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Abstract: As the global energy transition accelerates, clean energy manufacturing has 

emerged as a strategic priority for achieving climate goals, industrial competitiveness, 

and environmental justice. This review examines how financial intelligence and economic 

modeling frameworks are being applied to advance sustainable investments across solar 

photovoltaics, wind energy, electric vehicle (EVcrip) batteries, and green hydrogen 

sectors. It explores a range of financial tools—including levelized cost of energy (LCOE), 

discounted cash flow (DCF), real options analysis, Monte Carlo simulations, and ESG-

integrated forecasting—and evaluates their effectiveness in aligning profitability with 

decarbonization and circular economy goals. The study highlights how ESG-linked 

instruments such as green bonds, sustainability-linked loans, and regulatory frameworks 

(e.g., TCFD, SASB, GRI) are reshaping capital flows and disclosure standards globally. 

Comparative analysis of policy frameworks in the U.S., EU, China, and emerging 

economies reveals strengths and challenges in data availability, standardization, and 

financial innovation. Key research gaps are identified in AI integration, ESG metric 

interoperability, and long-term impact measurement. This review concludes that 

advancing clean energy manufacturing requires interdisciplinary approaches that blend 

finance, data science, and environmental systems thinking. Financial intelligence, when 

aligned with sustainability and inclusive policy design, offers a critical pathway to a 

climate-resilient, low-carbon industrial future. 
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I. INTRODUCTION 
The accelerating transition to a low-carbon 

economy has elevated clean energy manufacturing to a 

position of critical strategic importance. As global 

climate targets tighten and fossil fuel volatility increases, 

investments in clean technologies, such as solar 

photovoltaics, wind turbines, electric vehicle (EV) 

components, and green hydrogen infrastructure, have 

surged. According to the International Energy Agency 

(IEA), global investment in clean energy is expected to 

surpass $2 trillion by 2025, outpacing fossil fuels for the 

first time in history. Yet, alongside this growth lies a 

rising complexity in the economic decision-making 

required to ensure these technologies are not only 

scalable and competitive but also sustainable in the long 

term. 

 

At the intersection of this challenge is financial 

intelligence—the capacity to synthesize economic, 

environmental, and operational data into effective 

investment and planning strategies. Financial 

intelligence in clean energy manufacturing entails more 

than capital budgeting or ROI estimation; it involves 

dynamic modeling of costs, sustainability trade-offs, 

ESG (Environmental, Social, and Governance) risks, and 

policy shifts. As clean technologies evolve rapidly and 

policy regimes fluctuate, traditional static financial tools 

like net present value (NPV) or internal rate of return 

(IRR) often fail to capture the nonlinearities and 

uncertainties of modern green manufacturing 

environments (Wafi, 2024; Olanrewaju & Ekechukwu, 

2024). 

 

This has catalyzed the emergence of 

sustainability-linked economic modeling—a class of 
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tools that integrates lifecycle cost analysis (LCCA), 

scenario planning, carbon pricing, and real options 

theory to guide investment in technologies like solar cell 

production, lithium-ion battery fabrication, and 

electrolyzer systems (Table 1). As Mupa et al., (2024) 

emphasize, ESG integration in financial modeling 

improves not only a project’s risk profile but also its 

access to favorable capital structures, including green 

bonds and blended finance mechanisms. 

 

Table 1: Key Financial Modeling Techniques in Clean Energy Manufacturing 

Technique Primary Application Sustainability Integration 

Net Present Value (NPV) Capital budgeting, ROI estimation Adjusted for carbon tax, ESG risk 

Lifecycle Cost Analysis Full cost of ownership for assets/projects Includes emissions and disposal costs 

Real Options Analysis Valuing flexibility in uncertain tech paths Applied to emerging battery/hydrogen 

ESG Risk Scoring Portfolio screening, project prioritization Evaluates compliance and disclosure 

 

Across global regions, the trend toward ESG-

aligned investment is reshaping clean energy financing. 

By 2023, ESG assets under management surpassed $40 

trillion globally, with nearly 30% of those funds 

targeting infrastructure and energy transition projects. 

However, gaps remain in the standardization of metrics, 

the accessibility of decision-support tools, and the 

integration of social and labor considerations into cost 

modeling (Roy, 2023; Rotimi-Ojo, 2025). 

