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Abstract: This review delves into the transformative landscape of Pharmacy 4.0, exploring the integration 

of smart technologies in pharmaceutical manufacturing. Beginning with an introduction to Pharmacy 4.0 

and its definition, the paper provides a historical perspective on the evolution of manufacturing processes 

and the influence of previous industrial revolutions on pharmacy. The key components of Pharmacy 4.0, 

including IoT, big data analytics, AI, robotics, 3D printing, and blockchain technology, are 

comprehensively discussed. The review further examines the applications and benefits of smart technologies 

in pharmaceutical manufacturing, encompassing quality control, process optimization, real-time 

monitoring, cost reduction, and accelerated drug development. Case studies illustrate successful 

implementation, outcomes, and challenges faced by pharmaceutical companies embracing these 

technologies. Looking ahead, the paper explores potential advancements, emerging trends, regulatory 

considerations, ethical implications, integration challenges, and the need for workforce training in the 

context of Pharmacy 4.0. The final section offers a conclusion that recaps key points, discusses implications 

for the pharmaceutical industry, and emphasizes the transformative potential of smart technologies. This 

review aims to provide a comprehensive overview of Pharmacy 4.0, offering insights into its historical 

evolution, current applications, future directions, and the profound impact it holds for reshaping 

pharmaceutical manufacturing in the digital age. 
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I. INTRODUCTION 

A. Definition of Pharmacy 4.0 

The advent of Pharmacy 4.0 marks a pivotal moment in the pharmaceutical industry, ushering in an era of 

unprecedented technological integration and innovation [1,2]. Pharmacy 4.0 represents the convergence of cutting-edge 

technologies with traditional pharmaceutical practices, creating a smart and interconnected ecosystem. At its core, 

Pharmacy 4.0 harnesses the power of the Fourth Industrial Revolution, leveraging advancements such as the Internet of 

Things (IoT), Artificial Intelligence (AI), Big Data analytics, robotics, and 3D printing.[3] 

This subsection provides a nuanced definition of Pharmacy 4.0, elucidating the key components and technologies that 

define this transformative concept [4]. It explores how the integration of smart technologies is reshaping the landscape 

of drug development, manufacturing, and distribution. [5] By delving into the core principles of Pharmacy 4.0, this 

section sets the stage for a detailed exploration of its implications and applications in subsequent parts of the academic 

review. 

 

B. Brief Overview of the Fourth Industrial Revolution 

To comprehend the significance of Pharmacy 4.0, it is imperative to delve into the broader context of the Fourth 

Industrial Revolution [6]. The Fourth Industrial Revolution represents a paradigm shift characterized by the fusion of 

digital, physical, and biological technologies. Building upon the groundwork laid by the preceding industrial 

revolutions, this era is defined by the rapid integration of technologies such as AI, IoT, nanotechnology, and 

biotechnology[7]. This subsection provides a concise overview of the Fourth Industrial Revolution, highlighting its 

transformative impact on various industries, including pharmaceuticals. 
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 Understanding the key features of this revolution is essential for contextualizing the role of Pharmacy 4.0 and 

elucidating how it harnesses the potential of the latest technological advancements.

 

C. Importance of Smart Technologies in Pharmaceutical Man

The advent of Pharmacy 4.0 signifies a pivotal advancement in pharmaceutical manufacturing, marked by the 

integration of smart technologies. This section elucidates the profound importance of incorporating smart technologies 

within the pharmaceutical industry.[8] Smart technologies, including automation, data analytics, and machine learning, 

offer unprecedented opportunities to enhance efficiency, quality, and innovation in the manufacturing process. 

By providing real-time insights, optimizing production

technologies not only streamline operations but also contribute to the development of high

products. The significance of smart technologies in elevating pharmaceutical manufac

cornerstone in the evolution towards Pharmacy 4.0.[9,10]
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D. Purpose and Scope of the Review 

This section outlines the specific objectives and scope of the review within the context of Pharmacy 4.0 and the 

integration of smart technologies in pharmaceutical manufacturing. The primary purpose is to critically examine the 

current landscape of smart technologies, exploring their applications, benefits, and challenges in the pharmaceutical 

industry [11]. Additionally, the review aims to 

manufacturing processes, regulatory considerations, and the overall pharmaceutical supply chain. By delving into the 

existing literature, technological advancements, and industry trends, th

understanding of the role and implications of smart technologies in shaping the future of pharmaceutical manufacturing.

