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1. Introduction

Abstract

Industrialization is the main driver of urbanization, and the two are closely linked.
While industrialization creates economic opportunities, it also brings significant envi-
ronmental and social challenges. For over two centuries, industrialization has shaped
territorial development and continues to play a key role in society. Today, global dis-
cussions focus on building sustainable cities to address challenges related to urbaniza-
tion, including air pollution, climate change, waste, biodiversity loss, and increased re-
source consumption. This study employed a desk research methodology, which in-
volves collecting and analyzing existing information and data. It includes reviewing
published materials such as book chapters, scholarly literature, and international reports
(e.g., UN reports). The study aims to critically examine the interconnected dynamics of
urban growth, industrial development, and environmental issues, with a focus on un-
derstanding their interlinkages and exploring sustainable pathways. The continued
growth of urbanization and industrialization creates significant environmental chal-
lenges. Unplanned urban sprawl depletes natural resources, increases air pollution, cli-
mate change, biodiversity loss, and resource consumption. Addressing these issues re-
quires a renewed commitment to integrating industrialization, urbanization, and envi-
ronmental priorities within a sustainability framework. These challenges are particu-
larly pressing in densely populated cities, where human activity puts a substantial strain
on the environment. Achieving the SDGs of the 2030 Agenda and inclusive growth
depends on developing resilient infrastructure and promoting inclusive, sustainable in-
dustrialization and urbanization. Urbanization and industrialization are the twin engines
of modern development; however, they require governance policies such as sustainable
urban planning and eco-technologies to ensure that progress aligns with human pros-
perity and environmental sustainability.

Keywords

Climate change; hazardous waste; biodiversity loss; resource consumption; sustainable
urbanization; eco-industrial; governance policy; SDGs

Industrialization was the primary driving force behind urbanization, and the two are closely linked, creating economic
opportunities while also presenting environmental and social challenges. Industrialization led to the rise of factories, which
drove urban growth as workers moved to cities for jobs. Industrialization marks a turning point in the world’s urbanization.
Over time, manufacturing and urbanization became more interconnected as production shifted from manual labor in artisan
shops to mechanized factory work [1-4]. Historically, urbanization and industrialization have resulted in the concentration
of populations and economic activities in densely populated areas [5]. This phenomenon was particularly evident in
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Manchester, the world’s first industrial city. Known as “Cottonopolis” for its mills and related industries, Manchester
became the global center of the textile industry. Its population grew from approximately 10,000 in 1717 to 2.3 million by
1911 [6].

Industrialization is a complex process, and traditional approaches have often failed to support urbanization without
simultaneous industrial upgrading [7]. Both urbanization and industrialization have increased demand for converting ag-
ricultural land [8]. Industrialization has shaped territorial development for over two centuries and remains essential to
contemporary society. It began during the industrial revolution and is characterized by technological innovation and the
pursuit of a dynamic, skilled workforce. Notably, failing to incorporate industrialization into environmental development
indicators can delay economic and sustainable progress [3, 9]. Sustained progress in sustainable industrialization depends
on coordinated investments in human capital, vocational training, and institutional capacity. These efforts enable compa-
nies to adopt novel technologies, meet environmental requirements, and compete globally in higher-value segments pro-
duction [10].

There is a global discussion on developing sustainable cities to address urgent challenges related to urbanization, in-
cluding pollution, climate change, and health concerns. Urbanization remains a major global trend in the 21st century, with
rates staying relatively consistent across regions [3, 11]. However, the definition of urbanization varies worldwide due to
differences in population dynamics, economic conditions, and geographical factors [12]. Urbanization is a global process
that transforms rural areas into urban spaces, marked by shifts in land use, culture, behavior, and lifestyle [13, 14]. As
more than half of the world’s population now lives in cities, urban areas are central to major global challenges and serve
as hubs for change and innovation due to their concentration of people, resources, and activities [15, 16].

Empirical evidence indicates that resource rents can promote urbanization as effectively as industrial development. Ur-
banization encompasses broader processes than industrialization alone. The long-term relationship between urbanization
and economic growth remains an open question for future research [17]. The aim of this study is to critically examine the
interconnected dynamics of urban growth, industrial development, and environmental issues, with a focus on understand-
ing interlinkages between urbanization and industrialization that contribute to environmental pressures, including air pol-
lution, resource depletion, waste generation, biodiversity loss, and climate change; and exploring sustainable pathways
that balance development and economic growth with environmental sustainability.

The structure of the paper is as follows: Section One is the introduction. Section Two presents the nexus between ur-
banization and industrialization. Section Three discusses the research methods. Section Four provides a discussion of the
key environmental issues arising from urbanization and industrialization. Section Five examines sustainability pathways
in the context of the Sustainable Development Goals (SDGs). This is followed by Section Six, which presents further
discussions. Finally, Section Seven draws the conclusions.

