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The precast concrete industry has a relatively short history but a rapid development
due to the increased demand for construction since the 1950s. Large or small-sized
precast elements were used for construction of buildings making a continuous
contribution to the development of the construction industry and the built stock.
The development of new materials with the addition of natural and artificial fibers,
binders, or aggregates as secondary raw materials, and high thermal performance
materials, innovative joints for an easily disassemble or photovoltaic integrated in
their structure are measures considered in the current context of climate neutrality as
being necessary to increase the precast circularity or buildings energy performance.
Precasts were mainly used due to their lower production and labor cost or reduced
execution time, representing a good option for the future construction sector. The
chapter presents the background, technical and economic shortcomings of the precast,
their trends and development prospects in materials circularity, and recovery rate
increase.
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the construction waste during the construction phases is the new method currently
adopted by the construction industries to reduce the waste. The current review
attempts to identify the list of the techniques available for the minimization of waste in
construction. Further, the authors have listed the various sources of waste generation
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The process of concrete obtaining involves high energy consumption, significant
amounts of depletable natural raw materials, and greenhouse gas emissions. A
greening variant of concrete is the substitution of the mineral aggregates from
its composition with vegetal aggregates made by sunflower stalks. These vegetal
aggregates have advantages from health, environment protection, comfort, energy
saving, thermal, and/or sound insulation points of view. The aim of this chapter
is to present the results of a research on concrete with sunflower stalk aggregates
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This chapter describes the most advanced sustainable and green building materials
in construction (i.e., advanced green technology adopted in civil engineering). This
is the time when we can do something new in the civil engineering area during this
pandemic situation by using clean technologies for sustainable development in civil
engineering construction and also can provide shelter for all who really feel helpless
to construct their own homes in an economic way by using low-cost housing materials
as a smart material. This chapter reveals advanced, economic, and sustainable green
technologies that are being invented during the pandemic situation of COVID-19.
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The development of populated centers has as a consequence the corresponding
increase of the consumption of resources, first of all of the consumption of energy
necessary for the transport of the additional flows of water. Their often-limited
character materializes the desire to redistribute existing resources in time and
space, in accordance with the requirements of the uses served. The widespread
introduction, due to competitive prices, of composite pipes, but for which there is
insufficient information on their behavior over time, has led to the need to research
the sustainability and reliability of new systems in development for water transport.
This chapter aims to provide an efficient tool for those interested in managing water
supply systems with direct reference to the reliability and sustainability of water
transport systems: supply and distribution networks.
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is an increased flux of radiation energy into the pores of the clay brick, and thus
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Energy generation or green energy generation from waste materials is a necessity
for the sustainable development of our society. In the last two decades, there is
substantial scientific and technological development in waste to energy generation
research. This chapter discussed the various aspects of the waste to energy
generations technologies such as the hydrogen/energy generation from the waste
materials. The chapter enlisted the advanced in the technology’s development of
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Preface

The construction sector is well known as the largest energy consumer in the share
of total energy consumed worldwide (40%) and greenhouse gas (GHG) emissions
(36%). At the same time, 75% of the building stock is energetically inefficient and
only 1% of the existing buildings are renovated each year, therefore excellence in
research in this field is of paramount importance.

European Green Deal priorities detailed by Renewable Energy Directive, Energy
Performance of Buildings Directive and Energy Efficiency Directive are introducing
new elements, with strong political signal on building renovation, promoting policies
that will help to achieve highly energy efficient and decarbonised building stock
by 2050.

Currently, the built environment operates in the linear economy mode in which
large amounts of non-renewable (re)sources are used. In the current context, in
which energy, ecological, economic and social concerns are becoming increasingly
important, due to climate change, but also threats to energy security, depletion
of traditional resources and human health, integration of green (re)sources and
adoption of circular economy mode is of strategic importance for Civil Engineering,
particularly for constructions.

New sustainable approaches in the built environment for Civil Engineering based
on circular principles, closing the loop on building construction and demolition
materials, the integration of green (re)sources and edificing circular constructions
provide new opportunities, but its are also special challenges for actors involved in
Civil Engineering researches. To preserve natural resources and promote responsible
engineering, it is essential to be aware of the clean technologies emerging in the
field of Civil Engineering.

Clean technologies can be considered any process, product or service that
reduces the negative impact on the environment through significant improvements in
energy efficiency, sustainable use of resources or circular economy activities. Clean
technologies include a wide range of technologies related to the decarbonization
process of construction industry, materials production, recovery and recycling of
waste materials, green energy, information technology and more.
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This book addresses clean technologies for the sustainable future of practical
applications from Civil Engineering, the importance of the thematic area being
topical from a scientific, technological point of view, but also from a socio-economic
or environmental point of view.

