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There is an urgent need to address the current paradigm shifts in bioengineering for 
Human Health aiming the creation of breakthrough tissue engineered products, 
manufacturing technologies and effective regenerative treatments for tackling 
different diseases/disorders in a personalized manner. Yet, the excessive costs and 
wastes related to the development and production of biomaterials and advanced 
therapy medicinal products, and the increasing use of plastics in cell culture methods 
and animal derived reagents has recognized the importance of decreasing the direct 
carbon footprint and thus, implement sustainable principles and solutions in the 
innovation ecosystem. The main goal of the volumes in Biomaterials, Bioengineering 
and Sustainability series is to catapult and consolidate new concepts and solutions 
towards the development of the next-generation of sustainable and eco-friendly 
biomaterials and tissue engineering and regenerative medicine approaches. Each 
volume will focus on the latest developments dealing with the identification of new 
sources of sustainable or recycled biomaterials, providing ideas for green 
technologies and methods that can be applied for biomaterials advanced processing 
and scaffolding strategies, and applications in biofabrication, tissue engineering, 
regenerative medicine, and drug delivery systems. It also aims to include the 
exploitation of renewable and sustainable source of human cells applied for cell 
therapies or in combination with sustainable biomaterials. The develop complex 
in vitro 3D/4D models and dynamic cell culture systems will be other subjects to be 
further explored from a sustainable perspective. This series aims to attract the 
contributions of leading experts in bioengineering, cell biology, materials 
engineering, and environmental sciences.
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This book is lovingly dedicated to my beloved mother, 
Sabiha Khatoon, who has been the guiding light of 
my life—my source of strength, compassion, and 
unwavering support. Her prayers have been my 
protection, her wisdom my direction, and her love my 
foundation. She is the heart of our family and the soul 
of our home. Every accomplishment I achieve is built 
upon her sacrifices and unconditional love.

“And We have enjoined upon man [care] for his 
parents. His mother carried him, [increasing her] in 
weakness upon weakness, and his weaning is in two 
years. Be grateful to Me and to your parents; to Me is 
the [final] destination.”

—Surah Luqman (31:14)

“And lower to them the wing of humility out of mercy 
and say, ‘My Lord, have mercy upon them as they 
brought me up [when I was] small.’”

—Surah Al-Isra (17:24)

May Allah grant her a long life filled with health, 
happiness, and continued blessings. Ameen.

—Professor (Dr.) Md. Faiyazuddin
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The escalating environmental challenges and the growing global demand for 
sustainable development have urged researchers, scientists, and industries to adopt 
eco-conscious approaches across various disciplines. In the biomedical and phar-
maceutical sciences, this shift is both a necessity and a responsibility—one that 
prioritizes reducing ecological footprints while enhancing human health outcomes. 
It is in this spirit that the present volume, Design and Processing of Green Materials: 
Exploring Sustainable Applications in Medical and Pharmaceuticals Sciences, has 
been developed.

This edited book presents a comprehensive collection of recent advancements, 
research insights, and innovative applications in the realm of green biomaterials. 
Authored by leading experts and emerging scholars, the chapters address key issues 
related to sustainability in material design, synthesis, processing, and biomedical 
application. The book is structured to provide a holistic perspective, beginning with 
fundamental concepts and progressing through applied technologies and regulatory 
considerations.

Topics covered include biodegradable polymers, green chemistry methods for 
biomaterials synthesis, eco-friendly fabrication techniques, biomimetic strategies, 
and novel approaches in tissue engineering, regenerative medicine, and drug deliv-
ery. Additionally, the volume explores life cycle assessments, intellectual property 
landscapes, and regulatory frameworks that shape the future of sustainable biomedi-
cal practices.

The book opens with Chap. 1, which introduces the concept of green biomateri-
als, offering a foundational understanding of their significance, development chal-
lenges, and potential applications in health and sustainability. This sets the stage for 
Chap. 2, where the focus shifts to polymeric materials, discussing their synthesis, 
biodegradation, and growing role in drug delivery and tissue engineering. In Chap. 
3, the authors explore environmentally benign chemical methods for material syn-
thesis, promoting the use of renewable resources, solvent-free reactions, and energy-
efficient processing techniques. Chapter 4 presents innovative approaches that 
integrate ecological responsibility into tissue engineering, from sustainable scaffold 
production to low-energy bioprocessing systems. Chapter 5 delves into the fabrica-
tion of medical devices using green techniques such as 3D bioprinting and electro-
spinning, emphasizing the use of biodegradable inputs. Complementing this, Chap. 
6 illustrates how regenerative medicine offers sustainable, long-term therapeutic 
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solutions that reduce dependency on synthetic implants and prolonged pharmaco-
logical treatments. Nature-inspired design takes center stage in Chap. 7, where the 
authors discuss the design and functionality of biomaterials modeled after natural 
structures. Chapter 8 builds upon this by examining how these materials interact 
with biological systems, influencing cell behavior and contributing to functional 
tissue regeneration. In Chap. 9, the spotlight is on eco-designed scaffolds that not 
only support tissue regrowth but also minimize environmental burden through sus-
tainable sourcing and degradation. This theme continues in Chap. 10, which surveys 
cutting-edge bioprinting strategies that allow precise control over architecture and 
composition, using biocompatible and biodegradable materials. Chapter 11 dis-
cusses green innovations in drug delivery, particularly biodegradable and stimuli-
responsive systems that reduce systemic toxicity and environmental impact. Natural 
polymers take precedence in Chap. 12, where plant-derived materials are explored 
for their roles in wound healing, drug encapsulation, and tissue scaffolds. Chapter 
13 presents clinical applications of bioactive natural materials in the treatment of 
chronic wounds, emphasizing the dual benefits of efficacy and biodegradability. 
Shifting focus to environmental and production considerations, Chap. 14 provides 
tools and methodologies for evaluating the environmental impact of biomaterials 
across their entire lifecycle. In Chap. 15, readers are introduced to the regulatory 
and innovation landscape, showcasing how green biomaterials are advancing 
through patent filings, clinical validation, and formulation development. Finally, 
Chap. 16 addresses the safety, standardization, and regulatory frameworks neces-
sary to ensure the responsible adoption of biomaterials in healthcare.

Together, these chapters provide a comprehensive overview of sustainable bio-
materials, addressing both advances and challenges in their development, process-
ing, application, and regulation. The book bridges fundamental research with 
translational potential, offering insights that are critical for researchers, clinicians, 
policymakers, and industry professionals seeking to build a greener and more sus-
tainable future in medicine and pharmaceuticals.

We extend our sincere thanks to all the contributors for their dedicated efforts, 
and to Springer Nature for supporting this initiative. We hope this volume serves as 
both a resource and an inspiration for future innovations in green material science.

Katihar, Bihar, India� Md. Faiyazuddin
Nashik, Maharashtra, India� Meghraj Suryawanshi
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