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ABSTRACT

	Aim: This study investigates the impact of financial automation, artificial intelligence (AI) credit risk models, and predictive analytics on renewable energy investment choice in the United States. It investigates how automation optimizes capital allocation, mitigates investment risk, and enhances financing structures for clean energy projects.
Study Design: A systematic peer review of the literature from 2019-2025 on the application of AI in financial decision-making, credit risk modeling, and renewable energy investments, including blockchain technology. Case studies from financial institutions and renewable energy firms using AI-driven risk assessments are included.
Methodology: The research gathers articles from academic databases such as Google Scholar, Scopus, SSRN, and Business Source Complete. Some of the selected articles focus on AI in financial automation, credit risk evaluation in renewable energy, and investment patterns in clean energy ventures.
Results: The review references various studies demonstrating how financial automation using AI enhances risk evaluation, reduces rates of project failure, and enhances access to sustainable capital for investment. AI-based credit risk models ease the distribution of capital, allowing small and medium-sized businesses (SMEs) to access financing for clean energy initiatives. Predictive analytics in financial decision-making considerably enhances risk evaluation and portfolio diversification. Blockchain application further strengthens transactional transparency and reduces fraud risks in renewable energy financing.
Conclusions: AI and financial automation present transformative opportunities for sustainable energy financing through improved investment efficiency and diminished credit risks. However, data reliability and algorithmic biases are challenges that must be addressed to realize their maximum potential. Future research should examine regulatory frameworks and ethical considerations to ensure responsible implementation of AI-driven financial automation. 
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1. INTRODUCTION

The growing urgency of global warming and the transition to renewable energy have accelerated the need for innovative financial solutions for financing sustainable investments. The renewable energy sector presents unique financial challenges, including high upfront capital costs, long payback periods, and volatile markets [1, 2]. Traditional financial decision-making models have been found to struggle to adequately assess risks in clean energy ventures, thus inhibiting investment flows, especially for small and medium enterprises (SMEs) [38]. To bypass such challenges, financial automation and artificial intelligence (AI)-powered credit risk models are increasingly being utilized to obtain investments, optimize the deployment of capital, and inform prudent financial decisions in the renewable energy sector [3].

Artificial intelligence and machine learning (ML) have revolutionized financial decision-making by increasing the efficiency and accuracy of credit risk assessment and investment forecasting [3, 4]. Investors and financial institutions are increasingly relying on AI-driven algorithms to process big datasets of structured and unstructured data for real-time risk assessment and predictive analytics in renewable energy finance [5]. These technologies enable lenders and investors to take into account historical energy generation data, market trends, and policy trends in determining the project's viability [5, 39].

Credit risk modeling is one of the most important uses of AI in renewable energy finance. Traditional credit assessment methods rely primarily on historical financials and credit scores, which were unable to capture the potential of clean energy projects [6]. AI credit risk models, however, utilize non-traditional data sources such as energy production forecasts, green ratings, and regulatory compliance with regulations [7, 8]. These models enable financial institutions' enhanced ability to assess the creditworthiness of borrowers and restrict default risks for renewable energy investments.

AI predictive analytics also are tasked with making the most suitable investment of capital. By examining macroeconomic performance metrics, changes in energy market conditions, and policy regimes, AI models assist investors in identifying highly promising renewable energy projects [9]. This improves total efficiency in allocating financial resources and increases return on investment [5]. Moreover, AI-based risk assessment tools lead to the reduction of information asymmetry in the financing of renewable energy, permitting investors to make evidence-based decisions aligned with long-term sustainability targets [10].

SMEs are vital in transitioning towards renewable energy but generally have a problem acquiring funding due to the perception of them as being high-risk players with few credit records [11]. Credit risk models that apply AI present an open funding avenue through incorporating additional data sources such as energy efficiency ratings, operational performance metrics, and smart meter readings [12, 13]. This facilitates financial institutions and banks to give tailor-made funding options to SMEs, allowing increased participation in the clean energy transition.

Blockchain technology, when used in conjunction with AI, also enhances the transparency and security of renewable energy finance. Smart contracts and decentralized financial systems enable the monitoring of financial transactions in real-time, reducing the risks of fraud and mismanagement [14, 15]. AI-powered platforms also facilitate peer-to-peer lending structures for renewable energy projects so that SMEs are financed by international investors without relying on traditional banking systems [16].

Despite the many benefits of AI-powered financial automation, there are some challenges that need to be addressed in using it in renewable energy finance. The most critical is data reliability and availability. AI models require high-quality real-time data in order to give accurate financial estimates. But inconsistencies in energy production data and requirements for reporting in the rules could negatively influence model performance [17].

Algorithmic bias is yet another significant concern for AI-driven financial decision-making. AI algorithms learning from past financial information might reinforce biases in credit risk scores and produce discriminatory lending decisions [9]. Financial institutions should therefore use transparent and interpretable AI models that focus on fairness and responsibility.

Regulatory uncertainty is another significant impediment to the utilization of AI for financial decision-making in investments in renewable energy. Existing finance regulations may not be entirely compatible with AI-facilitated credit risk models, and this raises compliance concerns for financial institutions. Policymakers must issue clear policy guidelines for embedding AI in financial automation towards regulatory compatibility and investor confidence [18, 19].

