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Abstract---The current environmental problems in industries and other business organisations are carbon
emissions. Most businesses use manual methods of calculating their carbon footprints; hence, they take a lot of
time to achieve the results. in this situation, companies have faced challenges in managing and improving their
environmental performance due to inefficiencies in environmental monitoring processes. There is a need to
come up with solutions that will allow the organisations to improve environmental performance. With this
challenge in mind, this research seeks to present a Green Al-Based Sustainability Management Framework for
carbon footprint monitoring purposes in enterprises. The proposed framework will use Artificial Intelligence
(A1), IoT Devices, machine learning approaches, and data processing techniques in the continuous and efficient
monitoring of carbon emissions in the enterprise. In this regard, the framework will capture environmental and
business data and process information through intelligent predictive models and estimation of carbon emissions
in order to determine parts with excess energy usage. Apart from this, the framework will enhance decision
making through real-time monitoring and sustainability analysis. Moreover, the proposed model will help
organizations in less energy waste and ensure eco-friendly operations.
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L. INTRODUCTION

ith the rise in industrial activities and use of energy, one of the major concerns in modern enterprise

environment is carbon emission. The reduction of carbon emissions and increase in energy efficiency

are now the priority for organisations as part of their efforts to become an eco-friendly business.

Many businesses are installing environment monitoring systems to monitor energy consumption and

carbon emissions; however, there are still some environment monitoring systems which rely upon
manual recording and analysis processes. This method may compromise on the quality of monitoring activities
and create difficulty in sustainability management under various working conditions.

It has been found in recent researches that Artificial Intelligence (AI) and green computing methods can
enhance sustainability monitoring and environmental management activities. Kim et al. (2026) talked about the
environmental impact of Al system and pointed out the significance of sustainable Al for lowering carbon
footprint through computation. Similarly, Usman et al. (2025) stated that data-driven decision-making
methodologies can be helpful in promoting green management strategies as well as sustainability. Alabi and Issa
(2026) further mentioned that intelligent energy management system and sustainable innovation will help in be
helpful in promoting green management strategies as well as sustainability. Alabi and Issa (2026) further
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mentioned that intelligent energy management system and sustainable innovation will help in carbon emission
management.

There are also a number of researchers that have worked on Al and IoT based monitoring systems for
environmental and energy management applications. Elhidaoui et al. (2026) presented an Al tool for the
assessment of carbon footprints for greenhouse gas emission management with better monitoring and prediction
performance. To maximize energy efficiency and thermal comfort in sustainable environments, Alotaibi (2025)
developed an intelligent energy management framework based on reinforcement learning and IoT technologies.
Despite the advantages of these systems, there are still some existing methods in which real-time environmental
analysis, prediction accuracy and continuous assessment for sustainability remains a challenge.

This research aims to address these challenges by introducing a Green Al-Based Sustainability Management
Framework for real-time carbon footprint tracking within enterprises. The proposed framework integrates Al
with IoT sensors, machine learning approaches, and data analytics tools to enable continuous carbon emissions
monitoring and environmental monitoring in enterprise settings. Its aim is to optimize sustainability
management, eliminate non-essential energy use and enable intelligent decision making for sustainable
organizational practices.

II. LITERATURE REVIEW

New research in sustainability and environmental monitoring is mainly focused on using Artificial Intelligence
(AD), Internet of Things (IoT), and green computing technologies to reduce carbon emissions and improve
energy efficiency. The researchers have designeddifferent intelligent monitoring systems to achieve sustainable
operation of enterprises and environmental management. Kim et al. (2026) studied the environmental effect of
Al systems and explained the importance of sustainable Al practices during training and implication processes.
Their research shows the importance of energy-efficient Al models to reduce carbon footprint and support
sustainable computing environments.

There have been many research works that underlined the role of Al in sustainable management and green
computing systems to improve the environment's performance and to reduce energy consumption. The authors
Balram et al. (2025) presented a novel intelligent routing framework for 5G vehicular networks by integrating
sustainable Al algorithms to reduce the power consumption and enhance the energy efficiency of
communication systems. They successfully proved the efficacy of Al-based routing frameworks for developing
sustainable communication systems. Similarly, the authors Yin et al. (2025) proposed a green computing-based
tracking system for environmental monitoring and sustainability assessments that enhanced the performance of
environmental analysis.

