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Abstract--- Emerging markets today have a severe financing paradox, with enormous 

renewable energy growth potential, but are plagued by high capital costs and a 2.5 trillion a 

year Sustainable Development Goal (SDG) financing gap. The present work covers the 

structural need of the green economy by suggesting a multi-layered and harmonized Green 

Credit Efficiency (GCE) system that could help harmonize the incentives of the private sector 

with the 2030 Agenda. The architecture employed in the implementation of the methodology 

is a four-tier solution consisting of Data Acquisition, Blockchain Verification, GCE Core 

Optimization, and Financial Deployment layers, to convert the traditional manual reporting 

into a transparent and digital verification system. It applies a mathematical model to the 

panel data of 1,200 observations in 15 major emerging economies (2015-2024) in order to 

estimate the synergy of Fintech, AI-based risk modeling, and green instruments using a 

Technological Innovation Multiplier (TI). The statistical findings confirm that the presented 

GCE model works significantly better than the traditional ones, with the Efficiency Index (EG) 

of 0.89 and Sustainability Return on investment (SROI) of 5.2:1, in contrast to only 0.28 and 

1.1:1 of the traditional finance. Moreover, a study establishes that the efficiency reduction of 

32% is found when Fintech integration is abolished, and digital de-risking is shown to lower 

capital cost by 15%. It is concluded that the fusion of Green Fintech and AI has become a 

prevalent aspect in the execution of the financing gap, and is a reliable tool that can be used 

to create a more systemic opportunity in economic resiliency and more rapid development 

toward the SDGs. 
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1. INTRODUCTION 

The green economy is no longer a unitary issue for the emerging markets, but a 

structural requirement as it gives way to curb the increasing effects of climate 

change and still keeps its pace economically. Emerging economies are now in a state 

of financing paradox, meaning that they have the most significant potential to 

expand renewable energy, but are associated with the most expensive capital and 

high institutional factors. The relevance of this issue can be judged by the fact that 

the 2.5 trillion SDG financing gap has to be bridged annually. The main defining 

characteristics of the success of the global south in the promotion of the 17 

Sustainable Development Goals are innovations and barriers in green finance, as 

pointed out (Raman et al., 2025). To fill this gap, the study will discuss how financial 

innovation, such as green bonds and decentralized Fintech, could serve as a catalyst 

for environmental stewardship and systemic economic resiliency. 

1.1. Key Contributions 

• To dissect the role of green bonds and ESG-linked investments in developing 

sustainable infrastructure within resource-constrained environments. 

• To evaluate the impact of Green Fintech and AI-driven risk modeling on 

renewable energy financing and carbon footprint reduction. 

• To propose a harmonized model that assists policymakers in emerging 

markets in aligning private sector financial incentives with the 2030 Agenda 

targets. 

• To introduce a mathematical logic that correlates financial innovation with 

measurable SDG performance indicators. 

It is a study that consists of five sections. After this introduction, Section 2 will 

provide a review of the literature that is available on green financial pathways and 

identify areas of research that are critical. Section 3 gives the conceptual framework 

and mathematical model of green credit efficiency. Section 4 gives the analysis of 
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results, performance metrics, and the comparative data in detail. The last section, 

Section 5, provides an overview of the findings and provides strategic policy 

recommendations on how this may be developed going forward. 

2. LITERATURE REVIEW 

The present scholarly discussion of sustainable development points to the 

importance of innovative financial structures. Next, point out that the structural 

barriers that prevent the 2030 Agenda should be broken down with the help of 

specific green finance innovations. Green technology innovation and green 

infrastructure are also cited as the main avenues of long-term ecological 

sustainability in the framework of large-scale development projects such as the Belt 

and Road Initiative (Mahmood et al., 2024). Closure of digital transformation and 

sustainable investment approaches is also another way to accelerate SDG 

achievement (Simanungkalit et al., 2025). The literature review of these tools in 

developing nations indicates that local-currency systems and customized tools tend 

to be more effective compared to the standard global tools (Tavares et al., 2024). 

The national-level projects also indicate that the green finance projects have the 

capability to stimulate comprehensive sustainable development by matching capital 

and climate goals (Nasir & Ahmed, 2024). The effect is most significant when there 

is a high ecological footprint in countries, and in this case, the synergy between 

environmental innovation and green growth could cause a drastic decrease in 

carbon intensity (Saqib et al., 2024). The findings of the emerging market economies 

with regard to empirical evidence support the conclusion that green innovation in 

technology and green finance are the twin engines of green economic growth (Ali et 

al., 2024). In order to institutionalize such initiatives, innovative financing 

instruments of green bonds and ESG investments have been turned into an agenda 

among new economies (Sakyi et al., 2024). 

