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Abstract 

Digital technologies are increasingly transforming environmental sustainability management by enabling 

real-time monitoring, predictive analysis, resource optimization, environmental reporting, and evidence-

based decision-making. Growing pressures related to climate change, resource depletion, pollution, 

waste generation, biodiversity loss, and inefficient resource consumption require organizations and 

communities to adopt more responsive environmental-management approaches. Technologies such as 

artificial intelligence, Internet of Things devices, remote sensing, geographic information systems, cloud 

computing, big-data analytics, blockchain, digital twins, and smart sensing platforms can support the 

collection and analysis of environmental information.  

This study examines the role of digital technologies in environmental sustainability management 

through a conceptual and descriptive research approach. The study focuses on digital environmental 

monitoring, resource optimization, pollution management, waste management, energy efficiency, water-

resource management, biodiversity monitoring, sustainable supply chains, and environmental 

performance assessment. An integrated framework is developed connecting environmental data 

acquisition, data processing, intelligent analytics, sustainability decision-making, technology 

implementation, performance monitoring, and continuous improvement.  

The analysis indicates that digital technologies can strengthen environmental monitoring, 

improve resource-use efficiency, support predictive decision-making, enhance transparency, and 

facilitate timely responses to environmental changes. However, implementation can be constrained by 

data-quality problems, high infrastructure costs, cybersecurity risks, interoperability limitations, 

technical skill shortages, digital inequality, privacy concerns, and the environmental footprint of digital 

infrastructure. Effective digital sustainability management therefore requires integration of technological 

systems with environmental governance, organizational capabilities, lifecycle assessment, regulatory 

requirements, and stakeholder participation. 

 

Keywords: Digital Technologies, Environmental Sustainability, Sustainability Management, Artificial 

Intelligence, Internet of Things, Environmental Monitoring, Big Data Analytics, Digital Twins, 

Resource Efficiency, Smart Environment. 

 

1. Introduction 

Environmental sustainability management has become increasingly important as organizations, 

governments, industries, and communities face growing pressures related to climate change, resource 
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depletion, pollution, waste generation, ecosystem degradation, and increasing resource demand. 

Conventional environmental-management approaches frequently depend on periodic data collection and 

retrospective analysis. Although these approaches remain valuable, the complexity and speed of 

contemporary environmental changes create a need for more continuous and data-driven management 

systems. 

Digital technologies provide opportunities to transform environmental information into 

actionable knowledge. Sensors, Internet of Things devices, satellites, remote-sensing platforms, 

geographic information systems, and connected monitoring networks can collect environmental data at 

different spatial and temporal scales. These technologies can support monitoring of air quality, water 

quality, energy consumption, waste flows, land use, biodiversity, emissions, and environmental 

conditions. Continuous data collection can provide organizations with more timely information for 

environmental decision-making. 

Artificial intelligence and machine learning can further strengthen digital environmental 

management by identifying patterns within large and complex datasets. Predictive models can support 

forecasting of environmental conditions, resource demand, pollution events, equipment performance, 

and potential environmental risks. Deep-learning methods can process large-scale imagery and time-

series information for applications such as land-cover classification, environmental observation, and 

ecological monitoring. However, the usefulness of AI depends on data quality, model validation, 

transparency, and appropriate interpretation. 

Internet of Things systems represent another important technological foundation for 

sustainability management. Connected sensors can monitor energy use, water consumption, temperature, 

emissions, equipment performance, waste containers, and other environmental variables. Real-time 

information can support automated alerts and resource-management decisions. Smart buildings, smart 

factories, smart water systems, and smart cities can use connected technologies to identify inefficiencies 

and optimize resource consumption. 

Digital twins provide an emerging approach for sustainability management by creating digital 

representations of physical assets, facilities, or systems. A digital twin can integrate sensor data, 

operational information, simulations, and analytics to examine system performance. In environmental 

applications, digital twins can support energy optimization, building management, water systems, 

industrial processes, infrastructure planning, and environmental scenario analysis. Their effectiveness 

depends on data availability, model accuracy, interoperability, and appropriate system design. 

