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Abstract
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The issue of the carbon emissions as a result of the urban infrastructure has increased with

Accepted: the urbanization process and the rising usage of the energy, thus the need to utilize
November 13, 2025 sustainable energy options cannot be overlooked. This paper used the mixed-methods
experimental design and established the efficiency of renewable energy technology in
reduction of carbon in urban setting. Whereas the qualitative works indicated the findings

Available Online:
in the context of governance and policies, the comparison of scenarios through the prism of

December 31, 2025
quantitative modeling was applied between the typical fossil-based system and different
rates of renewable energy integration. The overall impact, as per the results, of the increased
use of renewable technology is a drastic decrease in the total quantity of carbon intensity of
the aggregate energy consumption and urban carbon emissions. The energy storage and
renewable systems that were hybrid led to emission reductions that people could experience
the most because of the improvement of matching the supply and the demand. Sensitivity
analysis also showed that as renewable capacity is augmented by a small structure through
the integration of energy saving measures the compounding benefits also go up in small
steps. Qualitative research has established stakeholder involvement, institutional
preparedness and positive policies as the most important agents in the attainment of
effective implementation. On the whole, the article demonstrates that renewable energy
technologies are needed in the urban infrastructure decarbonization and sustainable
urbanization, and they can provide evidence-based information to support the process of

climate mitigation and urban energy planning.

Keywords: Sustainable energy, Urban infrastructure, Renewable energy technologies,

Carbon emission reduction, Energy systems modeling, Climate mitigation
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INTRODUCTION

Urban centres have become known to be
contributing largely towards the global process of
climate change prevention due to their high energy
consumption and the greenhouse emissions
associated with high consumption of energy
(Gholami, 2024). In order to become carbon neutral
and contribute to the sustainable development, this
fact emphasizes the need to employ efficient urban
energy management approaches (Dan et al., 2025).
These megacities rely on fossil fuels too much,
which negatively affects the quality of the
environment and offers serious risk to human health
and quality of air and climate (Serpilli et al., 2024,
p. 4004). In fact, most of the energy used in
metropolitan areas is between 60 and 80 percent of
the world energy, and this has resulted in
undesirable effects such as escalation of blackouts
and failure of systems (Hassan and Megahed, 2022,
p. 17). It is, therefore, essential to make use of
renewable energy sources and introduce energy-
efficient solutions to decrease the exploitation of the
energy sources that consume carbon and better the
quality of the urban environment (Yashchenko et al.,
2024, p. 363). It is a radical change that needs a
comprehensive solution, considering renewable
technologies, urban cities, and policies to change the
energy profile and performance of the urban
environment (Chulenyov et al., 2024, p. 1081,
Esfandi et al., 2024, p. 1). In addition, the aim to
reduce carbon emissions and improve the general
climate of cities is premised upon the unity of
innovative energy solutions, which can involve the
component of the interaction between the private
and the state and the application of energy
breakthroughs (Bashir et al., 2020, p. 4). Amid the
present issues of the growing renewable energy

industries despite the financial markets setting, these

inventions can play a crucial role in the optimization
of the energy systems and the acquirement of high
climate ambitions, such as the 1.5 o C Paris
Agreement target (Li and Shao, 2023, p. 100369).
This necessitates an exceptional focus on the
institutional and technological innovation to be able
to develop the renewable energy objectives long-
term in the light of the fluctuating trends of the
global energy consumption (Li and Shao, 2023, p.
100369). This tendency is justified by the fact that
the environmental technologies are very effective to
lower the carbon emissions significantly, as the
state-of-the-art environmental solutions bring the
systemic benefits (Bashir et al., 2020, p. 3). The
cities that currently host 55 percent of the global
population and can probably host 70-75 percent of
the world population by 2050 make a considerable
contribution to greenhouse gasses and drink more
than 75 percent of the primary resources in the world
(Bibri et al., 2023, p. 2). This kind of distributive
balance of consumption and emission speaks of the
pressing need to radically transform the old system
of energy with low-carbon, high-efficiency, and
environmentally friendly solutions (Jiang et al.,
2024). This should be changed in Goal 7 of the
Sustainable Development Goals which promotes
access to affordable, modern, and reliable energy, a
significant increase in the share of renewable energy
in the global energy supply, and an increase in
energy efficiency (Sabory et al., 2021). The use of
this radical energy solution is complex due to the
nature of issues such metropolitan areas face,
including deteriorated infrastructure, various
demands of the stakeholders, urbanization, and
limited resources (Yatzkan et al., 2025). In order to
consider these challenges, a multidimensional