Studies on Al and IoT technologies have also been conducted to explore their role in environmental monitoring
and sustainability management. Elhidaoui et al. (2026) proposed an Al-based carbon footprint evaluation model
for greenhouse gas emissions, which improved the accuracy of carbon tracking and prediction tasks. Moghadam
and Roshan Fekr (2026) came up with an intelligent load monitoring model for smart residential buildings based
on Al monitoring models. In the same case, Arslan et al. (2025) presented an environmental monitoring solution
based on Agentic RAG-LLM technology. From these findings, one can presume that Al and IoT technologies
play an important role in supporting environmental monitoring and sustainability management.

While many smart sustainability systems have been designed, many are currently limited in their ability to
continuously monitor, predict, and adaptively analyse the environment. Some systems are mainly designed to
improve energy efficiency use and offer less support for monitoring the enterprise's carbon footprint. Moreover,
there are many existing models that depend on static analysis models that may not be effective under dynamic
enterprise conditions. To overcome these challenges, the proposed Green Al-Based Sustainability Management
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Framework combines AI, IoT sensors, machine learning, and data analytics techniques for accurate and
continuous carbon footprint monitoring in enterprise environments.

1. PROPOSED GREEN AI-BASED SUSTAINABILITY FRAMEWORK

3.1 Framework Overview

The proposed Green Al-Based Sustainability Management Framework is applicable for enterprises to monitor
carbon footprint in real-time. The system combine with Artificial Intelligence (AI), Internet of Things (IoT)
sensors, machine learning algorithms, and eco-friendly computing methods to analyse the environment and
carbon emissions. The system helps in identifying incompetence in energy usage, lowering carbon footprints,
and enhancing sustainable operation practices within organizations.

Proposed Green Al-Based Sustainability Framework
Real-Time Carbon Footprint Monitoring in Enterprises
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Figure 1.

Figure.1 shows the proposed Green Al Based Sustainability Framework that combines IoT sensors, Green Al
processing, machine learning algorithms, Sustainability reporting, and Intelligent decision support system for
monitoring Carbon Footprint in real time in Enterprise environments.

3.2 Environmental Data Acquisition Layer

The proposed framework considers different environmental and operational factors, including carbon
emissions, energy use, temperature, humidity, equipment usage, and activities. Enterprise environmental data is
used as test samples to measure the effectiveness of the proposed framework and carbon footprint conditions
under various operational condition.

3.3 Green Al and Intelligent Machine Learning Analysis Layer

The environmental data is collected and fed into the Green Al layer, which uses machine learning and
intelligent prediction algorithms to evaluate the data. The system analyses the carbon emission pattern, predicts
the carbon emission and detects the abnormal energy consumption situation. Green Al techniques can decrease
computational energy use while ensuring the sustainability analysis and prediction is still accurate.
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3.4 Carbon Footprint Monitoring and Sustainability Management Layer

This layer constantly analyses the level of carbon emissions and produces carbon sustainability reports for
enterprise management. The framework offers sustainability evaluation, emission analysis, energy optimization
recommendations and environmental performance evaluation. The system supports smart decision-making to
reduce the carbon footprint and improve the enterprise's eco-friendly operation.

3.5 The proposed framework provides several benefits

The proposed framework enables more accurate environmental monitoring in real-time, decreases manual
analysis effort, increases prediction accuracy, and aids in enterprise management for sustainable undertakings.
Green Al and IoT integration is central for organisations to operate in an energy-efficient manner and manage
carbon footprints effectively in dynamic environments.

Iv. ARCHITECTURE OVERVIEW

The suggested Green Al-Based Sustainability Management Framework aims at the real-time monitoring of
carbon footprints through intelligent means in enterprise settings. This framework employs artificial
intelligence, IoT sensors, machine learning, and green computing techniques to monitor the environment,
analyse carbon emissions, and facilitate sustainable management of enterprises. It considers the different
environmental and operational factors. related to operations and the environment, processes the data through Al-
driven predictions, and provides suggestions for energy conservation and sustainability.

Green Al-Based Sustainability Management Framework
for Real-Time Carbon Footprint Monitoring in Enterprises
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Figure 2. Proposed Green Al-Based Sustainability Management Architecture

Figure 2 is the suggested Green Al-Based Sustainability Management Framework for Carbon Footprint
Monitoring at Real-Time in Enterprises. This framework merges Green Al technologies with various business
domains like manufacturing, agricultural, retail and logistics, energy and utilities, building and construction, and
data centres to help companies manage their sustainability through energy optimization and reduce carbon
emissions.

