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ABSTRACT.

The blistering emergence of the Financial Technology (FinTech) provided the opportunity to alter
the traditional priorities of investments to use the information-based decisions made in
accordance with the advanced machine learning (ML) algorithms. On the same note, the world
financial industry is under pressure, and it is underwriting pressure to be sustainable and
environmentally friendly in their investments. This article presents a framework of sustainable
finance using machine learning, which is related to the development of green portfolios, the
assessment of carbon risks, and the ethics-driven optimization of finance. It is suggested that the
supervised learning to classify assets, the reinforcement learning to optimally rebalance the
portfolio, and the explainable artificial intelligence (XAI) to make decisions clear can be
incorporated into one model. The empirical research of ESG (Environmental, Social, and
Governance) data of MSCI and Refinitiv data use reveals that there is an increment in ratings of
portfolio sustainability by 15 percent, and a growth in risk-adjusted returns by 11 percent over
a base model. This is because the findings can be used to establish the extent to which ML-enabled
FinTech applications can serve to support the realization of sustainable investment goals
throughout the world and align financial growth with the green strategy.

Keywords: sustainable finance, FinTech, machine learning, ESG investing, green portfolio
optimization.
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Introduction

The digital transformation is  bringing (Al) and machine learning (ML) to produce

sustainability and financial innovation towards
one other. Green and balance profitability and
environmental stewardship investment portfolios
are gaining popularity among investors around the
world (OECD, 2023). Another technology
employed by the FinTech is artificial intelligence
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predictive data in reference to environmental risk
indicators and sustainable performance of assets
(Kumar and Singh, 2022).

The previous financial model is excessively
focused on human expertise and historical data
and largely does not take into account the
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dynamism of sustainability indicators such as
carbon footprint, water efficiency, or biodiversity
effect (Zhou et al., 2021). This is the case when
institutions begin their estimation of the asset
performance based on the ESG factors using
algorithmic models in real time as they become
known as Sustainable FinTech (SFinTech)
(Rahman et al., 2022).

Still, despite the elements of automation and
personalization simplified by FinTech, the
concern of data bias and greenwashing along with
ethical transparency are pervasive. The paper shall
propose a sustainable investment framework,
through which machine learning will be employed
to make decisions regarding portfolios, decimate
carbon risk, and enhance the resiliency of the
portfolio in the most way that develops the
transparent explainable decision-making in line
with the UN sustainable development goals
(SDGs).

examined investor awareness of portfolio
management in the Indian stock market, noting
limited diversification and long-term planning
among investors. The study emphasized the
importance of financial literacy and strategic
investment practices to enhance decision-making
and risk management, Deshpande (2024).

Background of the Study
There has been a paradigm shift of the world
financial environment between profit

maximization and sustainability based capitalism.
By the year 2025, the World Bank (2022) notes
that the increase in assets managed by ESG will
exceed the growth in the world financial assets,
estimated at more than 53 trillion, which is a third
of the financial assets worldwide.

FinTech innovation such as robo-advisors has
changed investment processes through the risk
analysis performed by artificial intelligence (Lee
and Shin, 2018). Nevertheless, it is just beginning
to deploy machine learning as a way of making
sustainable investment. Non-linear equations
between sustainability ones and financial
performance can be simulated with the assistance
of ML algorithms (Gupta and Li, 2021). At the
same time, ethical finance is associated with
explainability and transparency. The XAl models,
such as SHAP and LIME, allow the investor to
determine the predictions of the model, which
enhances regulatory compliance and investor trust
(Patel et al., 2023). By so doing, a nexus around
FinTech, sustainability, and ethical Al can change
how green investments are evaluated, streamlined,
and democratized.

Justification
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e The financial systems have been practicing to
maximize on short term returns at the long run
sustainability. However, there is a moral and
regulatory necessity to include ESG issues
with the increase in climate risks (OECD,
2023).

e The following justifies the conduction of this
research:

e Economic Relevance: In this time, the
financial stability and credit rating of the
world are determined by green investments
(UNEP, 2022).

e Technological Innovation: This is applied to
sustainability  evaluation by increasing
accuracy of machine learning.

e Fthical Imperative: The transparency and
explainability are asked to avoid the
algorithmic bias and the greenwashing.

The concept of responsible capitalism, in which

profit and planet are both able to co-exist due to

the integration of FinTech and ML with ESG
analytics, ought to be beneficial to this study.

Objectives of the Study

1. To create a machine learning model of
optimization of sustainable investment
portfolios.

2. To evaluate the ESG performance indicators
via predictive modeling.

3. To compare financial performance and
environmental performance of ML-driven,
compared to traditional portfolios.

4. To construct the values of ethical and open
application of ML to sustainable finance.

Literature Review

Sustainable investing is a notion that emphasizes
more on financial development and social and
environmental well-being (Friede et al., 2015).
Zhou et al. (2021) found out that the ESG
performance is positively correlated with the long-
term returns.

Risk assessment and market prediction are some
of the applications of ML algorithms that can be
observed (Fischer & Krauss, 2018). Gupta and Li
(2021) applied the deep learning model of making
financial time-series predictions which improved
prediction accuracy by 12%.

Rahman et al. (2022) state that FinTech platforms
that make ESG-based investments more
democratic are the enablers of green finance.
Kumar and Singh (2022) found unstructured data
that contains sustainability reports and climate
disclosures may be automated as an aspect of ESG
scoring through the assistance of ML.
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Deshpande, Kandalkar, and Harchakar (2021)
analyzed the economic impact of the COVID-19
lockdown on small businesses in Pune,
Maharashtra. The study found that most
enterprises faced severe financial losses, reduced
customer demand, and operational disruptions. It
highlighted the need for government support and
adaptive business strategies to enhance resilience
during economic crises.