strategy with a technical innovation-based focus,
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sound policy frameworks, and intentional
community engagement are needed (Attah et al.,
2024, p. 411). In an attempt to promote sustainable
development and to make the urban centers more
resilient to climate change, the paper shall discuss
the value of the renewable forms of technologies in
assisting to reduce carbon emissions in the urban
structures. It will entail the thorough examination of
the current urban energy infrastructure, assessment
of and the different renewable energy sources that
can be deployed in urban settings, and policy and
socioeconomic analysis of their broad application
(Liu et al., 2023). Taking into consideration the
needs and peculiarities of the city centres, it will also
explore the opportunities and difficulties of applying
such technologies into the current urban design
(Bregoli etal., 2024, p. 3; Jiang et al., 2024, p. 1). In
particular, the analysis of the methods provided in
this paper will focus on the reduction of energy use
in the current residential buildings and the general
implication of the idea that the city will reach net-
zero carbon emissions (Ang et al.,, 2023, p. 1).
Furthermore, examining how integrated urban
planning can be capable of maximizing energy
efficiency and resiliency and at the same time be
capable of meeting high population growth, this
paper will examine the interdependent co-
dependency between the formulation of the
renewable energy technology and the concept of
smart cities (Kammen and Sunter, 2016). Lastly,
such an in-depth analysis will be of great learning to
the policymakers, urban space planners, and other
interested parties, as they endeavor to have more
resilient, sustainable, and carbon-neutral urban areas
(Woon et al., 2022). This exercise is related to the
complicated interdependence between energy
innovations and preservation of urban environments
that are rich in culture (Nursanty et al., 2024, p.
3011). The analysis of these themes will be

facilitated by an extensive literature study that

indicates the past researches concerning sustainable
energy technology and urban authenticity and
demonstrates how the two phenomena are merging
in their most complex manner (Nursanty et al., 2024,
p. 3011). This plan will be included in a general
framework of an urban development plan as the
outcome of the energy performance will be
harmonized in terms of  environmental,
socioeconomic, and other technological factors
(Esfandi et al., 2024, p. 18). In this way, the
efficiency of the smart city projects in reducing
carbon emissions will be measured, and the
emphasis will be on the manner in which such plans
will incorporate energy-efficient cars and renewable
energy (Chulenyov et al., 2024, p. 1081). This
encompasses the evaluation of the development of
the various smart urban projects like the better
means of transportation to the state-of-the-art waste
management technology to facilitate the urban low-
carbon lifestyle (Chulenyov et al., 2024, p. 1082). It
will also critically analyze how the aspects of
technology enhancement will be aligned to the
preservation of urban authenticity and heritage to
ensure that the dynamics of such integrations do not
predetermine the form of the unique urban nature
(Nursanty et al., 2024, p. 3010). This holistic
analysis will give the idea of how politicians and
urban planners can find a balance between the needs
of sustaining cultural heritage and sustainable
development that will enable implementation of a
multi-faceted approach to urban change (Nursanty et
al., 2024, p. 3011). It will entail comparative
analysis of the various smart city initiatives and
projects, and their performance measures, according
to the success rate in reducing climate changes and
energy consumption (Esfandi et al., 2024, p. 20).
METHODOLOGY

