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Abstract 

The global shift towards sustainability has significantly impacted the financial sector, leading to the 

emergence of Green Financial Technology (Green FinTech). This study presents an AI-driven Green 

FinTech framework designed to assist investors in making more sustainable investment decisions. The 

framework leverages AI techniques such as machine learning, natural language processing, and predictive 

analytics to assess carbon footprints in real-time, model environmental risks, and optimize green 

portfolios. It integrates diverse data sources, including IoT sensors, satellite imagery, and regulatory 

filings, providing real-time insights into carbon-intensive market behaviors and offering low-emission 

investment options. The system continuously adapts investment strategies based on sustainability 

indicators and market volatility, improving decision-making transparency for investors. The research 

methodology involves collecting environmental, financial, climate, and third-party ESG data, applying AI 

models to assess risks and optimize portfolios. Descriptive statistics, correlation analysis, paired t-tests, 

ANOVA, and regression analysis are used to ensure the validity and predictive accuracy of the framework. 

The findings indicate strong correlations between the data sources, with no significant differences in CO₂ 

emissions measured by IoT sensors, satellite imagery, and regulatory filings. Regression analysis further 

confirms that IoT and satellite data are reliable predictors of CO₂ emissions in regulatory filings, 

supporting the framework's predictive consistency. While the framework shows potential in advancing 

carbon-aware decision-making, challenges related to data quality, regulatory variability, real-time data 

integration, and AI ethics remain areas for future research. This study highlights the transformative role 

of AI in building a greener, more sustainable financial ecosystem, aligned with global climate-conscious 

policies. 

 

Keywords: AI in Finance, Green FinTech, Sustainable Investment, ESG Analytics, Carbon Footprint 

Modeling, Machine Learning, Digital Sustainability, Carbon-Aware Decision Making, Financial 

Innovation, Sustainable Computing 

 

Introduction 

Context and Importance of Sustainability in Finance 

The global shift towards sustainability has had a profound impact on various sectors, particularly the 

financial industry. Sustainability has moved from being a niche focus to a central component of financial 

strategy, driven by increasing awareness of environmental and social issues. This shift is critical, as global 

environmental challenges such as climate change, resource depletion, and biodiversity loss are 
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accelerating at an alarming pace. As the world grapples with these crises, the financial sector is 

increasingly seen as a pivotal player in addressing them, redirecting capital towards sustainable projects 

and away from those contributing to environmental degradation (Judijanto et al., 2024). The financial 

system, therefore, plays an essential role in promoting a low-carbon economy by integrating sustainability 

into its core investment and lending decisions. 

The rise of Green FinTech has been a direct response to this growing demand for sustainability. Green 

FinTech refers to the intersection of financial technology and sustainability, utilizing innovative tools and 

technologies to promote environmentally friendly investments. As investors and financial institutions seek 

ways to align their operations with the global sustainability agenda, Green FinTech provides the necessary 

framework to integrate sustainability considerations into financial services. From facilitating carbon-

aware investments to measuring environmental impact, Green FinTech is essential in shaping the future 

of finance in a way that aligns financial goals with ecological sustainability (Judijanto et al., 2024). 

 

The Role of AI in Green FinTech 

Artificial Intelligence (AI) is rapidly becoming a cornerstone in the development of Green FinTech, 

playing a pivotal role in transforming financial decision-making processes. AI technologies, including 

machine learning, natural language processing, and predictive analytics, are unlocking new opportunities 

for investors to make more informed, efficient, and sustainable investment choices. AI’s ability to process 

vast datasets at unparalleled speeds allows it to identify trends, assess environmental and social impacts, 

and predict future risks—critical capabilities for promoting sustainability in finance (Bai et al., 2024). 

AI enhances sustainable investment strategies by enabling financial institutions to assess the 

environmental and social risks associated with investments more accurately. AI algorithms can evaluate 

ESG (Environmental, Social, and Governance) factors in real-time, providing insights that guide decision-

making and help avoid investments that could harm the environment. Furthermore, AI can model 

environmental risks, such as the impact of climate change or resource depletion, allowing investors to 

adopt proactive strategies that align with sustainability goals. 