 

Moreover, the availability of high-quality data 

and advanced modeling capabilities is unequally 

distributed. In the Global North, firms increasingly rely 

on AI-enhanced forecasting platforms and ESG 

dashboards to evaluate investment options. In contrast, 

many manufacturers in emerging economies continue to 

face challenges related to data access, financial literacy, 

and risk transparency. This disparity underscores the 

urgent need for open, interoperable, and localized 

economic modeling frameworks that can democratize 

financial intelligence across the clean energy value chain 

(Agbede et al., 2025; Rotimi-Ojo & James, 2025). 

 

This review article responds to that need by 

synthesizing academic and applied literature on financial 

modeling techniques, ESG-aligned finance, investment 

performance, and sector-specific applications in clean 

energy manufacturing. It focuses on the dual imperatives 

of cost optimization and environmental sustainability, 

offering insights for policymakers, investors, 

manufacturers, and researchers. 

 

Through the lenses of economic modeling and 

financial intelligence, the paper seeks to illuminate how 

capital allocation can be guided not only by profitability 

but also by climate impact, resilience, and equity. As the 

world prepares for the next phase of decarbonization, 

advancing robust and sustainability-aware financial 

strategy tools will be vital in ensuring that clean energy 

manufacturing scales equitably and intelligently. 

 

 
Figure 1: Trend of Global ESG Investment Growth from 2015 to 2025 
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Table 2: Key Financial Modeling Techniques in Clean Energy Manufacturing 

Financial Technique Primary Application Sustainability Integration 

Net Present Value (NPV) Capital budgeting, ROI estimation Adjusted for carbon tax, ESG risk 

Lifecycle Cost Analysis Full cost of ownership for assets/projects Includes emissions and disposal costs 

Real Options Analysis Valuing flexibility in uncertain tech paths Applied to emerging battery/hydrogen 

ESG Risk Scoring Portfolio screening, project prioritization Evaluates compliance and disclosure 

 

The chart above (Figure 1) illustrates the global 

growth of ESG investments from 2015 to 2025, showing 

a significant increase from $10 trillion to over $43 

trillion in assets under management. This trend 

underscores the critical importance of aligning financial 

strategy tools with sustainability metrics in clean energy 

manufacturing. In addition, Table 2 outlines essential 

tools such as NPV, LCCA, Real Options, and ESG Risk 

Scoring, along with their applications and sustainability 

integration functions. 

 

II. Financial Intelligence in the Context of Clean 

Energy 

The concept of financial intelligence in clean 

energy contexts goes far beyond traditional accounting 

metrics or investment forecasting. It refers to the ability 

to gather, process, and strategically act on financial and 

sustainability-related data to optimize decision-making 

under uncertainty. In the domain of clean energy 

manufacturing—spanning solar photovoltaics, wind 

turbines, green hydrogen, and battery technologies—this 

intelligence is essential for balancing profitability with 

environmental and regulatory compliance. 

 

Financial intelligence comprises several key 

competencies: 

• Data literacy, including the capacity to work 

with structured and unstructured financial and 

ESG data; 

• Strategic forecasting, which involves 

predicting future performance under varying 

policy, climate, or technological scenarios; and 

• Risk modeling, which includes the ability to 

simulate supply chain disruptions, price 

volatility, and compliance failures. 

As the energy transition accelerates, financial 

decision-makers are increasingly called upon to integrate 

these elements into their planning frameworks. 

Olanrewaju and Ekechukwu (2024) argue that financial 

intelligence is critical for channeling capital toward 

environmentally responsible investments and managing 

the complexity of ESG-aligned portfolios. Their research 

highlights the integration of Big Data analytics in 

supporting adaptive modeling and ESG score 

benchmarking across renewable energy infrastructure 

projects (Olanrewaju & Ekechukwu, 2024; Rotimi-Ojo 

& Kilbana, 2024). 

 

The application of financial intelligence is 

particularly relevant in renewable energy investment 

analysis, where conventional tools like net present value 

(NPV) may fail to account for dynamic factors such as 

carbon pricing or technology evolution. According to 

Mupa et al., (2024), real-time ESG integration into risk-

return modeling enhances a project's ability to meet 

green finance eligibility criteria while supporting 

stakeholder transparency (Mupa et al., 2024; Rotimi-

Ojo, 2025). 