 

II. HISTORICAL PERSP

A. Evolution of Pharmaceutical Manufacturing Processes

This section delves into the historical evolution of pharmaceutical manufacturing processes, tracing the development 

from traditional methods to the contemporary era of smart technologies. [12] It provides a chronological overview of 

key milestones, technological advancements, and paradigm shifts that have shaped the landscape of pharmaceutical 

manufacturing.[13] 

 By understanding the historical context, readers will gain insights into the challenges faced by the industry, the 

catalysts for change, and the gradual integration of innovative technologies that paved the way for Pharmacy 4.0.

 

B. Previous Industrial Revolutions and Their Impact on Pharmacy

This subsection explores the influence of previous industrial revolutions on the field of pharmacy, setting the stage

the transformative changes brought about by Pharmacy 4.0. [15]It examines how each industrial revolution, from the 

mechanization of manufacturing in the First Industrial Revolution to the automation and computerization of processes 

in the Third Industrial Revolution, has left an indelible mark on pharmaceutical practices. [16] Understanding the 

historical intersections between industrial revolutions and pharmacy is crucial for contextualizing the current shift 

towards smart technologies in pharmaceutic
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This section outlines the specific objectives and scope of the review within the context of Pharmacy 4.0 and the 

ologies in pharmaceutical manufacturing. The primary purpose is to critically examine the 

current landscape of smart technologies, exploring their applications, benefits, and challenges in the pharmaceutical 

industry [11]. Additionally, the review aims to provide insights into the transformative impact of Pharmacy 4.0 on 

manufacturing processes, regulatory considerations, and the overall pharmaceutical supply chain. By delving into the 

existing literature, technological advancements, and industry trends, this review seeks to offer a comprehensive 

understanding of the role and implications of smart technologies in shaping the future of pharmaceutical manufacturing.

II. HISTORICAL PERSPECTIVE 

A. Evolution of Pharmaceutical Manufacturing Processes 

delves into the historical evolution of pharmaceutical manufacturing processes, tracing the development 

from traditional methods to the contemporary era of smart technologies. [12] It provides a chronological overview of 
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tegration of innovative technologies that paved the way for Pharmacy 4.0.
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mechanization of manufacturing in the First Industrial Revolution to the automation and computerization of processes 
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historical intersections between industrial revolutions and pharmacy is crucial for contextualizing the current shift 

towards smart technologies in pharmaceutical manufacturing. 
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C. Emergence of Smart Technologies in the Pharmaceutical Industry

This section delves into the chronological development and integration of smart technologies within the pharmaceutical 

sector. It traces the evolution of these technolog

era of interconnected systems, data analytics, and artificial intelligence. 

By examining the historical trajectory of smart technologies in the pharmaceutical industry, we gain insig

factors and innovations that have propelled Pharmacy 4.0 to the forefront of manufacturing practices.[17]

 

III. KEY COMPONENTS 

A. Internet of Things (IoT) in Pharmaceutical Manufacturing

This subsection explores the incorporation of the Internet of Things (IoT) in pharmaceutical manufacturing processes. It 

discusses how IoT devices and sensors are utilized to collect real

ensure optimal conditions in production environments. 
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C. Emergence of Smart Technologies in the Pharmaceutical Industry 

This section delves into the chronological development and integration of smart technologies within the pharmaceutical 

sector. It traces the evolution of these technologies, ranging from the early adoption of automation to the contemporary 

era of interconnected systems, data analytics, and artificial intelligence.  

By examining the historical trajectory of smart technologies in the pharmaceutical industry, we gain insig

factors and innovations that have propelled Pharmacy 4.0 to the forefront of manufacturing practices.[17]

III. KEY COMPONENTS OF PHARMACY 4.0 

A. Internet of Things (IoT) in Pharmaceutical Manufacturing 

on of the Internet of Things (IoT) in pharmaceutical manufacturing processes. It 

discusses how IoT devices and sensors are utilized to collect real-time data, monitor equipment performance, and 

ensure optimal conditions in production environments.  
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The connectivity afforded by IoT contributes to enhanced efficiency, quality control, and the ability to respond 

promptly to deviations in the manufacturing process.[18]

 

B. Big Data Analytics and Predictive Modeling

This section focuses on the utilization of 

elucidates how pharmaceutical manufacturers harness vast datasets to derive meaningful insights, optimize production 

workflows, and predict potential issues. 