 

2. Objectives of the Study 

2.1 Primary Objective 

The primary objective of this study is to examine how digital technologies can strengthen environmental 

sustainability management by supporting real-time environmental monitoring, intelligent data analysis, 

resource optimization, pollution management, waste reduction, energy efficiency, water management, 

biodiversity assessment, sustainable supply chains, environmental reporting, and evidence-based 

decision-making. 

 

 

http://www.aijard.com/


 

American International Journal of Advanced  

Research and Development (AIJARD) 
 

E-ISSN: XXXX-XXXX   ●   Website: www.aijard.com   ●   Email: editor@aijard.com 

 

AIJARD Volume 8, Issue 1, January-February 2026 26 

 

2.2 Examination of Digital Technologies for Environmental Management 

The first objective is to examine major digital technologies supporting environmental sustainability 

management, including artificial intelligence, machine learning, Internet of Things devices, remote 

sensing, geographic information systems, big-data analytics, cloud computing, digital twins, blockchain, 

and smart monitoring platforms.  

The study considers their applications in environmental observation, resource management, 

pollution control, waste management, energy efficiency, water conservation, biodiversity monitoring, 

and sustainability reporting while considering data quality, interoperability, infrastructure, and technical 

requirements. 

 

2.3 Analysis of Digital Sustainability Implementation 

The second objective is to analyze how digital technologies can improve environmental decision-

making, resource efficiency, sustainability measurement, environmental transparency, and 

organizational performance. The study also examines implementation challenges involving investment 

requirements, cybersecurity, data governance, technological complexity, digital inequality, skills 

shortages, interoperability, and the environmental footprint of digital systems.  

The objective is to develop an integrated approach connecting digital innovation with 

environmental governance, organizational capabilities, stakeholder participation, lifecycle thinking, and 

sustainable development. 

 

3. Review of Literature 

3.1 Digital Transformation and Environmental Sustainability 

Digital transformation can improve environmental management by enabling continuous data collection, 

automated monitoring, predictive analytics, and resource optimization. Digital platforms can connect 

environmental information with organizational decision-making. However, sustainability outcomes 

depend on how technologies are designed, implemented, maintained, and evaluated across their 

lifecycles. 

 

3.2 Artificial Intelligence and Environmental Analytics 

AI and machine learning can process large environmental datasets and support prediction, classification, 

anomaly detection, and optimization. Applications include pollution forecasting, energy management, 

environmental monitoring, land-use analysis, and ecological assessment. Model reliability depends on 

data quality, representativeness, validation, transparency, and appropriate integration with domain 

knowledge. 

 

3.3 IoT, Remote Sensing, and Smart Environmental Monitoring 

IoT sensors and remote-sensing systems can provide environmental information at different spatial and 

temporal scales. Sensors can monitor local conditions, while satellites can provide broader geographical 

coverage. Combining these technologies with GIS and analytics can support environmental risk 

mapping, resource management, infrastructure monitoring, and sustainability planning. 
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4. Research Methodology 

4.1 Research Design 

This study adopts a conceptual and descriptive research design to examine digital technologies for 

environmental sustainability management. The study synthesizes concepts related to artificial 

intelligence, machine learning, IoT, remote sensing, GIS, big-data analytics, cloud computing, digital 

twins, blockchain, smart monitoring, and environmental decision support.  

The framework considers relationships among environmental conditions, digital data acquisition, 

analytics, decision-making, resource optimization, implementation, and sustainability evaluation. The 

conceptual design provides systematic analysis without introducing unsupported empirical observations 

or fabricated statistical findings. 

 

4.2 Literature Collection and Thematic Organization 

The literature was conceptually organized around digital environmental monitoring, AI-based 

sustainability analytics, IoT, remote sensing, GIS, resource optimization, environmental reporting, smart 

cities, sustainable supply chains, waste management, energy management, water management, and 

biodiversity monitoring.  

