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Abstract. Addressing the issues of urbanization, climate change, and
resource scarcity now centers on the junction of infrastructure development
and sustainability. This review study looks at how new ideas and
technologies are developing sustainable infrastructure solutions. It assesses
research and development in important domains including smart cities,
green infrastructure, renewable energy, circular economy, resilience, and
social equality critically. The notion of green infrastructure is covered at the
outset of the article, along with how it can be used to manage environmental
issues including stormwater runoff, air quality, and urban heat islands. It
examines the most recent developments in renewable energy infrastructure,
evaluating the scalability, efficiency, and integration of solar, wind,
hydropower, and geothermal systems into the current energy infrastructures.
The analysis also looks at how smart cities and infrastructure have
developed, with an emphasis on how [oT, Al and data analytics are used to
improve quality of life, mobility, and sustainability. It goes over case studies
of prosperous smart city projects and how they've improved public services,
strengthened urban infrastructure resilience, and decreased greenhouse gas
emissions. The study concludes with a discussion of new developments and
technologies, including digital twins, self-driving cars, decentralized energy
systems, and green building materials, that will influence sustainable
infrastructure in the future. It highlights the compensations and difficulties
of numerous technologies and suggests directions for further study and
advancement in the area.
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1 Introduction

In order to effectively handle the many issues that contemporary civilizations face, such as
resource scarcity, rapid urbanization, environmental degradation, and climate change,
sustainable infrastructure has become essential. . It is defined by the values of social justice,
economic sustainability, environmental stewardship, and shock and disruption resistance [1].
It necessitates a comprehensive strategy that balances environmental, social, and economic
factors across the whole lifespan sequence of infrastructure developments, after planning and
enterprise to withdrawing and recycling. The design, building, use, and upkeep of physical
assets and systems that not only satisfy present social demands but also protect the planet's
and future generations' well-being are all included in the notion of sustainable infrastructure.
The study found that in recent years, the focus on the on the relationship between
infrastructure development and sustainability goals has been increased. There are various
initiatives by Governments, corporations, and communities around the world which are
prioritizing investments in sustainable infrastructure in order to achieve a number of
objectives, such as reducing greenhouse gas emissions, increasing energy efficiency,
advancing social equity, and strengthening communities their awareness for risks due to
climatic changes. It can be found that transition to sustainable infrastructure is being driven
by a number of factors, including increased public awareness, governmental incentives,
technological advancements, and the need to transition to a low-carbon, resource-efficient
economy.

The study emphasis on the development on current technologies that may influence the
development of sustainable infrastructure in the future for all the environmental bodies [2].
If will will focus on the fields where new innovations and enhancement is required then, It is
important that we critically evaluate present practices in order to develop a sustainable
infrastructure. This will promote collaboration among different stakeholders from an array
of fields and organizations [3].

We aim to enlighten and inspire efforts to construct resilient, equitable, and environmentally
sound infrastructure systems that can satisfy the requirements of current and future
generations through a thorough analysis of major themes and case studies.

