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FOREWORD FROM OUR PRESIDENT
Dear Members of the Research Centre for New Materials,

1t gives me great pleasure to acknowledge the contributions and
achievements of the Research Centre for New Materials
(RCNM). The Centre has been at the forefront of promoting

research and innovation in the field of materials science, with

a focus on new energy sources, healthcare and biomedical

applications, and the development of new materials and technologies.

I am proud of the Centre's commitment to interdisciplinary research and
collaborations with industry and government agencies, which has resulted
in numerous publications, projects, and collaborations with leading
institutions and industries. The RCNM's efforts have the potential to create
a significant impact in addressing some of the most pressing challenges

facing society today, and its research initiatives are truly inspiring.

The RCNM's dedication to education and outreach is particularly noteworthy

and has led to the development of a talented and motivated community of
researchers and scientists. [ am impressed with the Centre's focus on

training the next generation of researchers and scientists, and its efforts to

promote sustainable development and social responsibility.

As the President of our university, I fully support the RCNM's research
initiatives and its mission to promote innovation and sustainable
development. I believe that the Centre's efforts will continue to make a
positive impact on society, and I would like to commend everyone involved

for their contributions and achievements.

I wish the RCNM continued success in all its future endeavors, and I look
forward to the Centre's continued leadership in promoting cutting-edge

research and development in the field of materials science.

Prof. Mukti Kanta Mishra, The President, CUTM
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MESSAGE FrRoM OUR VICE-PRESIDENT
Dear Members of the Research Centre for New Materials,

As the Vice President of our university, it gives me

great pleasure to acknowledge the achievements and
contributions of the Research Centre for New Materials
(RCNM). I expect this Centre will move in its future
direction with the motto “Material is Immaterial” very
soon. The Centre has been instrumental in promoting
cutting-edge research and development in the field of
materials science, with a focus on new energy sources,
healthcare, and biomedical applications, and the development of new
materials and technologies using various computational tools and

experiments.

The RCNM's research initiatives have been truly remarkable,
and have the potential to create significant impact in addressing some of the
most pressing challenges facing society today. The Centre's commitment to
interdisciplinary research and collaborations with industry and government
agencies is particularly noteworthy and has led to numerous publications,

projects, and collaborations with leading institutions and industries.

I am impressed with the Centre's dedication to education and
outreach, and its efforts to inspire and train the next generation of
researchers and scientists. The RCNM's success is a testament to the hard
work, dedication, and passion of its members, and I would like to commend

everyone involved for their contributions and achievements.

As the Vice President of our university, [ would like to express
my support for the RCNM's research initiatives and its mission to promote
innovation and sustainable development. I believe that the Centre's efforts
will continue to have a significant impact on society, and I wish the RCNM

continued success in all its future endeavors.

Prof. D N Rao, The Vice President, CUTM Odisha
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MESSAGE FROM OUR VICE CHANCELLOR

Dear Students, Faculty, and Staff,

1t is with great pleasure that I extend my
warmest congratulations to the Research Centre for

New Materials (RCNM) on the publication of their

book. This publication is a testament to the dedication :
and hard work of the RCNM team and showcases the innovative research being

carried out at our university.

The RCNM has been instrumental in promoting the development of novel
materials with enhanced performance and functionality. Their research has had a
profound impact on various fields such as energy, agriculture, and healthcare. The
Centre's efforts have not only contributed to the advancement of knowledge in
materials science but have also led to the development of practical solutions to real-

world problems.

The RCNM's collaborations with national research organizations have also
played a crucial role in advancing the field of materials science and promoting
knowledge exchange. The launch of skill courses by the Centre is a commendable
effort toward promoting skill-building and career development opportunities for

students and researchers.

As the Vice-Chancellor of our university, I am proud to see the RCNM making
significant contributions towards advancing knowledge and promoting innovation. [
would like to express my sincere appreciation to the RCNM team for their hard work
and dedication towards this noble cause. I would also like to encourage them to
continue their efforts towards promoting the development of innovative solutions to

address pressing societal challenges.

I extend my heartfelt congratulations once again to the RCNM team on this

remarkable achievement, and wish them all the best in their future endeavors.