The book entitled Clean Technologies and Sustainable Development in Civil
Engineering was developed based on editors’ motivation to provide an overview
of the topic in the context of global interest increasing for climate neutrality. As the
problem is complex, it requires an interdisciplinary approach, in which material—
system-building—clean technologies are viewed in the same circumstances where
the economic and social indicators as constituents of this process can no longer be
neglected. The current challenges require thinking of global solutions for this “common
goal”. Natural resources are limited, and ecosystem are affected by our unsustainable
lifestyle. The need for change is growing now and involves the setting of strategic
ambitious plans to increase the energy efficiency and circularity beyond the modest
values recorded so far. The measures considered must be feasible, in agreement with
the stakeholders’ requirements and easy to adopt. In this regard, the production of
new waste mix materials using traditional or environmentally friendly technologies,
the potential for recovery of precast elements and associated management strategies
are among these objectives, presented and discussed in this book.

TARGET AUDIENCE

This book targets advanced-level students, researchers, specialists and practitioners
inareas of interest: civil engineering, architecture and urbanism, mechanics, physics,
chemistry, electronics, constructions and building services engineering, alternative
energy resources, electrical engineering, environmental engineering, materials
engineering and anyone interested in new clean technologies. Other stakeholders,
who are interested in green technologies specific to the civil engineering domain
will also find this book very useful in their research.

OBJECTIVE OF THE BOOK

This book’s key objective is to inventory and disseminate the relevant knowledge
regarding implementation of clean technologies dedicated to civil engineering, through
overviews/reviews on the main components of the circular economy concept in the
construction environment, through the presentation of the advanced research in the
construction materials field that incorporates unconventional components, through
theoretically and empirically based studies or through research approaches that

XV

printed on 2/14/2023 7:18 AMvia . Al use subject to https://ww.ebsco.conlterns-of-use



EBSCChost -

Preface

highlight the practical applicability of clean technologies and sustainable development
in Civil Engineering. The significance of the book resides in its capacity to enlarge
our knowledge by emphasizing the complexity of a built environment based on the
adoption of clean sustainable technologies by presenting in detail and analyzing
the main issues related to: approach of circular economy in the field of buildings;
advanced, sustainable and economical construction under green technologies spot;
reliability and sustainability of water transport systems; clean technologies and
unconventional green energies for the sustainable environment; hydrogen integration
into the energy system as an energy vector, or ecological synthetic fuel; not least,
business models of leading enterprises specific to the domain. Consequently,
the book’s main goal is to provide an expansive and nuanced understanding that
will deepen the ontology of the subject of ‘Clean Technologies and Sustainable
Development in Civil Engineering’.

ORGANIZATION OF THE BOOK

Welcome to Clean Technologies and Sustainable Development in Civil Engineering.
There are nine chapters in the book, each focusing on addressing current issues
relevant to the main objective of the proposed topic, namely the clean technologies
and sustainable development in Civil Engineering. The chapters are organized in
such a way as to outline a logical structure and provide a clear perspective on the
new sustainable approaches in the Civil Engineering environment, each chapter being
approached to stand alone, advancing a broad perspective on a particular topic. A
brief description of each chapter is as follows:

Chapter 1 presents the background, technical and economic limitations of the reuse
of precast elements and their trends, or development prospects to sustain materials
circularity and the extension of the rate of use/reuse in the field of construction. The
precast concrete industry has a relatively short history, but a rapid development due
to the increased demand for constructions since the 1950’s. Large or small precast
elements were used for construction of residential, socio-cultural, administrative
buildings (educational units, hospitals, hotels etc.), industrial and agro-zootechnical
constructions, terrestrial communication roads (bridges, viaducts, tunnels) having a
continuous contribution to the development of the construction industry and built
fund. Present and future trends of precast elements follow the same direction. The
development of new innovative materials with the addition of natural and artificial
fibers, binders and/or aggregates as secondary raw materials or photovoltaic panels
integrated in their structure are measures considered necessary to increase the precast
circularity or energy performance of buildings in the current context of climate
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neutrality. Precast elements were mainly used due to the reduced execution time,
production and labor cost compared to cast on site elements.

Chapter 2 addresses the same direction of circularity through listing the different
sources of waste generation in the construction industry and how countries treat
current waste. Developing countries are adopting new construction techniques for
waste minimization and practices due to the stringent rules and regulations from
the past few years. However, some construction industries are continuously failing
to adopt and understand the legislation and minimize the limited use of natural
resources. Recycling the construction waste during the construction phases is the
new method currently adopted by the construction industries to reduce the waste.
The current review attempts to identify the list of the techniques available for the
minimization of waste in construction.