Public awareness about the environment is necessary as it our moral duty to keep our
environment clean. The implementation of green infrastructure has shown great promise in
tackling urgent environmental issues in urban settings, such as refining airborne superiority,
managing stormwater, and plummeting the influence of urban heat islands. In contrast to
conventional gray infrastructure, which mostly depends on engineered materials like pipes,
concrete, and asphalt, green infrastructure makes use of vegetation and natural processes to
offer numerous advantages to communities and the environment Storm water runoff
introduces contaminants including nutrients, chemicals, and silt into water bodies, posing a
serious danger to ecosystem health and water quality in metropolitan areas.[4] Permeable
pavements, rain gardens, bioswales, and lime rooftops are instances of lime substructure
strategies that help gather and absorb rainfall, sinking runoff volume and intensity and
recharging groundwater reserves. Furthermore, by absorbing pollutants like nitrogen oxides
(NOx), particulate matter (PM), and volatile organic compounds (VOCs) through plant
leaves and soil, green infrastructure is essential for improving air quality. Urban surroundings
become cleaner and healthier when trees, green walls, and vegetated buffers serve as natural
air filters. They do this by absorbing harmful pollutants and releasing oxygen. Green
infrastructure reduces the risk of floods while simultaneously improving water quality by
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lowering erosion and filtering out contaminants by imitating natural hydrological processes.
This ecosystem service that green infrastructure offers lessens the damaging effects that air
pollution has on ecosystems and human health. Urban heat islands are a type of
environmental problem that is made worse by urbanization and climate change. They are
defined by higher temperatures in built-up regions relative to surrounding rural areas. Due to
their ability to provide shade, lower surface temperatures, and encourage evaporative cooling,
green infrastructure features including trees, green spaces, and reflective surfaces contribute
to lessen the effects of the urban heat island effect. In addition to improving resident comfort,
these cooling advantages also minimize energy consumption for air conditioning, which
lowers energy expenses and greenhouse gas emissions [5].

At the local level, creative and intriguing approaches of handling storm water are hybrid
strategies that combine conventional mechanisms and environmentally friendly
infrastructure. A number of localities both domestically and internationally have attempted
to incorporate green infrastructure into their storm water excess and joint drain overflow
control strategies; numerous additional are currently considering, or resolve soon explore,
making like planned outlay choices . For instance, the city of Chicago is encouraging the
infiltration and harvesting of rainwater prior to its entry into the combined sewer and storm
water system through the Utilization of green infrastructure techniques based on landscapes
[6]. Among the initiatives in the portfolio targeted at making the city greener and more
durable include the use of permeable pavements in vehicle lanes and public streets and alleys
rewards for roof gardening, and an expansion of the tree canopy.

Beyond the technical and physiological components of food production and consumption
behaviour, broader infrastructure features must also be taken into account in the
establishment of a sustainable food system. Over half of the world's population currently
resides in cities. This percentage is predicted to increase by 1.7% every year until 2030, when
it will reach about 60% (UN, 2012). 37 urban agglomerations are predicted to become
Megacities by 2025, reflecting the substantial expected growth of several cities. Certain cities
are getting smaller at the same time. The operation and maintenance of traditional centralized
infrastructure systems for energy, water, and organic waste disposal are under strain from
both expanding and contracting cities (Gleick, 2002). Decentralized infrastructure strategies
are thought to be suitable for addressing these trends. In the US, there has been much debate
and activity surrounding green infrastructure, and it has gained prominence in discussions
about storm water management and sustainability in both the public and academic spheres.
The foundational ideas of green infrastructure systems are not wholly novel, as they have
developed throughout time from several disciplines and are based on engineering and
ecological notions. In actuality, though, green infrastructure has emerged as a component of
a cutting-edge, ecologically conscious storm water management strategy that employs small-
scale, naturally occurring or artificially created technology and tactics to permeate and
recycle storm water runoff. It includes built wetlands, rain barrels, rain gardens, porous
pavements, and several combinations of these methods [7].The block diagram of ecological
planning of green infrastructure is shown in figure 1.
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Fig. 1. Ecological planning of green infrastructure

Over the years, the definition of poverty has been biased toward financial components;
however, as time goes on, academics are starting to redefine it to include multidimensional
issues like social exclusion and political engagement, demonstrating that poverty is a
multifaceted reality. [2] This indicates that a number of causes work together to cause poverty
rather than just one. As a result, absolute poverty and overall poverty are the two ways that
the United Nations (UN) defined poverty. People who lack access to basic necessities such
as food, health care, shelter, clean water to drink, sanitary facilities, education, and
information are said to be living in absolute poverty [3, 4]. Therefore, a variety of factors,
not only income, contribute to poverty [5]. The general definition of poverty is the inability
of an individual to obtain money or other productive resources. "Hunger and malnutrition, ill
health, inability to access education, a rise in morbidity and mortality from illness, shortage
of housing, unsafe environments, social exclusion and discrimination” are some of the
characteristics that define overall lack [6]. At first glance, the fusion of current biological and
technological components appears to be a very incremental improvement. As we have
demonstrated in our historical description, it is motionless in its early phases of growth. As
such, it is unclear how it will contribute to the shift towards more sustainable food systems
and what effect this will have on the current modes of food production and consumption
(regime level). This is because it is still in its initial phases of growth, similar to other
agricultural niches. Because transitions are long-term in nature and research on rural
development have shown that movements between niches and regimes are important. We
selected the technological innovation system framework as a conceptual starting point that is
halfway between in order to get an understanding.

