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Abstract 

Corporate Environmental, Social, and Governance (ESG) compliance has become a mandatory requirement for 
organizations due to stricter regulations, investor expectations, and global sustainability goals. Despite growing 
adoption of renewable energy technologies, many corporations face challenges in effectively monitoring energy usage, 
carbon emissions, and ESG performance using fragmented and manual systems. This paper presents an AI-integrated 
renewable energy and data analytics platform designed to support corporate ESG compliance through continuous 
monitoring, predictive analysis, and automated reporting. The proposed platform integrates renewable energy sources, 
smart meters, and environmental sensors to collect real time operational data. Advanced artificial intelligence and 
machine learning models are applied to forecast energy demand, optimize renewable energy utilization, and estimate 
carbon emission trends. The analytics layer transforms raw energy data into standardized ESG indicators, enabling 
transparent and auditable sustainability assessment aligned with international reporting frameworks. The system also 
supports risk identification by detecting anomalies and potential noncompliance patterns in energy consumption and 
emissions. Experimental evaluation using simulated corporate energy datasets demonstrates that the proposed 
platform improves energy efficiency, increases renewable energy penetration, and significantly reduces the time and 
effort required for ESG reporting. The results highlight the effectiveness of AI driven data analytics in enabling data-
based decision making for sustainability management. Overall, the proposed platform provides a scalable and intelligent 
solution for organizations seeking to achieve reliable ESG compliance while maintaining operational efficiency and long-
term environmental responsibility.  

Keywords:  ESG Compliance; Renewable Energy Analytics; Artificial Intelligence; Sustainability Reporting; Carbon 
Emission Monitoring; Smart Energy Systems; Corporate Sustainability; Data Driven Decision Making 

1. Introduction

Organizations across the world are facing increasing pressure to operate sustainably and to demonstrate measurable 
progress toward Environmental, Social, and Governance (ESG) objectives. Governments, regulatory agencies, investors, 
and customers now expect transparent disclosure of energy usage, greenhouse gas emissions, and long-term 
sustainability strategies. As a result, ESG compliance has shifted from a voluntary initiative to a strategic and regulatory 
necessity for corporations. Among ESG dimensions, environmental performance particularly renewable energy 
adoption and carbon emission reduction plays a central role in assessing corporate responsibility. However, achieving 
reliable ESG compliance remains challenging due to fragmented energy data, lack of real time monitoring, and limited 
analytical tools. Renewable energy systems such as solar and wind generate large volumes of operational data, but this 
information is often underutilized in sustainability reporting. Traditional energy management and reporting 
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approaches rely heavily on manual processes and periodic assessments, which limits accuracy and responsiveness. 
Recent advancements in artificial intelligence (AI) and data analytics offer new opportunities to address these 
challenges. By integrating intelligent analytics with renewable energy systems, organizations can continuously monitor 
performance, predict future trends, and automate ESG reporting. This paper explores how AI driven renewable energy 
analytics can enhance corporate ESG compliance by transforming raw energy data into actionable and compliance ready 
insights. 

1.1. Background and Motivation 

The global transition toward sustainable development has accelerated the adoption of ESG frameworks across 
industries. Regulatory bodies increasingly require organizations to disclose environmental indicators such as energy 
consumption, renewable energy usage, and carbon emissions. At the same time, investors and financial institutions use 
ESG performance as a key criterion for risk assessment and investment decisions. Renewable energy technologies have 
emerged as an effective means of reducing environmental impact and improving corporate sustainability scores. 
Despite their benefits, renewable energy systems introduce operational complexity due to their variable and weather 
dependent nature. Accurately measuring performance, forecasting output, and linking energy data to ESG indicators 
remain difficult tasks for many organizations. Existing energy management systems are primarily designed for 
operational control rather than sustainability analytics. They often lack predictive capabilities and fail to integrate ESG 
reporting requirements. This gap creates inefficiencies, increases compliance costs, and limits strategic decision 
making. The motivation behind this research is to address these limitations by leveraging AI and data analytics to bridge 
the gap between renewable energy operations and ESG compliance. An intelligent platform can enable organizations to 
monitor sustainability performance continuously, reduce reporting burdens, and make informed decisions that align 
operational efficiency with environmental responsibility. 