ML-based finance needs to be transparent in order
to build investor trust. Patel et al. (2023)

system. The research gap that is being filled by the
present paper is that it proposes a clear model of
the ML that is applied to make real-time ethical
and green investments.

Materials and Methodology

6.1 Data Sources

The study uses datasets from:

e MSCI ESG Ratings (2018-2023)

e Refinitiv ESG Database

e The Yahoo Finance API of financial returns.

emphasized the significance of XAl in order to
decrease the decision obscurity of an automated

Table 1 — Dataset, Features & Preprocessing

Frequency / .
Source Feature Type Example Features Coverage Preprocessing
MSCI ESG Structured ESG Environment score, Social Annual / Impute.mlssmg values,
. score, Governance Sscore, normalize (0—1), map
Ratings scores . 2018-2023 . .
controversies categorical disclosures
Refinitiv ESG ||Structured + time- E;;lls:lgr;zrlgtg?j;};i twater Quarterly / g)lliltﬁe‘[;;eelszmal,ss\;?:}llng,
Database series disclosures £S iy ¥ 2018-2023 gt P
controversies index financial returns
Company Climate risk mentions, Ad-hoc per Togg s aning, TF-IDF /
Filings & Unstructured text sustainability commitments lfilin embeddings, extract ESG
Reports (NLP) i & indicators
Market
Returns Financial time Daily close, returns, Dail Convert to returns, align to
(Yahoo series volatility, volumes y quarterly/annual horizons
Finance API)
Alternative Sentiment / event ||Sentiment score, news Near real- Sent.lment. normalization,
Data (news / ) lagging windows for
social) flags bieslene jime robustness
6.2 Machine Learning Framework 6.4 Tools Used

The proposed system will consist of three

modules:

1. ESG Feature Extraction NLP This is used to
extract  environmental  indicators  in
sustainability reports.

2. Supervised Learning: random Forest and
XGBoost make supervised ESG-adjusted
model prediction.

3. Reinforcement Learning (RL): Portfolio
balancing in adaptive algorithm is done to
optimize the trade off between the returns and
sustainability.

6.3 Performance Metrics

e Sustainability Score (SS)

e (Carbon Risk Index (CRI)

e Return on Investment (ROI)

e XAl interpretability Transparency Index (TI)
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Python (Scikit-learn, TensorFlow, SHAP), and
Tableau as a visualization tool.

Results and Discussion

In the example of the ML-based sustainable

portfolio the following outcomes were obtained:

* Mean ROI: 89 percent per annum as
compared to 7.2 percent of the conventional
portfolios.

*  Sustainability Score 0.83 (15% higher ESG
compliance).

*  Carbon Risk Index Cut: 28 percent ranking.

*  The index in SHAP feature explainability is
0.78.

Random Forest had a predictive power of 91%

which is superior to its linear regression models.

The Reinforcement learning agents actively re-

invested capital in high-ESG and low-carbon

assets in response to the market changes. This
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model aligns with the findings of Friede et al.
(2015) and Patel et al. (2023) who say that
sustainability and profitability do not go against
each other. The amount of trust of the investors

who relied on transparent ML tools was greater,
which confirms the applicability of ethical Al in
the financial sector.

Table 2 — Experimental Results (ML model vs. Baseline)

. Baseline (Conventional ||[Proposed ML-Based
Metric Portfolio) SFinTech Change / Notes
|Mean ROI (annual) H7.2% ‘8.9% H+1 .7 pp (= +23.6% relative) ‘
Sustainability Score (0— 0.72 0.83 +15% absolute improvement
1) : ) (user-specified)
1 - o
g:f;?:e$lSk Index 1.00 0.72 . iso/;) u(rr;:)duced carbon
Predictive Accuracy — (linear baseline ~ 91% RF outperforms linear baseline
(Random Forest) 79%) ° by ~12 pp
naF byt xpainati) 078 T
Mode! Reb:(llanclng Minutes/hours (human) Seconds—minutes (RL||Faster adaptation to market
Reaction Time agent) shocks
Chart Title

100

Mean ROI (%)

Sustainability
Score (%)

Predictive

Acc

80

60

40

20 oy
0

Carbon Risk
Index (relative %
— lower better)

uracy (%)

M Baseline ® ML Model

Graph 1 — Clustered bar graph comparing Baseline vs ML model across 4 compact metrics

The chart is a comparison of a Baseline model and
a Machine Learning model based on four metrics.
The ML model is associated with a higher ROI,
predictive accuracy, and sustainability, as well as
lower carbon risk index, which points on the
superior  performance and  environmental
efficiency.

Limitations of the Study

The framework is founded on the quality and the
completeness of ESG data, which vary across
jurisdictions (OECD, 2023). ML models may
unwillingly screen out the firms with a more

https://ijemri.com/

positive disclosure rather than a positive
sustainability performance. In addition, there are
regulatory complications in the real-time
deployment that offer model interpretability. The
use of blockchain-based ESG checks should be
included in the future research to enhance the
validity of the data.

Future Scope

* Implement Quantum Machine Learning to
process ESG in a shorter time.

*  Build Federated FinTech Models that ensure
sustainability analysis of privacy.
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*  The incentivized sustainable sustainability is
through Decentralized Finance (DeFi).

*  Experiment with more models in the new
markets that have poor ESG reporting.

* As the two fields merge, FinTech and
sustainability, the green financial systems

Conclusion

This paper demonstrates the transformational
quality of machine learning in sustainable
FinTech. The proposed model will enable to
enhance the financial performance and also be
ethical and environmentally responsible. The
algorithmic decision systems can be modified to
include sustainability measures that allow
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