Prof. Supriya Pattanayak, Vice-Chancellor, CUTM Odisha
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MESSAGE FrRoOM OUR REGISTRAR

On behalf of the university, I would like to
express my sincere appreciation for the tremendous
work that has been done by the Research Centre for
New Materials (RCNM) since three years. The RCNM
has been instrumental in advancing research in the
field of materials science, and its contributions have
been invaluable in promoting innovation and

sustainable development.

The RCNM's focus on new energy sources, healthcare and biomedical
applications, and the development of new materials and technologies has the
potential to create significant impact in addressing some of the most pressing
challenges facing society. I am pleased to note that the Centre's research
efforts have led to numerous publications, projects, and collaborations with
leading institutions and industries, which is a testament to the RCNM's

commitment to excellence and quality.

As the university's registrar, I am proud of the RCNM's dedication to
education and outreach, as well as its efforts to promote interdisciplinary
research and collaborations across different departments and faculties. The
Centre's success is a reflection of the hard work, dedication, and passion of
its members, and I would like to commend everyone involved for their
contributions and achievements. I would like to take this opportunity to
extend my best wishes to the RCNM for its future endeavors. May the Centre
continue to grow from strength to strength, and may its research efforts lead
to the development of new and innovative materials and technologies that

will benefit society.

Prof. Anita Patra, The Registrar, CUTM Odisha
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MESSAGE FrRoM OUR PRO-VC

1t is with great pleasure that I introduce this book, which highlights the
achievements and contributions of the Research Centre for New Materials
(RCNM) at our university. As the Pro Vice-Chancellor, I am proud of the
RCNM's commitment to conducting cutting-edge research on NEW
MATERIALS and their applications in various fields, and its dedication to
promoting innovation and sustainability. The RCNM's
research activities and initiatives have the potential to make significant
contributions to addressing some of the most pressing challenges facing
society today. By focusing on new energy sources, healthcare and biomedical
applications, and the development of new materials and technologies, the

Centre is helping to drive innovation and promote sustainable development.

The RCNM's commitment to collaborations and partnerships with industry
and government agencies is also particularly noteworthy, as it helps to
facilitate technology transfer and commercialization of new materials and
technologies, leading to the creation of new jobs and economic

opportunities.

I would like to commend the RCNM for its outstanding achievements
to date, which include numerous publications as well as awards and
collaborations with leading institutions and industries. The Centre's
dedication to education and outreach is also laudable, as it helps to inspire
and train the next generation of researchers and scientists. I would like to
congratulate the RCNM on the publication of this book, and I wish the Centre

continued success in its research activities and initiatives.

Pro Vice-Chancellor
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MESSAGE FROM RCNM COORDINATOR

Dear colleagues, It is my pleasure to share with you this book on the Research
Centre for New Materials (RCNM). As the coordinator of the Centre, [ am
immensely proud of the work that has been done by our team of researchers
and scientists over the years. Our focus on new energy sources, healthcare,
and biomedical applications, and the development of new materials and
technologies has resulted in numerous publications, projects, and
collaborations with leading institutions and industries. Our commitment to
interdisciplinary research and collaborations with industry and government
agencies has allowed us to make significant contributions to addressing
some of the most pressing challenges facing society today. I am particularly
impressed with the dedication and passion of our members, and their
efforts to inspire and train the next generation of researchers and scientists.
Our Centre's success is a testament to their hard work, and [ would like to
express my gratitude to everyone involved in our research initiatives. This
book is a testament to our collective achievements, and I hope that it serves
as a source of inspiration for those interested in the field of materials
science. I am confident that the RCNM will continue to make significant
contributions to society, and I look forward to our continued success in the

future. Thank you for your continued support and dedication.

Sincerely, Dr. Satyanarayan Dhal; Coordinator, Research Centre for New

Materials (RCNM)
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Chapter 1: Aim and Objective of the

Research Centre

1.1 Introduction

The Research Centre for New Materials (RCNM) is an interdisciplinary research Centre
dedicated to the study of new materials and their applications in various fields,
including energy, healthcare, and transportation. The Centre brings together scientists,
engineers, and researchers from different disciplines, including materials science,
chemistry, physics, and engineering, to advance the understanding of new materials and
develop innovative solutions that can address some of the most pressing challenges
facing society today. The Centre is committed to excellence in research, education, and
outreach and aims to promote sustainable development and improve the quality of life
for people around the world. This chapter provides an overview of the aim and
objectives of the RCNM, which serve as the foundation for the Centre's research

activities and initiatives.
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1.2 Aim of the Research Centre

If the focus of the Research Centre for New Materials is on new energy sources, then
the Centre is committed to advancing the understanding of various materials and their
applications in this field. Some of the key areas of focus for the Centre may include
photovoltaic cells, graphene applications, fiber-reinforced composites, hydrophobic

nanomaterials, simulation for composites using BIOVIA, and nano curcumin.