Chapter 3 is dedicated to amethodology for integrating unconventional aggregates
in the composition of building materials, namely, sustainability of vegetal concrete
and means of improving its weaknesses. The process of concrete obtaining involves
high energy consumption, significant amounts of depletable natural raw materials and
greenhouse gas emissions. A greening variant of concrete is the substitution of the
mineral aggregates from its composition with vegetal aggregates made by sunflower
stalks. These vegetal aggregates have advantages from health, environment protection,
comfort, energy-saving, thermal and/or sound insulation points of view. The aim of
this chapter is to present the results of a research on concrete with sunflower stalk
aggregates by applying a method of pretreatment of plant aggregates, and then a
method of modifying the cement matrix, one of accelerating the hydration reaction
of cement, and then a combination of cement matrix modification in parallel with
the cement hydration reaction acceleration.

In Chapter4, the author wanted to give their emphasis on advanced and economical
green technologies due to COVID-19 pandemic situation. Due to coronavirus disease,
not only the financial market but industrial and agricultural stock markets were
affected. Inall these references author created a positive side to go ahead with energetic
stamina with a new name of COVID: “Create Opportunity Victory In Disaster”.
This chapter describes the most advanced sustainable and green building materials
in construction i.e. advanced green technology adopted in Civil Engineering. This
is the time when we can do something new in the Civil Engineering area during
this pandemic situation by using clean technologies for sustainable development in
Civil Engineering Construction and also can provide shelter for all who are really
feel helpless to construct their own homes in an economic way by using low-cost
housing materials as a smart material. This chapter reveals advanced, economical,
and sustainable green technologies which are being developed during the pandemic
situation.
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Chapter 5 also addresses a crisis situation by realistically addressing the issue
of reliability and sustainability of water transport systems. The development of
populated centers has as aconsequence the corresponding increase of the consumption
of resources, first of all of the consumption of energy necessary for the transport
of the additional flows of water. Their often limited character materializes the
desire to redistribute existing resources in time and space, in accordance with the
requirements of the uses served. The widespread introduction, due to competitive
prices, of composite pipes, but for which there is insufficient information on their
behavior over time, has led to the need to research the sustainability and reliability
of new systems in development for water transport. This chapter aims to provide
an efficient tool for those interested in managing water supply systems with direct
reference to the reliability and sustainability of water transport systems: supply and
distribution networks.

Chapter 6 presents the novel process of using solar thermal energy for improving
the mechanical properties of bricks, research developed by the authors. The proposed
process is a novel, inexpensive, and eco-friendly method to convert the sunburnt
bricks into second-class bricks by increasing their compressive strength and other
mechanical properties through the use of solar thermal energy. This is achieved by
applying black lead-free paint on the whole surface of the brick and exposing it to
solar radiation for about 28-30 days. As the black body absorbs radiation, there is an
increased flux of radiation energy into the pores of the clay brick, and thusitincreases
the compression strength of brick and other its mechanical properties. Experimental
samples were prepared and tested as per the prevailing industry standards. The
results obtained proved that the tested samples manufactured by this novel process
qualified as second-class bricks with a compressive strength of 65-70 kg/cm?. The
proposed novel process is simple, cost-effective and environmentally friendly as
there is no use of fossil fuels in the conversion process. The current invention is filed
for Indian patent with application number 201941036244 as in IPO publications.

Chapter 7 addresses to technologies for the clean and renewable energy production
for the sustainable environment. Energy generation or green energy generation from
waste materials is a necessity for the sustainable development of our society. In the
lasttwo decades, there is substantial scientific and technological development in waste
to energy generation research. In this chapter, are discussed the various aspects of the
waste to energy generations technologies, such as the hydrogen energy generation
from the waste materials. Enlist the advanced in the technology’s development of
waste to energy generation. Emphasized on the most sustainable way to treat waste
and their current state of the art in the waste to energy generation. This chapter
also includes the biological, biochemical and various fuel cells technologies for
waste to energy generation. This chapter summarizes the various state of the art
of hydrogen production technologies from the waste materials or wastewater with
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emphasized on the applications of nanotechnology in the cathode development for
the bio-electrochemical system.

Chapter 8 proposes a business approach to the issue and purpose of the book.
In order to achieve the goals of peak global greenhouse gas emissions by 2030 and
carbon neutralization by 2050, itis necessary to promote the transformation of energy
sector dominated by fossil energy. Hydrogen energy is considered as the “ultimate
energy” inthe 21stcentury. Itis redefining, restructuring and transforming the energy
sector. Therefore, worldwide enterprises need to reshape their value proposition
through business model innovation. This chapter selects ten leading enterprises in
China’s hydrogen energy industry. Through the Business Model Canvas analysis
of their business models, along with policies and development trends of China’s
hydrogen energy industry, this chapter provides the basic knowledge of popular
business models in China’s hydrogen industry and puts forward suggestions and
research directions for the long-term development of its enterprises.