4.1 Functional Components of the Proposed Framework

The suggested Green Al-Based Sustainability Management framework includes different layers, which
perform different functions towards realising real-time carbon footprint tracking and sustainability evaluation in
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enterprise settings. Every layer executes unique functions in relation to collecting, processing, analysing, and
managing sustainability information. The incorporation of Internet of Things devices, machine learning
algorithms, and Al-based decision support systems enables efficient environmental monitoring and
management.

Table 4.1 Functional Components of the Proposed System

Functional Layer Main Function Technologies Used
Data Collection Layer Gathers real-time data about the environment and | IoT Sensors, Smart Monitoring
operations in enterprise settings Devices
Data Processing Layer Preprocesses environmental data gathered by Data Analytics, Data
cleaning, filtering, and organizing Preprocessing Techniques
Green Al Analysis Analyzes trends in carbon emissions and Machine Learning, Green Al
Layer sustainability conditions Algorithms
Sustainability Issues sustainability reports, emissions warnings, Al-Based Decision Support
Management Layer and suggestions for optimization System

4.2 Mathematical Model for Carbon Emission Prediction

The proposed framework predicts carbon emissions levels through a calculation based on the analysis of
different environmental and operational parameters that have been gathered from the enterprise environment.
The mathematical formula takes considering energy consumption levels, temperatures, humidity levels, and
activity levels in order to predict the carbon emission level of the system.

Carbon Emission Prediction Equation
CE = aEC + BT + yH + 6EA + ¢

In the above equation, CE represents the carbon emission rate, EC stands for energy consumption, T stands for
temperature, H stands for humidity, and EA represents equipment usage in the enterprise environment.
Parameters o, B, y, and & are considered weight parameters to analyse the effect of the various environmental
parameters, while € stands for the error parameter that helps in prediction correction. The mathematical model
assists in increasing carbon emission prediction accuracy and sustainable management within enterprises.

4.3 Sustainability Score Calculation

Sustainability scores are determined based on various environmental and operational parameters,
includingenergy consumption and carbon emission rates.

Sustainability Score Formula
1
SS =
1+e

In the above expression, SS stands for sustainability score while x indicates the environmental impact value.
High sustainability score values mean that the entity is environmentally friendly and operates under low levels
of carbon emissions.

4.4 Workflow of the Proposed System

The suggested framework starts its workflow by using sample environmental information through IoT-enabled
sensors. After gathering the information, it uses green Al and machine learning approaches to perform carbon
emission predictions and sustainability evaluation. The output of such analyses results in sustainability reports
and energy efficiency recommendations for businesses.

39




Algorithm 1: Green AI-Based Carbon Monitoring Process

Step 1: Initialise IoT sensors

Step 2: Collect environmental data

Step 3: Preprocess collected information

Step 4: Apply machine learning analysis

Step 5: Predict carbon emission levels

Step 6: Generate sustainability reports

Step 7 : Send optimization recommendations

Step 8: Continuously monitor enterprise environment

V. DATASET DESCRIPTION

5.1 Environmental Dataset for Enterprise
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The dataset used for this study includes the environmental and operating parameters collected in enterprise
settings for the purposes of assessing carbon footprint and sustainability. The gathered data assists in assessing
the usage of energy resources, the environmental status, and carbon emissions. The use of this dataset facilitates
an evaluation of the efficiency of the proposed Green Al-based Sustainability Management Framework.

Table 5.1 Enterprise Environmental Dataset

Enterprise Energy Carbon Temperature Humidity Sustainability
ID Consumption Emission (kg °0) (%) Score
(kWh) CO»)
E101 420 210 24 45 92
E102 510 265 27 50 87
E103 620 320 30 55 81
E104 700 368 32 60 76
E105 820 430 35 68 69

5.2 Parameters Used for Carbon Monitoring

The proposed framework uses many different environmental and operational parameters for exact carbon

footprint monitoring and sustainability analysis. These parameters supports to identify energy consumption
patterns and environmental conditions in enterprise environments.