Another facet of overall poverty is a lack of participation in the decision-making processes
of social and cultural and artistic affairs [7]. Another way the UN defines poverty is using
the global poverty index [8]. The 2010 UN definition encompasses many other aspects,
including as living conditions, health, education, and many more. Poverty is a state in which
a person's material means are lacking to meet their basic needs, including those connected to
social involvement, according to the Joseph Rowntree Foundation’s (JRF) definition from
2013 [9, 10]. Although there has been a decrease in extreme poverty worldwide, the battle
over poor is nevertheless underway and moving slowly. The proportion of the global
population living in extreme poverty fell to 36% in 1990 and 16% in 2010 to 10% in 2015
[11,12].
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The findings show that worldwide is not on course to reduce the proportion persons that are
living in extreme need by the year 2030 [13]. However, the baseline projections suggest that
the target of eradicating poverty will not be met, with 6% of the world's population living in
severe impoverishment in 2030 [14]. Nonetheless, those who are really poor live in a state of
profoundly rooted deprivation that is periodically exacerbated by armed warfare and a
tendency toward natural disasters. It is claimed that strict social protection policies and large
public spending on necessities can help the destitute get out of their current situation.
However, these services need to be improved and increased [15].

Adaptive pathways (APs) are a promising technique that have been around for a while and
involve a flexible approach to decision-making [16]. Incorporating and responding to time-
changing variables, they aid in addressing the intricate, dynamic, and unpredictable social
and environmental difficulties of sustainable planning [17]. APs are characterized as a series
of decisions and actions that are implemented progressively in response to future dynamics
[18]. These activities are steps that should be taken in an adaptive plan contingent on the
occurrence of an event in order to achieve future objectives [21]. In this sense, the adaptive
plan is adaptable, takes uncertainty into account, and guards against regrettable and fruitless
interventions [22, 23]. Furthermore, according to AP ideas [24], adaptation reactions must
take into account three crucial factors that support decision-making flexibility throughout
time: (1) route dependence, These three stages are seen as coevolving in the process of
developing aquaponics (maybe leading to the formation of a TIS), delivering aquaponics as
a technology and a novel approach to sustainable food systems, or not. Based on our review
of the literature and empirical research regarding the expectations of the actors involved in
the development process—referred to as patterns of expectations and as a portfolio of
promises the claimed potential sustainability effects are depicted on the right side of the graph
[25].

Various industries presented their opinions on the SDGs. Many studies have been conducted
on fundamental topics including ocean management, agriculture protection, sustainability
education, and their connections to the SDGs. It's possible that the infrastructure,
investments, and technology used in the various industries may unavoidably have a variety
of effects, including relocation and other social effects [35]-[38]. Appropriate resource
allocation across various businesses and careful planning are necessary to prevent adverse
effects on the advancement of SDG implementation. It is It is evident that these goals have
sparked a conversation on its holistic significance across a range of disciplines, sectors, and
geographical areas. Global collaboration and collaborations are essential, and this has been
generally acknowledged. There is a growing corpus of research documenting the SDGs'
implementation both nationally and internationally [39]. A wide range of governing entities,
institutions, groups, businesses, and individuals are putting these ideals into practice [40].
Documentation of implementation include academic products, reports, frameworks, and
policies. Only 66 of the 193 signatory nations had begun implementing the SDGs during the
first stages of the UN's planned implementation period, and those nations had reported their
progress through the Voluntary National Reviews.

