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c) SUMMARY: 

The doctoral thesis highlights an in-depth understanding of integrated lean and agile 

supply chain models to adopt flexible and integrated strategies for effectively managing the 

complexity and uncertainty of the current market. By combining lean and agile approaches in 

a supply chain, the aim is to maximize performance and competitiveness while ensuring 

responsiveness and adaptability to changing needs. The thesis emphasizes the importance of 

artificial intelligence (AI), digitalization, and sustainable practices to enhance value chain 

performance and address contemporary challenges related to sustainable development. 

A particular focus has been placed on the management of spare parts and replacement 

equipment. Efficient management of these elements minimizes costs and ensures the 

operational continuity of the value chain, whereas poor management can threaten viability by 

creating financial burdens that are difficult to recover throughout the value chain. 

Recommendations for optimization include stock control, planning, preparation, forecasting 

techniques, and reordering management. The role of modern Enterprise Resource Planning 

(ERP) systems, incorporating technologies such as the cloud, AI, and the Internet of Things 

(IoT), is highlighted for increased flexibility and predictive analytics to address challenges 

related to integration, customization, and change resistance. 

A chapter on the importance of value chain sustainability has been developed, 

emphasizing its critical role in supply chain performance. Corporate Social Responsibility 

(CSR), with environmental, social, and governance (ESG) criteria, becomes essential for 

evaluating overall company performance. Adopting sustainable practices through stakeholder 

collaboration is crucial for improving supply chain performance. Technological innovations 

such as Industry 4.0, blockchain, and IoT play a key role in enhancing sustainable 

performance. The strategic and significant role of the purchasing function supports this 

sustainability perspective through collaboration and mutual trust with sustainable suppliers 

selected based on strategic criteria. 

To achieve complete integration, specific aspects of quality, environmental, health, 

and safety management systems were considered, analyzing the models proposed by 

international standards ISO 9000, ISO 14000, and ISO 45000. Key characteristics and 

benefits of integrated management systems, integration models proposed in the literature, and 

requirements for addressing sustainable development within management system models were 

examined. 
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Performance improvements in the supply chain, in the context of sustainable 

development, were identified through the implementation of innovative approaches based on 

new technologies. This includes maintenance 4.0, the integration of Industry 4.0 technologies, 

and the adoption of advanced tracking and tracing systems. A particular focus was placed on 

maintenance, replacement equipment management, and loss analysis to reduce waste and 

improve operational performance, integrating lean and agile approaches. Effective 

maintenance planning ensures equipment availability, while poor planning can result in costly 

unexpected downtimes. Investment costs (CAPEX) and operational expenses (OPEX) are 

evaluated to measure the performance of production facilities. The integration of preventive 

and predictive maintenance practices, supported by IoT technologies, was highlighted for 

real-time equipment availability monitoring and fault anticipation, optimizing operational 

expenses. 

In parallel, the integration of information technologies (IoT, MES, MOM) improves 

operational flexibility and synergy, enabling more effective real-time data management. An 

innovative solution proposed by the research addresses the lack of traceability and visibility of 

equipment in the context of indoor and outdoor maintenance (integrated solution) within a 

large industrial company in Morocco, launched as part of a digital transformation initiative. A 

pilot implementation on a dozen pieces of equipment tested the relevance and managed 

potential improvements concerning replacement processes, stock management, and repair 

management regardless of the scope. 

The solution involves equipping the equipment with IoT sensors connected to an IT 

platform via the LTEM network (first implementation in Africa). The solution has been tested 

and provided satisfactory results with significant improvements. The industrial company plans 

to scale up the implementation to a broader scope. The prospects of the solution include the 

implementation of a digital twin between internal and operational technologies based on 

Industry 4.0 information models to enhance smart factory capabilities. The Supply Chain 4.0, 

using advanced technologies such as cyber-physical systems (CPS) and IoT, will allow 

modeling customer behavior, optimizing stocks, and increasing real-time production 

capacities. Adopting advanced technologies like IoT and blockchain improves operational 

traceability and transparency, enabling more effective information and product flow 

management. Real-time traceability systems and advanced tracking technologies (RFID, GPS) 

allow monitoring shipments and goods status. Collaboration with supply chain partners and 

real-time data analysis facilitate proactive and optimized management of stocks and 

maintenance operations. 
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The last chapter emphasizes the overall positive influence of digitalization on 

purchasing. Sustainable and digital purchases have mainly been studied separately, with 

sustainable purchases focusing on social and environmental aspects and digital purchases 

emphasizing economic factors. However, common strategies have been identified to align 

these two paradigms. Industry 4.0 technologies, such as Robotic Process Automation (RPA), 

Artificial Intelligence (AI), and Blockchain, are seen as potential drivers for sustainable 

manufacturing practices. 

Sustainable business models (SBMs) represent a strategic roadmap for companies 

aiming to innovate sustainably. By investing in research and development, standardizing 

production processes, and integrating sustainable practices, companies can enhance their 

competitiveness while positively contributing to environmental and societal protection. 

The SBM model proposed in this chapter originates from a pilot project conducted 

within an industrial company operating in the chemical sector in Morocco. Titled "waste 

management solution 4.0," this project addresses the challenges of solid waste management, 

particularly the lack of traceability and visibility, leading to inefficient management. 

To resolve these issues, the project proposes an intelligent and sustainable waste 

management solution based on new 4.0 technologies (IoT sensors and a cloud platform with 

AI). This integrated process covers the entire lifecycle of solid waste, from recovery to final 

destination, incorporating strategies such as source reduction, reuse, and recycling. This 

process will allow: 

Better compliance with sustainability requirements, including waste reduction, 

improvement of reduction, reuse, and recycling, 

 Historical data and field information reporting on waste, 

 Better coordination among stakeholders, 

 Optimization of the waste lifecycle through processes based on sustainable 

strategies. 

Currently in the testing phase, this project is part of an intrapreneurial initiative 

sponsored by the company due to the initial test results and the improvements it presents. The 

results obtained in the doctoral research can serve as a starting point for future research, 

providing models of good practices for the implementation of a fully integrated management 

system. Supported by concrete models already tested and used in industrial companies, this 

system allows for improved company performance in line with sustainable development 

requirements. 
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