2. Nexus Between Urbanization and Industrialization

Urbanization represents a major contemporary phenomenon and is conceptually integral to the broader development pro-
cess. Industrialization serves as a primary catalyst for urbanization [18]. Urban agglomeration benefits from integrated
industrial distribution, resilient infrastructure, regional market development, coordinated urban and rural planning, envi-
ronmental protection, and robust social and security systems. In the future, it will serve as the primary driver of socio-
economic development [19, 20]. In European and Neo-European countries, urbanization rates exceeding 50 percent have
historically coincided with industrialization, as the establishment of factories contributed to urban growth [17]. Industrial
parks facilitate urbanization and offer various advantages, including the reduction of social and economic inequalities [21,
22]. In Africa, countries including Tunisia, Egypt, and Mauritius exhibit the highest labor absorption rates within industrial
parks [21].

Urban areas currently accommodate 55% of the global population and contribute 85% of worldwide GDP, functioning
as primary centers for employment, innovation, and investment. Despite these benefits, research demonstrates that urban-
ization can adversely affect sustainable development through poorly planned expansion, destruction of ecologically sensi-
tive areas, and substantial environmental impacts. Cities account for 75% of greenhouse gas emissions and produce 70%
of global waste, largely as a result of industrial activities and unsustainable consumption patterns. According to United
Nations projections, by 2050, 75% of the world’s population will reside in urban areas, with 18% living in the 40 largest
cities, and 66% of economic activity and 85% of technological innovation concentrated in these regions [20, 23-27].

DOI: 10.26855/as.2026.06.003 26 Advance in Sustainability



Abdulkarim Hasan Rashed

Projections - - - - - >

Cities

Towns

Populations (billions)

— ———— Rural areas

Industry 3.0 Industry 4.0
1969 2011

|
Industry 1.0 - 1784
Industry 2.0 - 1870

3
3
3

T T
1950 1975 2000 2025 2050

Figure 1. Estimates of the world’s population living in cities, towns, and rural areas, 1950-2025, and projections, 2025-2050 [16].
Note: The author added the industrial revolutions to the original figure to illustrate the synchronization of industrialization with urbanization.

Currently, more people live in cities than in towns or rural areas, a shift from the mid-twentieth century when urban
living was less common. In 1950, about 500 million people, or one-fifth of the world’s 2.5 billion population, lived in
cities, while the rest were evenly divided between towns and rural areas (Figure 1). Over the following decades, urban and
town populations grew rapidly, while rural populations grew modestly. By the mid-1970s, city populations surpassed rural
ones, though towns remained the most common living environment. In 1996, city populations overtook those of towns.
Since then, both the number and proportion of city dwellers have continued to rise. In 2025, 45 percent of the world’s 8.2
billion people lived in cities, 36 percent in towns, and 19 percent in rural areas. Most future population growth is expected
in cities, which are projected to account for two-thirds of global growth by 2050. Towns will absorb most of the remaining
growth, while the rural population is expected to peak in the 2040s and then gradually decline.

The literature demonstrates considerable variation in the characterization of the relationship between urbanization and
industrialization, with most studies not addressing this relationship directly. Among those that do, three primary patterns
are identified. Evidence indicates a bidirectional relationship in which urbanization and industrialization mutually reinforce
one another through improvements in energy efficiency and adjustments to industrial structure, subsequently influencing
land use efficiency. For example, a provincial analysis in China found that increased urbanization is associated with greater
industrial structure optimization and higher urban land use efficiency, while the relationship between industrial structure
upgrades and efficiency exhibits an inverted U-shape depending on the level of urbanization [28]. A recent study in Sweden
revealed that the positive impacts are primarily linked to economic growth and job creation, along with sustainable indus-
trialization and innovation [29].

Several studies identify co-evolutionary dynamics in which urbanization and industrialization progress simultaneously.
Transitions from agrarian to manufacturing and service economies are primarily driven by urbanization, itself propelled
by economic growth, labor migration, and infrastructure expansion. The Indonesian case exemplifies this pattern, as ur-
banization facilitates industrialization and economic growth, demonstrated by the emergence of new cities such as IKN
Nusantara [30].

Moderating factors play a crucial role in shaping the dynamics of relationships. Regional differences are particularly
notable; higher urbanization levels enhance positive interactions between industrial structure adjustment and land use ef-
ficiency in central and western China, whereas these effects are less pronounced in eastern China. Additionally, govern-
ment policies, globalization, and environmental considerations further influence these relationships. However, changes in
disposable income and population structure do not alter the fundamental impact of industrialization and urbanization on
outcomes such as energy security [31].

Industrialization fuels urbanization by creating jobs in the industrial sector, which attracts rural populations to cities.
Conversely, urbanization supports industrialization by providing a labor force and a market for goods and services. On one
hand, both present significant risks and trade-offs that societies must carefully navigate to address environmental chal-
lenges. On the other hand, the swift influx of people into cities places immense strain on infrastructure, making it difficult
to provide adequate housing, sanitation, and transportation for expanding populations. Collectively, these issues underscore
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the complex balance between economic progress and the social and environmental costs it entails. Table 1 summarizes the
main aspects of urbanization and industrialization.

Table 1. Aspects of comparison between urbanization and industrialization

Aspects

Industrialization

Urbanization

Historical Context

Core Focus
Main Driver
Economic impact
Labour impact
Social impact

Environmental impact

Began during the Industrial Revolution in the late 18th
century, led to significant changes in production pro-
cesses and economic structures.