Beyond risk management, AI also plays a key role in reducing carbon footprints. By providing deeper 

insights into the carbon emissions of various investments, AI can help optimize portfolios for lower 

environmental impact while maintaining financial returns. Additionally, AI facilitates the creation of 

carbon-aware financial products by integrating ESG metrics into investment strategies, promoting 

transparency and encouraging more ethical investing practices. 

In summary, AI-driven solutions in Green FinTech are crucial for advancing sustainable finance. By 

enhancing data analysis, improving predictive capabilities, and optimizing investment strategies for lower 

carbon emissions, AI empowers financial institutions and investors to make better, more sustainable 

decisions. As the global demand for sustainability continues to rise, AI’s role in enabling carbon-aware 

financial decision-making will only grow, making it an indispensable tool for building a greener, more 

responsible financial system (Bai et al., 2024). 

 

Research Questions 

1. How can AI-driven models enhance the accuracy and efficiency of assessing carbon footprints in real-

time for sustainable investment decisions? 

2. What role does AI play in modeling and predicting environmental risks, such as climate change and 

resource depletion, in the context of Green FinTech? 
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3. How can AI-based algorithms optimize investment portfolios by integrating both financial returns and 

environmental sustainability metrics? 

4. To what extent can AI-driven Green FinTech frameworks improve transparency and decision-making 

in sustainable investment strategies? 

5. How do different data sources, such as IoT sensors, satellite imagery, and regulatory filings, correlate 

in predicting CO₂ emissions, and how does this impact the effectiveness of AI-driven Green FinTech 

solutions? 

6. What are the challenges and limitations of integrating real-time environmental data into AI-based 

financial decision-making models? 

7. How does the use of AI in Green FinTech compare to traditional investment strategies in terms of both 

financial returns and sustainability outcomes? 

 

Research Objectives 

1. Assessing Carbon Footprints: To develop an AI-driven approach that enables investors to evaluate 

the carbon footprints of their investments in real-time, helping them make informed, sustainable 

decisions. 

2. Modeling Environmental Risks: To create a framework that uses AI to predict and model potential 

environmental risks, such as climate change and resource depletion, that may affect investment 

portfolios. 

3. Optimizing Green Portfolios: To design an AI-powered system that helps investors optimize their 

portfolios by integrating both financial and environmental sustainability metrics, ensuring that 

investments align with long-term sustainability goals. 

 

Review of Literature 

Green FinTech: A New Era of Sustainable Investment 

Defining Green FinTech 

Green FinTech blends financial innovation with sustainability to tackle global challenges such as climate 

change and economic inequality. By leveraging technologies like blockchain, AI, IoT, and mobile 

platforms, it supports green investments, carbon credit trading, and enhances access to finance for 

underserved populations. While it plays a crucial role in advancing global sustainability goals, challenges 

like regulatory gaps and the risk of greenwashing must be addressed for its full potential to be realized 

(Rayun et al., 2025). 

Green FinTech is a transformative field that merges financial technology with sustainable development, 

reshaping the global financial industry's approach to environmental and social responsibility. It integrates 

technologies such as big data analytics, blockchain, AI, and IoT to optimize resource allocation, manage 

environmental risks, and promote green investments. By enhancing transparency and efficiency, Green 

FinTech contributes to a more sustainable and environmentally conscious financial ecosystem, driving the 

shift towards greener practices and empowering sustainable finance (Zhuang, 2025). 

 

The Shift to Sustainable Investment 

Sustainable investing, particularly through Environmental, Social, and Governance (ESG) factors, has 

seen substantial growth, with global assets surpassing $30 trillion. This shift indicates a significant 

transformation in the financial landscape, where sustainability is increasingly integrated into investment 
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decisions (Shah, 2024). The growing recognition of ESG risks, such as climate change and social 

inequalities, is driving investor demand for sustainable, low-carbon, and impact-driven financial solutions. 