 

Machine learning and predictive analytics are 

increasingly embedded in financial strategy formulation 

(Table 3). For example, Parashar et al., (2024) used 

unsupervised machine learning to quantify the impact of 

ESG disclosure quality on the financial performance of 

clean energy firms, revealing a strong correlation 

between transparency and investor confidence. These 

tools also allow firms to simulate policy shifts—such as 

the introduction of a carbon border tax—and measure 

downstream financial implications. 

 

Table 3: Core Dimensions of Financial Intelligence in Clean Energy Contexts 

Dimension Function Clean Energy Example 

Data 

Literacy 

Understanding ESG disclosures, sustainability 

KPIs 

Parsing lifecycle emissions data for solar 

panels 

Strategic 

Forecasting 

Anticipating market or policy shifts Modeling impact of future carbon tax on 

electrolyzer costs 

Risk 

Modeling 

Simulating disruptions or cost volatility Stress-testing lithium prices for battery 

manufacturing 

 

These capabilities are also influencing capital 

structuring and financing decisions. Olanrewaju and 

Daramola (2024) show that clean energy projects 

employing dynamic, data-informed financial models are 

more successful at securing concessional loans, impact 

investments, or blended finance arrangements 

(Olanrewaju & Daramola, 2024; Rotimi-Ojo, 2024a). 

Institutional investors are also beginning to reward 

projects that demonstrate superior financial intelligence, 

https://www.researchgate.net/publication/381402954
https://www.researchgate.net/publication/383205692
https://wjarr.co.in/wjarr-2024-1758
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particularly when linked to transparent ESG benchmarks 

and climate resilience metrics. 

 

Furthermore, the interdisciplinary nature of 

financial intelligence is critical to its effectiveness. As 

Işık et al., (2025) suggest, integrating economic, 

environmental, social, and governance (ECON-ESG) 

data into a unified decision framework can enhance the 

efficacy of industrial strategy, particularly in OECD 

countries prioritizing green industrial transformation. 

 

In summary, financial intelligence serves as 

both a predictive and corrective mechanism within the 

clean energy transition. It enables investors, 

manufacturers, and regulators to quantify sustainability 

in financial terms and align capital flows with long-term 

environmental objectives. As ESG standards continue to 

evolve, the ability to model sustainability performance as 

a financial input—not just a reputational or compliance 

output—will distinguish the leaders in clean energy 

manufacturing. 

 

III. Economic Modeling Techniques in Clean Energy 

Manufacturing 

Economic modeling is fundamental to assessing 

the financial feasibility, risk exposure, and sustainability 

potential of clean energy manufacturing projects. From 

large-scale solar farms to modular battery assembly and 

green hydrogen electrolyzer deployment, economic 

models offer decision-makers a framework for 

quantifying cost structures, projecting future value, and 

navigating investment risk under dynamic environmental 

and market conditions. 

 

Among the most widely applied techniques is 

the Levelized Cost of Energy (LCOE), which evaluates 

the average lifetime cost of generating a unit of 

electricity from a renewable source. In recent studies, 

LCOE has been expanded to encompass hybrid systems, 

including solar–battery–hydrogen configurations. For 

instance, Roslan et al., (2024) conducted a techno-

economic impact analysis of a grid-integrated EV 

charging station using hydrogen and lithium-ion storage, 

showing how integrated modeling of storage cycles 

reduced both LCOE and operating volatility. 

 

Discounted Cash Flow (DCF) models and Net 

Present Value (NPV) calculations remain staples in 

evaluating long-term profitability and return on capital. 

These are especially useful in high-capex investments 

like wind turbine blade manufacturing or battery 

gigafactories, where cash flows extend over 10–20 years. 

DCF is particularly powerful when linked with 

sustainability performance metrics—such as carbon 

offsets or circular material reuse rates—allowing firms 

to internalize environmental externalities. 

 

Real Options Analysis (ROA) adds another 

dimension by capturing the value of flexibility. In sectors 

where clean technology costs are dropping rapidly, such 

as electrolyzers or battery chemistries, ROA allows firms 

to model investment deferral, scale-up decisions, or 

technology switching. This was evident in Zhao et al., 

(2024), who designed a conceptual model for integrating 

renewable energy with hydrogen storage, applying 

option-based logic to manage project staging and 

operational ramp-up. 

 

Monte Carlo simulations and scenario analysis 

help model uncertainty, particularly in volatile contexts 

like mineral supply chains or regulatory frameworks. 