Although earlier research identifies the benefits of AI-driven financial automation in funding renewable energy, empirical examination of its long-term impacts on investment sustainability and economic stability is limited. In addition, regulatory and ethical challenges of AI-driven credit risk modeling are not as well examined. Future research must establish standardized frameworks to ensure greater transparency, minimize algorithmic bias, and optimize financial automation for clean energy investments.

2. METHODOLOGY

The research method employed in this study involved a systematic literature peer review to explore the application of artificial intelligence (AI) to automate financial decision-making in the renewable energy sector. This technique was employed to achieve a systematic and unbiased integration of existing studies in line with established guidelines for conducting high-quality literature reviews.

An extensive literature search was conducted on different academic databases, including Google Scholar, Scopus, SSRN, and Business Source Complete. These databases were selected because they cover comprehensively academic journals on AI, finance, and renewable energy. The keywords included were combined in different ways, e.g., "artificial intelligence," "financial automation," "credit risk modeling," and "renewable energy financing." To capture the latest developments, the search was limited to articles between 2019 and 2025.

The initial search yielded 265 records: 90 in Google Scholar, 75 in Scopus, 50 in SSRN, and 50 in Business Source Complete. After eliminating the duplicates, 190 unique records were left. Their abstracts and titles were scanned for relevance to eliminate 145 studies. Exclusion criteria were non-financial applications of AI, sectors outside renewable energy, articles prior to 2019, and not original work such as reviews or opinion pieces. The remaining 45 articles underwent full-text review and led to 30 further excluded studies for reasons such as not specifically focusing on credit risk modeling in the context of AI in renewable energy financing, emphasis on universal uses of AI without an instantaneous financial automation relevance, insufficient substantial debate regarding sustainable investment forms or credit risk analysis, and journal publishing in other than English journals. Overall, 15 studies met all inclusion criteria and were subjected to qualitative analysis.

Despite a systematic approach, there are certain limitations that should be noted. The use of specific databases could have led to exclusion of pertinent studies that were not indexed in these databases. Limiting the search to English-language publications could exclude useful research published in other languages, introducing language bias. Also, the practice of releasing studies with significant or positive results more frequently than negative or inconclusive results might bias the literature that is available. Also, considering how fast AI technologies are evolving, some of the recent advances may yet to be recorded in academic literature, so there could be a lag in being able to report the most recent trends. Despite these limitations, the methodology adopted in this work provides a rigorous and replicable way of reviewing the current situation of AI application in renewable energy financing. The findings of this review are helpful to researchers, practitioners, and policymakers interested in the intersection of AI and sustainable finance.

3. RESULTS AND DISCUSSION

The integration of artificial intelligence (AI) in financial automation is transforming investment decision-making in the renewable energy sector. This section examines AI’s role in credit risk modeling, capital allocation, investment optimization, and blockchain-enhanced financial security. While AI-powered models improve efficiency, transparency, and accessibility to funding, challenges such as data reliability, algorithmic bias, and regulatory compliance persist.

3.1. AI-Driven Financial Automation in Renewable Energy Investments

The peer review revealed significant advancements in AI-driven financial automation for renewable energy investment in the United States. AI tools have been broadly applied in credit rating, investment forecasting, and risk assessment, leading to evidence-based and effective decision-making [1, 20, 38]. 
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Figure 1: Applications of AI in Finance

A number of studies indicate that financial models based on artificial intelligence (AI) improve capital allocation by analyzing big datasets, reducing human bias, and live financial decision-making. By integrating AI into financial automation, U.S.-based investment firms such as BlackRock's Aladdin platform and Goldman Sachs' AI-powered risk modeling have optimized renewable energy project evaluations, reducing uncertainty and increasing funding accessibility for clean energy projects.

Among the important findings is the use of AI to automate financial transactions, particularly through machine learning (ML) algorithms that scan macroeconomic indicators, market indicators, and energy sector performance indicators [21]. AI-facilitated systems allow for auto-approval of loans, approval of project finance, and assessment of investment risk, thus facilitating the flow of finances to renewable energy companies [22]. For instance, the Bank of America's AI-driven green loan underwriting model has been instrumental in the sanctioning of funding for projects based on solar and wind power via real-time financial as well as environmental impact analysis.

However, as financial decision-making by AI expands investment opportunities, it creates transparency and regulatory compliance problems. Experts identify the need for explainable AI (XAI) models that ensure finance decisions remain interpretable and accountable to investors and regulators [14, 23]. The United States Securities and Exchange Commission (SEC) has strengthened the surveillance of AI-driven investment decisions recently, concentrating on investment algorithms' transparency.