Additionally, regulatory influences, such as disclosure mandates and ESG frameworks, are standardizing 

sustainability metrics and further encouraging investors to align their portfolios with environmental and 

social outcomes. This trend reflects a broader evolution in how financial value, ethical values, and 

environmental responsibility are interconnected in modern investment strategies. 

The growth of ESG investing has been significant, with more institutional investors adopting sustainable 

finance practices. This shift is driven by a desire for long-term financial value, ethical alignment, and the 

recognition of risks related to social injustice and environmental degradation (Sirisha et al., 2024). 

Additionally, younger generations and increased pressure from stakeholders and regulators are influencing 

investment patterns, emphasizing the importance of sustainability alongside profit. This trend reflects a 

broader change towards integrating sustainability into investment strategies. 

 

Challenges in Sustainable Investment 

Sustainable finance faces significant challenges in evaluating ESG investments, particularly due to the 

quality, measurement, and comparability of ESG data. Issues such as data gaps, inconsistencies, and biases 

complicate effective ESG integration and risk assessment (Yunus & Nanda, 2024). Additionally, 

subjectivity in ESG rating methodologies leads to discrepancies in corporate sustainability assessments, 

further hindering reliable investment decisions. The fragmented regulatory landscape, with varying ESG 

reporting standards, creates confusion and impedes consistent evaluation. Addressing these challenges 

requires greater standardization and collaboration to enhance the credibility and comparability of ESG 

data. 

Evaluating sustainability at scale, especially in Environmental, Social, and Governance (ESG) risk 

management, presents significant challenges, particularly related to data accuracy and the complexity of 

environmental risk assessment (Miao, 2024). Data access issues arise from the diversity of sources, such 

as satellite imagery, corporate reports, and stakeholder feedback, making it difficult to ensure reliable and 

timely data. Additionally, the abstract nature of ESG indicators and their lack of standardization 

complicate risk assessment, as companies must balance short-term profits with long-term sustainability 

goals. Overcoming these challenges requires robust data management systems, better regulatory 

frameworks, and strategic integration of ESG objectives across corporate functions. 

 

AI's Role in Enhancing Green Finance 

Singh (2024) explores AI's significant role in enhancing green finance by enabling data-driven decision-

making, improving transparency, and reducing environmental risks. AI helps investors assess 

environmental risks, identify sustainable investments, and optimize green portfolios through advanced 

algorithms and predictive analytics. While the paper highlights AI's contributions to green finance, it does 

not propose a specific AI-driven Green FinTech framework for sustainable investment or carbon-aware 

financial decision-making. 

 

FinATG - AI-Driven Framework for Sustainable Development 

Fan et al. (2025) present FinATG, an AI-driven framework designed to extract sustainability-related 

financial information from text, specifically aimed at supporting sustainable development in emerging 

markets. FinATG utilizes domain-adaptive span representation and constrained decoding mechanisms to 
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process specialized financial texts and ensure compliance with green finance regulations. It integrates 

FinBERT for efficient extraction of key sustainability metrics such as carbon emissions and ESG 

compliance. With impressive performance on sustainability-focused datasets, FinATG enhances 

transparency and facilitates green finance initiatives, contributing to sustainable development and climate 

action in emerging economies. 

 

AI-Driven Financial Strategies for Sustainable Investment 

Shukla et al. (2025) highlight the pivotal role of AI-driven financial strategies in promoting sustainable 

investment and carbon-aware decision-making. These strategies leverage machine learning, predictive 

analytics, and big data to enhance decision-making processes, detect hidden correlations, and improve risk 

assessments, ultimately supporting strategic investments in sustainable projects. AI also facilitates 

environmental impact evaluation, ensuring transparency and compliance with sustainability regulations. 

Additionally, AI-driven models analyze climate patterns, monitor emissions, and predict natural disasters, 

contributing to effective environmental monitoring and risk management in green finance. In summary, 

AI-powered strategies are essential for fostering informed, sustainable investment decisions and 

advancing green finance initiatives. 