2 Evolution of smart cities and infrastructure

The development of smart cities and infrastructure, fueled by advances with technology for
communication and information (ICT), particularly with regard to the combination of the
World Wide Web, the Internet connected Things (IoT), computational intelligence (AI), and
data analytics, marks a paradigm change in urban development. [8]. The planning,
administration, and experience of cities are being completely transformed by this
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convergence of technologies, with a particular focus on improving sustainability, mobility,
and the general well-being of citizens. In order to enhance productivity, resource allocation,
and decision-making processes, smart cities make use of digital technology for the collection,
analysis, and utilization of enormous volumes of data from several sources, such as sensors,
devices, and public infrastructure. Real-time monitoring and management of urban systems,
including waste, electricity, water, transit, and public services, is made possible by IoT
integration, which promotes efficient operations and less environmental effect.

In order to create a more resilient and sustainable urban environment, Al-powered
technologies can improve public safety, control energy usage, optimize traffic flow, and
detect abnormalities. Because Al makes it possible for intelligent automation, predictive
analytics, and mechanism knowledge procedures to extract useful insights from data, spot
patterns, and make data-driven decisions, Al is essential to the development of smart cities.
City planners and legislators may make well-informed judgments on infrastructure
expenditures, urban planning tactics, and policy interventions that support sustainability,
equity, and inclusivity by examining data patterns, trends, and correlations [32]. Through the
provision of actionable intelligence and evidence-based methods for tackling complex urban
challenges, data analytics further augments the capabilities of smart cities. It makes it
possible to create cutting-edge solutions that empower people and encourage sustainable
behaviour, like intelligent transportation systems, energy-.efficient buildings, optimized
waste management, environmental monitoring, and platforms for participatory governance.
The quality of life, mobility, and sustainability are all significantly impacted by the
integration of IoT, Al, and data analytics in smart cities and infrastructure. Machine learning
plays a vital role in proactive environmental management and public health protection in
smart cities through the detection of abnormalities, prediction of pollution levels, and
identification of contamination sources [33].In order to monitor air quality, water quality,
noise levels, and other environmental characteristics, machine learning algorithms can
process environmental data from sensors and Internet of Things devices. Machine learning
algorithms can detect equipment failures, prioritize maintenance operations, and extend the
lifespan of infrastructure assets, assuring their dependability and safety, by analyzing sensor
data, previous maintenance records, and asset conditions. Predictive maintenance of vital
infrastructure, including utility networks, water pipelines, bridges, and roadways, is made
possible by machine learning approaches.

3 Green LITES- Green Leadership in Transportation and
Environmental Sustainability

The need for green leadership in environmental sustainability and transportation has become
crucial in tackling the interrelated problems of resource depletion, urbanization, and climate
change. In the transportation industry, sustainable practices and technology are driven by
visionary leadership and innovative methods, which are crucial as societies work towards
low-carbon economies and resilient infrastructures [31]. Green leadership in transportation
refers to a variety of programs and tactics, such as supporting public transportation, enticing
people to use active transportation options like walking and bicycling, encouraging the use
of alternative fuels and electric vehicles (EVs), making investments in environmentally
friendly infrastructure, and incorporating smart technologies for mobility management.
Beyond just cutting emissions and pollution, environmental sustainability also entails
fostering biodiversity, protecting natural resources, implementing the circular economy, and
considering social fairness when planning and making decisions about transportation
[33].Green house is affecting the environment we all have to take care of our environment.
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The Broad proposals which may consider the social, environmental, and financial aspects of
public transit together with their effects on communities and ecosystems are highly valued
by green entrepreneurs to provide facilities to mankind.