Chapter 9 closes the present book in a financial manner. Difficulty in financing
has always been a major problem faced by small companies or start-ups around the
world. This chapter aims to examine how crowdfunding can help startups in China
to solve the problem of financing difficulties. By analyzing the Chinese startup
marketplace as well as the sources of funding available to small businesses or startups,
this paper elaborates that it is reasonable to solve these funding problems and help
startups survive through crowdfunding and draw forth regulations concerning it.
Additionally, use cases are presented to help readers understand the development
status of crowdfunding in China.

The technical information, discussions, studies, analyzes and research results
presented during this book, but also the problems identified, the technical limitations
encountered allow the identification and establishment of new future approaches in
the field of Clean Technologies and Sustainable Development in Civil Engineering,
each chapter representing a starting point in the elaboration of elaborated, exhaustive
studies specific to the addressed subject that to further explore ways to reduce the
gaps in the studies and the specialized technical literature.
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ABSTRACT

The precast concrete industry has a relatively short history but a rapid development
due to the increased demand for construction since the 1950s. Large or small-sized
precast elements were used for construction of buildings making a continuous
contribution to the development of the construction industry and the built stock.
The development of new materials with the addition of natural and artificial fibers,
binders, or aggregates as secondary raw materials, and high thermal performance
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materials, innovative joints for an easily disassemble or photovoltaic integrated in
their structure are measures considered in the current context of climate neutrality as
being necessary to increase the precast circularity or buildings energy performance.
Precasts were mainly used due to their lower production and labor cost or reduced
execution time, representing a good option for the future construction sector. The
chapter presents the background, technical and economic shortcomings of the precast,
their trends and development prospects in materials circularity, and recovery rate
increase.

INTRODUCTION

The field of construction due to materials production and buildings, annually
consumes a large amount of natural resources and generates significant greenhouse
gases emissions (/[EA, 2019) contributing to resource depletion, environmental
pollution, global warming and ecological disasters. In response to the current issues
of human progress, a set of key policy initiatives have been taken, outlining strategies
and measures for energy efficiency and decarbonisation in line with the sustainable
developmenttargets (UN, 2015, European Commission, 2019). Extending the annual
renovation rate (European Parliament, 2018), using clean energy and adopting the
circular economy model in all priority areas have now become necessary tools to
achieve the climate neutrality (European Commission, 2018; European Commission,
2019; European Commission, 2020), and to sustain the growth of economy and
peoples well-being improvement. It becomes an imperative to rethink the concept on
which the building design was performed so far. The implementation of ecological
and social principles in addition to the conventional ones considered usually in
the design of buildings, are imperative elements that can no longer be neglected.
“Outdated” thinking where the cost of construction was one of the most relevant
issues in detriment of the environment quality, accessibility, affordability, equity,
human needs, safety and local security or urban planning aspects, must be gradually
changed having in mind the global context and current priorities. Our responsibility
become more complex as humanity evolves and economy grows. Each person has
the responsibility to get involved but also the resource to act.

The building industry must make a constant effort to adapt the technology to the
new challenges in which sustainability and competitiveness are maintained (UN, 2015;
European Commission, 2018; European Commission, 2019; European Commission,
2020), and where the consumer is part of this process. Materials, structural systems
and construction elements need to be optimized for an easily disassembling to
encourage reuse or recycle in the same or in other areas thus preserving its economic
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value (Ellen MacArthur Foundation, 2013; European Commission, 2014; European
Commission, 2015; European Commission, 2019; European Commission, 2020),
limiting the disposal of waste and avoiding the depletion of natural resources.

AN OVERVIEW OF PREFABRICATED
ELEMENTS AND BUILDINGS

A Short Background

Concrete is one of the building materials widely used for century in construction of
buildings and engineering structures. It is manufactured as an admixture of binder
(cement, lime or natural pozzolans), aggregates (sand, gravel, etc.) water and chemical
additives with the role of improving their technical properties (workability, settings,
hardening, lowering of freezing temperature, strength, etc.).

The history of cementitious material date back to ancient civilizations. During
the Roman Empire, a material called “opus caementicum® or “roman concrete”
had superior mechanical properties (Kyropoulou et al., 2022) which led to the
developments and evolution of materials and structural systems. The arch, vault, and
dome built with this material, have reached larger span and diameter not exceeded
before (Colosseum, Pont du Gard, Pantheon, etc). Another breakthrough came in
1824, when Joseph Aspdin invented Portland cement (Ryan, 1929; Wankhade et al.,
2016), abinder predominantly used for concrete production, due to its contribution in
improving mechanical properties, required for construction of multistorey buildings
or for structures with larger span.