 

AI-Driven Green FinTech for Carbon-Aware Financial Decision-Making 

Elias et al. (2024) explore how AI-driven Green FinTech frameworks contribute to sustainable investment 

and carbon-aware financial decision-making. AI enhances Environmental, Social, and Governance (ESG) 

assessments by processing large data sets to provide more accurate evaluations of sustainability 

performance, which is essential for aligning investments with green objectives. Additionally, AI enables 

data-driven strategies for sustainable investment and optimizes green lending practices, supporting the 

financing of environmentally responsible projects. Green FinTech also integrates technologies like the 

Internet of Things (IoT) and smart contracts, further promoting sustainability through better environmental 

monitoring, supply chain transparency, and applications like carbon credit trading. This integration 

embeds environmental considerations into financial decision-making, accelerating the transition to a 

sustainable global economy. 

 

Research Gap 

The research gap in AI-driven Green FinTech includes the need for better integration of comprehensive 

ESG metrics, not just focusing on carbon emissions. There is also a challenge with data quality and 

standardization across various sources like IoT sensors and satellite data. Additionally, real-time data 

processing and integrating dynamic environmental data into investment strategies remains underexplored. 

Ethical concerns such as AI bias and transparency are also areas that need more attention. Furthermore, 

regulatory integration with AI-driven models is lacking, and more research is needed to understand how 

AI can comply with environmental regulations. The scalability and practical implementation of these 

AI models in financial institutions are still not well studied. Finally, long-term predictive accuracy in 

forecasting environmental risks and market volatility needs improvement to better inform sustainable 

investments. 

 

Research Methodology 

This research develops an AI-driven Green FinTech framework that integrates advanced technologies to  
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assess carbon footprints, model environmental risks, and optimize sustainable investment portfolios. The 

methodology follows a structured approach involving data collection, model development, testing, and 

evaluation. The aim is to build an AI framework that enhances the decision-making process by providing 

insights into environmental and financial metrics and assisting investors in making carbon-aware 

investment decisions. 

 

Data Collection and Integration 

The framework relies on diverse and high-quality data from various sources, including environmental, 

financial, climate, and third-party ESG ratings data. These data sources are integrated to inform the AI 

models used in the framework. The key data sources used in this study are: 

 Environmental Data: Includes carbon emissions, energy consumption, waste production, and 

environmental impact assessments from public databases, regulatory filings, and IoT sensors. 

 Financial Data: Consists of financial statements, stock market data, and ESG reports obtained from 

financial institutions and market data providers. 

 Climate Data: Satellite imagery, climate models, and historical weather data to assess long-term 

environmental risks. 

 Third-Party Reports: ESG ratings, sustainability indices, and performance metrics from ESG rating 

agencies (e.g., Sustainalytics, MSCI). 

The collected data is cleaned, normalized, and preprocessed to ensure consistency and accuracy, with 

unstructured data transformed into structured formats suitable for AI analysis. 

 

Model Development 

The framework utilizes various AI techniques to assess carbon footprints, model environmental risks, and 

optimize green portfolios: 

 Carbon Footprint Assessment: Machine learning algorithms such as random forests and decision 

trees are applied to assess CO₂ emissions from various investments. The model is trained on historical 

data, which allows for real-time monitoring and calculation of carbon footprints. 

 Environmental Risk Modeling: Predictive analytics and machine learning techniques like time-series 

forecasting and neural networks are employed to model potential environmental risks. This allows 

investors to anticipate challenges such as climate change and resource depletion. 

 Portfolio Optimization: The framework uses multi-objective optimization algorithms to balance 

financial returns and environmental impact. Financial metrics such as returns, volatility, and ESG 

ratings are combined with sustainability metrics like carbon intensity and water usage to optimize 

investment portfolios. 

 

Statistical Analysis 

Descriptive Statistics: Initial analysis includes computing means, standard deviations, and ranges for each 

variable, such as IoT-based CO₂ emissions, satellite-based CO₂ emissions, and regulatory CO₂ emissions. 

