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Abstract. This paper examines current global urbanization trends based on United Nations
Organization data, including the growth of megacities, accelerated development of small and
medium-sized cities, uneven dynamics of urban populations, and the expansion of built-up areas.
Special attention is given to the “smart city” concept and integrated sustainable development
strategies aimed at enhancing energy efficiency, ecological sustainability, and urban environmental
quality. Promising solutions are analyzed, including green roofs, photovoltaic systems integrated into
urban infrastructure, the use of innovative materials within a circular economy framework, and the
role of urban greenery in providing ecosystem services. Biostatic methods for protecting architectural
heritage using specialized decorative lighting are also discussed. It is shown that a comprehensive
combination of technological, ecological, and managerial solutions can mitigate the negative effects
of urbanization and ensure more sustainable and inclusive urban development in the face of climate
and energy challenges.
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Introduction

Urbanization is one of the most significant global trends of recent decades. Today, more than
half of the world’s population lives in cities, and according to United Nations projections, this share
is expected to rise to two-thirds of the global population by 2050. The growth of urban populations
creates both socio-economic opportunities and significant challenges that require comprehensive and
systematic responses. Although urban areas occupy only about 2% of the Earth’s surface, they
consume 60-80% of global energy resources, which increases environmental pressure and makes
cities more vulnerable to the impacts of climate change.

The main challenges of urbanization include a shortage of affordable housing, overburdened
transport and utility infrastructure, deteriorating air quality, water scarcity, and increasing frequency
of extreme weather events. The expansion of urbanization also exacerbates social and economic
inequalities, as access to urban opportunities is distributed unevenly. In this context, implementing
strategies for sustainable and inclusive urban development aimed at improving urban living
conditions, energy efficiency, ecological sustainability, and public engagement in governance
processes becomes highly relevant.

One of the most promising directions in modern urban development is the concept of the
“smart city,” which involves the use of digital technologies, data analytics, and innovative
management practices to optimize urban processes, improve service quality, and ensure sustainable
development. Intelligent systems for managing transportation, energy, water supply, and urban
planning help reduce environmental impacts, enhance resource efficiency, and improve the quality of
life for city residents. However, despite the variety of approaches in sustainable and smart
development, there is no unified theoretical framework, and many concepts are often used incorrectly
or interchangeably, creating methodological contradictions and complicating their practical
application.

For decades, the Population Division of the UN Department of Economic and Social Affairs
has been releasing updated estimates and projections of urban and rural populations for all countries,
as well as their largest urban agglomerations. The UN website presents key results from the revised

326



Nel (54) 2026 «Yessenov Science Journal»

edition of World Urbanization Prospects 2025, prepared based on total population data for each
country included in the updated World Urbanization Prospects 2024 (United Nations, 2024).
Publications in the World Urbanization Prospects series are actively used by the UN system,
numerous international organizations, research institutions, scholars, and the media [1].

Below are 10 key findings on global urbanization (2025) [2] from the UN report (World
Urbanization Prospects 2025: Highlights) regarding population trends:

1. The world is becoming urban.
v 45% of the population lives in cities, 36% in towns, 19% in rural areas.
v By 2050, population growth will occur mainly in cities and towns; rural population is

expected to peak in the 2040s.
Growth of megacities.
In 2025, there are 33 megacities (10 million+), 19 of which are in Asia.
Jakarta is the largest city (42 million), Dhaka is growing rapidly, Tokyo is shrinking.
Small and medium-sized cities grow faster.
96% of cities have fewer than 1 million residents.
Particularly rapid growth occurs in Africa and Asia.
Urban population growth is concentrated in seven countries.
India, Nigeria, Pakistan, DR Congo, Egypt, Bangladesh, and Ethiopia will add over
500 million urban residents by 2050.
5 Uneven urban growth.
v More than 3,000 cities are losing population (mostly <250,000), especially in China
and India.

NN

Towns are important for sustainable development.
Over one-third of the population lives in towns.
Towns connect cities and rural areas and support local economies.
Rural populations face challenges.
Rural population is expected to peak in the 2040s.
Rural areas face increasing pressure from population aging and migration to cities.
Built-up areas grow faster than population.
Per capita built-up area has increased from 43 to 63 m>.
60% of new urbanized land was formerly agricultural land.
The world is more urbanized than national statistics show.
According to national statistics, 58% of the population is urban, but by the “degree of
urbanization” methodology, it is 81%.
10.  An integrated approach to development is needed.

