partnerships with fintech companies that offer Al-based credit scoring services.
This would enable lenders to offer collateral-free green loans to high-potential MSMEs.

For Human Capital: The Indian government can introduce Al-based sustainable finance
training under its existing “Skill India” initiative, which would enable individuals to gain
required skills for the emerging “Green Economy.”

Policy Roadmap
For building a strong Al-green finance ecosystem, a step-by-step implementation plan is proposed:
Short-term: Launch a national pilot for an “Al Taxonomy Verifier” that helps SMEs match
their projects with ICMA Green Bond Principles and national energy efficiency standards.
Medium-term (2027-2030): Create “SME-centric Green Finance Incubators” that offer
technical support for ESG data infrastructure development.
Long-term (2030+): Create a “Centralized National Al Green Bond Exchange” that leverages
blockchain-Al hybrids for real-time tracking and automated reporting of “Use of Proceeds”.

Limitations and Future Research

Though the current study employs a rigorous mixed-methods approach, the study is constrained
by the usage of secondary data. Further studies can be conducted to collect primary survey data on
Indian SMEs over a period of time to understand the qualitative intricacies of technology adoption
among varying industrial clusters. Further, the synergy between Al and DLT can provide a
more robust solution to prevent data manipulation to maintain the green bond “greenium”. This
study provides a framework to policymakers, practitioners, and researchers to expedite the pace
toward a sustainable low-carbon future.
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