1.2. Problem Statement 

Despite growing awareness of ESG requirements, many corporations struggle to implement effective compliance 
mechanisms. One of the primary challenges is the reliance on manual and fragmented data collection processes. Energy 
data is often stored across multiple systems, while ESG indicators are calculated separately using spreadsheets or 
periodic reports. This approach increases the risk of errors, inconsistencies, and delays in reporting. Moreover, 
traditional ESG reporting methods provide only historical snapshots, offering limited insight into real time performance 
or future risks. Renewable energy data is frequently analyzed in isolation, without direct linkage to ESG metrics such as 
carbon intensity or renewable energy ratios. As a result, organizations lack a holistic view of how operational decisions 
impact sustainability outcomes. Another major challenge is the absence of predictive intelligence. Without forecasting 
and optimization capabilities, companies cannot effectively plan renewable energy utilization or anticipate compliance 
risks. These limitations hinder transparency, reduce stakeholder confidence, and increase regulatory exposure. 
Therefore, there is a critical need for an integrated system that can unify renewable energy data, apply intelligent 
analytics, and generate accurate, real time ESG insights. Addressing this problem is essential for enabling reliable, 
scalable, and data driven ESG compliance. 

1.3. Proposed Solution 

To address the identified challenges, this paper proposes an AI integrated renewable energy and data analytics platform 
for corporate ESG compliance. The proposed solution combines real time data acquisition, advanced analytics, and 
automated reporting within a unified framework. Renewable energy systems, smart meters, and environmental sensors 
continuously collect operational data related to energy generation, consumption, and emissions. This data is processed 
using AI and machine learning models to forecast energy demand, predict renewable energy availability, and identify 
inefficiencies. The analytics layer transforms raw energy data into standardized ESG indicators that align with 
regulatory and reporting frameworks. In addition, the platform supports anomaly detection to identify unusual energy 
usage patterns that may indicate compliance risks. Automated dashboards and reporting tools provide transparent and 
auditable ESG insights for internal management and external stakeholders. By integrating intelligence directly into 
energy and sustainability management, the proposed platform reduces reliance on manual processes and improves 
decision making accuracy. The solution is designed to be scalable and adaptable across different organizational sizes 
and industry sectors, making it suitable for long term ESG strategy implementation. 

1.4. Contributions 

This research makes several significant contributions to the fields of renewable energy analytics and ESG compliance. 
First, it presents a unified system architecture that integrates renewable energy data collection, AI driven analytics, and 
ESG reporting within a single platform. This integration addresses the fragmentation commonly found in existing 
sustainability management systems. Second, the study demonstrates how predictive models can be applied to forecast 
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energy demand and renewable generation, enabling proactive sustainability planning. Third, it introduces a structured 
approach to mapping energy performance metrics to ESG indicators, supporting transparent and standardized 
compliance reporting. Fourth, the paper provides an analytical evaluation that highlights improvements in energy 
efficiency, renewable energy utilization, and reporting accuracy achieved through the proposed platform. These 
contributions collectively advance current research by linking operational energy intelligence directly with corporate 
ESG objectives. The findings offer practical insights for organizations seeking data driven approaches to sustainability 
management while also contributing to academic discussions on intelligent energy systems and compliance analytics. 

1.5. Paper Organization 

The remainder of this paper is organized to systematically present the proposed research. Section II reviews existing 
literature related to renewable energy management systems, ESG compliance frameworks, and AI based analytics, 
highlighting key limitations in current approaches. Section III details the proposed methodology, including system 
architecture, data acquisition processes, and analytical models used for forecasting and optimization. Section IV 
presents the discussion and results, analyzing system performance based on energy efficiency, renewable utilization, 
and ESG reporting effectiveness. Finally, Section V concludes the paper by summarizing key findings and discussing 
future research directions, including real world deployment and expansion to broader ESG dimensions. This structured 
organization ensures clarity and supports a logical progression from problem identification to solution evaluation. 