NN S RN

4 Cities, towns, and rural areas are interconnected.
v Transportation, digital infrastructure, housing, land-use planning, and services are
essential.

Urban development without considering green spaces increases cities’ vulnerability to climate
risks. The European Union promotes the integration of buildings with nature-based solutions (NBS),
including green roofs, as a strategy to enhance urban resilience. Despite their popularity, data on the
environmental impacts of green roofs over their life cycle remain limited. Studies show that extensive
roofs are generally more environmentally friendly than intensive ones due to lower material and
irrigation requirements, while conventional flat roofs demonstrate better performance in several
impact categories because they lack additional structural layers.
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Figure 1. Schematic representation of the layers of green and conventional flat roofs [3].

A key factor influencing environmental impact is the operation and disposal stage of materials.
Optimizing waste management and considering local climatic conditions can enhance the efficiency
of green roofs and their contribution to sustainable urban development [3].
Climate and energy crises have increased interest in renewable energy sources, which require large
areas and significant investments. One promising solution is the integration of photovoltaic systems
(PV) into road surfaces..

Glass

Internal air 1

Internal air 2

Concrete

Figure 2. Solar power system: under construction (right), schematic cross-section (center),
in operation (left) [4].

Studies of the pilot project in Athens showed that photovoltaic systems are capable of reducing
surface temperatures compared to traditional asphalt, generating sufficient electricity for street
lighting, and exerting a moderate influence on the urban microclimate. These results highlight the
potential of photovoltaic systems as a sustainable urban infrastructure measure, combining energy
generation with microclimate improvement. Photovoltaic systems installed on urban sidewalks serve
as renewable energy sources for power generation and microclimate control [4].

Sustainable urban development requires solutions for waste reduction, emission mitigation,
and efficient resource use. Transitioning to a circular economy involves the use of innovative
materials such as eco-friendly pavement tiles and “green coal,” which contribute to sustainable urban
infrastructure, waste reduction, and the promotion of clean energy. Existing studies mainly focus on
the technical properties of these materials, whereas their environmental, economic, and social impacts
are less studied. Research shows that eco-friendly tiles demonstrate high strength and durability, while
“green coal” reduces CO: emissions and deforestation [5].
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Figure 3. Process of producing paving blocks from plastic waste [5].

These solutions support local economic development and the integration of circular economy
principles into urban planning, contributing to the achievement of sustainable development goals.

Promoting sustainable urban development through local production of eco-friendly paving
stones and green coal [6].

The intensification of climate risks, such as droughts and storms, underscores the importance
of green spaces for enhancing urban resilience. Urban vegetation provides key ecosystem services—
including mitigation of the urban heat island effect, air quality improvement, carbon sequestration,
and stormwater management—yet selecting optimal plant species remains a complex challenge.
Recent studies propose standardized multi-criteria matrices for evaluating plants based on ecological,
functional, and aesthetic criteria, taking local conditions into account.

This approach allows for the alignment of ecological and social needs, providing a practical
tool for urban greening planning, biodiversity support, and enhancement of cities’ climate resilience
[7].

Insufficient green coverage significantly exacerbates environmental problems in urban areas.
The combination of growing urban populations and the degradation of natural ecosystems
necessitates innovative approaches to increase urban resilience. Studies [8] show that urban
vegetation provides a broad range of ecosystem services, including reduction of the urban heat island
effect, improvement of air quality through pollutant absorption, carbon accumulation in surface soil
layers, and regulation of stormwater runoff. Despite the importance of these functions, the selection
of optimal plant species within integrated urban greening strategies remains a complex and
multifaceted task.

Research [9] indicates that mixtures of fly ash, ash residues, and soil (FABA) can serve as a
sustainable material for landfill sublayers in urban environments. Evaluation of geotechnical
properties and cadmium adsorption capacity showed that mixtures with moderate FABA content
possess high mechanical stability, meet regulatory permeability requirements, and effectively remove
heavy metals from leachate. These findings highlight the potential of FABA mixtures for
environmentally safe waste management, supporting circular economy principles and sustainable
urban development.

Nighttime decorative lighting can serve as a biostatic tool for controlling phototrophic
colonization of architectural monuments; however, the influence of daytime illumination levels on
the effectiveness of this approach remains insufficiently studied. Recent research analyzed for the
first time how the amount of daylight affects biofilm response to nighttime decorative lighting. Two
daylight levels—low (LDI, ~2050 Ix) and high (HDI, ~10200 Ix)—determined from field
measurements, and three LED night lighting regimes—cool white, warm white, and a combination
of amber and green light with biostatic effect—as well as a dark control, were applied [9].