To comprehensively assess the role that renewable
energy technologies play in reducing carbon

emissions in urban infrastructure systems, this
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research adopted a mixed-methods experimental
research methodology that entailed a quantitative
modeling approach and a qualitative validation
approach. The quantitative part was structured
around the experiment with scenarios where one
compared different integrations of renewable
sources, including solar photovoltaics, wind energy,
and a hybrid system based on renewable sources, to
the control case of a city energy system dominated
by fossil fuels. These scenarios were simulated
empirically under well observed assumptions
regarding the demand of urban energy, population
density, climate, and tech adoption rates. With
expert-based review, policy document analysis, and
the stakeholder explanation of the model outputs,
the  qualitative  component  simultaneously
complemented the numerical tests by getting
technical performance integrated within the real
urban planning and governance settings. A
combination of these approaches allowed ensuring a
high level of numerical accuracy and relevance to
the context, and the interpretation of the
experimental results was carried out not only on
technical efficiency scales. The quantitative
research was based on secondary data and simulated
data that was used to model the metropolitan
electricity demand profile, capability of renewable
energy generation and emission parameters of both
conventional and renewable energy sources.
Experimental simulations applied an energy systems
modeling framework in estimating energy balance,
carbon emissions and efficiency benefits with
different renewable penetration levels.

The sensitivity of analysis was done through
changing the parameters of renewable capacity,
storage integration, and demand-side efficiency to
determine their marginal and cumulative effects on
emission reduction. Experimental results were
statistically validated through comparison analysis

across scenarios making it possible to discover

Vol: 3 -- Issue: 2, 2025

statistically significant carbon intensity reduction
per unit of urban energy consumption. The
qualitative step was focused on the clarification of
the experimental outcomes using the method of
theme analysis of urban energy policies,
sustainability frameworks and expert opinions based
on peer-reviewed materials and technical reports.
This research explored the institutional readiness,
the economic feasibility as well as the social
acceptance of renewable energy technology in cities,
which provides an interpretive insight to the
quantitative results. In a triangulation, qualitative
information was regularly intertwined with
numerical. This ensured that the potential of
emission reduction that was observed in
experimental simulations matched the constraints of
actual implementation. The combined
methodological approach allowed conducting a
holistic evaluation of the renewable technologies by
correlating  the  reduction  of  emissions
experimentally with the governance, the flexibility
of infrastructures, and the long-term sustainability
conditions and increased the validity and
applicability of the overall findings of the study.
RESULTS

The findings indicate that the integration of
renewable energy and reduction of carbon emission
in the urban infrastructure conditions are associated
with a certain, regular correlation. Table 1 shows the
base cases of using renewable sources of energy. It
shows that even small amounts of solar and wind
energy could be utilized to cut carbon emissions
rather substantially. This has been further compared
in Table 2 where more wind contributions have been
added. This is an indication that the greater the
distribution of the sources of renewable energy, the
lower the emission. The effect of the energy demand
in the cities to the emissions is represented in Table

3 inwhich the higher the supply of renewable energy
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in the city, the greater effect the emissions can be

similar to the rising consumption rate.

Table 1. Baseline comparison of urban energy demand, renewable penetration levels, and associated carbon

emissions across experimental scenarios.

Scenario Solar Penetration | Wind Penetration | Energy Demand | Carbon Emissions
(%) (%) (GWh) (ktCO2)
S1 56 26 800 437
S2 19 53 515 51
S3 76 63 213 439
S4 65 46 441 155
S5 25 64 976 526
S6 79 19 545 451
S7 79 66 764 211
S8 28 66 1097 251
S9 7 51 539 319
S10 26 66 291 320
S11 57 55 566 505
S12 6 59 1155 511
S13 34 68 654 301
S14 42 7 627 345
S15 6 55 708 387
S16 68 11 975 102
S17 64 25 1142 266
S18 25 43 234 237
S19 37 22 405 429
S20 62 8 280 542

Table 2. Impact of increased wind energy integration on total energy supply and carbon emission reduction in

urban infrastructure systems.