Economic transformation through industrial development

Technological advancements, automation production pro-
cesses, economic advancements

Growth, innovation, productivity

The shift from handicrafts and agriculture to industrial
jobs
New social classes appearance, alters the family structure,
and the collapse of traditional societies
Pollution types, resource depletion, environmental degra-
dation

It has been an ongoing process that accelerated
during the 19th and 20th centuries with the global
spread of industrialization.

Population migration to cities
More economic and job opportunities

Services, cultural exchange, diversity

Increased competition for jobs and specialization
of the workforce
Increased social diversity, increased anonymity,
and the likelihood of social isolation
Urban sprawl, stress on infrastructure, waste gen-
eration, resource consumption

Increased pollution, inequality (e.g., wages), and labor Overpopulation, the need for more housing and in-

Challenges o -5 frastructure, and the loss of handicrafts and agri-
exploitation (e.g., work conditions)
cultural land
Relationship Creating job opportunities to attract people to cities Providing workforce to sustains industrial devel-

opment

Industrialization and urbanization have shaped the modern world, driving significant social and economic change. In-
dustrialization, the transition from agrarian to manufacturing economies, has driven technological innovation, boosted
factory production, and reshaped labor structures. Urbanization, driven by industrial growth, concentrates populations in
cities as people seek better employment opportunities and improved living conditions. This migration changes demo-
graphic patterns and fosters complex urban environments.

3. Methods

A desk research methodology was employed, involving the collection and analysis of secondary data from existing sources.
The research utilized published studies, reports, and statistical data, accessed through online journals and library resources.
Desk research facilitates a critical evaluation of existing literature to address questions such as “What?”, “Why?”, and
“How?” [32, 33]. In light of the coronavirus pandemic, this approach was deemed appropriate [34]. Desk research encom-
passes literature review, analysis, comparison, and synthesis. Conducting a literature review provides a comprehensive
understanding of the subject, while subsequent analysis ensures the drawing of objective and reliable conclusions [35].
The desk research process consists of five steps, beginning with the definition of the research objective and concluding
with the analysis and interpretation of the findings. The step-by-step process is illustrated in Figure 2. These steps are: (1)
define research objective, (2) identify data sources, (3) collect secondary data, (4) evaluate data quality, (5) analyze and
interpret findings.

Identify the Identify Collecting Data and Data and

research research data and information information
topic sources information combination analysis
02 03 04 05
p—

Figure 2. Desk research methodology process.
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4. Key Environmental Issues

In the early twenty-first century, global challenges such as environmental overshoot (where human demand exceeds na-
ture’s regenerative capacity), climate change, and unmet human needs have resulted in unsustainable resource consump-
tion [36], and persistent environmental and social challenges, including climate change, water scarcity, biodiversity loss,
and human rights issues, are intensifying [37, 38]. Global urbanization drives and accelerates a range of emerging risks
across climatic, ecological, political, social, institutional, infrastructural, financial, and technological systems [39]. The
emergence of industrialized urbanization has led to various forms of environmental pollution, including air, water, soil,
and noise pollution [40]. Rapid population growth has led to the depletion of natural resources. The increased use of
chemicals and fuel in factories has contributed to higher levels of air and water pollution, as well as increased fossil fuel
consumption. Industrial expansion continues to harm human health by polluting the soil, air, and water, making these
issues increasingly significant environmental concerns [41]. The private sector is a significant contributor to environmental
degradation. Consequently, industrial development has received increased scrutiny due to its adverse effects on both soci-
ety and the environment [42]. Although urbanization and manufacturing are vital for economic growth, they also produce
considerable environmental impacts [43]. For example, urbanization and industrialization have caused significant environ-
mental degradation in Vietnam [44].

4.1 Climate change

Both social development and climate change can alter the path of urbanization [45]; besides, large industries and the
transportation sector have the highest footprints [46]. Rising temperatures negatively impact city residents due to the heat-
retaining materials used in urban infrastructure, such as roads and buildings. The “urban heat island effect” is associated
with health risks and is expected to become more pronounced as heatwaves become more frequent. Climate change also
causes sea levels to rise, posing a major concern for cities often located near bodies of water, which are crucial for trade
[12,47].

The Intergovernmental Panel on Climate Change (IPCC) has consistently reported that urban and industrial sources
contribute substantially to anthropogenic greenhouse gas (GHG) emissions, particularly carbon dioxide (CO:) and methane
(CHa), which are principal drivers of global warming and related climatic changes [48, 49]. Elevated CO: emissions are
considered inevitable and contribute to the deterioration of environmental quality [50, 51]. Research by Mose and Kinuthia
indicates that urbanization and industrialization in Kenya intensify climate change by increasing GHGs from urban activ-
ities, energy consumption, industrial sector processes, and transportation sector [52].

Empirical evidence indicates that economic growth, urbanization, and industrialization each contribute to increased
carbon dioxide emissions, and their simultaneous rise exacerbates environmental degradation [43]. Furthermore, rapid
urbanization, industrialization, and population growth are identified as primary drivers of escalating carbon dioxide emis-
sions [53]. For instance, India and Pakistan are the largest emitters of carbon dioxide in South Asia, significantly contrib-
uting to regional environmental pollution [54].