Superchi et al., (2023) employed simulation frameworks 

to evaluate wind-powered hydrogen production in 

Europe, demonstrating that varying wind capacity and 

electrolyzer efficiency significantly altered net economic 

returns. 

 

These modeling tools are increasingly being 

integrated into multi-objective optimization frameworks 

(Table 4). Huang et al., (2019) modeled a PV–hydrogen–

retired EV battery system and used optimization 

algorithms to simultaneously minimize cost, emissions, 

and material degradation. Such hybrid models are crucial 

in advancing circular economy goals while maintaining 

financial efficiency. 

 

Table 4: Economic Modeling Techniques and Sectoral Applications 

Modeling Technique Primary Sector(s) Notable Applications 

LCOE Solar, Wind, Hydrogen Cost comparison of hybrid renewable systems 

DCF / NPV Solar PV, EV Battery Plants Long-term profitability of manufacturing and energy 

storage projects 

Real Options Analysis Green Hydrogen, Advanced EV Flexibility in scaling and tech-switching decisions 

Monte Carlo Simulation Grid + Renewable Systems Forecasting cost and performance under uncertainty 

Multi-objective 

Optimization 

Hybrid & Circular Systems Trade-offs between cost, emissions, lifespan (e.g., 

battery reuse) 

 

Ultimately, economic modeling in clean energy 

must evolve to include interdisciplinary inputs, such as 

ESG scoring, supply chain resilience metrics, and policy-

linked incentives. As Bamisile et al., (2021) argue, the 

integration of hydrogen production and electric vehicles 

in developing economies highlights the need for models 

that factor local infrastructure limits, price instability, 

and financing constraints. As manufacturing transitions 
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toward sustainability, economic models are no longer 

isolated financial tools—they are becoming strategic 

enablers of climate-aligned innovation, capital 

allocation, and industrial competitiveness. 

 

This SWOT matrix enhances Table 4 by 

illustrating how strengths like risk quantification and 

ESG alignment are counterbalanced by weaknesses such 

as sensitivity to input data and implementation 

complexity. It also identifies opportunities for 

integrating these models with AI and expanding their use 

in circular economy planning, while also highlighting 

threats such as regulatory shifts and data inequality. 

 

IV. ESG Finance and Investment Strategies 

Environmental, Social, and Governance (ESG) 

finance has become a central pillar in the strategic 

advancement of clean energy manufacturing. As investor 

demand for sustainable portfolios grows, companies are 

increasingly adopting ESG-aligned tools and 

frameworks to attract capital, manage risk, and drive 

long-term performance. This section reviews key ESG 

investment instruments, regulatory reporting systems, 

and the integration of ESG metrics into financial 

decision-making for clean energy technologies such as 

solar, wind, batteries, and hydrogen (Rotimi-Ojo, 

2024b). 

 

One of the most widely adopted instruments in 

ESG finance is the green bond. These debt securities are 

specifically earmarked to fund projects with positive 

environmental impacts. As highlighted by Ghaleb and 

Niazi (2023), green bonds have played a crucial role in 

accelerating investments in solar farms, energy-efficient 

infrastructure, and battery storage systems, especially in 

emerging markets. By the end of 2023, cumulative global 

green bond issuance exceeded $2 trillion, with the clean 

energy sector accounting for a significant share. 

 

In addition to green bonds, sustainability-linked 

loans (SLLs) offer flexible financial arrangements 

contingent upon borrowers meeting predefined ESG 

targets. These instruments incentivize continuous 

improvement in ESG performance and are often used in 

capital-intensive projects like gigafactories or wind 

component manufacturing facilities. Dadabada (2024) 

emphasizes how SLLs, when coupled with FinTech 

platforms, improve transparency and allow real-time 

ESG monitoring. To support the credibility and 

standardization of ESG disclosures, several regulatory 

frameworks have emerged globally: 

• Task Force on Climate-related Financial 

Disclosures (TCFD): Promotes climate risk 

integration into financial reporting. 

• Sustainability Accounting Standards Board 

(SASB): Provides sector-specific ESG metrics. 

• Global Reporting Initiative (GRI): Offers 

universal sustainability disclosure standards. 

 

These frameworks are now commonly 

embedded in clean energy project documentation to 

attract institutional investors and meet compliance 

requirements. As Hyusein and Cek (2024) observe, 

compulsory ESG disclosures—particularly in the 

renewable energy sector—can enhance investor 

confidence and reduce information asymmetry. 