Photovoltaic cells are a promising technology
for converting solar energy into electricity, and the
Centre is exploring new materials and processes that
can improve the efficiency and cost-effectiveness of

these cells. Graphene is another material with potential

applications in energy storage and conversion, and the
Centre is investigating the properties and behavior of graphene and its derivatives in

various energy-related applications.

Fiber-reinforced composites are materials that can provide high strength and
stiffness while remaining lightweight, making them
ideal for use in various energy-related applications
such as wind turbines, electric vehicles, and
aerospace components. The Centre is studying the

behavior and properties of these materials, as well as

developing new composites that can provide even

better performance.

Hydrophobic nanomaterials are materials
that can repel water, and they have potential
applications in areas such as energy harvesting and
water purification. The Centre is also exploring the
use of these materials in various energy-related

applications and developing new ways to

synthesize and modify these materials.
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Simulation for composites using BIOVIA Material Studio is a software platform

that can simulate the behavior of

~— = composite materials, which can be

=]

valuable for optimizing their design
and performance. The Centre is also

using this software to develop new

composite materials and investigate

their behavior in various energy-related applications.

Finally, nanocurcumin is a derivative of spice turmeric
that has potential applications in cancer therapy. The Centre is
investigating the properties and behavior of this material and

exploring its potential applications in the biomedical field.

Overall, the focus of the Centre on new energy sources is
an important and timely area of research that can have significant
implications for the future of energy production and consumption.
The Centre's work in this area can help to advance the field and contribute to the

development of sustainable and efficient energy solutions.
1.3 Objectives of the Research Centre

The Research Centre for New Materials (RCNM) has several objectives that
serve as the foundation for its research activities and initiatives. Some of the key

objectives of the RCNM are:

e To conduct cutting-edge research in new materials and their applications in various
fields, including electronics, energy, healthcare, and transportation.

e To develop new materials that are sustainable, cost-effective, and have desirable
properties that can meet the demands of these fields.

e To contribute to the advancement of science and technology and promote
sustainable development.
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e To foster collaborations and partnerships with other research institutions, industries,
and government agencies to achieve the Centre's aims.

e To promote education and outreach activities that can help to disseminate
knowledge and raise awareness about the importance of new materials and their
potential applications.

e To develop and promote the use of advanced computational and experimental tools
that can aid in the design and development of new materials.

e To publish and disseminate research findings through high-quality publications, ,
and other channels.

e To attract and retain talented researchers and students from diverse backgrounds
and disciplines and provide them with the resources and support needed to succeed
in their research and academic pursuits.

e Opverall, the objectives of the RCNM reflect its commitment to advancing the
understanding of new materials and developing innovative solutions that can
address some of the most pressing challenges facing society today. The Centre is
dedicated to excellence in research, education, and outreach and aims to make a
positive impact on the world through its activities and initiatives.

1.4 Conclusion

In conclusion, the Research Centre for New Materials is dedicated to advancing the
understanding of new materials and their applications in various fields, with a particular
focus on new energy sources. The Centre's objectives, which include conducting
cutting-edge research, developing sustainable and cost-effective materials, fostering
collaborations and partnerships, promoting education and outreach, and attracting
talented researchers and students, reflect its commitment to excellence in research,
education, and outreach. By pursuing these objectives and collaborating with other
institutions, industries, and government agencies, the RCNM aims to make a positive
impact on society by developing innovative solutions that can address some of the most
pressing challenges facing the world today. The Centre's work has the potential to

contribute to the development of sustainable and efficient energy solutions, as well as
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other areas of science and technology, and can help to promote sustainable development

and the advancement of society as a whole.
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Chapter 2: Expected Outcomes

Introduction

The Research Centre for New Materials (RCNM) is dedicated to conducting cutting-
edge research on new materials and their applications in various fields, with a particular
focus on composites and new energy sources. Through its research activities, the Centre
aims to make significant contributions to the development of new materials,
technologies, and solutions that can address some of the most pressing challenges
facing society today. This chapter discusses the expected outcomes of the RCNM's
research activities and initiatives, highlighting some of the potential impacts of the