Between 1980 and 2013, urbanization had mixed effects on CO, emissions in 20 African countries. It directly increased
environmental degradation but indirectly reduced it through higher per capita income. The direct effect was stronger,
leading to a net increase in carbon emissions over time [55]. In contrast, a global analysis from 1995 to 2017 found that
urbanization reduced environmental degradation across all quantiles, with the greatest impact in the upper quantiles [56].
However, in BRICS countries, urbanization was linked to increased environmental degradation. The BRICS study, span-
ning from 1972 to 2021, revealed that urbanization, industrialization, and rising income levels contributed to environmental
decline [57]. Another global study found that GHGs scaled sub-linearly with city size (B ~ 0.85), meaning larger cities
produced fewer emissions per capita. While doubling the city’s size led to a 122% increase in wastewater production, the
sublinear scaling for greenhouse gases indicated economies of scale in emissions [58]. Urban heat island effects were
consistently linked to urbanization. Research in Bengaluru, Singapore, and Hong Kong showed that urbanization increased
urban temperatures, but urban geometry and green vegetation helped mitigate these effects [59, 60]. In Chinese cities from
2003 to 2014, non-linear, reverse U-shaped relationships were observed between urbanization rates and industrial pollutant
emissions, such as sulfur dioxide and soot. This pattern suggests emissions rose with urbanization before eventually de-
clining, although specific effect sizes were not reported [4].

The relationship between industrialization and climate change indicators is influenced by a country’s development con-
text. From 1980 to 2013, industrialization in 20 African countries directly contributed to environmental degradation, yet
indirectly mitigated it through increased per capita income. The mitigating effect of higher income surpassed the direct
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negative impact, resulting in an overall reduction in carbon emissions [55]. A global quantile analysis covering the period
from 1995 to 2017 demonstrated that industrialization exacerbated environmental degradation in less-developed countries
but alleviated it in more developed ones. This evidence indicates that the environmental outcomes of industrialization are
contingent upon the stage of economic development [56]. Analysis of global urban data reveals that greenhouse gas emis-
sions scale sub-linearly with city size and economic activity (B ~ 0.85, p<0.001), indicating the presence of economies of
scale. Conversely, wastewater generation scales super-linearly (f ~ 1.15, p<0.001), so larger economic output produces
disproportionately greater liquid waste [58]. In Chinese cities between 2003 and 2014, industrialization affected emissions
through three mechanisms: the scale effect and structure effect increased industrial pollutant emissions, such as sulfur
dioxide and soot, while the intensive effect, associated with technological advancements, reduced emissions. Notably, a
reverse U-shaped relationship was identified between urbanization rates and pollutant emissions, highlighting the com-
bined influence of urban and industrial factors rather than industrialization alone [61-64].

4.2 Waste generation

Industrialization and urbanization are key drivers of financial development and economic growth worldwide; however,
they also contribute to a significant increase in hazardous waste. The volume of waste generated varies by country and is
closely tied to these factors. Managing hazardous waste is a complex process that presents significant challenges, particu-
larly in developing cost-effective, sustainable, and eco-friendly industrial projects [65-67]. Swift industrialization and ur-
banization have led to an increase in waste production over the past decade [68]. According to the United Nations Envi-
ronment Programme (UNEP), global hazardous waste generation reaches approximately 400 million tons per year, or about
60 kg per person, and is expected to continue rising [69].

Concerns about large volumes of waste stem from inadequate management and the increasing global generation of waste
[70]. Rapid urbanization and unplanned development make effective waste collection and transportation more complex
[71]. By 2050, global municipal solid waste is projected to rise by over 75 percent, reaching about 3.8 billion metric tons
[72]. Economic growth often increases industrialization and urbanization, which change housing and consumption patterns
and expand product availability. Together, these factors raise the average amount of municipal solid waste generated per
person, which requires significant waste prevention measures [73]. There is a clear positive correlation between urbaniza-
tion and waste generation, as illustrated in Figure 3.

1500

1000 . .

500

Waste (kg/person/year)

0 25 50 75 100

Urbanisation rate (%)

Figure 3. Municipal solid waste generation and urbanization [73].

Industrialization in Bengaluru led to higher pollution levels in industrial areas than in residential zones, negatively af-
fecting air quality and increasing waste production [59]. In Chinese cities, the scale and structure of industrial development
increased wastewater discharge, but technological improvements helped reduce emissions. The overall impact depended
on which factors were stronger [28, 61].

Waste generation patterns differ by type and display distinct scaling relationships with urbanization. On a global scale,
wastewater generation increases super-linearly with city size (B ~ 1.15), whereas municipal solid waste increases linearly
(B ~ 1.04). Larger cities produce disproportionately more wastewater per capita, primarily due to heightened economic
activity and increased interpersonal interactions [58]. Over time, research has identified a reduction in economies of scale,
resulting in greater waste production. This pattern indicates that the influence of urbanization on waste generation
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intensifies as cities develop. In Chinese cities, urbanization exerts mixed effects on industrial waste through three mecha-
nisms: scale and structure effects contribute to increased industrial wastewater discharge, while the intensive effect, asso-
ciated with technological advancements, reduces emissions [61]. In Bengaluru, urbanization has resulted in increased solid
waste generation, although specific quantities have not been reported [59].

