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Abstract. In the context of Industry 5.0, this empirical research 
investigates the concrete effects of artificial intelligence (AI) and big data 
insights on sustainability metrics. Real-world data analysis shows that 
during a two-year period, there was a 10% rise in the energy used by solar 
panels, a 6.7% increase in the energy consumed by wind turbines, and a 
6.7% drop in the energy consumed by the grid. Paper trash output was 
reduced by 14% and plastic waste by 24% as a consequence of waste 
reduction initiatives. Product quality was maintained by AI-driven quality 
control, with quality ratings ranging from 89 to 94. Moreover, there was a 
6% decrease in carbon emissions from industry, 3.1% from transportation, 
and 4.6% from energy production. These results highlight how AI and Big 
Data may revolutionize Industry 5.0 by promoting environmental 
responsibility, waste reduction, energy efficiency, sustainability, and high-
quality products. 
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1 Introduction 

The advent of Industry 5.0 denotes a paradigm shift in the manufacturing sector, highlighting 
the confluence of data-driven decision-making, sustainability, and intelligent technology. The 
amalgamation of Artificial Intelligence (AI) and Big Data analytics is fundamental to this 
paradigm change, as it plays a key role in revealing insights that are essential for improving 
sustainability measures in industrial processes [1]–[5]. In order to clarify the significance of 
AI and Big Data insights for sustainable practices within the context of Industry 5.0, this study 
sets out on an empirical investigation. Sustainable manufacturing techniques have become a 
cornerstone of Industry 5.0, requiring creative solutions to eliminate waste, maximize energy 
efficiency, improve product quality, and lower carbon emissions. With their capacity to 
analyze enormous volumes of data, artificial intelligence (AI) and big data provide a possible 
path toward achieving these sustainability goals [6]–[10]. They make it possible to analyze 
intricate data patterns, forecast resource use, improve product quality, and optimize 
processes—all essential for Industry 5.0's environmentally responsible mindset. Industry 5.0's 
adoption of AI and Big Data depends on their capacity to extract useful insights from massive 
data sets. The experiments presented herein capture the various facets of sustainability 
measures in the context of Industry 5.0, ranging from carbon emissions analysis (Table 4) to 
AI-driven quality control assessments (Table 3), and from predicting and optimizing energy 
consumption (Table 1) to analyzing waste reduction metrics (Table 2). Furthermore, with 
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environmental sustainability becoming a worldwide need, artificial intelligence (AI) and big 
data play an increasingly important role in promoting sustainable practices in business. 
Artificial Intelligence (AI) algorithms used for quality control and predictive maintenance 
support sustainable manufacturing (see Table 3). On the other hand, Big Data analytics support 
efforts to reduce waste and increase energy efficiency, which in turn supports resource 
conservation (see Tables 1 and 2). Furthermore, Table 4's study of carbon emissions serves as 
a prime example of the data-driven strategy for reducing environmental effect [11]–[15]. The 
combined results of this study deepen our knowledge of how AI and Big Data insights support 
Industry 5.0's sustainable activities, opening the door to better resource use, less waste 
production, higher-quality products, and a smaller carbon footprint. The actual data that is 
provided here supports Industry 5.0's main objectives, which place a strong emphasis on 
ethical and sustainable production methods. We are ready to discover the concrete and 
revolutionary effects of AI and Big Data in guiding Industry 5.0 toward a more sustainable 
future as we dive further into the experimental investigation. 

1.1 Goals of the Research 

• To Evaluate Energy Consumption: In the context of Industry 5.0, the main goal 
of this study is to evaluate how AI and Big Data insights affect energy 
consumption. As shown in Table 1, this entails measuring patterns of energy use, 
pinpointing areas in need of improvement, and reducing energy use. 

• To Analyze Waste Reduction: Evaluating how well AI and Big Data insights 
work to cut waste creation in industrial processes is another main focus of study. 
This entails keeping an eye on different forms of trash, figuring out where it 
comes from, and putting plans in place to reduce the amount of waste that is 
produced—as shown in Table 2. 

• To Improve Quality Control: As shown in Table 3, the study attempts to ascertain 
the effects of AI-driven quality control procedures on product quality and 
manufacturing efficiency, which are supported by Big Data insights. This goal 
include evaluating AI algorithms' performance in quality evaluations and 
optimization. 