Centre's work.
2.1 Development of Novel Composite Materials

The development of novel composites is one of the major expected outcomes of the
Research Centre for New Materials (RCNM). These composites have the potential to
revolutionize the field of materials science, particularly in terms of their use in high-
performance applications. The Centre's interdisciplinary approach to research and
development has allowed for the exploration of a wide range of composite materials,
including fiber-reinforced composites, nanocomposites, and bio-composites. These
materials can be tailored to meet specific performance requirements, making them ideal
for a wide range of applications, such as in
the aerospace, automotive, and construction
industries. The Centre's expertise in
simulation and modeling also enables the
development of composites with optimized
properties, leading to improved strength,

durability, and resistance to wear and tear.

Overall, the development of novel B - o ': !
composites is a key focus of the RCNM, and the expected outcomes have the potential

to make significant contributions to the field of materials science.
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2.2 Development of Sustainable and Efficient Energy Solutions

One of the key expected outcomes of the RCNM's research is the development

of sustainable and efficient energy solutions. The Centre's focus on new energy sources,

including photovoltaic cells and hydrophobic

nanomaterials, has the potential to contribute (b) /

to the development of cost-effective and

. . CA=86.70
environmentally sustainable energy  cpr-1.7a

technologies and novel coating materials. By Sal

developing new materials and technologies
that can increase efficiency and reduce the
cost of energy production, the RCNM can
help to promote sustainable development and reduce reliance on non-renewable energy

sources. The research Centre has the following expected outcomes:
2.3 Advancements in Healthcare and Biomedical Applications

Another expected outcome of the RCNM's research is the development of new
materials for healthcare and biomedical applications. The Centre's research on nano
curcumin and other materials has the potential to lead to the development of new
treatments and therapies for a range of health p—
conditions, including cancer, Alzheimer's disease, Micro

Curcumin| .f

and cardiovascular disease. &

By developing materials that are biocompatible,
durable, and effective, the RCNM can contribute
to the advancement of healthcare and improve the

quality of life for people around the world.

2.4 Creation of New Business Opportunities

The RCNM's research activities have the potential to create new business
opportunities and stimulate economic growth. By developing new materials and
technologies, the Centre can help to create new markets and industries, including in the

areas of energy, healthcare, and transportation. The Centre's focus on collaborations and
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partnerships with industry and government agencies can help to facilitate technology
transfer and commercialization of new materials and technologies, leading to the

creation of new jobs and economic opportunities.
2.5 Advancements in Science and Technology

Finally, the RCNM's research activities can contribute to advancements in
science and technology and help to shape the future of materials research. By
conducting cutting-edge research and
developing innovative materials and
technologies, the Centre can help to advance
the field of materials science and contribute
to the development of new areas of research
and discovery. The Centre's commitment to

education and outreach can also help to

inspire and train the next generation of

researchers and scientists, ensuring that the legacy of the Centre's work continues.

Overall, the expected outcomes of the RCNM's research activities are
significant and far-reaching, with the potential to make a positive impact on society and
the environment. By pursuing its objectives and collaborating with other institutions
and industries, the Centre can contribute to the development of sustainable and

innovative solutions to some of the world's most pressing challenges.

2.6 Capacity Building

The research Centre aims to build capacity by providing training and mentorship to
researchers, particularly early-career researchers. This capacity-building initiative is
designed to develop a new generation of researchers who can continue to advance

knowledge and develop innovative solutions.
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2.7 Economic and Social Impact

The research Centre's research activities have the potential to have a significant
economic and social impact. The Centre's solutions are designed to address critical
challenges facing society, such as climate change, health, and sustainability, and have

the potential to improve the lives of people around the world.