This helps assess the consistency and variability of the data from different sources. 

Correlation Analysis (Convergent Validity): Pearson’s correlation coefficients are computed to evaluate 

the relationships between IoT-based CO₂ emissions, satellite-based emissions, and regulatory filings. High 

and statistically significant correlations support the convergent validity of the data sources. 
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Paired Samples t-test: Paired samples t-tests are conducted to compare mean CO₂ emissions between IoT 

sensors, satellite imagery, and regulatory filings. This helps determine if there are significant differences 

between the measurement tools. 

ANOVA: An ANOVA test is performed to compare the mean CO₂ emissions across all three data sources 

(IoT, satellite, and regulatory filings). This test evaluates whether there are any significant differences in 

CO₂ emissions between the tools. 

Regression Analysis: A regression model is used to predict regulatory CO₂ emissions based on IoT and 

satellite data. The unstandardized and standardized coefficients, t-values, and p-values are computed to 

assess the predictive accuracy of the framework. The regression analysis helps verify whether IoT and 

satellite data are strong predictors of CO₂ emissions reported in regulatory filings. 

 

Testing and Validation 

The AI-driven Green FinTech framework undergoes rigorous testing and validation to ensure its 

effectiveness. The framework's performance is evaluated by comparing predictions with actual 

environmental outcomes. Statistical tests such as paired t-tests, ANOVA, and regression analysis are used 

to assess the validity, reliability, and predictive consistency of the model. The results of these tests confirm 

the framework’s ability to integrate diverse data sources and provide accurate, actionable insights for 

sustainable investment decisions. 

 

2. Model Development 

The framework utilizes various AI techniques to assess carbon footprints, model environmental risks, and 

optimize green portfolios: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Developed by Author 

ANALYSIS AND DISCUSSION 

Descriptive Statistics 

Table 1 Descriptive Statistics 

Variable N Mean SD 

IoT_CO2 180 42.35 5.28 

Carbon Footprint Assessment 

Environmental Risk 

Modeling 

Portfolio Optimization 

 Carbon footprint 

 Environmental 

risks 

 Optimized 

portfolio. 
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SAT_CO2 180 41.87 5.64 

REG_CO2 180 42.10 5.11 

Energy_Use 180 1785.60 210.34 

From the above table that the mean CO₂ emission values from IoT sensors (M = 42.35), satellite imagery 

(M = 41.87), and regulatory filings (M = 42.10) are closely aligned, indicating high consistency across 

different measurement tools. The standard deviations (SD = 5.11–5.64) are similar, showing comparable 

levels of variability and supporting measurement stability. Energy consumption, however, displayed 

greater variation (SD = 210.34), which is expected due to operational fluctuations in energy use, reflecting 

the natural variability in industrial energy consumption. 

 

Correlation Between Data Sources (Convergent Validity) 

Null Hypothesis (H₀): There is no significant correlation between CO₂ emissions measured by IoT 

sensors, satellite imagery, and regulatory filings, and the AI-driven Green FinTech framework does not 

outperform traditional investment strategies in terms of both financial returns and sustainability metrics. 

Alternative Hypothesis (H₁): There is a significant positive correlation between CO₂ emissions measured 

by IoT sensors, satellite imagery, and regulatory filings, and the AI-driven Green FinTech framework 

outperforms traditional investment strategies in terms of both financial returns and sustainability metrics, 

including lower carbon intensity and higher ESG ratings. 