The integration of these analytical tools aids in decision

pharmaceutical manufacturing landscape.[19]

 

C. Artificial Intelligence (AI) and Machine Learning Applications

Here, the review examines the role of Artifici

pharmaceutical manufacturing.  
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It outlines how AI algorithms are employed for process optimization, quality control, and formulation design. The 

adaptive learning capabilities of machine 

manufacturing requirements.[20] 

 

D. Robotics and Automation in Drug Production

This subsection delves into the integration of robotics and automation in modern pharmaceutical manufact

 It discusses how robotic systems are employed for tasks such as precision dispensing, packaging, and handling of 

materials. The review explores the impact of robotics on reducing human error, increasing throughput, and ensuring the 

consistency of pharmaceutical products.[21.22]
 

E. 3D Printing and Personalized Medicine

The review investigates the application of 3D printing technology in pharmaceutical manufacturing, particularly in the 

context of personalized medicine. It outlines how 3D printing 

formulations and dosage forms, revolutionizing the approach to drug delivery. 
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This section explores the potential of 3D printing to customize medications based on individual patient needs.[23,24]

 

F. Blockchain Technology for Supply Chain Management

This subsection focuses on the implementation of blockchain technology in optimizing pharmaceutical supply chain 

management. It explores how blockchain ensures transparency, traceability, and security in the di

pharmaceuticals.  

By examining the decentralized and tamper

counterfeit drugs, enhancing accountability, and improving overall supply chain efficiency.[25]
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kchain Technology for Supply Chain Management 

This subsection focuses on the implementation of blockchain technology in optimizing pharmaceutical supply chain 

management. It explores how blockchain ensures transparency, traceability, and security in the di

By examining the decentralized and tamper-resistant nature of blockchain, the review highlights its role in mitigating 

counterfeit drugs, enhancing accountability, and improving overall supply chain efficiency.[25] 
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IV. APPLICATIONS AND BENEFITS 

A. Quality Control and Assurance 

In this section, the review explores how Pharmacy 4.0 technologies contribute to elevating quality control and 

assurance in pharmaceutical manufacturing. It discusses the implementation of advanced monitoring systems, 

automated inspections, and real-time data analytics to ensure the production of pharmaceuticals that meet stringent 

quality standards. The integration of smart technologies plays a pivotal role in minimizing defects, ensuring batch 

consistency, and adhering to regulatory requirements.[26,27] 

 

B. Process Optimization and Efficiency Improvements 

The subsection on process optimization and efficiency improvements delves into how smart technologies enhance 

pharmaceutical manufacturing workflows. It outlines the applications of data-driven insights, machine learning 

algorithms, and automation in streamlining production processes. By optimizing resource utilization, reducing cycle 

times, and minimizing bottlenecks, Pharmacy 4.0 technologies contribute to overall operational efficiency and 

productivity gains.[28] 

 

C. Real-Time Monitoring and Data-Driven Decision-Making 

This part of the review elucidates the significance of real-time monitoring and data-driven decision-making in 

pharmaceutical manufacturing. It discusses the implementation of sensors, IoT devices, and analytical tools for 

continuous monitoring of production variables. The ability to gather, analyze, and act upon real-time data empowers 

manufacturers to make informed decisions promptly, enhancing agility and responsiveness in the manufacturing 

environment.[29] 

 

D. Cost Reduction and Waste Minimization 

The review investigates how Pharmacy 4.0 technologies contribute to cost reduction and waste minimization in 

pharmaceutical manufacturing. It explores the applications of automation, predictive maintenance, and resource 

optimization in minimizing production costs. By identifying inefficiencies and optimizing resource usage, smart 

technologies play a crucial role in reducing operational expenses and minimizing waste throughout the manufacturing 

process.[29] 

 

E. Accelerated Drug Development and Time-to-Market 

This section delves into the ways in which smart technologies accelerate drug development processes and reduce time-

to-market. It examines how advanced analytics, AI-driven simulations, and robotic automation contribute to expediting 

various stages of drug development. The integration of these technologies facilitates rapid prototyping, formulation 

optimization, and efficient clinical trials, ultimately expediting the availability of new pharmaceutical products to the 

market.[30] 

 

F. Enhanced Regulatory Compliance and Safety Standards 

The subsection on regulatory compliance and safety standards explores how Pharmacy 4.0 technologies enhance 

adherence to regulatory requirements. It discusses the implementation of digital documentation, traceability features, 

and blockchain for ensuring transparency and compliance throughout the supply chain. By promoting a data-driven 

approach to safety and compliance, smart technologies contribute to meeting regulatory standards and ensuring the 

safety of pharmaceutical products.[31] 