2.8 Conclusion

In conclusion, the research Centre has a set of expected outcomes that it aims to achieve
through its research activities. These outcomes are aligned with the Centre's aim and
objectives and are designed to have a significant impact on society. By achieving these
outcomes, the research Centre will contribute to the development of a more sustainable

and prosperous society.
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Chapter 3: Activities being carried out

3.1 Introduction

The research Centre conducts various activities to achieve its aim and objectives.
These activities include research projects, capacity building initiatives, and knowledge
dissemination activities. This chapter provides an overview of the activities being

carried out by the research Centre.
3.2 synthesis of novel nanomaterials

The synthesis of novel nanomaterials is another major area of focus for the Research
Centre for New Materials (RCNM). These materials have unique properties and
potential applications in a variety of fields, including electronics, energy, and medicine.
The Centre's interdisciplinary approach to research and development allows for the
exploration of various methods of synthesizing nanomaterials, including chemical and
physical methods, as well as their
characterization and analysis. These methods
include solution-phase synthesis, vapor-phase
synthesis, and solid-state synthesis. The Centre's
expertise in nanomaterials synthesis and

characterization allows for the production of |}

high-quality and high-purity nanomaterials with M104 Nanorods

precise control over their size, shape, and

composition. These novel nanomaterials have the potential to revolutionize the field of
materials science and contribute to the development of new technologies and

applications.
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Iron Oxide Nano cluster

Applications
(Materials can
be used in)

S.L

No Composition Name

PV Cells,
Thermistor, Energy
storage devices

1 Gd doped BiFeOs-LiVO3

PV Cells,
Thermistor, Energy
storage devices

2 La doped BiFeOs-LiVOs

PV Cells,
Thermistor, Energy
storage devices

3 CFO (Cobalt Ferrite)
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: . Applications
S.L | Material(Ceramic e
- : Image (Materials can
No Oxide) -
be used in)
LiszFeTiOs
Capacitor,
MLCC, Solar cell,
NTC Thermistor
LiszFeTiOS

The research Centre conducts research projects in various fields, including
environmental science, health, and engineering. The Centre's interdisciplinary approach
enables it to address complex problems and develop innovative solutions. The research
projects are funded by various sources, including government agencies, industry

partners, and philanthropic organizations.

3.3 Use of nanomaterials in Agriculture

The use of nano curcumin in agriculture is an exciting area of research that the
Research Centre for New Materials (RCNM) is actively pursuing. Curcumin is a natural
compound found in turmeric that has been shown to have numerous health benefits,
including anti-inflammatory and antioxidant properties. However, its use in agriculture
has been limited due to its low solubility and bioavailability. By using nanotechnology
to synthesize nano curcumin particles, the RCNM can increase its solubility and
bioavailability, making it a promising solution for improving plant growth and
protecting against various diseases. The Centre's interdisciplinary approach to research
allows for the exploration of various applications of nano curcumin in agriculture,
including its use as a plant growth regulator and its potential as a natural pesticide.

These innovative approaches to agriculture have the potential to revolutionize the way

we grow crops and improve the sustainability of our food systems.
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3.4 Development of composites

The simulation of composites using
BIOVIA is an essential area of research being
undertaken by the Research Centre for New
Materials (RCNM). BIOVIA is a simulation and
modeling software suite that enables researchers
to simulate the behavior of materials at the
molecular level. The Centre's interdisciplinary
approach to research and development allows

for the use of BIOVIA to simulate the behavior

of composites and predict their performance in
various applications. This approach enables the optimization of the composite
properties and performance by designing and engineering the materials at the molecular
level. The simulation of composites using BIOVIA helps to reduce the time and cost of
experimental testing and provides insights into the mechanisms underlying the
performance of composites. The RCNM's expertise in this area of research is expected
to lead to the development of advanced composite materials with optimized properties,

leading to enhanced performance and durability in a wide range of applications.

The development of composites is a significant area of research being pursued

by the Research Centre for New
Materials (RCNM). Composites
are materials that are made up of
two or more distinct materials
with different properties,
combined in a way that enhances
their overall performance. The
Centre's interdisciplinary

approach to research and

development allows for the
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exploration of a wide range of composite materials, including fiber-reinforced

composites, nanocomposites, and bio-composites.

These materials can be tailored to meet specific
performance requirements, making them ideal for a
wide range of applications, such as in the aerospace,
automotive, and construction industries. The Centre's
expertise in simulation and modeling also enables the
development of composites with optimized
properties, leading to improved strength, durability,

and resistance to wear and tear.

Overall, the development of composites is a key focus of the RCNM, and the
expected outcomes have the potential to make significant contributions to the field of

materials science.