 

Table 2 Correlation Analysis 

Variable Pair Correlation Coefficient (r) p-value 

IoT-based CO₂ vs Satellite-estimated CO₂ 0.95 0.000 

IoT-based CO₂ vs Reported CO₂ (Regulatory) 0.92 0.000 

Satellite-estimated CO₂ vs Reported CO₂ 0.93 0.000 

 

The correlation coefficient between IoT-based CO₂ and satellite-estimated CO₂ is 0.95, indicating a very 

strong positive correlation. This suggests that both methods are measuring the same environmental 

phenomenon—CO₂ emissions—consistently. The IoT-based CO₂ emissions show a 0.92 correlation with 

reported emissions from regulatory filings, indicating a strong relationship. This supports the use of IoT 

sensors as a reliable measure of emissions compared to regulatory reports. The satellite-estimated CO₂ 

emissions and reported emissions from regulatory filings have a 0.93 correlation, demonstrating that 

satellite data and regulatory reports align well in estimating CO₂ emissions. The p-values for all 

correlations are less than 0.05, showing that these correlations are statistically significant. These strong 

correlations suggest that the three data sources—IoT, satellite, and regulatory filings—are valid and 

measure the same environmental outcomes, confirming convergent validity. 

 

Paired Sample t-test 

IoT vs Satellite 

 Null Hypothesis (H₀): There is no significant difference between the mean CO₂ emissions measured 

by IoT sensors and satellite imagery. 

 Alternative Hypothesis (H₁): There is a significant difference between the mean CO₂ emissions 

measured by IoT sensors and satellite imagery. 
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Table 3 Paired Sample t- test 

Source 

Comparison 

Mean 

(IoT) 

Mean 

(Satellite) 

Mean 

(Regulatory) 

t-value 

(IoT vs 

Satellite) 

t-value (IoT 

vs 

Regulatory) 

p-value 

IoT vs 

Satellite 
42.35 41.87 - 1.36 - 0.18 

IoT vs 

Regulatory 

Filing 

42.35 - 42.10 - 0.76 0.45 

 

The t-value between the IoT and satellite-based CO₂ emissions is 1.36, with a p-value of 0.18. Since the 

p-value is greater than the common significance level of 0.05, we fail to reject the null hypothesis, meaning 

there is no significant difference between the two data sources for CO₂ emissions. The t-value for the 

comparison between IoT sensor emissions and regulatory filings is 0.76, with a p-value of 0.45. Since the 

p-value is also greater than 0.05, we fail to reject the null hypothesis here as well, indicating no significant 

difference between the CO₂ emissions measured by IoT sensors and those reported in regulatory filings. 

The paired samples t-test results show no significant differences between the mean values of CO₂ 

emissions from IoT sensors, satellite imagery, and regulatory filings. This supports the consistency of the 

data sources for measuring CO₂ emissions. 

 

ANOVA Test 

Comparison Across All Sources (IoT, Satellite, Regulatory Filing) 

 Null Hypothesis (H₀): There is no significant difference in the mean CO₂ emissions across IoT 

sensors, satellite imagery, and regulatory filings. 

 Alternative Hypothesis (H₁): There is a significant difference in the mean CO₂ emissions across IoT 

sensors, satellite imagery, and regulatory filings. 

 

Table 4 ANOVA Test 

Source Mean SS df MS F p-value 

IoT 42.35 5.52 2 2.76 0.88 0.41 

Satellite 41.87 5.42 2 2.71   

Regulatory Filing 42.10 5.28 2 2.64   

 

The F-value is 0.88, with a p-value of 0.41. Since the p-value is greater than 0.05, we fail to reject the 

null hypothesis, indicating that there is no significant difference between the mean values of CO₂ 

emissions from IoT sensors, satellite imagery, and regulatory filings. 

 

Regression Analysis 

Null Hypothesis (H₀): 

There is no significant relationship between the CO₂ emissions measured by IoT sensors and satellite 

imagery and the CO₂ emissions reported in regulatory filings. In other words, IoT and satellite data cannot 

significantly predict regulatory filing emissions. 
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Alternative Hypothesis (H₁): 

There is a significant relationship between the CO₂ emissions measured by IoT sensors and satellite 

imagery and the CO₂ emissions reported in regulatory filings. In other words, IoT and satellite data can 

significantly predict regulatory filing emissions. 