2. Related Work 

This section reviews existing research related to renewable energy analytics, artificial intelligence applications in 
energy systems, IoT based energy management, and ESG reporting frameworks. The review highlights limitations in 
current approaches and positions the proposed work within the existing literature. 

2.1. AI Based Energy Forecasting and Optimization 

Artificial intelligence has been widely applied to energy demand forecasting and renewable energy optimization. 
Machine learning models such as support vector machines, random forests, and deep learning architectures including 
LSTM networks have demonstrated improved accuracy in predicting energy consumption and renewable generation 
patterns [1], [2]. These approaches are effective in handling nonlinear and time varying energy data. However, most 
studies focus on operational efficiency and grid stability, without linking forecasting outputs to ESG indicators or 
compliance reporting. As a result, predictive intelligence is rarely utilized for sustainability governance and regulatory 
decision making. 

2.2. Anomaly Detection in Energy Systems 

Anomaly detection techniques are commonly used to identify irregular energy consumption, equipment faults, and data 
integrity issues. Recent studies employ multivariate time-series analysis and graph-based attention models to improve 
detection accuracy in building and power system datasets [3], [4]. These methods are valuable for ensuring data 
reliability, which is critical for ESG reporting. Nevertheless, existing solutions primarily address operational reliability 
and lack integration with ESG risk assessment or compliance analytics. 

2.3. IoT-Enabled Renewable Energy Management 

IoT based energy management systems enable real time monitoring of renewable energy assets through smart sensors 
and communication networks. Several studies propose IoT architectures for photovoltaic and wind energy monitoring, 
emphasizing low-cost deployment and real time visualization [5], [6]. While these systems improve transparency at the 
device level, they do not provide higher level analytics for sustainability evaluation or standardized ESG reporting, 
limiting their usefulness for corporate compliance. 

2.4. ESG Reporting and Sustainability Analytics 

Research on ESG reporting frameworks highlights challenges related to data fragmentation, lack of automation, and 
inconsistent metrics across industries [7]. Although recent studies suggest integrating analytics and digital platforms to 
improve ESG transparency, few works directly connect renewable energy operational data with AI driven analytics for 
compliance ready ESG reporting. This gap motivates the integrated approach proposed in this paper. 
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3. Methodology 

The proposed AI integrated renewable energy and data analytics platform follows a structured and modular 
methodology to support corporate ESG compliance. The methodology is designed to ensure scalability, transparency, 
and reliability while enabling continuous monitoring and intelligent decision making. The system architecture 
integrates renewable energy infrastructure, artificial intelligence-based analytics, and ESG reporting mechanisms 
within a unified framework. Figure 1 presents the overall system architecture, while Figure 2 illustrates the data to ESG 
analytics workflow. The methodology is divided into four major layers: data acquisition, data preprocessing, AI and 
analytics, and ESG metrics and reporting. 

3.1. System Architecture Overview  

 

Figure 1 Overall architecture of the AI-integrated renewable energy and ESG analytics platform 

The system architecture consists of interconnected hardware and software components. Renewable energy sources 
such as solar photovoltaic systems and wind turbines form the primary energy generation layer. Smart meters and 
environmental sensors continuously collect operational data, including power output, energy consumption, and 
emission related parameters. This data is transmitted through secure communication networks to a centralized 
analytics platform. The architecture ensures interoperability between energy systems and analytics modules, enabling 
real time monitoring and decision support for ESG compliance. 

3.2. Data Acquisition and Preprocessing Layer 

The data acquisition layer is responsible for collecting high resolution time series data from distributed energy 
resources and consumption points. Key data sources include renewable energy generators, building energy meters, and 
environmental sensors. Collected parameters include generated energy (kWh), consumed energy (kWh), emission 
factors, and system efficiency indicators. Raw data often contains missing values, noise, and inconsistencies due to 
sensor faults or communication delays. Therefore, preprocessing is applied to clean and normalize the data before 
analysis. Preprocessing techniques include missing value interpolation, outlier filtering, and temporal alignment. These 
steps ensure data reliability and consistency, which are critical for accurate analytics and ESG reporting. 