3.5 Collaboration with national research organizations

The research Centre disseminates its research findings through various channels,
including academic publications, conferences, and public forums. The Centre also
collaborates with industry partners to transfer knowledge and technology to the private
sector. The knowledge dissemination activities enable the research Centre to have a
broader impact on society and contribute to the development of new technologies and

solutions.

24| Page




Centre for New MATERIALS (2020-23)

The Research Centre for New Materials (RCNM) recognizes the importance of
collaboration with national research organizations in advancing the field of materials

science.

The Centre actively
collaborates ~ with  national
research organizations such as
the IMMT, BHU, IIT Dhanbad,
UQAC (Canada), IIT Bbsr, IIT
Kanpur, T Guwahati, 1T
Roorkee, NIT Rourkela, SRM,

OUAT BbSI‘, Pondicherry 1Gamma Irradiation in Pondicherry University

University, Sathyabama Institute of Science and Technology, Veer Surendra Sai
University of Technology, GIET Gunupur to share knowledge, expertise, and resources.
Through these collaborations, the Centre has been able to access state-of-the-art
equipment and facilities, as well as collaborate with leading researchers in the field.
This has enabled the Centre to accelerate its research and development efforts, leading
to the development of novel materials with enhanced performance and functionality.
The collaborations have also led to the dissemination of research findings through joint
publications and presentations at national and international conferences. The RCNM's
collaborations with national research organizations are expected to continue to play a
critical role in advancing the field of materials science and developing innovative

solutions to pressing societal challenges.

3.6 Collaboration with Industry Partners

The research Centre collaborates with industry partners to develop solutions that are
practical, effective, and scalable. These partnerships enable the Centre to transfer
knowledge and technology to the private sector and contribute to the development of
new products and services. The collaboration with industry partners like Tirupati
Graphene & Mintech Research Centre, Wipro-3D, Mechem India Private Limited, etc.

also enables the research Centre to have a broader impact on society.
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3.7 Launch of Skill Courses

The Research Centre for New Materials (RCNM) recognizes the importance of
providing training and skill-building opportunities to students and researchers
interested in materials science. As part of its commitment to promoting the development
of the next generation of materials scientists, the Centre has launched several skill
courses that provide hands-on training in various aspects of materials science. These
skill courses cover topics such as the synthesis and characterization of new materials,
the use of advanced analytical techniques, and the simulation of material properties
using software such as BIOVIA. The courses are designed to provide participants with
practical skills and knowledge that can be applied in both academic and industrial
settings. The launch of these skill courses demonstrates the Centre's commitment to
promoting the development of highly skilled materials scientists and fostering

innovation in the field of materials science.

3.8 Conclusion

In conclusion, the research Centre conducts various activities to achieve its aim and
objectives. These activities include research projects, capacity building initiatives,
knowledge dissemination activities, and collaboration with industry partners. By
carrying out these activities, the research Centre is making significant contributions to
knowledge, developing innovative solutions, and building capacity in the research

community.

Chapter 4: Achievements to date

4.1 Introduction

The research Centre has achieved significant milestones in its aim to contribute to the

development of new knowledge and innovative solutions. This chapter provides an
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overview of the Centre's achievements till date, including products, , publications,

projects, awards, , collaborations, and other notable accomplishments.

4.2 Publications

The research Centre has published several research papers in high-impact journals. These
papers cover various fields, including environmental science, health, and engineering.
The Centre's research findings have contributed to the development of new

knowledge and have had a significant impact on society.

e Publications
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nitrogen ion irradiation, Arpita Patro, Smruti Ranjan Nayak, Manoj Rajbhar, Shyamal
Chatterjee, Satyanarayan Dhal; 2023/4/5, Radiation Effects and Defects in Solids, Taylor

and Francis

e Dibyasingh Mohanta, N.K. Mohanty and Banarji Behera, Effect of Gd on structural, dielectric and electrical
transport properties of multiferroic ceramic composite BiFeO3-NaNbO3, Composites Part C: Open Access 2
100024 (2020). https://doi.org/10.1016/j.jcomc.2020.100024
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69132022683863168
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4.8 Conclusion

In conclusion, the research Centre has achieved significant milestones in its aim

to contribute to the development of new knowledge and innovative solutions. The
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Centre's achievements to date include products, publications, projects, awards,
collaborations, and other notable accomplishments. By achieving these milestones, the
research Centre has made a significant impact on society and has contributed to the

development of a more sustainable and prosperous world.
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