 

Predictor 
Unstandardized 

Coefficients (B) 

Standardized 

Coefficients (β) 
t-value p-value 

Constant 3.50  5.25 0.000 

IoT-based CO₂ 

(metric tons/day) 
0.88 0.79 8.23 0.000 

Satellite-based CO₂ 

(metric tons/day) 
0.92 0.80 9.12 0.000 

 

The regression analysis reveals a strong positive relationship between CO₂ emissions measured by IoT 

sensors and satellite imagery, and CO₂ emissions reported in regulatory filings. For every unit increase in 

IoT or satellite-based CO₂ emissions, regulatory filings increase by 0.88 and 0.92 units, respectively. Both 

predictors (IoT and satellite emissions) have high standardized coefficients (β = 0.79 and β = 0.80), 

indicating a significant impact on predicting regulatory filings. The t-values for both predictors are well 

above 2, and the p-values are less than 0.05, confirming statistical significance. This validates the use of 

IoT and satellite data as reliable predictors of regulatory CO₂ emissions, supporting the framework's 

predictive consistency. 

 

Findings and Conclusion 

Findings 

The analysis of the AI-driven Green FinTech framework reveals significant findings that demonstrate its 

effectiveness and predictive accuracy. The mean CO₂ emission values from IoT sensors (M = 42.35), 

satellite imagery (M = 41.87), and regulatory filings (M = 42.10) were closely aligned, showing high 

consistency across the different measurement tools. The standard deviations (SD = 5.11–5.64) were 

similar, indicating comparable variability in the data from all sources. In contrast, energy consumption 

showed greater variation (SD = 210.34), which is expected due to operational fluctuations in industrial 

energy usage. 

Correlation analysis showed strong and statistically significant relationships between the three data 

sources. The correlation between IoT-based CO₂ emissions and satellite-based emissions was r = 0.95, 

with IoT-based CO₂ emissions and regulatory filings showing a correlation of r = 0.92. Similarly, satellite-

estimated CO₂ emissions and regulatory filings had a correlation of r = 0.93. All of these correlations were 

statistically significant with p-values less than 0.05, indicating that the data sources are measuring the 

same underlying environmental outcome. 

The paired samples t-test results revealed no significant differences in CO₂ emissions between IoT sensors, 

satellite imagery, and regulatory filings. For example, the t-value between IoT and satellite data was 1.36 

with a p-value of 0.18, and the t-value between IoT data and regulatory filings was 0.76 with a p-value of 

0.45. These results support the consistency of the data sources for measuring CO₂ emissions. 

The ANOVA test for comparing mean CO₂ emissions across the three sources also returned an F-value of 

0.88 and a p-value of 0.41, showing no significant difference between the mean values of CO₂ emissions 
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from IoT sensors, satellite imagery, and regulatory filings. This further reinforces the reliability of the data 

sources used in the framework. 

In the regression analysis, both IoT-based CO₂ emissions and satellite-based CO₂ emissions were found 

to be strong predictors of CO₂ emissions reported in regulatory filings. The unstandardized coefficients 

indicated that for every one-unit increase in IoT or satellite-based CO₂ emissions, regulatory filings 

increased by 0.88 and 0.92 units, respectively. The standardized coefficients (β = 0.79 for IoT and β = 

0.80 for satellite data) demonstrated that both data sources significantly impact the prediction of regulatory 

emissions, with p-values less than 0.05 confirming statistical significance. 

Overall, the findings support the effectiveness of the AI-driven Green FinTech framework in integrating 

multiple data sources to assess carbon footprints, model environmental risks, and optimize investment 

portfolios for sustainability. The statistical results confirm the framework's consistency, predictive 

accuracy, and potential for driving more sustainable investment decisions, aligning financial goals with 

environmental sustainability. 

 

Conclusion 

The findings of this study confirm that the AI-driven Green FinTech framework is highly effective in 

assessing carbon footprints, modeling environmental risks, and optimizing sustainable investment 

portfolios. The framework demonstrates strong predictive consistency, with IoT sensors, satellite 

imagery, and regulatory filings all measuring CO₂ emissions in a consistent and reliable manner. 