 

Table 5: ESG Investment Instruments and Clean Energy Applications 

ESG Tool/Framework Description Sector Example 

Green Bonds Funds for specific climate/energy projects Solar PV, battery storage 

Sustainability-linked 

Loans 

Performance-based ESG financing Wind turbine manufacturing 

TCFD Climate risk disclosure standard Hydrogen production, utility decarbonization 

SASB Sector-specific ESG financial metrics EV battery supply chain evaluation 

GRI General sustainability reporting framework Across solar, wind, hydrogen technologies 

 

From a financial modeling perspective, ESG 

risk metrics are being incorporated into DCF, NPV, and 

scenario analyses. Kashif and Meo (2024) show that 

ESG data can be correlated with asset volatility and 

return expectations, enabling improved portfolio 

optimization for renewable infrastructure funds. 

 

Sector-specific applications are particularly 

relevant. In the solar industry, ESG finance emphasizes 

material sourcing (e.g., conflict-free silicon), labor 

rights, and end-of-life recycling strategies. Wind energy 

ESG frameworks focus on land use, avian impact 

mitigation, and decommissioning practices. Battery 

manufacturing strategies prioritize ethical sourcing of 

lithium and cobalt, carbon-neutral production, and 

circular economy integration. Selvakumar and 

Manjunath (2025) point out that applying differentiated 

ESG criteria per technology enhances capital allocation 

and accountability. 

 

Despite these advances, challenges persist. As 

Hu (n.d.) notes, private investors still face difficulties 

assessing ESG data quality, especially in emerging 

markets with weak regulatory oversight. Moreover, 

Adeoye et al., (2024) warn of “greenwashing” risks and 

propose data-driven ESG validation systems using 

blockchain and AI to ensure accuracy. 
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In conclusion, ESG finance in clean energy is 

no longer peripheral—it is a central strategy for value 

creation, risk mitigation, and climate alignment. As ESG 

frameworks and investment vehicles continue to mature, 

their integration into mainstream financial modeling and 

clean technology development will determine the pace 

and quality of the global energy transition. 

 

V. Sectoral Applications and Case Studies 

As financial intelligence and ESG integration 

gain traction in global capital markets, their application 

in clean energy manufacturing has moved from 

theoretical modeling to practical implementation. Across 

core sectors—solar photovoltaics (PV), wind energy, 

electric vehicle (EV) batteries, and green hydrogen—

firms are deploying financial strategy tools to improve 

bankability, attract sustainable capital, and ensure long-

term value creation. This section synthesizes real-world 

examples and insights from each of these sectors, 

demonstrating how financial models and ESG 

frameworks inform decision-making in clean technology 

development. 

 

Solar PV: 

The solar industry has long been a frontrunner 

in financial innovation due to its modularity and 

decreasing levelized cost of energy (LCOE). ESG-

aligned instruments such as green bonds and power 

purchase agreements (PPAs) have played a pivotal role 

in the scale-up of solar PV. According to Kandpal and 

Jaswal (2024), solar developers in India and Southeast 

Asia have embedded ESG disclosures into PPA 

agreements to improve access to concessional finance 

and hedge against regulatory risk. Financial tools such as 

Monte Carlo simulations are used to assess irradiance 

variability and its implications for cash flow stability, 

while lifecycle cost analysis informs capital recovery 

decisions. 

 

Wind Energy: 

In the wind sector, financial models have been 

key to unlocking large-scale investment in onshore and 

offshore farms. Wind projects are typically exposed to 

construction risk, transmission delays, and variability in 

wind speed. Superchi et al., (2023) applied economic 

simulations and scenario analysis to offshore wind-

hydrogen projects, revealing how co-locating 

electrolyzers with wind assets improved net returns and 

system efficiency. Additionally, ESG scoring models 

have been integrated into turbine lifecycle assessments 

to evaluate land use, avian impact, and end-of-life 

decommissioning. 