The reviewed concepts were grouped into data acquisition, data processing, intelligent analytics, 

decision support, implementation, monitoring, and evaluation. Additional attention was given to data 

governance, cybersecurity, interoperability, technical capacity, digital infrastructure, environmental 

impacts of computing, and stakeholder participation. This organization supported development of an 

integrated digital sustainability framework. 

 

4.3 Analytical Framework 

The analytical framework includes: 

 Environmental Assessment: Identification of environmental conditions, risks, resource use, and 

impacts.  

 Digital Data Acquisition: Collection through sensors, IoT, satellites, meters, and monitoring 

platforms.  

 Data Integration: Combining environmental, operational, geographical, and temporal datasets.  

 Data Processing: Cleaning, normalization, storage, and quality assessment.  

 Artificial Intelligence: Prediction, classification, anomaly detection, and optimization.  

 Big-Data Analytics: Processing large and complex environmental datasets.  

 Remote Sensing: Observation of land, water, vegetation, climate, and ecological conditions.  

 GIS: Spatial analysis and environmental-risk mapping.  

 Digital Twins: Simulation and monitoring of physical environmental and operational systems.  

 Resource Optimization: Intelligent management of energy, water, materials, and waste.  

 

4.4 Data Analysis Approach 

A thematic analytical approach was applied to examine relationships between digital technologies and 

environmental sustainability functions. Technologies were categorized according to their roles in 

monitoring, prediction, resource optimization, environmental reporting, and decision support. Their 
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potential contributions were assessed in relation to energy efficiency, water management, waste 

reduction, pollution monitoring, biodiversity protection, and sustainable supply chains.  

The analysis also considered data quality, infrastructure, cybersecurity, interoperability, technical 

skills, digital access, and technology lifecycle impacts. The resulting synthesis informed the integrated 

framework. 

 

5. Analysis 

5.1 Digital Technologies and Environmental Applications 

 

Table 1: Digital Technologies for Environmental Sustainability Management 

Digital 

Technology 
Primary Function Environmental Application 

Artificial 

Intelligence 
Prediction and optimization Environmental decision support 

Machine Learning Pattern recognition Pollution forecasting 

Internet of Things Real-time monitoring Energy and water management 

Remote Sensing Large-area observation Land and ecosystem monitoring 

GIS Spatial analysis Environmental-risk mapping 

Big-Data Analytics Complex data processing Sustainability analysis 

Cloud Computing Data storage and processing Environmental information systems 

Digital Twins Simulation and optimization Smart infrastructure 

Blockchain Data traceability Sustainable supply chains 

Smart Sensors Continuous measurement Environmental monitoring 

 

Table 1 demonstrates that digital technologies perform complementary functions within environmental 

sustainability management. IoT and smart sensors provide continuous observations, while remote 

sensing offers large-scale environmental information.  

GIS supports spatial interpretation, and AI and machine learning provide predictive and 

analytical capabilities. Cloud computing facilitates data processing and storage, while digital twins can 

support simulation. Blockchain may contribute to traceability in selected applications. Integrated 

deployment can connect environmental observation with analysis and decision-making. 
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5.2 Environmental Sustainability Applications 

 

Table 2: Application Areas and Digital Contributions 

Environmental Area Digital Application Management Contribution 

Energy Management Smart meters and AI Energy optimization 

Water Management IoT sensors 
Leakage and consumption 

monitoring 

Waste Management Smart bins and analytics Collection optimization 

Air Quality Sensor networks Pollution monitoring 

Agriculture Remote sensing Resource optimization 

Biodiversity Satellite and AI analysis Ecosystem monitoring 

Industrial 

Sustainability 
Digital monitoring Process efficiency 

Supply Chains Digital traceability Environmental transparency 

Urban Management Smart-city platforms Resource coordination 

Climate Monitoring Remote sensing and analytics Risk assessment 

 

Digital technologies can support sustainability across multiple environmental-management domains. 