4.3 Biodiversity loss

The industrialization and urbanization of the past two decades have contributed significantly to boosting agricultural de-
velopment. Therefore, transitioning from an agricultural to a modern economy depends on industrialization and urbaniza-
tion, which require effective strategies. However, urbanization often leads to the degradation of forest land [14]. Increased
deforestation, primarily for industrial and urban development, further intensifies this issue [74]. The interconnected nature
of climate change, climate actions, and biodiversity loss will have negative impacts on biodiversity [75]. Unsustainable
human exploitation of the environment is a primary driver of ecological degradation. Production and extraction activities
in fisheries, aquaculture, forestry, and agriculture are among the largest contributors to both climate change and biodiver-
sity loss, with complex and compounding interactions that exacerbate these issues. In turn, these systems are increasingly
vulnerable to the impacts of climate change and biodiversity loss [76-78].

Industrialization in urban areas has caused various environmental issues beyond climate and waste, including air pollu-
tion, sewage disposal challenges, and reduced green cover (land biodiversity) in Bengaluru. While these effects were neg-
ative, their magnitudes were not quantified [59]. A study of BRICS countries from 1972 to 2021 found that increased
industrialization led to environmental degradation, though the extent and nature of impacts differed by country due to
variations in economic size, public policy, industrial policy, population policy, immigration, and trade policy [57]. Urban
wastewater and industrial effluent, which contain toxic heavy metals, are major sources of water pollution. These pollutants
harm aquatic biodiversity, causing fish species to migrate from affected areas to survive. Additionally, increased agricul-
tural activity, land use, and waste disposal driven by population growth further threaten biodiversity [68], thus emphasizing
the importance of prioritizing long-term sustainable agricultural and industrial policies [79].

Urbanization is a significant driver of global biodiversity change, often leading to habitat loss, species decline, and
altered ecosystem function. Continued urban growth is expected to further threaten terrestrial ecosystems by impacting
primary productivity, herbivory, litter decomposition, soil carbon storage, and pollination services [80]. Urbanization pro-
gresses from landscapes to cities, transitioning from dense, diverse urban centers to more uniform suburbs. Over time,
differences in urbanization levels have led to greater losses of sensitive species in suburban woodlands due to higher
exploitation rates. This trend underscores the necessity of assessing the impact of urbanization according to habitat type
and quality. For example, suburban woodlands may experience delayed species loss compared to urban woodlands, which
has important implications for mitigating the negative effects of urbanization on biodiversity in (semi-)natural habitats [81,
82]. Urbanization also alters physical landscapes and climates, creating significant differences between urban areas and
their surroundings. Urban environments typically host more non-native species than undeveloped lands, with synanthropic
species often predominating. The introduction of new species can disrupt food webs and resource availability, increasing
variability across surrounding landscapes, ranging from intact ecosystems to those heavily impacted by agriculture [83,
84].

4.4 Air pollution

The Environmental Kuznets Curve (EKC) hypothesis states that environmental degradation increases during early eco-
nomic development but declines once a certain level of growth prompts corrective action. Widespread emissions from
human activities such as transportation systems, industrial manufacturing sectors, and power generation have significantly
degraded air quality, creating serious health and environmental concerns. Today, air pollution remains a significant concern
due to the rapid urbanization and industrialization that are occurring worldwide [40]. For instance, motorization serves as
a key indicator for analyzing urbanization and industrialization across countries. It quantifies the extent to which increased
urbanization influences mobility and transportation systems. Furthermore, motorization has significant health implications,
particularly through its contribution to air pollution [3]. Fossil fuel consumption accounts for 82% of the main energy
source in industrial and urban sectors, contributing significantly to global warming [85].

Atmospheric pollution represents a major threat to both human health and the global climate. In urban environments,
fine particulate matter (PM) is associated with increased incidence of strokes, heart disease, lung cancer, and respiratory
illnesses. The impact of atmospheric pollution is exacerbated by six principal pollutants: PM2.5, PM10, carbon monoxide
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(CO), nitrogen dioxide (NO>), sulfur dioxide (SO3), and ozone (O3) [86-90]. Rising urban population density significantly
increases CO; and particulate matter emissions, which contribute to climate change and pollution [91]. La Porta and Zap-
peri analyzed how population size affects CO, and PM; 5 emissions and concentrations in European cities. They found that
emissions and population distributions are multifractal, while air pollution distribution is not, resulting in complex rela-
tionships between emissions and pollution in some large cities [92]. Fine PM frequently contains hazardous heavy metals,
including lead, cadmium, and mercury, which, upon inhalation, are linked to respiratory and cardiovascular diseases, can-
cer, and other severe health outcomes [93-95].