3.2. Credit Risk Modeling for Renewable Energy Financing

AI-driven credit risk modeling is one of the most critical parts of financial automation, and it can more effectively identify the creditworthiness of borrowers and investment risks for renewable energy projects [7, 24, 39]. AI-driven models take an array of datasets, unlike the conventional credit scoring models that consider primarily historical finance data, and incorporate energy output projections, environmental impact analysis, and regulatory compliance history. These advancements have significantly improved the rate of loan approval for small and medium-sized enterprises (SMEs) engaged in renewable energy projects [25].
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Figure 2: Comparing Data Integration in Credit Scoring

In the United States, JPMorgan Chase's AI-powered loan risk assessment system has enhanced the creditworthiness of renewable energy firms by integrating alternative data sources, such as satellite imagery of solar farms and wind turbine efficiency metrics [7, 26]. These practices enhance the accuracy of risk predictions, allowing financial institutions to offer individualized funding solutions with lower default rates.

Besides, AI-based credit risk models have also played a crucial role in reducing information asymmetry among investors and renewable energy organizations. They lower uncertainty via the application of real-time financial data as well as performance indicators, thereby improving investment confidence [27, 28]. However, there are concerns about potential biases in credit decisions by algorithms. For example, studies indicate that discriminatory lending that arises from biased training data can disproportionately affect smaller underrepresented businesses in the renewable industry [24, 29, 30]. The U.S. Consumer Financial Protection Bureau (CFPB) recently launched initiatives to track fairness in AI-based lending models.

3.3. Predictive Analytics in Capital Allocation and Investment Optimization

Predictive analytics emerged as a transformative tool in optimizing capital investment for renewable energy. AI-driven predictive models enable investors to calculate the financial viability of clean energy projects from historical trends to future market projections [12, 31, 38]. Studies identify that predictive analytics optimizes portfolio diversification through the identification of low-risk, high-reward renewable energy investments.
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Figure 3: Cycle of Predictive Analytics in Renewable Energy

AI-driven forecasting models integrate economic indicators, energy consumption trends, and climate change projections to guide investment decisions. For instance, the U.S. Department of Energy's AI-driven Renewable Energy Investment Simulator (REIS) utilizes reinforcement learning algorithms to predict solar panel effectiveness and wind energy production, making it possible for financial institutions to adjust investment plans accordingly. These advancements have significantly improved the accuracy of investment risk assessment and return-on-investment (ROI) predictions [12, 32].

[bookmark: _GoBack]However, the success of predictive analytics depends significantly on the availability and dependability of environmental and financial information. Disparities in reporting and gathering data across various U.S. states make it challenging for AI models to provide investment insights [33] Resolving these issues involves finance reporting standardization and improved data-sharing mechanisms among U.S. renewable energy players.

3.4. The Role of Blockchain in Enhancing Financial Security and Transparency

The application of blockchain technology together with AI has further improved financial security and transparency in renewable energy investment. Smart contracts on blockchain technology enable real-time tracking of financial transactions, eliminating the possibility of fraud and enhancing accountability in investment processes [14, 15, 34]. These decentralized finance (DeFi) platforms enable peer-to-peer lending facilities, which offer SMEs access to international investors' capital without requiring conventional banking arrangements.

Current research indicates that blockchain enhances the integrity of AI-based credit risk assessment data by providing immutable evidence of financial transactions and energy production data [15]. The combination of AI and blockchain has proven very successful in green bond financing, where AI-driven smart contracts automatically guarantee compliance with sustainability guidelines and regulatory requirements [26, 35]. For example, the World Bank's green bond issuance platform based on AI has made financing renewable energy infrastructure possible by employing blockchain technology for smooth and transparent transactions.

Despite such advantages, factors such as higher energy usage for blockchain mining and regulatory ambiguity regarding DeFi adoption remain significant barriers [36]. Future research should explore energy-efficient blockchain technology as well as develop well-defined regulations to support AI-driven financial automation in the renewable energy sector. 

3.5. Challenges and Future Directions

Although AI-driven financial automation has revolutionized investment in renewable energy, there are still issues to be addressed if its full potential is to be achieved. Data reliability continues to be a problem, as AI models require high-quality datasets upon which to base reliable financial estimates [1, 24, 39]. Standardization of data and combination of multiple datasets can enhance the effectiveness of AI-driven investment models. However, algorithmic bias is a prevalent issue within AI-based financial decision-making. Recommendations include applying fairness-aware machine learning techniques and open model validation frameworks to diminish discriminatory biases within credit risk assessments [37]. In addition, regulatory uncertainty for AI-driven automated finance calls for the formulation of comprehensive compliance policy and investor protection policies.

Future research should also focus on empirical evaluations of AI-models of investment, particularly the implications on long-term financial viability and economic stability. Investigating the ethical considerations of applying AI to finance decision-making and exploring hybrid AI-blockchain frameworks are likely to continue enhancing efficiency of renewable energy finance. 

4. CONCLUSION

This review highlights the paradigm shift caused by AI-driven financial automation of investments in renewable energy. AI-driven frameworks optimize credit risk assessment, investment forecasting, and capital allocation, coupled with increased financial safety and transparency through the use of blockchain. However, challenges such as data inconsistency, algorithmic bias, and regulatory uncertainties must be addressed. Standardized financial reporting guidelines and ethical AI principles will play a critical role in ensuring responsible AI adoption. Hybrid AI-blockchain frameworks and bias-mitigation techniques must be explored further in an effort to enhance scalability, fairness, and long-term viability of AI-driven financial automation.
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