The Green Leadership in Transportation and Environmental Sustainability (GreenLITES)
initiative consumes develop a vital stratagem for tackling the issues of urbanization, weather
alteration, and sustainable development within the transportation industry. A variety of plans,
laws, and programs are included in GreenLITES with the goal of encouraging eco-friendly
behaviour, cutting carbon emissions, and improving the sustainability of transportation
systems as a whole [34].

Green LITES' primary goal is to advance environmentally friendly transportation options that
put social justice, resilience, and sustainability first [35-38]. The embracing of globally
friendly practices and know-how that have the potential to turn transportation systems into
catalysts for environmental advancement is greatly aided by the leadership of the
government, business, academic community, and civil society [39]. This essay looks at the
many facets of green leadership, such as advocating for public transportation, active modes
of transportation, electrification of cars, using alternative fuels, building sustainable
infrastructure, incorporating smart technologies, and putting in place legislative frameworks
that encourage sustainable behaviour [40-42]. The acceptance and application of new
technology can be aided or hindered by attitudes toward an innovation .As point out, attitudes
can really influence decision-making processes related to innovation and serve as a
forerunner to the decision of whether to try a new technique. Storm water managers and other
officials can become change agents by teaching the public and political leaders about the
benefits of green infrastructure in reducing problems associated with urban storm water
runoff, even though they do not have the power to adopt and implement green infrastructure
on their own [43] . Therefore, determining the most effective way to implement an invention
requires a greater understanding of the elements influencing the attitudes of local government
officials toward its acceptance [44-46].

Walking, cycling, and micro mobility solutions are examples of active transportation modes
that are essential to green leadership in transportation. By making infrastructural
improvements like bike lanes, pedestrian-friendly streetscapes, and shared mobility
initiatives, leaders may promote active transportation. These programs enhance public health,
community involvement, and quality of life in addition to lowering carbon emissions and
traffic congestion [47].

Green leadership greatly benefits from the electrification of automobiles, since electric
vehicles (EVs) provide a more sustainable and environmentally friendly option than
conventional internal combustion engine vehicles. Regulations and policy frameworks are
essential for promoting green leadership in the transportation sector. Enacting policies like
as pollution limits, fuel efficiency laws, vehicle electrification targets, and carbon pricing
mechanisms can be a means for leaders to encourage sustainable transportation behaviours
[48]. Leaders may promote innovation, investment, and the adoption of green technologies
and practices in the transportation industry by coordinating incentives with environmental
goals. Another distinguishing feature of green leadership is the incorporation of smart
technologies, which facilitate data-driven decision-making, transportation system
optimization, and improved user experience [49-51]. By making the use of devices IoT
(Internet of Things), Al (Artificial Intelligence), data analytics, and mobility apps leaders
may able to optimize routing, improve accessibility, lower emissions, and manage traffic
better so that we can get better results. Leaders can encourage the adoption of EVs through
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incentives, the establishment of equipment for charging, electrification of fleets apps, and
education efforts [52]. The transition to plug-in vans not only reduces hothouse gas emissions
but also fosters creativity in automobile manufacturing and energy independence. To provide
more efficiency and sustainability to transport network we can use Shared mobility platforms,
dynamic pricing schemes, intelligent traffic signals, and real-time transit information [53-
55]. Collaboration and partnerships are essential elements of green leadership because no
single company can resolve environmental concerns on alone. When leaders promote
cooperation, organizations such as governments, businesses, non-governmental
organizations, educational institutions, and communities can pool resources, best practices,
and knowledge. Through stakeholder engagement forums, public-private partnerships,
research collaborations, and community outreach programs, leaders can effectively galvanize
collective action and yield positive outcomes [56]. Here are the few examples of how green
leadership can build resilient and livable cities include the car-free zones in Amsterdam, the
Trans Milenio BRT system in Bogota, and Copenhagen's cycling infrastructure [57]. The
revolutionary potential of green leadership in environmental sustainability and mobility is
demonstrated by global best practices and success stories. Cities like Bogota, Amsterdam,
and Copenhagen have implemented forward-thinking policies and programs that prioritize
sustainable mobility, reduce emissions, and enhance the quality of life for inhabitants. Table

1 shows the Feature of sustainability application to environment.