Air pollution poses a significant sustainability challenge in low- and middle-income countries. Studies highlight the
need for early policy intervention and strong environmental legal frameworks to ensure sustainable urbanization and main-
tain air quality [96]. The Air Quality Index Report for 2024 indicates that only 11.7% of cities globally met the World
Health Organization (WHO) annual guidelines for PM, 5 (Spug/m3). In Africa and Asia, just 0% and 2.3% of cities, respec-
tively, achieved these standards. Asia exhibited the highest levels of air pollution in 2024, with 97.7% (2,250 out of 2,309)
of its cities exceeding the WHO guideline for PM» 5. In contrast, Oceania demonstrated the cleanest air, with 54.5% of its
cities meeting the WHO annual guidelines for PM» 5 (AQIL, 2025). Overall, global air quality remains poor, as only 7.6%
of cities comply with WHO standards, thereby exposing billions of individuals to hazardous pollution levels and associated
health risks. The 2024 Continental AQI Analysis underscores significant disparities and emphasizes the necessity for tar-
geted interventions. In particular, Asia, with 32% of its cities, recorded the lowest AQI levels worldwide, followed by
Africa, where 36% of cities were above the “Good” category in 2024 [97], as shown in Figure 4.

Oceania (156 cities) 100%

Africa (111 cities) 63%

|

60

South America (119 cities) 3504

65%

North America (1138 cities)
95%

0.20%

Europe (1912 cities) 12%
— 87%

0.30%

Asia (2309 cities) sTo%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Unhealthy = Poor ®Moderate M Good

Figure 4. Continent air quality vs. no. of cities - 2024 [97].
4.5 Resource consumption (e.g., water, energy)

Dense urbanization significantly influences global economic patterns of resource consumption and ecological quality. In
recent decades, most developing nations have experienced substantial economic transformation driven by urbanization,
resulting in increased energy demand [44]. Rapid urban expansion contributes to excessive energy and water consumption,
inadequate infrastructure, limited services, traffic congestion, and climate change [98]. Kopnina observes that prioritizing
economic growth over environmental protection has led to unsustainable industrial development and ecosystem degrada-
tion [99]. Additionally, dependence on natural resources and governance structures further shape the trajectories of sus-
tainable industrialization [10].

Urbanization’s impact on resource consumption varies with prosperity. A global analysis revealed that urbanization
alone does not fully account for the use of construction materials. In less prosperous societies, urbanization increases per
capita material consumption, while in more prosperous societies, the effect is the opposite [100]. Between 2006 and 2015,
urbanization in China improved energy efficiency and environmental sustainability. These findings suggest urbanization
can reduce per capita resource use through efficiency gains, although the study did not quantify the effect size [28]. The
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interaction between urbanization and economic development is a key moderating factor. More prosperous societies use
more construction materials overall, but the relationship between urbanization and material consumption changes depend-
ing on the stage of development. For instance, a sustainable city utilizes fewer resources considering the economic, envi-
ronmental, and social dimensions of urban sustainability [101].

Key challenges of urbanization include managing the environmental impacts correlated with increased unsustainable
resource consumption, waste generation, and pollution [102]. Evidence regarding the effects of industrialization on re-
source consumption remains limited. In Chinese provinces from 2006 to 2015, industrialization improved energy effi-
ciency, although specific effect sizes were not reported. The study found that higher levels of industrialization could en-
hance energy security through greater efficiency [28]. Economic indicators, such as GDP growth linked to industrialization,
had a positive impact on productivity and development. A comparison between production cities and consumption cities
demonstrated that industrialization supports stronger long-term growth prospects [17].

5. The Role of Urbanization and Industrialization in the Implementation of SDGs

The private sector is a key stakeholder in Agenda 2030 and can drive progress toward the Sustainable Development Goals
(SDGs), as it represents the largest share of the economy [103-105]. The SDGs promote “sustainable industrialization”
and “sustainable use of land.” Many SDGs address environmental issues, including preventing degradation, pollution,
climate change, and improving waste management and resource recovery [106]. Frey and Sabbatino note that while the 17
SDGs relate to the private sector to varying degrees, all are relevant to all companies [107]. Companies tend to prioritize
SDG targets that are actionable within their operations and supply chains, focusing on reducing environmental footprints
and negative social impacts [108]. The SDGs now serve as a framework for setting strategies, business targets, structured
disclosures, and gap analyses [109, 110]. Companies are encouraged to assess their contributions to the SDGs and are
urged to take both immediate and long-term actions to achieve these goals [111].

Achieving environmental sustainability is essential to combat climate change, protect biodiversity, and preserve the
quality of ecosystems and natural resources [102]. In this context, the SDGs form the basis of the 2030 Agenda, adopted
in 2015. Each of the 17 goals includes specific targets and indicators, amounting to 169 targets and 230 indicators in total.
The 2030 Agenda encourages companies to harness “their creativity and innovation to solve sustainable development
challenges” [112]. Realizing sustainable development depends on implementing efficient, adaptable, and eco-friendly
technologies, such as green technology, safer materials, and improved processes, which support environmental conserva-
tion and restoration [113]. The private sector must address the SDGs while balancing these efforts with the short-term
interests of stakeholders [114].