Smart energy systems can identify consumption patterns, while IoT-based water systems can monitor 

leakage and demand. Smart waste platforms can support collection planning. Remote sensing can 

provide information about agricultural land, ecosystems, and biodiversity.  

Industrial digital systems can monitor operational resources and environmental indicators. 

Digital supply-chain systems can improve information visibility. These applications illustrate the broad 

potential of digital technologies for environmental management. 

 

6. Discussio 

6.1 Digital Monitoring and Environmental Decision-Making 

Digital monitoring can improve environmental sustainability management by providing continuous 

information about resource consumption, environmental quality, operational conditions, and emerging 

risks. IoT sensors, smart meters, remote-sensing systems, and connected monitoring platforms can 

generate information at different spatial and temporal scales. This information can support faster 

identification of environmental changes and provide a stronger evidence base for management decisions. 

AI and machine learning can further transform environmental observations into predictive 

information. Models can support pollution forecasting, energy-demand prediction, water management, 

anomaly detection, and environmental-risk assessment. However, analytical outputs should be 
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interpreted according to data quality, uncertainty, model assumptions, and local environmental 

conditions. Digital decision support is most effective when integrated with environmental expertise, 

established management procedures, and appropriate human oversight. 

 

6.2 Resource Optimization and Environmental Performance 

Digital technologies can support more efficient use of energy, water, materials, and other resources. 

Smart meters can identify consumption patterns, while intelligent analytics can detect inefficiencies. In 

water systems, sensors can monitor pressure and flow conditions. Industrial digital platforms can 

identify process variations and opportunities for efficiency improvement. Smart waste systems can 

provide information for collection planning and resource recovery. 

Environmental performance management can also benefit from integrated digital indicators. 

Organizations can consolidate energy consumption, emissions, waste, water use, and other sustainability 

information through digital platforms. Automated monitoring can improve the frequency and 

consistency of environmental reporting. Nevertheless, indicators should be carefully designed so that 

organizations measure meaningful environmental outcomes rather than focusing only on easily available 

digital metrics. 

 

6.3 Digital Governance and Sustainable Transformation 

Digital sustainability management requires coordination among technology providers, environmental 

managers, organizations, regulators, researchers, and communities. Governance frameworks should 

establish responsibilities for data collection, access, quality, cybersecurity, model validation, reporting, 

and system maintenance. Standardized data structures and interoperable platforms can support 

information exchange across organizational and institutional boundaries. 

Digital transformation should also consider the environmental footprint of digital technologies. 

Data centers, networks, sensors, computing devices, and electronic equipment consume energy and 

materials. Sustainable digital governance therefore requires lifecycle thinking, energy-efficient 

infrastructure, responsible procurement, equipment reuse, and appropriate electronic-waste management. 

Environmental sustainability should be considered not only as an  

 

7. Challenges 

7.1 Data Quality and Interoperability 

Digital environmental systems depend on accurate, consistent, and timely data. Sensors may experience 

calibration problems, communication failures, missing observations, or measurement errors. 

Environmental datasets can also differ in spatial resolution, temporal frequency, formats, and collection 

methods. These differences can complicate integration and reduce the reliability of analytical outputs. 

Interoperability is particularly important when organizations use equipment and platforms from different 

providers.  

Incompatible standards can create isolated information systems and make comprehensive 

analysis more difficult. Common data standards, open interfaces, metadata procedures, quality-control 

mechanisms, and interoperable platforms can improve integration. Regular validation is also necessary 

to ensure that environmental information remains suitable for decision-making. 
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7.2 Infrastructure, Cost, and Technical Skills 

Digital environmental management requires investment in sensors, communication networks, computing 

systems, software, storage, cybersecurity, and maintenance. Organizations with limited financial 

resources may find comprehensive digital transformation difficult. Rural and geographically dispersed 

areas can face additional infrastructure challenges where connectivity and technical services are limited. 