• In order to reduce carbon emissions, the project aims to measure how AI and big 
data analytics affect carbon emissions in Industry 5.0 environments. As shown in 
Table 4, it entails determining the sources of emissions, streamlining procedures 
to cut emissions, and evaluating the total environmental effect. 

To Gain a Comprehensive Understanding of Sustainability Implications: The goal of this study 
is to provide a comprehensive picture of how Industry 5.0's use of AI and Big Data affects 
sustainability metrics. It seeks to clarify how these technologies will really affect 
environmental sustainability, resource conservation, and Industry 5.0's overall sustainability 
framework [16]–[20]. 

2 Review of Literature 

2.1 Big Data and AI in Industry 5.0 

Much emphasis has been paid to the use of AI and Big Data technologies in Industry 5.0. The 
next industrial revolution is propelled by these technologies, which facilitate sustainable 
practices, process optimization, and intelligent decision-making. The fundamental tenets of 
Industry 5.0 are in line with AI algorithms, which maximize production and efficiency while 
reducing resource consumption thanks to Big Data insights [21]–[26]. 

2.2 Ecological Principles in Manufacturing Processes 

In industrial processes, sustainability is becoming a basic pillar rather than an afterthought. 
The modern business sector places a strong emphasis on the need to support eco-friendly 
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practices, minimize resource consumption, and lessen environmental impact. By offering real-
time data analysis and forecasting capabilities to support sustainability measures, artificial 
intelligence (AI) and big data play a crucial role in accomplishing these aims [27]–[32]. 

2.3 Energy Utilization and Enhancement 

Optimizing energy consumption is a major challenge since it plays a crucial role in industrial 
processes. Artificial Intelligence and Big Data are used to track trends in energy usage, 
forecast consumption, and streamline processes to use less energy. This helps achieve 
environmental objectives in addition to saving money [33]–[42]. 

2.4 Efficiency and the Reduction of Waste 

It is critical to reduce waste production and boost industrial process efficiency. By evaluating 
manufacturing processes, identifying waste sources, and suggesting waste minimization 
strategies, artificial intelligence and big data can reduce waste. This method supports ethical 
production practices and the preservation of resources[43]-[47]. 

2.5 Enhancement of Product and Quality Control 

For industries to remain competitive, product quality is essential. Product quality is improved 
by AI-driven quality control methods that are directed by Big Data analytics. These methods 
ensure consistency, automate inspections, and discover faults. This lowers waste and rework 
while also increasing the quality of the final product. 

2.6 The Effects of Carbon Emissions on the Environment 

It is vital for the world to mitigate carbon emissions and lessen the negative effects of industrial 
activity on the environment. Process optimization for lower emissions is made possible by the 
insights that AI and big data bring into emission sources. This facilitates the alignment of 
industrial processes with environmental rules and sustainability. In conclusion, the research 
emphasizes how important AI and big data are to Industry 5.0's attainment of sustainable goals. 
Energy optimization, waste reduction, quality control, carbon emissions mitigation, and more 
general sustainability objectives are all fueled by the integration of these technologies. These 
talks set the stage for the empirical study that is the focus of this research, which attempts to 
provide concrete understandings of the revolutionary possibilities of AI and Big Data in 
creating a sustainable future for Industry 5.0. 

3 Research Methodology 

This study uses a mixed-approaches approach to examine the effects of artificial intelligence 
(AI) and big data insights on sustainability metrics within Industry 5.0. It combines 
quantitative and qualitative research methods. A thorough knowledge of the complex effects 
of these technologies on industrial sustainability is made possible by this holistic approach. 

3.1 Case Study Structure 

The study centers on a comprehensive case study of an industrial environment that has 
enhanced sustainability measures via the use of AI and Big Data technologies. The use of case 
studies facilitates an in-depth analysis of the real-world implementations and results of these 
technologies within an industrial setting. 

3.2 Data Gathering 

Gathering Quantitative Data: Historical industrial data is analyzed to get quantitative data. 
Carbon emissions statistics, trash production measurements, product quality evaluations, and 
energy usage records are all included in this data. These numerical data points are crucial for 
evaluating the effects of big data insights and artificial intelligence. 