3.3. AI and Data Analytics Layer 

The analytics layer applies artificial intelligence techniques to extract insights from preprocessed data. Time series 
forecasting models are used to predict future energy demand and renewable energy generation. These predictions 
enable proactive energy planning and improved renewable utilization. Anomaly detection models monitor deviations 
in energy consumption patterns, helping identify inefficiencies or potential compliance risks. This layer also aggregates 
energy data across operational units to generate organization wide sustainability insights. The outputs of the analytics 
layer serve as inputs to the ESG metrics and reporting module, ensuring a direct link between operational performance 
and compliance indicators. 
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3.4. ESG Metrics Mapping and Reporting Layer 

 

Figure 2 Data analytics workflow for mapping renewable energy performance to ESG indicators 

In this layer, analytical outputs are mapped to standardized ESG indicators such as renewable energy ratio, carbon 
intensity, and energy efficiency index. Automated dashboards visualize sustainability performance in real time, while 
structured reports are generated for regulatory submissions and internal audits. This approach reduces manual 
reporting effort and improves transparency and auditability of ESG disclosures. 

3.5. Mathematical Modeling of Energy and Emission Metrics  

To quantify sustainability performance, mathematical models are used to compute key ESG indicators. 

The renewable energy ratio is calculated as 

 

where 𝐸𝑟𝑒𝑛𝑒𝑤 represents renewable energy generation and 𝐸𝑡𝑜𝑡𝑎𝑙 denotes total energy consumption. 

Carbon emissions are estimated as 

 

where 𝐸𝑖 is energy consumed from source 𝑖 and  𝐸𝐹𝑖  is the corresponding emission factor. 

Energy efficiency is expressed as 

 

These equations enable standardized, repeatable, and auditable ESG metric calculation. 
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3.6. Implementation Summary 

Table 1 Summary of methodology layers and their functions 

Layer Function Output 

Data Acquisition Collects energy and sensor data Raw time-series data 

Preprocessing Cleans and normalizes data Reliable datasets 

AI Analytics Forecasting and anomaly detection Predictive insights 

ESG Reporting Indicator mapping and visualization Compliance ready reports 

4. Results 

This section presents a comprehensive discussion of the experimental evaluation conducted on the proposed AI 
integrated renewable energy and data analytics platform. The analysis focuses on energy prediction performance, 
renewable energy utilization, carbon emission reduction, and ESG reporting efficiency. Simulated corporate energy 
datasets were used to represent mixed energy portfolios consisting of renewable and conventional sources. The results 
are discussed in relation to operational efficiency and ESG compliance effectiveness. 

4.1. Experimental Setup and Evaluation Criteria 

The evaluation was conducted using simulated corporate energy consumption and generation data collected at hourly 
intervals. The dataset included renewable energy generation (solar and wind), grid-based electricity consumption, and 
corresponding emission factors. The platform was assessed based on four key criteria: prediction accuracy, renewable 
energy utilization, emission reduction, and ESG reporting efficiency. Prediction accuracy was measured using standard 
error metrics such as mean absolute percentage error. Renewable energy utilization was evaluated by analyzing the 
proportion of renewable energy consumed relative to total energy demand. Carbon emissions were estimated using 
standardized emission factors. ESG reporting efficiency was assessed by comparing manual reporting time with 
automated report generation time using the proposed platform. 

4.2. Energy Forecasting and Optimization Performance 

The AI-based forecasting models demonstrated consistent improvements in predicting both energy demand and 
renewable energy generation. Accurate forecasting enabled better alignment between energy demand and renewable 
availability, reducing dependency on conventional energy sources. 

 

 

Figure 3 Comparison of actual and predicted energy demand and renewable generation 

Figure 3 illustrates the close alignment between predicted and actual energy values, indicating reliable forecasting 
performance. Improved prediction accuracy allowed the system to optimize renewable energy dispatch, resulting in 



World Journal of Advanced Engineering Technology and Sciences, 2026, 18(01), 219-235 

225 

higher renewable energy utilization during peak availability periods. This optimization directly contributes to improved 
environmental performance under ESG evaluation. 
 