Table 1. Feature of sustainability application to environment
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3.1 Importance of resilient infrastructure in infrastructure and sustainability

By improving communities' capacity to resist, adjust to, and recover from unfavourable
occurrences, resilient infrastructure is essential to reducing the effects of natural catastrophes,
climate change, and other disturbances. Extreme weather events, earthquakes, hurricanes,
wildfires, and floods are all examples of natural hazards that resilient infrastructure is made
to endure and lessen. Resilient infrastructure lowers vulnerabilities and safeguards people,
property, and important assets by combining sturdy building methods, hazard-resistant
materials, and technical standards [58].

During and after disasters, resilient infrastructure makes sure that vital services like energy,
water supply, communication networks, transportation, healthcare, and emergency response
continue. Resilient infrastructure minimizes interruptions to everyday life and economic
activity, speeds up community recovery, and maintains operational functionality and
redundancy measures [59]. When developing resilient buildings, considerations like as
changed pattern of precipitation, rising sea levels, greater temperatures, and a rise in the
likelihood of severe hurricanes are taken into account. It integrates principles from nature,
concepts from green infrastructure, and ideas from climate-resilient design to improve
adaptive capacity and reduce climate change-related risks.

Resilient infrastructure incorporates sustainable techniques to safeguard and improve natural
ecosystems, including forests, mangroves, and wetlands. These ecosystems operate as
organic barriers against natural disasters including flooding, erosion, and storm surges.
Resilient infrastructure supports long-term sustainability objectives and ecological resilience
by protecting biodiversity, ecosystem services, and natural habitats. Long-term development
objectives, investment confidence, and the preservation of economic stability all depend on
resilient infrastructure. Resilient infrastructure promotes economic resilience, job
development, and prosperity in communities by reducing infrastructure damage, business
disruptions, and insurance costs related to disasters [60]. By lowering the dangers to human
life, health hazards, displacement, and social disruptions brought on by catastrophes, resilient
infrastructure improves community safety, health, and well-being. By fostering social
cohesiveness, inclusion, and fair access to resources, it makes sure that disadvantaged groups
are not disproportionately impacted by crises. Resilient infrastructure, which includes early
warning systems, disaster recovery strategies, educational advertisements, and capacity
building, is a part of a complete approach for risk reduction and preparedness. Resilient
infrastructure, which includes investments in damage-informed choice-making, catastrophe
risk reduction techniques, and community resilience-building projects, enhances overall
calamity preparedness and response effectiveness. Figure 2 shows Multi-process causality
between four urban infrastructure sustainable development subsystems. Each subsystem in
this diagram engages in multiple activities with the others. For instance, advances in energy
effectiveness can promote responsible water and waste disposal procedures, while
enhancements in transit can result in lower energy use and emission. These interrelated
procedures show how a comprehensive strategy is required to achieve environmentally
friendly development of city infrastructure.
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Fig. 2. Multi-process causality between four urban infrastructure sustainable development subsystems

5 Conclusion

e This review paper examines the development of smart cities and infrastructure with an
emphasis on the synergistic integration of IoT, Al, and data analytics to improve
sustainability, mobility, and quality of life. We seek to offer insights into the
revolutionary potential of smart technology in influencing the future of urban living and
infrastructure development by looking at significant advancements, case studies,
opportunities, and difficulties.

e In order to promote good change in the transportation and environmental sustainability
sectors, this study examines the idea of green leadership and highlights the opportunities,
difficulties, and duties that leaders must play in this regard.

e We seek to inspire and enable green leaders to accelerate the shift towards cleaner, more
equitable, and effectual conveyance organisations that improve everyone's eminence of
lifespan and donate to a healthy planet by looking at case studies, best practices, and
creative solutions.
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