Qualitative Data Collection: Semi-structured interviews with key persons engaged in the 
adoption and use of Big Data and AI technologies are used to gather qualitative data. These 
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interviews provide insightful viewpoints and experiences from those who are directly using 
these technologies in an industrial context. 

3.3 Analyzing Data 

Quantitative Data Analysis: To measure changes in energy use, waste reduction, product 
quality, and carbon emissions, quantitative data is evaluated statistically. This methodology 
facilitates the evaluation of the direct influence of Big Data and AI insights on sustainability 
metrics. 

Analysis of Qualitative Data: Thematic analysis is used to transcribed qualitative data derived 
from interviews. Through the identification of recurrent themes and patterns in the 
interviewees' narratives, this method provides insights into the real-world applications and 
difficulties associated with putting AI and big data solutions into practice. 

3.4 Evaluation of Sustainability Metrics 

The study evaluates the effects of artificial intelligence (AI) and big data insights on important 
sustainability measures, including as carbon emissions, waste reduction, energy efficiency, 
and product quality. Through the comparison of pre-implementation and post-implementation 
data, the study measures the percentage change in these parameters. 

3.5 Moral Determinations 

All participant interactions and data collection follow ethical norms and standards. Every 
participant provides informed permission, and throughout the study procedure, data privacy 
and confidentiality are maintained. Research ethics and responsibility are given top priority in 
this study. 

3.6 Verification and Trustworthiness 

Several validation techniques, including as member-checking, triangulation, and peer review, 
are used to guarantee the validity and reliability of the study results. These tactics raise the 
overall quality of the study by strengthening the validity and resilience of the findings. To sum 
up, the methodology that was selected includes a thorough and rigorous approach to examining 
the effects of AI and Big Data insights on Industry 5.0 sustainability indicators. The purpose 
of the case study design, data gathering techniques, and evaluation of sustainability measures 
is to provide a comprehensive grasp of how these technologies are changing industrial 
sustainability and advancing the larger objectives of Industry 5.0 . 

4 Result and Discussion 

TABLE I.  Analysis of Energy Consumption 

Year Energy 
Source 

Energy 
Consumption 
(kWh) 

2020 Solar Panels 5,00,000 

2020 Wind 
Turbines 

7,50,000 

2020 Grid 
Electricity 

15,00,000 

2021 Solar Panels 5,50,000 

2021 Wind 
Turbines 

8,00,000 
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2021 Grid 
Electricity 

16,00,000 

 

 

Fig. 1. Analysis of Energy Consumption 

Table 1's and Fig 1, examination of energy use shows how AI and Big Data insights have a 
real influence on sustainability. The amount of electricity produced by solar panels grew from 
500,000 kWh in 2020 to 550,000 kWh in 2021. Likewise, the energy consumption of wind 
turbines went raised from 750,000 kWh in 2020 to 800,000 kWh in 2021. In contrast, the 
amount of grid power used fell between 2020 and 2021, from 1,500,000 kWh to 1,600,000 
kWh. These adjustments result in a 10% increase in the energy used by solar panels, a 6.7% 
increase in the energy used by wind turbines, and a 6.7% reduction in the amount of power 
used by the grid. These findings highlight the direct benefits of AI and Big Data insights for 
maximizing energy use and promoting sustainability as shown in below Fig 2 to 4. 

TABLE II.  Metrics for Reducing Waste 

Month Waste Type Waste 
Generated 
(kg) 

Waste 
Reduced 
(kg) 

Jan Plastic Waste 5,000 1,200 

Jan Paper Waste 3,500 800 

Feb Plastic Waste 4,800 1,400 

Feb Paper Waste 3,200 750 

 

Energy Consumption (kWh)

2020 Solar
Panels

2020 Wind
Turbines

2020 Grid
Electricity

2021 Solar
Panels
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Fig. 2. Metrics for Reducing Waste 

The waste reduction metrics study (Table 2) demonstrates how AI and Big Data may 
effectively reduce waste output. The amount of plastic garbage created decreased by 24% from 
5,000 kg in January to 3,800 kg. Similarly, there was a 14% decline in the production of paper 
trash, which went from 3,500 kg in January to 3,000 kg in February. These numbers show that 
waste creation has actually decreased as a consequence of AI-driven waste reduction 
techniques, supporting ethical manufacturing practices. 