 

EV Battery Manufacturing: 

The financial and ESG complexity of EV 

battery manufacturing is among the highest in the clean 

energy domain. With supply chains spanning cobalt from 

the Democratic Republic of Congo to lithium from South 

America, financial intelligence in this sector includes 

commodity hedging, risk-adjusted pricing, and ESG 

scorecards. Darboe (2023) highlights that leading firms 

use dynamic financial models to optimize trade-offs 

between recycled vs. virgin material sourcing, battery 

longevity, and social compliance (e.g., child labor 

avoidance in cobalt mines). Companies like Northvolt 

and LG Chem have embedded ESG risk dashboards into 

their financial operations, enabling investors to assess the 

long-term sustainability of battery materials, carbon 

footprint of production, and regional employment 

contributions. Kandpal et al., (2024) further note that 

incorporating circular economy metrics into financial 

statements is becoming a competitive advantage in ESG 

reporting and investor relations. 

 

Green Hydrogen: 

Green hydrogen represents a frontier 

application for both financial modeling and ESG 

evaluation. The capital-intensiveness, uncertain demand 

projections, and complex logistics of hydrogen 

production and distribution demand robust economic 

analysis. Harichandan and Kar (2023) conducted a 

comparative study on hydrogen finance models, 

highlighting that vertically integrated hydrogen hubs—

such as those in Germany and the UAE—achieved better 

risk-adjusted returns through policy-linked finance 

instruments. In addition, ESG frameworks for hydrogen 

projects focus on water use intensity, electrolysis 

emissions, and community impact. Zubairu et al., (2025) 

note that standardized ESG metrics are still lacking for 

hydrogen, resulting in inconsistent risk assessments 

across regions. Nonetheless, financial intelligence tools 

such as real options modeling and break-even sensitivity 

analysis are being used to determine optimal electrolyzer 

scale and siting. 

 

Table 6: Summary of Financial and ESG Practices across Sectors 

Sector Financial Tools Used Key ESG Factors Evaluated 

Solar PV LCOE, PPAs, Monte Carlo Simulations Material sourcing, land use, end-of-life recycling 

Wind Energy DCF, Scenario Analysis Wildlife impact, turbine decommissioning 

EV Batteries Real Options, Cost Modeling Conflict minerals, carbon footprint, recycling 

Green Hydrogen ROA, Break-even Analysis Water usage, emissions intensity, local equity 

 

VI. Comparative Frameworks and Global Trends 

The proliferation of financial intelligence and 

ESG-integrated investment strategies in clean energy 

manufacturing is playing out across different 

institutional, regulatory, and economic contexts. 

Countries and regions are tailoring their financial 
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models, ESG disclosure standards, and green industrial 

strategies to their local priorities and capabilities. This 

section presents a comparative analysis of how the 

United States, European Union, China, and emerging 

economies structure their approaches to clean energy 

investment and ESG finance, and distills actionable 

lessons that North America and the Global South can 

adopt to improve efficiency and impact. 

 

United States: 

The U.S. has taken a bold step toward climate-

aligned finance with the Inflation Reduction Act (IRA), 

which provides extensive production and investment tax 

credits for clean energy technologies. However, the U.S. 

regulatory environment for ESG disclosure remains 

voluntary and fragmented, which can hinder 

comparability and transparency. According to Singhania 

and Saini (2023), the lack of consistent ESG disclosure 

standards across U.S. states and sectors creates 

challenges for capital allocation and investor trust. 

Despite this, innovation in green bonds and 

sustainability-linked loans (SLLs) has been robust, 

particularly among private-sector energy developers and 

institutional investors. The U.S. has also led in AI-

enabled financial intelligence platforms, but broader 

coordination on ESG metrics remains a priority. 

 

European Union: 

The EU stands out for its harmonized, binding 

ESG frameworks. The EU Taxonomy for Sustainable 

Activities, along with the Sustainable Finance Disclosure 

Regulation (SFDR) and the Corporate Sustainability 

Reporting Directive (CSRD), have helped align clean 

energy investment with environmental integrity. 

Kandpal and Jaswal (2024) observe that the EU's deep 

integration of ESG disclosures into financial risk 

assessments has fostered cross-border investor 

confidence in projects like offshore wind, solar, and 

green hydrogen. The EU also leads in circular economy 

integration, embedding lifecycle emissions and recycling 

targets into both investment appraisal and public 

procurement. This coherence in industrial strategy, ESG 

regulation, and financial modeling provides a blueprint 

for comprehensive sustainability finance. 