Subaerial biofilms, consisting mainly of green algae (Chlorella vulgaris, Klebsormidium
flaccidum) and cyanobacteria (Synechocystis sp.), were isolated from the surfaces of granite
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monuments. The effects of daytime and nighttime light interaction were assessed through changes in
biomass and diversity, biochemical composition, biofilm matrix morphology (via confocal
microscopy), and photosynthetic activity (PAM fluorimetry).

Results showed that cool white light enhanced biomass growth, while amber + green light
effectively suppressed it under any daylight level. Moreover, amber-green lighting reduced the
relative abundance of Klebsormidium flaccidum under low daylight conditions and limited biofilm
matrix formation. Under high daylight, decorative lighting had little effect on the biochemical profile,
yet amber + green light reduced the phototroph viability index compared to other regimes.

Thus, the amber and green light combination proved highly effective in suppressing biofouling
regardless of daylight exposure, opening prospects for more sustainable management of architectural
heritage through specialized nighttime decorative lighting schemes [10].

Conclusions

Urbanization and the expansion of urban areas create both significant socio-economic
opportunities and serious environmental and infrastructural challenges. Modern cities face housing
shortages, overloaded transport and utility systems, deteriorating air quality, water scarcity, and
increased vulnerability to climate risks. In this context, the implementation of comprehensive
strategies for sustainable and inclusive development, based on the integration of digital technologies,
smart governance solutions, and ecological approaches, becomes crucial.

The use of green roofs, urban vegetation, photovoltaic systems, and innovative materials
contributes to reducing environmental impact, improving energy efficiency, and providing ecosystem
services. Implementing circular economy principles, local production of eco-friendly construction
materials, and regulation of light exposure on architectural heritage open new opportunities for
sustainable urban planning.

Thus, the comprehensive combination of technological, ecological, and socio-managerial
measures not only mitigates the negative effects of urbanization but also enhances the quality of urban
life, supports biodiversity, and strengthens climate resilience. Thoughtful and systematic application
of these solutions is essential for developing modern cities that harmoniously combine economic
development, environmental sustainability, and comfortable living conditions.
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KAJIAJTAPABIH TYPAKTBI JAMYbI: 3BAMAHAYU TYXBIPBIMJIAMAUJIAP,
KAhAHABIK YPAICTEP KOHE I'blJIBIMU BAT'BITTAP: IIOJIY

Moxamen Canem Moxamen OTman
Caitnc Manaiizusa Yuusepcuret (USM), [Tunanr, Manaiizus
e-mail: salemm@usm.my

Anaarna. Xywmeicta B¥Y MomiMerrepi HeriziHAE oNeMIiK ypOaHW3AMSIHBIH Kasipri
TEH/ICHIMUIAPhl KapacThIPbUIAJbl, COHBIH IMIIHAE MEraroJUCTEeplIiH 6cyl, IIaFblH JKOHE OpTa
KaJaJap/bIH KapKbIHJIbI 1aMYbl, KTaJbIK XaJIbIKTBIH OIpKeIKi eMec THWHAMHKACHI )KOHE KYPBUIBICHI
KEHEHin jkaTKaH ayMakrTap. ApHaibl Ha3ap «aKbpUIABl Kala» TYXKbIPbIMIAMachblHAa JKOHE JHEPTHUs
TUIMUTITIH, SKOJIOTHSUIBIK TYPAKTBUIBIKTBI KOHE KaJlAJIBIK OpPTa CalachlH apTThIpyFa OarbITTalIFaH
MHTETPALUSUIaHFaH TYpPaKThl JlaMy CTpaTervsUIapblHa aydapbliajbl. 3USHCHI3 LICMIIMAEP pPETiHAe
YKaChLUI MIATHIpIIap, KaJadblK HHPPAKYPBUTBIMFA OIpIKTIPIITeH (DOTOINEKTPIIIK KYHenep, )KaObIK KT
HSKOHOMHUKACHl asACBIHJAa WHHOBAIMSUIBIK MaTepuaiapasl KOJJaHy, COHJAH-aK dSKOXKYHeniK
KBI3METTEP/II KAMTaMachI3 €TYJIET] KaIaJblK KachLUI XKEJIEKTEPAiH POl TalIanbpl. MaMaHIbIPbLUIFaH
JICKOPATUBTI KaPBIKTAHABIPY apKbLIbI COYJIET MYPAChlH KOPFayJIbIH OMOCTAaTHKAIIBIK dIIiCTEpi KEKe
KapacTeIpbUIbl.  KepcerinreHaen, TEXHOJOTHSIIBIK, OSKOJOTHSIIBIK JKOHE  0acKapyIIBUIBIK
MIenTiMAepaiH KemeHai yiieciMi ypOaHW3auusHBIH TepiC CalJapblH a3alThIN, KIMMATTHIK KOHE
SHEPIreTUKAIBIK MOcejeliep KaFdalblHIa KalajdapAblH TYpPaKThl Opi WHKIIO3UBTI JAMYBIH
KaMTaMachl3 €Te ayajpl.