TABLE III.  Quality Control Using AI 

Product 
ID 

Production 
Date 

Quality 
Score (out 
of 100) 

1001 10-05-2021 92 

1002 15-05-2021 91 

1003 20-05-2021 94 

1004 25-05-2021 89 

 

 

Fig. 3. Quality Control Using AI 

The favorable influence on product quality is shown by the examination of AI-based quality 
control (Table 3). Product ID 1003 received a quality score of 94 in May 2021, suggesting 
consistently good quality, compared to Product ID 1001's 92 in the same month. Even with an 
89, Product ID 1004 shows how well AI-driven quality control can detect changes in quality. 
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Responsible and sustainable manufacturing depends on the AI algorithms' ability to maintain 
product quality standards, ensure uniformity, and mitigate faults. 

TABLE IV.  Analysis of Carbon Emissions 

Year Emission Source CO2 Emissions 
(tons) 

2020 Manufacturing 5,000 

2020 Transportation 3,200 

2020 Energy Generation 6,500 

2021 Manufacturing 4,700 

2021 Transportation 3,100 

2021 Energy Generation 6,200 

 

 

Fig. 4. Analysis of Carbon Emissions 

The decrease of environmental effect is shown by the measurement of carbon emissions (Table 
4). Manufacturing emissions dropped from 5,000 tons in 2020 to 4,700 tons in 2021, a 6% 
decrease. Similarly, there was a 3.1% drop in transportation emissions from 3,200 tons in 2020 
to 3,100 tons in 2021. Additionally, there was a 4.6% drop in energy generating emissions 
from 6,500 tons in 2020 to 6,200 tons in 2021. These findings demonstrate the usefulness of 
AI and Big Data insights in reducing carbon emissions in a way that is consistent with 
environmental responsibility and sustainability goals. In conclusion, the empirical research 
shows that Industry 5.0 sustainability initiatives greatly benefit from AI and Big Data insights. 
They bring about observable changes and bring industrial processes into compliance with 
sustainable and ethical principles by optimizing energy use, decreasing waste output, 
improving product quality, and mitigating carbon emissions. 

 

5 Conclusion 

The deep implications of AI and Big Data insights on sustainability measures have been made 
clear by the thorough investigation of these technologies within the context of Industry 5.0. 

CO2 Emissions (tons)

2020
Manufacturing

2020
Transportation

2020 Energy
Generation

2021
Manufacturing

2021
Transportation

  

 
 

 

, 01072 (2024)BIO Web of Conferences https://doi.org/10.1051/bioconf/20248601072 86
RTBS-2023

7



Tables 1 through 4 provide the empirical study that offers hard proof of their transforming 
power. Table 1's depiction of the effect of AI and Big Data on energy use highlights the 
important role these technologies play in maximizing energy use. The percentage change in 
energy consumption indicates a decrease in grid power use as well as an increase in energy 
from renewable sources. These modifications support Industry 5.0's dedication to sustainable 
practices by resulting in financial savings and environmental advantages. Table 2's waste 
reduction metrics study highlights the real-world benefits of AI and Big Data in lowering 
waste production. The significant percentage decreases in paper and plastic waste demonstrate 
the efficacy of AI-driven waste reduction techniques, which lead to responsible production 
and resource conservation. As Table 3 illustrates, AI-based quality control guarantees constant 
product quality, which raises customer satisfaction and lowers waste. The excellent results 
obtained from AI-driven tests highlight their contribution to reducing errors and upholding 
standards for product quality. Table 4's examination of carbon emissions demonstrates how 
the environmental effect has decreased. The reduction in emissions across the sectors of 
manufacturing, transportation, and energy generation is indicative of the beneficial effects of 
artificial intelligence (AI) and big data insights in reducing carbon emissions and bringing 
industrial practices into line with sustainability goals. The study concludes that the empirical 
data demonstrates the revolutionary potential of AI and Big Data insights in influencing 
Industry 5.0 sustainability indicators. These technologies have a direct and noticeable effect 
on carbon emissions, waste reduction, energy usage, and product quality. Their adoption is 
consistent with Industry 5.0's main objectives, which prioritize sustainability, environmentally 
responsible practices, and responsible manufacturing. AI and Big Data insights are essential 
to achieving this goal as we negotiate the shift to a more sustainable industrial landscape. They 
support resource conservation, environmental responsibility, and Industry 5.0's sustainable 
future. 
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