The increased technological advancement in the Fintech sector is one of the 

significant sources of this transformation, as it uses AI and blockchain to bring 

green funds innovation (Wani et al., 2025). This will enable comparison of economic 

development and environmental impacts such that energy consumption does not 

result in further degradation (Manigandan et al., 2023). In addition, the 
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interconnection between Fintech and green finance fosters sustainable synergy that 

amplifies the growth of the economy in general (Hussain et al., 2024). In third-world 

countries, the collective strategy of Fintech adoption is also an essential factor in 

attaining financial inclusion, which is a significant element of the SDGs (Danladi et 

al., 2023). 

Quantile-based frameworks are needed to design effective SDGs to address 

economic volatility in green transitions at present (Saqib et al., 2023). An example 

is the at least Fintech-based innovations revolutionizing the investment models in 

SDG 7 (Olugbenga, 2025) based on renewable energy. Quantitative studies were 

conducted through GMM (Generalized Method of Moments), and it was found that 

green finance is a direct stimulus to the growth of renewable energy in these 

countries. Moreover, systematic reviews on the use of economic instruments to 

achieve energy transition highlight the need to have deployment-specific policies in 

new markets (Ramos Farroñán et al., 2025). 

Sustainable finance is finally regarded as the means of rebalancing globalization 

towards a fairer and more environmentally friendly future. International experiences 

indicate that location-specific policy actions, such as those in South Asia, are 

critical in promoting localized green innovation. The intersection between climate 

financing and environmental performance is needed in order to support the 

sustainability of these steps in the long term. These mechanisms keep playing a 

catalytic role in the economic growth and social innovation in the global south as 

they are evolving. 

It is consistently presented in the literature that the ecological transition cannot 

be achieved through the traditional financial systems because of high-risk 

perceptions and the costs of capital in the emerging markets. The general 

implication is that Green Growth cannot be possible unless green technology is a 

conduit for financial innovation. This study continues these findings as it suggests 

a unified framework that incorporates Fintech solutions into the already existing 

green financial mechanisms to optimize resource efficiency and reduce the financing 

gap, as observed in the recent literature. 
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3. ARCHITECTURAL FRAMEWORK AND OPERATIONAL 

METHODOLOGY 

The suggested methodology is multi-layered to align financial products and 

sustainable results. This study proposes a green credit efficiency (GCE) Framework, 

which is decentralized to deal with the volatility and green premium of the emerging 

economies. The system will be a step forward in leaving traditional manual reporting 

to a digital layer of verification that will make sure that each unit of capital deployed 

will be translated into SDG progress that can be measured. 

3.1. System Architecture 

It is a four-tier ecosystem architecture that enhances interdependence between 

capital markets and international capital for local green projects. 

Data Acquisition Layer: Gathers real-time information about the IoT data of the 

renewable energy locations and industrial sensors to monitor carbon offsets and 

energy efficiency. 

Blockchain Verification Layer: Employs decentralized registers in an effort to 

enforce transparency in the utilization of the proceeds of green bonds, as it is 

regarded as a key measure to curb the potential of greenwashing. 

Optimization Layer (GCE Core): This layer uses the mathematical model to 

compare the sustainability and cost ratio and select the projects that have the most 

significant environmental payoff per unit of money. 

Financial Deployment Layer: Effects automated payments through smart 

contracts into ESG-performance milestones. 

The proposed Green Credit Efficiency (GCE) Framework has an integrated four-

tier architecture as shown in Figure 1. The Data Acquisition Layer triggers the 

process by gathering real-time metrics in the IoT and financial markets. These data 

are introduced into the Blockchain Verification Layer, where immutable ledgers are 

used to guarantee transparency and prevent greenwashing. The Optimization Layer 

(GCE Core) makes use of the normalization of green score and risk-calibrated 

portfolio optimization to sort the high-sustainability returns. Lastly, the Financial 

Deployment Layer is a capital disbursement by using smart contracts and green 
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bonds, which directly affects particular Sustainable Development Goals (SDGs) in 

a feedback loop of constant calibration and validation (Sakyi et al., 2024).  

 

Figure 1: Architecture of the Green Credit Efficiency (GCE) Framework 

3.2. Mathematical Logic of the GCE Model 

To make the methodology formal, describe the Green Credit Efficiency (EG). 

Unlike the classical financial models, which are more focused on the simple 

monetary ROI, the EG model includes the Technological Innovation Multiplier (TI) 

and an Environmental Impact Variable (Ienv). 

A sustainable financial intervention can be said to be efficient with the following 

equation (1): 
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𝐸𝐺 =
∑ (𝑆𝐷𝐺𝑚𝑒𝑡𝑟𝑖𝑐,𝑖 ⋅ 𝑊𝑖)

𝑛
𝑖=1

𝐶𝑘 ⋅ (1 − 𝜆 ∙ 𝑇𝐼)
        → (1) 

Where: 

• SDG metric, i: The normalized performance score for a specific goal (e.g., 

Megawatts of renewable energy added). 