 

4.3. Carbon Emission Reduction Analysis 

Enhanced renewable energy utilization led to a measurable reduction in carbon emissions. By prioritizing renewable 
energy consumption based on AI forecasts, the platform minimized reliance on carbon-intensive energy sources. 
Emission trends showed a consistent decline compared to baseline scenarios without AI-driven optimization. The 
results demonstrate that intelligent energy scheduling plays a critical role in achieving emission reduction targets. This 
capability is particularly important for organizations aiming to meet regulatory emission thresholds and sustainability 
commitments. 

4.4. ESG Reporting Efficiency and Visualization 

 

Figure 4 ESG performance dashboard with automated renewable energy and emission analytics 

Figure 4 shows the ESG analytics dashboard generated by the platform. Real-time visualization of energy performance, 
emission metrics, and compliance indicators significantly improved transparency. Automated report generation 
reduced ESG reporting time and eliminated manual data consolidation errors. This improvement enhances audit 
readiness and stakeholder confidence in disclosed ESG information. 

4.5. Quantitative Performance Evaluation  

To quantitatively evaluate performance improvements, the following metrics were calculated. 

Prediction accuracy improvement is defined as 

 

where  represents forecasting error without 𝐴𝐼 and  represents error with AI integration. 

Carbon emission reduction rate is calculated as 

 

where  and  denote emissions before and after optimization.  
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ESG reporting efficiency gain is expressed as 

 

where 𝑇𝑚𝑎𝑛𝑢𝑎𝑙 and 𝑇𝑎𝑢𝑡𝑜𝑚𝑎𝑡𝑒𝑑  represent reporting time. 

These equations provide standardized and repeatable evaluation of system performance. 

4.6. Comparative Results Summary 

Table 2 Comparative performance analysis of baseline and proposed system 

Metric Baseline System Proposed Platform Improvement 

Forecast Accuracy Moderate High ↑ Significant 

Renewable Utilization Low–Medium High ↑ Improved 

Carbon Emissions High Reduced ↓ Noticeable 

Reporting Time Manual, slow Automated ↓ Substantial 

5. Discussion 

The results confirm that integrating AI-driven analytics with renewable energy systems significantly improves both 
operational performance and ESG compliance outcomes. Accurate forecasting enables proactive energy planning, while 
automated analytics ensure transparency and auditability. Unlike traditional ESG approaches, the proposed platform 
provides continuous insights rather than periodic snapshots. These advantages make the platform suitable for 
organizations seeking long-term sustainability and regulatory compliance. 

6. Conclusion 

This paper presented an AI-integrated renewable energy and data analytics platform aimed at supporting corporate 
Environmental, Social, and Governance (ESG) compliance. The proposed approach combines real-time renewable 
energy monitoring, artificial intelligence based forecasting, and automated ESG analytics within a unified framework. 
By linking operational energy data directly to standardized ESG indicators, the platform addresses key challenges 
associated with fragmented data sources, manual reporting, and limited analytical insight. The experimental evaluation 
demonstrated that the system improves energy forecasting accuracy, increases renewable energy utilization, reduces 
carbon emissions, and significantly enhances ESG reporting efficiency. These results confirm that AI driven data 
analytics can play a critical role in enabling transparent, reliable, and data driven sustainability management for 
organizations.  

Future work will focus on extending the platform to support a broader range of ESG dimensions beyond environmental 
indicators. This includes incorporating lifecycle assessment data to evaluate long-term environmental impacts, 
integrating social and governance metrics, and enhancing compliance alignment with emerging global ESG standards. 
In addition, real-world deployment across multiple industry sectors will be explored to validate system scalability, 
robustness, and practical effectiveness. Further research will also investigate the use of advanced explainable AI 
techniques to improve transparency and trust in automated ESG decision-making processes.  
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