Technical expertise is also necessary to design, operate, maintain, and interpret digital systems. 

 Environmental organizations may require professionals with combined knowledge of 

environmental science, data analytics, AI, GIS, IoT, cybersecurity, and sustainability management. 

Training, interdisciplinary collaboration, partnerships with technology providers, and capacity-building 

programs can strengthen implementation. Long-term maintenance costs should also be considered 

during initial technology planning. 

 

7.3 Cybersecurity, Digital Inequality, and Technology Footprint 

Connected environmental systems can create cybersecurity risks because sensors, networks, cloud 

platforms, and control systems may be connected to external communication environments. 

Unauthorized access or data manipulation could affect environmental monitoring and operational 

decisions. Appropriate access control, authentication, encryption, monitoring, and incident-response 

procedures are therefore important. 

Digital inequality can limit access to environmental information and technology-enabled 

services. Communities may differ in connectivity, digital literacy, equipment access, and technical 

capacity. Additionally, digital infrastructure has its own environmental footprint through energy 

consumption, material requirements, and electronic waste. Sustainable digitalization should therefore 

address access, lifecycle impacts, energy efficiency, equipment longevity, responsible disposal, and 

resource consumption alongside technological performance. 

 

8. Future Research 

Future research should investigate AI-enabled environmental decision-support systems capable of 

integrating real-time sensor data, satellite imagery, climate information, operational records, and 

socioeconomic indicators. Research could develop predictive models for air pollution, water quality, 

energy demand, waste generation, ecosystem changes, and environmental risks. Explainable AI should 

receive particular attention so that environmental managers can understand model outputs and 

uncertainty. Studies should also examine physics-informed and hybrid models that combine 

environmental knowledge with data-driven techniques. 

Future studies should explore digital twins for buildings, industrial facilities, water networks, 

urban environments, ecosystems, and energy systems. Digital twins could integrate real-time 

monitoring, simulation, and optimization to evaluate environmental scenarios before operational changes 

are implemented. Research should also investigate edge computing for low-latency environmental 

monitoring, federated learning for distributed environmental analytics, and energy-efficient AI 

architectures. Evaluation should consider technical performance, environmental benefits, computing 

requirements, infrastructure costs, interoperability, cybersecurity, and lifecycle sustainability. 
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Future research should develop standardized digital sustainability-management frameworks that connect 

environmental indicators with organizational decision-making. Such frameworks could integrate energy, 

water, waste, emissions, material use, biodiversity, resource efficiency, and circularity indicators. 

Longitudinal research could examine how organizations transition from isolated digital environmental 

projects toward integrated sustainability-management systems.  

Researchers should also investigate stakeholder participation, environmental data governance, 

digital inclusion, regulatory frameworks, responsible technology procurement, and electronic-waste 

management to ensure that digital transformation contributes to sustainable development throughout the 

technology lifecycle. 

 

9. Conclusion 

Digital technologies provide substantial opportunities for strengthening environmental sustainability 

management through continuous monitoring, intelligent analysis, resource optimization, environmental 

reporting, and evidence-based decision-making. IoT sensors, remote sensing, GIS, AI, machine learning, 

big-data analytics, cloud computing, digital twins, and smart platforms can generate and process 

environmental information at different scales. Their integration can help organizations and communities 

better understand environmental conditions and identify opportunities for improving resource efficiency 

and environmental performance. 

Digital environmental management can support multiple areas, including energy, water, waste, 

pollution, biodiversity, agriculture, industrial processes, infrastructure, and supply chains. Intelligent 

monitoring can identify changes in resource consumption and environmental conditions, while 

predictive analytics can support proactive decision-making. Digital traceability can strengthen 

information visibility across supply chains. Nevertheless, environmental outcomes depend on the quality 

of data, appropriate system design, effective governance, organizational capacity, and meaningful 

sustainability indicators. 