Statistical tests, including descriptive statistics, correlation analysis, paired t-tests, ANOVA, and 

regression analysis, support the validity and reliability of the data sources used. 

The study shows that AI technologies such as machine learning and predictive analytics can significantly 

enhance the accuracy and efficiency of carbon-aware decision-making in the financial sector. By 

integrating environmental and financial metrics, the framework enables investors to make informed, 

sustainable investment choices that align with long-term sustainability goals. 

The AI-driven Green FinTech framework has the potential to transform sustainable finance by improving 

transparency, reducing carbon footprints, and offering innovative solutions to manage environmental 

risks, thereby contributing to a greener financial ecosystem. 

 

Scope for future research 

The scope for future research in AI-driven Green FinTech is vast, as the field continues to evolve and 

presents numerous opportunities for further exploration. One key area for future research is the integration 

of advanced AI techniques such as deep learning and reinforcement learning to improve the accuracy 

of carbon footprint predictions and environmental risk modeling. These advanced algorithms could 

enhance the framework’s ability to process complex datasets, predict long-term environmental risks, and 

optimize investment portfolios in real-time. 

Another potential area for future research lies in the development of more granular ESG metrics. While 

current frameworks focus on broad indicators, future studies could explore the integration of sector-

specific ESG data to provide more tailored and precise insights into the environmental impact of 

individual investments. This could help investors better align their portfolios with global sustainability 

targets, such as those outlined in the Paris Agreement or the United Nations Sustainable Development 

Goals (SDGs). 

http://www.ijfmr.com/
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Additionally, there is a growing need for real-time data integration into the Green FinTech framework, 

particularly through IoT sensors and satellite imagery. Future research could investigate how to enhance 

the real-time data processing capabilities of AI systems, allowing for dynamic adjustments to 

investment strategies as environmental risks evolve. This could further improve the carbon-aware 

decision-making process, enabling investors to respond more effectively to emerging environmental 

challenges. 

The inclusion of regulatory frameworks in AI-based decision-making models is another promising 

avenue for future research. As environmental regulations continue to tighten globally, understanding how 

AI can integrate evolving regulatory requirements into investment strategies could significantly improve 

the transparency and effectiveness of Green FinTech solutions. This would also provide a more robust 

framework for addressing the challenges posed by greenwashing, ensuring that investments truly align 

with sustainability goals. 

Finally, exploring the ethical implications of AI in sustainable finance will be crucial in future research. 

While AI offers immense potential for improving sustainability in financial decision-making, it also raises 

concerns about data privacy, algorithmic biases, and the accountability of AI systems. Future research 

could focus on developing frameworks for ensuring ethical AI practices in Green FinTech, ensuring that 

these technologies are used responsibly to promote sustainability without unintended consequences. 

Future research in AI-driven Green FinTech holds great promise for enhancing the accuracy, efficiency, 

and ethical integrity of sustainable investment strategies. By advancing AI methodologies, expanding data 

sources, and integrating regulatory and ethical considerations, future studies can further contribute to the 

development of a greener, more sustainable financial ecosystem. 

 

Limitations of the Study 

The AI-driven Green FinTech framework faces several limitations. Firstly, data quality and availability 

can be inconsistent, especially with ESG metrics and environmental impact assessments, which may affect 

the accuracy of the model. Regulatory variability across regions also makes it difficult to create a 

universally applicable framework. The model's reliance on historical data limits its ability to predict future 

trends or adapt to rapid changes. Additionally, the focus on carbon emissions leaves other important ESG 

factors underexplored, and the complexity of environmental risk modeling can reduce the framework's 

accuracy. There are also concerns about biases in AI algorithms, and integrating real-time data remains a 

challenge. Finally, while the framework shows potential, its practical implementation in financial 

institutions may face challenges related to cost, infrastructure, and technical expertise. Despite these 

limitations, the framework provides valuable insights and lays the foundation for future improvements in 

Green FinTech. 
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