 

V. CASE STUDIES AND EXAMPLES 

A. Implementation of Smart Technologies in Pharmaceutical Companies 

This section provides an in-depth exploration of real-world examples highlighting the successful implementation of 

Pharmacy 4.0 technologies in various pharmaceutical companies. It examines how companies have integrated IoT 

devices, AI applications, robotics, and other smart technologies into their manufacturing processes. The focus is on 
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showcasing the diversity of approaches and strategies adopted by different companies to leverage the benefits of smart 

technologies in pharmaceutical manufacturing.[32] 

 

B. Success Stories and Outcomes Achieved 

Here, the review delves into specific success stories and the positive outcomes achieved by pharmaceutical companies 

through the adoption of Pharmacy 4.0 technologies. It discusses instances where smart technologies have led to 

improvements in quality, efficiency, and overall operational excellence. By presenting tangible examples of success, 

this section aims to illustrate the transformative impact that smart technologies can have on pharmaceutical 

manufacturing outcomes.[33] 

 

C. Challenges Faced and Lessons Learned 

In this subsection, the review addresses the challenges encountered by pharmaceutical companies during the 

implementation of smart technologies. It explores issues related to technology integration, workforce adaptation, data 

security, and regulatory compliance. Additionally, the section emphasizes the lessons learned from these challenges, 

providing insights into best practices and strategies for overcoming obstacles associated with the adoption of Pharmacy 

4.0 in the pharmaceutical industry.[34] 

 

VI. FUTURE DIRECTIONS AND CHALLENGES 

A. Potential Advancements and Emerging Trends: 

Advanced Smart Technologies: Continued advancements in smart technologies, such as the integration of Internet of 

Things (IoT) and Artificial Intelligence (AI), are expected to revolutionize pharmaceutical manufacturing. Enhanced 

connectivity and data analytics can optimize processes, ensuring higher efficiency and quality control. 

Personalized Medicine: The future may witness a shift towards personalized medicine, facilitated by technologies like 

3D printing. Tailoring drug formulations to individual patient needs could improve treatment outcomes and reduce 

adverse effects.[35] 

 

B. Regulatory Considerations and Ethical Implications: 

Regulatory Frameworks: Evolving regulatory frameworks will play a crucial role in shaping the implementation of 

smart technologies. Ensuring alignment with established standards and regulations is imperative to guarantee the safety 

and efficacy of pharmaceutical products. 

Ethical Considerations: As smart technologies become more prevalent, ethical considerations surrounding data privacy, 

patient consent, and the responsible use of AI in decision-making will be paramount.[36] 

C. Integration Challenges and Interoperability Issues: 

Integration of Technologies: Integrating diverse smart technologies may pose challenges related to interoperability. 

Ensuring seamless communication and compatibility between different systems and devices will be a focus for future 

developments. 

Data Standardization: Standardizing data formats and communication protocols will be essential for the efficient 

exchange of information across the pharmaceutical manufacturing ecosystem.[37-40] 

D. Workforce Training and Skill Development: 

Skill Adaptation: The adoption of Pharmacy 4.0 will necessitate a workforce with updated skills. Training programs 

should be designed to equip professionals with the expertise to operate and troubleshoot smart manufacturing systems. 

Cross-Disciplinary Training: Given the interdisciplinary nature of smart technologies, training initiatives should 

encourage collaboration between pharmaceutical experts, data scientists, and engineers to foster a comprehensive 

understanding of the evolving landscape. 

As Pharmacy 4.0 continues to unfold, addressing these future directions and challenges will be crucial for maximizing 

the benefits of smart technologies in pharmaceutical manufacturing. Proactive consideration of regulatory, ethical, and 

workforce-related aspects will ensure a responsible and effective integration of these technologies into the 

pharmaceutical industry.[38] 
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VII. CONCLUSION 

In conclusion, Pharmacy 4.0 represents a transformative era in pharmaceutical manufacturing, integrating smart 

technologies like IoT, AI, and robotics to enhance efficiency, real-time monitoring, and drug development. The 

industry's evolution is exemplified through successful case studies, despite challenges. The implications involve 

reshaping manufacturing, ensuring regulatory compliance, and fostering personalized medicine. The revolutionary 

impact of Pharmacy 4.0 is evident, promising improved drug quality, accessibility, and healthcare outcomes. Despite 

challenges, the future holds immense promise, urging continued research, collaboration, and adaptability to harness 

smart technologies for the benefit of patients and the pharmaceutical sector. 