Tyiiin ce3nep: ypOaHu3aius, TYPaKThl 1aMy, aKbUIIbI Kajia, IUQPIaHIbIpy, KaJallblK cascart,
pecypc THIMILIITI.

YCTOMYUBOE PA3BUTHUE I'OPOJIOB: COBPEMEHHBIE KOHIIENIIINH,
INTOBAJIBHBIE TEHAEHIIMU U HAYYHBIE HAITPABJIEHU S : OB30P

Moxamen Canem Moxamen OTman
VYuusepcurera Caiinc Manaiizust (USM), [Tunanr, Manaiizus
e-mail: salemm@usm.my

AnHoTanus. B paboTte paccMaTpuBaroTCsi COBpEMEHHbIE TEHACHIIMY MUPOBOM ypOaHU3aluu
Ha ocHoBe naHHbIX OOH, BKiIrOUas poCT METanojucoB, YCKOPEHHOE Pa3BUTHE MaJIbIX M CPEIHMX
rOpo/IoB, HEPaBHOMEPHYIO JWHAMUKY TOPOJICKOTO HACEJIEeHHUsS U PpPacCUIMpEeHUEe 3aCTPOEHHBIX
tepputopuii. Ocoboe BHMUMaHHUE YIENCHO KOHLENIMH «YMHOTO TOpoJa» M HHTErPUPOBAHHBIM
CTpaTerusM YCTOWYMBOIO pa3BUTHSI, HAIPaBIEHHBIM Ha TMOBBIIIEHHE 3HEprodddekTuBHOCTH,
HKOJIOTHYECKON yCTOMYMBOCTU M KauecTBa rOpoJCKor cpeabl. [IpoaHann3npoBaHbl NEPCIIEKTUBHbBIE
pellieHus, BKJIOYas 3€JEHblEe KpPBIHM, (OTOAIEKTPUUECKUE CHUCTEMBl, HHTETPUPOBAHHBIE B
TOPOJICKYI0 MH(PACTPYKTYpY, HCIIOIb30BaHNE MHHOBAIIMOHHBIX MaTepHalioOB B paMKaX SKOHOMUKHU
3aMKHYTOTO IMKJIA, a TAKXKE POJIb TOPOACKHUX 3€JIEHBIX HACAXJACHUN B 00ECIIEUEHUH IKOCUCTEMHBIX
ycayr. OTAenbHO paccMOTpeHbl OMOCTATMUECKHUE METOMABI 3alUThl apXUTEKTYPHOIO Hacleaus ¢
UCIOJIb30BaHUEM CIIEUAIN3UPOBAHHOIO JEKOPAaTUBHOIO ocBelleHus. [loka3aHo, 4To KOMILIEKCHOE
COYETAaHHE TEXHOJOTMUYECKUX, IKOJIOTUYECKUX M YIPAaBICHUECKUX PEIICHUH CHOCOOHO CHU3UTH
HEeraTUuBHbIE OCIIEACTBHS ypOaHU3aluu U 00ecieyuTh 0oJiee yCTONYMBOE U MHKITIO3UBHOE Pa3BUTHE
TOPOZIOB B YCIIOBUSX KIIMMAaTHYECKUX U SJHEPTETUYECKUX BBI30BOB.

KuroueBble cioBa: ypOaHu3zaius, yCTOMUMBOE pa3BUTHE, YMHBII ropon, IudpoBU3alys,
TOpOJICKast MOJUTHKA, Pecypco3(PEKTUBHOCTb.
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