Efforts from Agenda 21 (1992) to Agenda 2030 (2015) have continued to shape sustainable development policy. The
1992 UN Earth Summit in Rio de Janeiro first recognized the importance of infrastructure, industrialization, and technol-
ogy in this context. Agenda 21, the Rio Declaration on Environment and Development, and the summit’s outcome docu-
ment established a framework for policy and action on these issues. Chapter 2 of the Johannesburg Plan of Implementation
(JPOI), adopted at the 2002 World Summit on Sustainable Development, identified links between industrial development
and social objectives, such as poverty eradication, job creation, and improved access to education and healthcare. The JPOI
also advanced discussions on sustainable transportation and its role in economic growth [115, 116]. The UN’s 2030 Agenda
prioritizes structural transformation to boost productivity, support environmentally sound technologies, advance sustaina-
ble industrial development, and strengthen infrastructure. SDG 9 reflects a global commitment to “build resilient infra-
structure, promote inclusive and sustainable industrialization and foster innovation” to achieve sustainable and inclusive
economic growth worldwide [112].

The Sustainable Development Goals (SDGs) most frequently addressed by companies are those closely related to their
core operations, such as energy (SDG 7), carbon emissions (SDG 13), decent work (SDG 8), innovation and infrastructure
(SDG9), and recycling and circularity (SDG 12) [117-119]. Human development also serves as a foundational complement
to sustainable industrialization, strengthening connections among SDG 9 and SDGs 3, 4, and 8 through mechanisms such
as human capital growth, productivity growth, and labor-skilled [10]. SDG 13 (climate action) is particularly critical, as
climate change mitigation is fundamentally linked to the entire 2030 Agenda. Achieving policy coherence requires urgent
action on SDG 13 and acknowledgment of its interconnections with the other 16 goals [29, 120]. Integrating climate poli-
cies with the SDG agenda leads to a smaller temperature overshoot and reduces reliance on negative emissions technologies
by the end of the century [121]. Furthermore, recent studies indicate that small and medium-sized enterprises (SMEs) are
playing an increasingly significant role in advancing the SDGs [122]. Despite these developments, the complex dynamics
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underlying sustainable industrialization remain an important yet relatively underexplored area of research [10].

Industrialization and urbanization play a complex role in achieving SDGs, offering both synergies and trade-offs across
various areas. Chen et al. found that urbanization aligns with 89% of SDG targets, with 40% showing strong positive
interactions. These effects are most notable in public health, economic growth, resource use, and international cooperation
[123]. Li et al. reported that land expansion, GDP per capita, and social consumption exhibit stronger synergies with the
SDGs, whereas a higher urban population rate is associated with more trade-offs [124]. Industrialization supports economic
growth and job creation, which helps advance development goals and improve living standards [125]. According to the
“Better Business, Better World” report by the Business and Sustainable Development Commission, it estimates that the
SDGs could generate US$12 trillion in business savings and revenue by 2030. They are also projected to create 380 million
new jobs in food and agriculture, cities, energy and materials, and health and well-being [126]. Ketchoua et al. identified
a non-linear relationship between industrialization and environmental sustainability, with evidence of a diminishing eco-
logical footprint and enhanced biocapacity as industrial growth advances [127]. Jawadi et al. demonstrated that green
finance has a significant positive impact on sustainable industrialization [128].

Industry 4.0 has expanded the scope and efficiency of industrial collaboration for sustainable production [129]. By
enabling smart production and improving efficiency, Industry 4.0 supports sustainable development across economic and
social dimensions. Key stakeholders in industrial sectors are leveraging these advancements to drive sustainability [130,
131]. The adoption of Industry 4.0 technologies fosters a circular economy and addresses challenges in sectors such as
agriculture, fisheries, and manufacturing supply chains, supporting sustainable development goals [132]. Integrating inno-
vative technologies has promoted sustainable management practices, leading to more efficient resource use, reduced waste,
improved business processes, and longer machine life cycles [133-135]. The role that companies can play in developing
innovative solutions to key sustainable development issues is widely recognized [136].

Urbanization is a significant geographic process, and the interactions between humans and nature are complex [137].
Cities play a critical role in achieving SDGs and addressing climate change, biodiversity loss, and habitat destruction [138,
139]. Urbanization should shift from a quantity-focused to a quality-driven approach, emphasizing sustainable develop-
ment, ecological protection, and improved living standards. Studies show that urbanization is not only linked to SDG11
but also connects with other SDGs [20, 140-142]. Environmental pollution, climate change, and ecological degradation
related to urbanization have been widely discussed [143, 144]. To achieve sustainable global prosperity, it is crucial to
comprehend the unsustainable conditions resulting from human-environment interactions in urban areas from multiple
perspectives and scales [137].
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Figure 5. The path towards urbanization and industrialization sustainability.

Cities and industries represent critical intersections for environmental, economic, and social sustainability. In the ab-
sence of innovation and sustainable urban planning, advancements in other SDGs may become fragmented or unsustaina-
ble. The SDGs are highly interconnected. Figure 5 illustrates the relationship between SDGs 7 (Affordable and Clean
Energy), 8 (Decent Work and Economic Growth), 12 (Responsible Consumption and Production), 13 (Climate Action),
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14 (Life Below Water), and 15 (Life on Land) with SDGs 9 (Industry, Innovation, and Infrastructure) and 11 (Sustainable
Cities and Communities) demonstrates that progress in one domain can reinforce advancements in others. The expansion
of clean energy (SDG 7) and the promotion of sustainable production (SDG 12) foster innovation and resilient infrastruc-
ture (SDG 9), while also supporting sustainable urban development (SDG 11). Economic growth and decent work (SDG
8) are contingent upon sustainable industries and inclusive urban planning, which enable cities to prosper without depleting
ecosystems. Climate action (SDG 13), together with the protection of marine (SDG 14) and terrestrial ecosystems (SDG
15), is crucial for developing cities and infrastructure that can withstand environmental challenges.