Implementation challenges include data-quality problems, interoperability limitations, 

infrastructure costs, technical skills shortages, cybersecurity risks, digital inequality, and the 

environmental footprint of digital infrastructure. These challenges demonstrate the need for lifecycle-

oriented digital sustainability strategies. Organizations should consider energy consumption, hardware 

requirements, maintenance, electronic waste, cybersecurity, and data governance alongside the 

operational benefits of digital technologies. 

Future environmental sustainability management is likely to increasingly combine intelligent 

analytics, connected monitoring, remote sensing, digital twins, edge computing, and advanced decision-

support systems. However, technological development should remain connected to environmental 

science, governance, stakeholder participation, and sustainability principles. An integrated framework 

linking environmental assessment, digital data acquisition, analytics, decision support, resource 

optimization, implementation, monitoring, and continuous improvement can provide a structured 

foundation for using digital technologies to advance environmental sustainability. 

 

 

 

http://www.aijard.com/


 

American International Journal of Advanced  

Research and Development (AIJARD) 
 

E-ISSN: XXXX-XXXX   ●   Website: www.aijard.com   ●   Email: editor@aijard.com 

 

AIJARD Volume 8, Issue 1, January-February 2026 33 

 

References 

1. Akande, A., Cabral, P., & Casteleyn, S. (2019). Assessing the gap between technology and the 

environmental sustainability of European cities. Information Systems Frontiers, 21, 581–604. 

https://doi.org/10.1007/s10796-019-09903-3  

2. Arshad, A., Shahzad, F., Rehman, I. U., & Sergi, B. S. (2023). A systematic literature review of 

blockchain technology and environmental sustainability: Status quo and future research. 

International Review of Economics & Finance, 88, 1602–1622.  

https://doi.org/10.1016/j.iref.2023.07.044 

3. Beier, G., Niehoff, S., & Hoffmann, M. (2021). Industry 4.0: A step towards achieving the SDGs? A 

critical literature review. Discover Sustainability, 2, Article 22. https://doi.org/10.1007/s43621-021-

00030-1  

4. Bibri, S. E., Huang, J., Jagatheesaperumal, S. K., & Krogstie, J. (2024). The synergistic interplay of 

artificial intelligence and digital twin in environmentally planning sustainable smart cities: A 

comprehensive systematic review. Environmental Science and Ecotechnology, 20, 100433.  

https://doi.org/10.1016/j.ese.2024.100433 

5. Bhatia, M., Meenakshi, N., Kaur, P., & Dhir, A. (2024). Digital technologies and carbon neutrality 

goals: An in-depth investigation of drivers, barriers, and risk mitigation strategies. Journal of 

Cleaner Production, 451, 141946.  https://doi.org/10.1016/j.jclepro.2024.141946 

6. 2022. Renewable and Sustainable Energy Reviews, 184, 

113482.  https://doi.org/10.1016/j.rser.2023.113482 

7. Chen, X., Despeisse, M., & Johansson, B. (2020). Environmental sustainability of digitalization in 

manufacturing: A review. Sustainability, 12(24), 10298.  https://doi.org/10.3390/su122410298 

8. Chiarini, A. (2021). Industry 4.0 technologies in the manufacturing sector: Are we sure they are all 

relevant for environmental performance? Business Strategy and the Environment, 30(7), 3344–3357.  

https://doi.org/10.1002/bse.2797 

9. Feroz, A. K., Zo, H., & Chiravuri, A. (2021). Digital transformation and environmental 

sustainability: A review and research agenda. Sustainability, 13(3), 1530.  

https://doi.org/10.3390/su13031530 

10. Jabbour, C. J. C., Fiorini, P. C., Ndubisi, N. O., Queiroz, M. M., & Piato, É. L. (2020). Digitally-

enabled sustainable supply chains in the 21st century: A review and a research agenda. Science of the 

Total Environment, 725, 138177. https://doi.org/10.1016/j.scitotenv.2020.138177  

11. Khan, I. S., Ahmad, M. O., & Majava, J. (2021). Industry 4.0 and sustainable development: A 

systematic mapping of triple bottom line, circular economy and sustainable business models 

perspectives. Journal of Cleaner Production, 297, 126655.  