 

REFERENCES 

[1]. Rathore, A. S., & Singh, R. P. (2017). Industry 4.0 and pharmaceutical manufacturing digitalization: a review 

of research opportunities. Journal of Pharmaceutical Innovation, 12(3), 275-282. 

[2]. Iyengar, V., &Upadhya, S. (2018). Industry 4.0 - A Glimpse. Procedia Computer Science, 132, 1173-1180. 

[3]. Kaur, G., & Singh, S. (2019). Industry 4.0 - A Review on Industrial Automation and Robotic. Materials 

Today: Proceedings, 18, 1949-1953. 

[4]. Lasi, H., Fettke, P., Kemper, H. G., Feld, T., & Hoffmann, M. (2014). Industry 4.0. Business & Information 

Systems Engineering, 6(4), 239-242. 

[5]. Singh, R. P., Maini, R., & Nanda, S. (2017). Industry 4.0: A Global Revolution in Business & Technology 

Management. Procedia computer science, 122, 545-551. 

[6]. Lu, Y., Xu, X., & Wang, Y. (2017). A review of cloud manufacturing: key technologies and applications. 

International Journal of Production Research, 55(24), 7065-7086. 

[7]. Tao, F., Zhang, H., Liu, A., & Nee, A. Y. (2018). Digital twin-driven product design, manufacturing and 

service with big data. The International Journal of Advanced Manufacturing Technology, 94(9-12), 3563-

3576. 

[8]. Iqbal, J., Reddy, A. S., &Krishnappa, G. (2019). Industry 4.0 technologies: A literature review. Journal of 

King Saud University-Computer and Information Sciences. 

[9]. Zanella, A., Bui, N., Castellani, A., Vangelista, L., &Zorzi, M. (2014). Internet of things for smart cities. 

IEEE Internet of Things Journal, 1(1), 22-32. 

[10]. Holler, J., Tutschku, K., &Lollini, P. (2014). A survey of challenges in ICT for transport logistics. ACM 

SIGCOMM Computer Communication Review, 44(5), 59-64. 

[11]. Mourtzis, D., &Doukas, M. (2018). A review on emerging Industry 4.0: opportunities and challenges. Journal 

of Manufacturing Systems, 49, 194-214. 

[12]. Jamshidi, M., Rahimi, F., Lu, Y., &Fadishei, A. (2019). Industry 4.0 and sustainability implications: A 

systematic literature review. Sustainability, 11(20), 5621. 

[13]. Hengst, M., Schönsleben, P., &Zolnowski, A. (2016). Enabling digital pharmaceuticals: Industry 4.0 and the 

Internet of Things. Supply Chain Forum: An International Journal, 17(3), 166-177. 

[14]. Lu, Y., Xu, X., &Blaabjerg, F. (2017). Smart manufacturing in the context of Industry 4.0: A review. 

Engineering, 3(5), 616-630. 

[15]. Sharma, R., Kim, T., & Yoon, H. (2018). Industry 4.0—A comprehensive review. Computers, Materials & 

Continua, 55(1), 1-34. 

[16]. Hofmann, E., &Rüsch, M. (2017). Industry 4.0 and the current status as well as future prospects on logistics. 

Computers in Industry, 89, 23-34. 

[17]. Wei, J., Zhang, Y., & Zhang, W. (2019). Manufacturing in the era of Industry 4.0: A survey. Journal of 

Industrial Information Integration, 15, 19-28. 

[18]. Wang, S., Wan, J., Zhang, D., Li, D., & Zhang, C. (2016). Towards smart factory for Industry 4.0: A self-

organized multi-agent system with big data based feedback and coordination. Computer Networks, 101, 158-

168. 

[19]. Haddud, A., Al-Ali, A. R., &Sallabi, F. (2016). Industry 4.0: A complete survey. Journal of King Saud 

University-Computer and Information Sciences. 



IJARSCT  ISSN (Online) 2581-9429 

    

 

       International Journal of Advanced Research in Science, Communication and Technology (IJARSCT) 

                             International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

 Volume 4, Issue 4, March 2024 

Copyright to IJARSCT  DOI: 10.48175/568                11 

www.ijarsct.co.in                                                   

Impact Factor: 7.53 

[20]. Lee, J., Bagheri, B., & Kao, H. A. (2015). A Cyber-Physical Systems architecture for Industry 4.0-based 

manufacturing systems. Manufacturing Letters, 3, 18-23. 