• Wi: The strategic weight assigned to the goal (e.g., W=0.6 for SDG 13 in high-

emission zones). 

• Ck: The initial cost of capital in the emerging market. 

• TI: The Financial Innovation Index (0 to 1), representing the level of Fintech 

and AI integration in the transaction. 

• λ: The sensitivity coefficient of credit costs relative to digital adoption. 

3.3. Green Resource Allocation (GRA) Algorithm 

The operationalization of the methodology is the GRA Algorithm, which offers a 

computational path to the optimization of the Portfolio of banks and institutional 

investors. 

Normalization: All the differences in environmental tools (carbon tons, water 

liters, waste reduction) are transformed into a green credit score single number, 

through entropy-weighting tools. 

Risk Calibration: The algorithm will use a predictive model in the form of a 

machine-learning approach to alter the interest rate according to the real-time 

Green Score of the project. 

Threshold Filtering: Projects whose EG is below a threshold are eliminated in 

order to avoid capital dilution. 

Portfolio Balancing: The last one guarantees the diversification of short-term 

energy efficiency and long-term sustainable infrastructure projects. 

Pseudocode for the GRA Algorithm: 

Python 

# GRA Algorithm Logic 

Input: Project_Data_List, National_SDG_Weights, Fintech_Index 



Periodic Series in Multidisciplinary Studies, vol, 9. 2026                            ISSN: 3107-5339                                                                               

21 

Models for Sustainable Growth Education, Healthcare, and Finance      ISBN:978-81-987581-9-4                    

Output: Optimized_Green_Portfolio 

Initialize Portfolio = [] 

for project in Project_Data_List: 

    Impact_Score = calculate_weighted_impact (project, National_SDG_Weights) 

    Effective_Cost = project. interest_rate * (1 - Fintech_Index) 

    Efficiency = Impact_Score / Effective_Cost 

    if Efficiency > benchmark_value: 

        Portfolio.add(project) 

        Assign_Green_Bond_Identifier(project) 

return Portfolio.sort_by_efficiency () 

Through this mathematical and algorithmic base, the methodology has offered a 

repeatable framework to the stakeholders. This orderly process of doing so means 

that financial innovation is not just an idealistic notion but a working instrument 

of economic change. The following paragraph will outline the performance of this 

model when it is applied to the use of the current software and real-world data in 

the emerging markets. 

4. RESULTS AND DISCUSSION 

The findings are concerned with the definition of how Fintech and AI de-risk 

sustainable investments in emerging markets. Through the advanced econometric 

programs and frequency financial data, we confirm that the synergy effect between 

financial innovation and green instruments is much more effective compared to 

traditional models. 

The GCE model was implemented and tested with the help of a dual-software, 

which was used to carry out both linear and non-linear machine learning. 

Stata 18: Employed for Generalized Method of Moments (GMM) estimations to 

address endogeneity and the dynamic nature of panel data from emerging 

economies. 
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Python 3.12 (with Scikit-learn & TensorFlow): Used for the GRA Algorithm and 

the predictive modeling of green risk. The PyGMM library assisted in parameter 

initialization, while Matplotlib and Seaborn were used for high-fidelity graph 

analysis. 

The simulation utilized a comprehensive panel dataset from the World Bank 

Sovereign ESG Data Portal (2025 update) and the IFC Green Finance Mapping 

Report. 

Dataset Size: 1,200 observations covering 15 leading emerging economies (E7 + 

select EMDEs) from 2015 to 2024. 

Key Features: Green bond issuance volume, Fintech adoption rates (digital 

payment penetration), CO2 intensity of GDP, and SDG 7 (Renewable Energy) 

progress scores. 

Parameter Initialization: The GMM model used a (2, 1) lag limit for instrument 

validity. For the GRA algorithm, the threshold efficiency (EG) was set at 0.70 based 

on the 2024 global greenium average of 1 basis point. 

The model's performance was benchmarked against five core metrics. The 

formulas for these metrics ensure a balanced evaluation of financial return and 

environmental impact, shown in (2) (3): 

4.1. Sustainability Return on Investment (SROI):  

𝑆𝑅𝑂𝐼 =
(𝑇𝑜𝑡𝑎𝑙 𝐸𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙 𝑉𝑎𝑙𝑢𝑒 × 𝐴𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛) − 𝐷𝑒𝑎𝑑 𝑤𝑒𝑖𝑔ℎ𝑡 

𝑇𝑜𝑡𝑎𝑙 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡
→ (2) 

Calculates the net impact value generated for every dollar spent. 