 

China: 

China’s clean energy finance strategy is 

characterized by strong central planning and regulatory 

agility. While ESG practices are relatively new in China, 

state-owned and large private energy companies are 

increasingly implementing internal ESG performance 

metrics to access global capital markets. Liu et al., 

(2022) demonstrate how qualitative comparative 

analysis (fsQCA) reveals strong links between ESG 

performance and profitability among China's new energy 

firms, suggesting that financial modeling is shifting 

toward integrated sustainability analytics. China also 

excels in supply chain finance and vertical integration—

especially in solar and battery manufacturing—enabling 

it to dominate global cost curves. However, its ESG 

reporting lags behind Western standards, and 

greenwashing concerns persist. 

 

Emerging Economies (Global South): 

Emerging economies in Africa, Asia, and Latin 

America face structural barriers to ESG-aligned finance, 

including limited data infrastructure, inconsistent policy 

enforcement, and insufficient financial modeling 

capacity. Yet, promising reforms are underway. 

According to Liyanage and Netswera (2021), countries 

like Kenya and Sri Lanka have begun aligning national 

energy financing frameworks with EU-style ESG 

disclosure practices, facilitated by international 

development finance institutions. Still, Tarczynska-

Luniewska (2024) points out that many developing 

countries continue to struggle with ESG integration, 

lacking localized metrics and regulatory support 

(Tarczynska-Luniewska, 2024). Capacity-building in 

data analytics, ESG finance literacy, and public-private 

coordination remains critical. 

 

Table 7: Comparative Overview of ESG Finance across Global Regions 

Region Strengths Challenges 

United States Tax incentives, innovation in finance 

platforms 

Fragmented ESG regulation, data inconsistencies 

European Union Regulatory coherence, circular economy 

integration 

Administrative complexity, regulatory burden 

China Vertical integration, low-cost scaling Limited ESG transparency, greenwashing concerns 

Emerging Markets Donor support, reform momentum Data gaps, enforcement limitations, skills shortages 

 

Global best practices suggest that ESG 

frameworks are most effective when embedded into 

national industrial policy, aligned with finance 

instruments, and supported by interoperable data 

platforms. North America can learn from the EU's 

regulatory integration, while emerging markets may 

benefit from China’s focus on supply chain finance and 

state-supported scale. Common to all, however, is the 

growing imperative to link financial intelligence with 

climate goals. 

 

VII. Research Gaps and Future Directions 

While financial intelligence and ESG-

integrated modeling have made significant progress in 

clean energy manufacturing, the field remains marked by 

several persistent research gaps and emerging 

https://www.emerald.com/insight/content/doi/10.1108/S1569-375920240000116004
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challenges. Addressing these gaps requires an 

interdisciplinary approach that combines finance, data 

science, industrial policy, environmental systems, and 

behavioral economics. This section outlines five critical 

areas in need of further inquiry: artificial intelligence 

integration, ESG metric standardization, circular 

economy modeling, localized data infrastructures, and 

investment performance tracking. 

 

1. Integration of Artificial Intelligence in Financial 

Modeling 

The most prominent research frontier is the 

integration of AI and machine learning into financial and 

economic modeling. Traditional tools like NPV and 

LCOE are increasingly inadequate to capture the 

complexity and non-linear risk structures of dynamic 

clean energy markets. AI-driven platforms have 

demonstrated potential for real-time forecasting, 

investment optimization, and predictive ESG scoring. 

Yet, as Yousef et al., (2023) note, AI applications in 

energy systems remain narrowly focused on operational 

efficiency, with limited attention to investment modeling 

or macroeconomic scenarios. 

 

Ukoba et al., (2024) advocate for hybrid AI-

economic models that can simulate not just technical 

performance but also policy impacts, investor behavior, 

and climate-linked asset risks. Future research should 

prioritize AI frameworks that can analyze both structured 

(financial) and unstructured (policy, ESG disclosures) 

data to enhance strategic foresight. 

 

2. ESG Metric Standardization and Interoperability 

Another gap is the lack of standardized ESG 

metrics, particularly across regions and technologies. 

While frameworks like TCFD, SASB, and GRI have 

improved disclosure consistency, their application 

remains uneven. As highlighted by Adewoyin et al., 

(2025), most ESG reporting tools do not capture sector-

specific externalities (e.g., water use in hydrogen 

production or labor ethics in cobalt mining), limiting 

their utility in financial modeling. Research is needed to 

define universal, machine-readable ESG taxonomies for 

clean energy supply chains. 