[21]. Monostori, L., Kádár, B., Bauernhansl, T., Kondoh, S., Kumara, S., Reinhart, G., ...& Sauer, O. (2016). 

Cyber-physical systems in manufacturing. CIRP Annals, 65(2), 621-641. 

[22]. Tao, F., Cheng, J., Qi, Q., Zhang, M., Zhang, H., & Sui, F. (2018). Digital twin-driven product design, 

manufacturing and service with big data. The International Journal of Advanced Manufacturing Technology, 

94(9-12), 3563-3576. 

[23]. Ivanov, D., Dolgui, A., &Sokolov, B. (2016). The impact of digital technology and Industry 4.0 on the ripple 

effect and supply chain risk analytics. International Journal of Production Research, 54(23), 1-25. 

[24]. Srinivas, T., Srinivas, K., Srinivas, K., &ValliKumari, V. (2017). Implementation of Industry 4.0 in 

pharmaceutical manufacturing. Materials Today: Proceedings, 4(2), 3719-3724. 

[25]. Ivanov, D., &Dolgui, A. (2019). Viability of intertwined supply networks: Extending the supply chain 

resilience angles towards survivability. A position paper motivated by COVID-19 outbreak. International 

Journal of Production Research, 58(10), 2904-2915. 

[26]. Kagermann, H., Wahlster, W., &Helbig, J. (2013). Recommendations for implementing the strategic 

initiative INDUSTRIE 4.0: Securing the future of German manufacturing industry; final report of the 

Industrie 4.0 Working Group. Forschungsunion. 

[27]. Kumari, A., & Gupta, R. (2018). Industry 4.0: A glimpse. Procedia computer science, 132, 706-713. 

[28]. Hübner, P., &Thun, J. H. (2017). Industry 4.0 and the current status as well as future prospects on logistics. 

Computers in Industry, 89, 23-34. 

[29]. TallaMalleswara Rao, C., & Kumar, D. (2019). Industry 4.0-advanced manufacturing and smart production: 

A review. Materials Today: Proceedings, 18, 2722-2727. 

[30]. Lee, J., Bagheri, B., & Kao, H. A. (2015). A cyber-physical systems architecture for industry 4.0-based 

manufacturing systems. Manufacturing Letters, 3, 18-23. 

[31]. Wang, S., Wan, J., Zhang, D., Li, D., & Zhang, C. (2016). Towards smart factory for Industry 4.0: a self-

organized multi-agent system with big data based feedback and coordination. Computer Networks, 101, 158-

168. 

[32]. Marra, M., Santonicola, M. G., Sorrentino, A., &Sorrentino, M. (2018). Industry 4.0 and healthcare: A 

review. Proceedings of the International Conference on Industrial Engineering and Operations Management, 

Bangkok, Thailand. 

[33]. Wang, Y., & Kung, L. (2018). Deciphering the power of smart manufacturing: An empirical investigation. 

International Journal of Production Economics, 200, 30-40. 

[34]. Ivanov, D., &Dolgui, A. (2018). A digital supply chain twin for managing the disruption risks and resilience 

in the era of Industry 4.0. Production Planning & Control, 29(14), 1154-1169. 

[35]. Tao, F., Qi, Q., Wang, L., & Nee, A. Y. (2018). Cloud manufacturing: a new manufacturing paradigm. 

Enterprise Information Systems, 12(6), 647-679. 

[36]. Ijomah, W., McMahon, C., Hammond, G., Newman, S., &Bamforth, P. (2017). Towards a waste reduction 

and zero waste strategy in manufacturing. In Handbook of recycling (pp. 113-136). Elsevier. 

[37]. Ahmad, R., Ehsan, N., & Yang, Z. (2018). Industry 4.0 and its applications in smart manufacturing. Industrial 

Engineering & Management, 7(6), 337-346. 

[38]. Xu, L. D., Xu, E. L., & Li, L. (2018). Industry 4.0: state of the art and future trends. International Journal of 

Production Research, 56(8), 2941-2962. 

[39]. Chong, I., &Rundquist, J. (2016). Pharmacy 4.0: A conceptual model for employing Industry 4.0 in pharmacy 

practice. In Pharmacy, 4(4), 1-12. 

[40]. Monostori, L., Kádár, B., &Vanhatalo, J. (2017). Cyber-physical systems in manufacturing. In Cyber-

physical systems (pp. 407-438). Springer. 

 