Green Credit Efficiency Index (GCEI):  

𝐺𝐶𝐸𝐼 =
Δ𝑆𝐷𝐺 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒

𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝐶𝑜𝑠𝑡 × (1 − 𝐹𝑖𝑛𝑡𝑒𝑐ℎ 𝐿𝑒𝑣𝑒𝑟𝑎𝑔𝑒)
→ (3) 

Innovation Sensitivity (β): Measures the rate at which Fintech adoption 

reduces the Green Premium. 

Carbon Intensity Reduction (CIR): Percentage decrease in CO2 emissions per 

unit of GDP. 
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Load Capacity Factor (LCF): Ratio of biocapacity to ecological footprint. 

Table 1: Comparative Analysis of Sustainable Finance Frameworks 

Model Type Core Mechanism 
Primary SDG 

Focus 

Efficiency Index 

(EG) 

SROI 

Ratio 

Traditional 

Finance 

Profit-centric 

lending 
SDG 8 0.28 1.1: 1 

Standard ESG 
Manual 

Disclosures 
SDG 12 0.45 1.8: 1 

Green Bond 1.0 Debt Capital SDG 9, 11 0.55 2.4: 1 

Policy-Driven 
Regulatory 

Mandates 
SDG 17 0.58 2.1: 1 

Proposed GCE 

Model 

AI + Fintech 

Synergy 
SDG 7, 9, 13 0.89 5.2: 1 

 

Table 1 demonstrates the excellence of the proposed Green Credit Efficiency 

(GCE) model with the efficiency index of 0.89 and the SROI of 5.2:1. As pointed out 

in this performance, AI and Fintech are the most effective tools in optimizing capital 

allocation to promote the growth of renewable energy, which is far more effective 

than conventional and policy-based models in emerging economies (Chen et al., 

2024).  

 

Figure 2: 3D Surface Topology of the Green Credit Efficiency Frontier 
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Figure 2 demonstrates that the relationship between the Fintech Innovation 

Index (FII) and Green Finance Volume (GF) to determine the SDG Efficiency Index 

is non-linear. The 3D surface shows a convex efficiency frontier, with the marginal 

utility of capital becoming extremely high in the technological adoption beyond the 

0.6 mark. The gradient vector field is the most favorable Sustainable Synergy route 

(Hussain et al., 2024), and it means that the emerging economies can save on the 

cost of capital by 15% because of the digital de-risking. This graph gives the 

empirical foundation of the GMM-good growth models (Chen et al., 2024), which 

shows that the proposed GCE framework (the surface peak) makes a vertical process 

more expedited in SDG 7 and SDG 13 targets. 

The findings show that sustainable finance is still the key to rebalancing 

globalization to the benefit of the developing countries (Das & Jijon, 2024). An 

Ablation Study was conducted to separate the effect of the Fintech Integration (TI) 

element. As soon as TI was adjusted to zero, the GCEI decreased by 32, which proves 

that technological innovation is the most dominant factor in reducing costs in the 

emerging markets. Moreover, the intersection of climate finance and environmental 

performance is revealed to be needed to strengthen the long-term sustainability 

(Pathan & Seth, 2025). International experience indicates that these policy 

measures can do the best for South Asia and other emerging regions (Habbu et al., 

2025). Finally, the model proposed comes out as the impetus to economic 

development and social innovation (Marín-Rodríguez et al., 2024). 

5. CONCLUSION 

The study concludes that the conventional financial systems cannot support the 

ecological transition in the emerging markets because capital costs and high-risk 

perceptions are high. The suggested Green Credit Efficiency (GCE) Framework 

shows that Fintech/AI synergy is a vital de-risking effect in order to overcome the 

mentioned barriers. The GCE model shares empirical outcomes of the GMM-

simulated analysis of 1,200 observations which indicate that their GCE model has 

higher Efficiency Index (EG) equal to 0.89 and Sustainability Return on Investment 

(SROI) at 5.2:1. These are far better results than the standard ESG models which 

gave an EG of 0.45 and SROI of 1.8:1. The study brings out statistically a 15% 
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decrease in cost of capital due to digital de-risking by the Fintech innovativeness 

index (FII). This is also confirmed in an ablation study, which indicates that with 

the removal of Fintech integration, the Green Credit Efficiency Index decreases by 

32 points, and that technology is the overriding factor in the reduction of the cost 

in emerging markets. The value of 3D surface analysis is to attest a convex efficiency 

frontier, in which the marginal utility increases drastically at the stage of 

technological adoption beyond the 0.6 threshold. The next step in research is the 

longitudinal effects of decentralized blockchain ledgers in averting greenwashing on 

larger and more heterogeneous datasets. Also, the refinement of the greenium 

calibration of regional policy could be further developed by investigating how the 

GCE model can be applied to particular local-currency systems in the Global South. 
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