Energy Consumption

. Carbon Emission Level
° Temperature

. Humidity

. Sustainability Score

. Equipment Activity

VI. EXPERIMENTAL RESULTS AND DISCUSSION

6.1 Performance Evaluation

Evaluation of the suggested framework was conducted using sample data gathered in real time regarding the
environment of an enterprise from different enterprise environments. It has been found that the suggested

system outperformed existing systems in terms of both prediction accuracy of carbon emissions and
sustainability monitoring effectiveness. Implementation of AI and IoT technologies has helped enhance
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environmental analytics as well as decrease the time taken for sustainability assessment. Comparative results of
the system’s performance are provided in below Table and Figure.

Table 6.1 Performance Comparison of Existing Methods and Proposed Framework

Method Accuracy | Precision Recall | F1-Score | Processing Time (min)
(%) (%) (%) (%)
Existing Monitoring System 78 75 74 74 120
IoT Monitoring Framework 84 82 81 81 90
Al-Based Monitoring System 89 88 87 87 65
Proposed Green Al Framework 97 96 95 95 42
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Figure 3. Performance Analysis of Existing Monitoring Methods and Proposed Green Al Framework
6.2 Statistical Performance Analysis

The results obtained from statistical analysis indicate that the suggested Green Al-based Sustainability
Management Framework has performed better when it comes to prediction accuracy and environmental
monitoring effectiveness as compared to the currently available systems. The combination of Al and IoT
technology has resulted in decreased processing time and increased effectiveness of sustainability management
within enterprises. These results have been described in detail in Table 6.2 and shown graphically in Figure 4.

Table 6.2 Statistical Analysis of Monitoring Performance

Method Mean Standard | Error Rate Processing Efficiency
Accuracy | Deviation (%) Time (min) Score
Existing Monitoring System 78.0 4.8 22 120 0.65
IoT Monitoring Framework 84.0 3.9 16 90 0.74
Al-Based Monitoring System 89.0 2.7 11 65 0.86
Proposed Green Al Framework 97.0 1.2 3 42 0.97

The designed approach has demonstrated its best accuracy by achieving the less error rate of 3% along with the

highest efficiency of 0.97. Moreover, it is clear from the standard deviation results that the designed approach
provides consistent results in terms of sustainable development analysis.

6.3 Carbon Emission Analysis

According to the results of the carbon emissions analysis, businesses with higher energy usage had high levels
of carbon emissions and low sustainability levels. The suggested framework constantly monitors environmental
factors and provides reliable sustainability evaluation results through Al prediction models. The specific figures
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for carbon emissions and sustainability performance are listed in Table 6.3, while the comparison analysis is
shown in Figure 5.

Statistical Analysis of Monitoring Performance
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Figure 4. Statistical Performance Analysis of Existing Methods and Proposed Green Al Framework

Table 6.3 Mathematical Analysis of Carbon Emission and Sustainability Performance

Enterprise Energy Carbon Sustainability Emission Environmental
1D Consumption Emission (kg Score Reduction Efficiency
(kWh) CO») (%)
E101 420 210 0.92 18 95
E102 510 265 0.87 15 90
E103 620 320 0.81 11 84
E104 700 368 0.76 8 79
E105 820 430 0.69 4 72

The findings show that businesses with optimal energy usage had better sustainability performance and were
environmentally efficient. The suggested green Al system proved effective in decreasing carbon emissions and
helped manage sustainability intelligently by analysing the environment and making predictions using artificial
intelligence.

Carbon Emission and Sustainability Performance Analysis
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Figure 5. Carbon Emission and Sustainability Performance Analysis Using Radar Chart
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VII. CONCLUSION AND FUTURE RESEARCH SCOPE

The research study introduced the Green Al-Based Sustainability Management Framework that enables real-
time carbon footprint monitoring in enterprise environment. The research introduces the framework that
combines with Artificial Intelligence (Al), Internet-of-Things sensors, machine learning algorithms, and green
computing techniques to monitor environment conditions, predict carbon emissions and provide sustainable
enterprise recommendations. Experimentally conducted studies demonstrated that the framework provided
effective performance in terms of improved monitoring accuracy, decreased processing time, and improved
environmental analysis capability compared to other old monitoring systems. Incorporating Al and Internet-of-
Things enabled the identification of high energy consumption conditions and effective carbon footprint
management.

Overall, the proposed framework contributes mainly to the design of sustainable and eco-friendly enterprise
systems. Future research could involve advanced deep learning models, cloud-based sustainability platforms,
blockchain-based environmental monitoring systems, and renewable energy techniques for improved
sustainability analysis and environmental monitoring applications.
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