https://doi.org/10.1016/j.jclepro.2021.126655 

12. Mohamed, A.-M. O., Mohamed, D., Fayad, A., & Al Nahyan, M. T. (2024). Enhancing decision 

making and decarbonation in environmental management: A review on the role of digital 

technologies. Sustainability, 16(16), 7156.  https://doi.org/10.3390/su16167156 

13. Mulligan, C., Morsfield, S., & Cheikosman, E. (2024). Blockchain for sustainability: A systematic 

literature review for policy impact. Telecommunications Policy, 48(2), 102676.  

https://doi.org/10.1016/j.telpol.2023.102676 

http://www.aijard.com/
https://doi.org/10.1016/j.iref.2023.07.044
https://doi.org/10.1016/j.ese.2024.100433?utm_source=chatgpt.com
https://doi.org/10.1016/j.jclepro.2024.141946
https://doi.org/10.3390/su122410298
https://doi.org/10.1002/bse.2797?utm_source=chatgpt.com
https://doi.org/10.3390/su13031530?utm_source=chatgpt.com
https://doi.org/10.1016/j.jclepro.2021.126655?utm_source=chatgpt.com
https://doi.org/10.3390/su16167156
https://doi.org/10.1016/j.telpol.2023.102676


 

American International Journal of Advanced  

Research and Development (AIJARD) 
 

E-ISSN: XXXX-XXXX   ●   Website: www.aijard.com   ●   Email: editor@aijard.com 

 

AIJARD Volume 8, Issue 1, January-February 2026 34 

 

14. Siedschlag, I., Mohan, G., & Yan, W. (2024). Twin transitions across enterprises: Do digital 

technologies and sustainability go together? Journal of Cleaner Production, 481, 144025.  

https://doi.org/10.1016/j.jclepro.2024.144025 

15. Sun, X., Yu, H., Solvang, W. D., & Wang, Y. (2022). The application of Industry 4.0 technologies in 

sustainable logistics: A systematic literature review (2012–2020) to explore future research 

opportunities. Environmental Science and Pollution Research, 29, 9560–9591.  

https://doi.org/10.1007/s11356-021-17693-y 

16. Trienens, M., Rasor, R., Kharatyan, A., Dumitrescu, R., & Anacker, H. (2024). Digital twins to 

increase sustainability throughout the system life cycle: A systematic literature review. Proceedings 

of the Design Society, 4, 1959–1968.  

17. Varriale, V., Cammarano, A., Michelino, F., & Caputo, M. (2024). The role of digital technologies 

in production systems for achieving sustainable development goals. Sustainable Production and 

Consumption, 47, 87–104.  https://doi.org/10.1016/j.spc.2024.03.035 

18. Zuccotto, M., Castellini, A., La Torre, D., Mola, L., & Farinelli, A. (2024). Reinforcement learning 

applications in environmental sustainability: A review. Artificial Intelligence Review, 57, Article 88. 

https://doi.org/10.1007/s10462-024-10706-5  

19. Shabur, M. A. (2024). A comprehensive review on the impact of Industry 4.0 on the development of 

a sustainable environment. Discover Sustainability, 5, Article 97.  https://doi.org/10.1007/s43621-

024-00290-7 

20. An overview of digital transformation and environmental sustainability: Threats, opportunities, and 

solutions. (2024). Sustainability, 16(24), 11079. 

http://www.aijard.com/
https://doi.org/10.1016/j.jclepro.2024.144025
https://doi.org/10.1007/s11356-021-17693-y
https://doi.org/10.1016/j.spc.2024.03.035?utm_source=chatgpt.com
https://doi.org/10.1007/s43621-024-00290-7?utm_source=chatgpt.com
https://doi.org/10.1007/s43621-024-00290-7?utm_source=chatgpt.com