SDGs 9 and 11 serve as foundational enablers, providing the technological, industrial, and urban frameworks necessary
to achieve energy, economic, environmental, and ecological objectives in a coordinated manner. Clean energy (SDG 7)
supports the development of sustainable industries (SDG 9) and facilitates the growth of eco-friendly cities (SDG 11). For
instance, the implementation of solar-powered smart grids in urban areas decreases dependence on fossil fuels and con-
tributes to resilient infrastructure. Economic growth (SDG 8) is closely linked to innovation (SDG 9) and inclusive urban
development (SDG 11); urban innovation hubs, for example, promote entrepreneurship that aligns with sustainable city
development. Sustainable production (SDG 12) stimulates industrial innovation (SDG 9) and reduces urban waste (SDG
11). Circular economy initiatives, such as integrating waste recycling into city planning and establishing eco-industrial
parks, enable industries to share resources and minimize environmental impact. Achieving climate resilience (SDG 13)
necessitates the development of innovative infrastructure (SDG 9) and the adoption of adaptive urban planning strategies
(SDG 11). The protection of oceans (SDG 14) has a significant impact on sustainable industry (SDG 9) and coastal city
planning (SDG 11). For instance, the implementation of marine-friendly port infrastructure and urban wastewater treatment
systems reduces pollution in rivers and seas, thereby safeguarding aquatic ecosystems. Furthermore, healthy ecosystems
(SDG 14) contribute to sustainable infrastructure (SDG 9) and the development of livable cities (SDG 11). Urban green
belts facilitate the integration of biodiversity into city planning, while reforestation projects associated with eco-tourism
generate employment opportunities and protect terrestrial ecosystems.

6. Conclusion

This paper aimed to critically examine the interconnected dynamics of urban growth, industrial development, and envi-
ronmental issues, with a focus on understanding their interlinkages and exploring sustainable pathways. Industrialization
and urbanization are primary drivers of socio-economic development worldwide. However, the continued expansion of
these processes has resulted in significant environmental challenges that impact society broadly. Such challenges fre-
quently appear as unplanned urban sprawl, leading to the depletion of natural resources, increased environmental pollution
and degradation, and negative public health outcomes. These concerns are especially acute in densely populated urban
areas, where intensified human activities exert substantial pressure on the environment.

Industrialization-driven urbanization alters the social, economic, and environmental characteristics of regions experi-
encing urban development. Achieving global sustainability requires reshaping urbanization to respect fundamental envi-
ronmental limits and boundaries. Socially, exposure to air pollution represents a significant global health concern, contrib-
uting to deteriorating air quality and climate change. Economically, industrialization-based urbanization extracts natural
resources and labor from peri-urban and rural areas to support the production of goods and services. This process, in turn,
generates and releases waste and pollution into the environment. The resulting pollution encompasses air, water, soil, and
noise pollution.

Evidence from recent decades demonstrates that while economic growth can generate prosperity, it may also contribute
to environmental degradation. Consequently, it is essential to pursue both sustainable and sustained growth, as well as
inclusive development that aligns with the primary objective of the United Nations 2030 Agenda. Achieving this objective
requires the development of resilient infrastructure, the promotion of inclusive and sustainable industrialization, and the
advancement of new technologies. Sustainable industrial policies should consider the long-term effects of urban expansion
on environmental quality and socioeconomic stability. Ultimately, achieving sustainability relies on proactive policy
measures, robust governance frameworks, and strong local institutional capacity.

Industrialization and urbanization utilize environmental resources, leading to increased environmental degradation. Ef-
fective strategies for urbanization and industrialization should incorporate environmental and sustainability considerations
to ensure a balanced approach. Industrialization represents a pivotal stage in global urbanization, and this process should
be directed toward societal benefit. All path coefficients linking industrialization and urbanization to environmental sus-
tainability are both significant and substantial. Moreover, evaluating the sustainability of urbanization models is crucial as
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cities aim to achieve their sustainable development objectives.

The deep-rooted relationship between urbanization and industrialization remains unresolved and warrants further inves-
tigation. While existing literature has extensively examined the connection between economic growth and environmental
degradation, additional research is needed to clarify the specific effects of urbanization and industrialization on environ-
mental quality. This study recommends that policymakers develop and implement strategies to promote sustainable urban-
ization and industrialization, emphasizing green infrastructure, energy efficiency, and investment in clean energy. Inte-
grating green technologies into urban planning can mitigate environmental impacts and enhance resilience to climate-
related challenges. Achieving a balance between urban growth and sustainability is crucial for improving residents’ quality
of life and addressing climate change.

Declaration on the Use of AI Tools

The author used a grammar-checking program (such as Grammarly) solely to polish the language and improve readability
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