 

3. Circular Economy and Cost Modeling Integration 

Circular economy (CE) strategies—such as 

recycling, remanufacturing, and second-life 

applications—are gaining traction in solar panels, wind 

blades, and EV batteries. However, as Abdirahman et al., 

(2025) observe, current economic models rarely account 

for circular flows, resource recovery costs, or value 

recapture potential. There is a need for dynamic, multi-

period models that integrate material lifecycle costing, 

embedded emissions, and reuse-driven financial trade-

offs. 

 

4. Localized Data Infrastructure for Financial 

Intelligence 

High-quality data is the foundation of effective 

financial modeling. Yet many emerging economies and 

sub-national regions lack access to localized, high-

resolution data on energy demand, emissions, material 

costs, or ESG risk. Bamisile et al., (2023) emphasize the 

urgency of building regional data hubs and enabling open 

data standards to democratize financial intelligence for 

small manufacturers and local governments. Future 

research should explore scalable architectures for 

federated clean energy data platforms. 

 

5. Long-Term Impact Measurement and Investment 

Accountability 

Finally, despite increasing ESG investment, 

few studies have tracked the long-term performance of 

sustainability-linked financial strategies. Agrawal et al., 

(2022) argue that we lack robust methods to compare the 

actual climate and social impacts of ESG-aligned 

projects across countries or technologies. New models 

are needed to correlate financial performance with 

decarbonization outcomes, social equity metrics, and 

resource efficiency over time. 

In conclusion, advancing clean energy 

manufacturing demands more than expanding current 

financial tools. It requires a rethinking of the 

epistemology of financial modeling—where AI, 

sustainability, and local knowledge systems coalesce. 

Bridging these research gaps will empower stakeholders 

to develop investment strategies that are not just 

economically sound, but also socially just and 

environmentally durable. 

 

VIII. CONCLUSION 
The clean energy transition demands not only 

technological innovation but also a transformation in 

how financial and strategic decisions are made. This 

review has examined the diverse and evolving landscape 

of financial intelligence tools, economic modeling 

techniques, and ESG-aligned investment strategies 

shaping the future of clean energy manufacturing. As 

demonstrated across solar, wind, EV battery, and 

hydrogen sectors, advanced financial tools—such as 

discounted cash flow models, real options analysis, and 

Monte Carlo simulations—are being actively adapted to 

accommodate the complexity and volatility of 

sustainability-driven markets. 

 

The integration of ESG frameworks into capital 

planning has emerged as a vital enabler of responsible 

investment, stakeholder accountability, and competitive 

differentiation. Yet, this integration remains uneven 

across regions. While the European Union has 

institutionalized ESG compliance through robust 

disclosure mandates and investment taxonomies, the 

United States continues to pursue market-driven 

innovation amid fragmented regulation. China’s 



 

 

 

 

 
 

Tonimi Rotimi-Ojo et al; Middle East Res J Econ Management, May-Jun, 2025; 5(3): 41-51 

© 2025 Middle East Research Journal of Economics and Management | Published by Kuwait Scholars Publisher, Kuwait  49 
 

 

 

 

 
 

approach to centralized industrial planning and vertical 

integration highlights alternative efficiencies but lacks 

uniform ESG transparency. Emerging economies are still 

grappling with capacity challenges, data gaps, and 

inconsistent standards—underscoring the need for global 

coordination and localized support. 

 

What becomes clear through this analysis is that 

financial intelligence in clean energy manufacturing 

must go beyond traditional profit-maximizing logic. It 

must evolve into a multidimensional, interdisciplinary 

process that internalizes environmental risks, social 

equity, and systemic uncertainties. As AI-enabled 

forecasting tools, sustainability-linked bonds, and 

circular economy models mature, they offer powerful 

new levers for improving both economic and 

environmental outcomes. However, realizing this 

potential will require addressing persistent research gaps 

in ESG metric standardization, AI integration, local data 

infrastructure, and impact measurement. 

 

Policymakers, investors, and researchers must 

now collaborate to build decision-support ecosystems 

that are transparent, inclusive, and resilient. Public-

private partnerships should be leveraged not only to de-

risk capital but also to foster a new generation of 

financial models grounded in climate science, equity, 

and industrial adaptability. 

 

In closing, the future of clean energy 

manufacturing depends on our ability to harness 

financial intelligence not just to manage risk—but to 

design sustainable, scalable, and just energy systems for 

generations to come. 
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