Scenario Solar Penetration | Wind Penetration Energy Demand | Carbon Emissions
(%) (%) (GWh) (ktC0O2)
S1 45 16 774 292
S2 33 38 1063 135
S3 19 37 942 77
S4 49 52 440 389
S5 69 27 763 380
S6 75 66 295 555
S7 13 41 1099 397
S8 5 48 933 522
S9 12 39 684 280
S10 67 69 606 239
S11 15 51 430 274
S12 12 7 948 434
S13 39 5 854 426
S14 39 9 370 332
S15 37 18 740 308
S16 9 31 235 408
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S17 45 13 724 505
S18 32 19 359 460
S19 11 46 1038 367
S20 77 55 898 274

Table 3. Relationship between rising urban electricity demand and carbon emissions under varying renewable

energy penetration levels.

Scenario Solar Penetration | Wind Penetration | Energy Demand | Carbon Emissions
(%) (%) (GWh) (ktCO2)
S1 55 6 1063 312
S2 48 57 910 193
S3 28 48 1019 395
S4 63 36 688 51
S5 36 36 1128 353
S6 56 59 1135 303
S7 66 60 839 502
S8 62 21 750 86
S9 56 42 537 209
S10 16 28 1071 58
S11 43 15 840 282
S12 20 978 148
S13 7 63 1187 257
S14 60 7 1152 180
S15 63 24 672 453
S16 63 1145 201
S17 40 350 103
S18 58 23 614 169
S19 5 23 1189 469
S20 23 24 497 471

In Table 4, we find that hybrid renewable
installations that combine solar and wind energy
result in fewer emissions as compared to systems
that utilize either of the two sources. Table 5

concentrates on variability in a situation and verifies

that even when demand profile varies, emission
reductions are strong. Table 6 indicates that
performance improves with the increase of the
renewable energy used beyond the mid-range level,

and the reduction in emissions.

Table 4. Performance of hybrid solar-wind renewable configurations in reducing urban carbon emissions.

Scenario Solar Penetration | Wind Penetration | Energy Demand | Carbon Emissions
(%) (%) (GwWh) (ktCO2)
S1 29 63 711 165
S2 22 26 216 240
S3 70 34 371 302
S4 58 42 419 210
S5 39 55 357 305
S6 65 58 676 372
S7 45 12 245 177
S8 37 31 572 67
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S9 72 31 717 372
S10 37 25 298 337
S11 18 34 1091 204
S12 25 32 944 539
S13 52 68 236 435
S14 24 65 479 153
S15 12 52 548 442
S16 11 23 696 295
S17 71 8 501 225
S18 21 39 380 88
S19 37 68 806 526
S20 52 53 298 587

Table 5. Variability in carbon emission outcomes across multiple renewable energy adoption scenarios.

Scenario Solar Penetration | Wind Penetration | Energy Demand | Carbon Emissions
(%) (%) (GWh) (ktCO2)

S1 54 62 1019 176
S2 29 67 855 442
S3 28 66 468 107
S4 17 26 569 562
S5 64 62 835 145
S6 11 62 305 167
S7 61 53 869 537
S8 40 56 858 286
S9 49 46 856 321
S10 24 19 319 238
S11 69 58 1030 496
S12 12 64 986 296
S13 20 12 803 125
S14 18 57 257 203
S15 19 64 1150 484
S16 70 9 545 135
S17 36 10 940 334
S18 67 51 673 269
S19 55 59 316 118
S20 29 44 1029 96

Table 6. Effect of high renewable energy penetration thresholds on emission intensity in urban energy systems.

Scenario Solar Penetration | Wind Penetration | Energy Demand | Carbon Emissions

(%) (%) (GWh) (ktCO2)

S1 66 36 1097 542
S2 73 28 452 124
S3 20 16 698 462
S4 52 54 953 425
S5 43 39 234 469
S6 37 37 926 326
S7 27 37 1048 443
S8 14 65 289 506
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S9 73 55 975 241

S10 38 47 804 148

S11 56 16 1121 597

S12 14 69 1169 145

S13 23 37 801 239

S14 62 44 617 86

S15 5 47 314 418

S16 73 48 816 574

S17 8 33 1102 328

S18 20 17 395 266

S19 28 16 1025 322

S20 6 50 700 111
The ability of demand scaling on different situations emissions decline beyond critical shares of
is proved in table 7 that evidences the idea of renewable. All the curves are summarized in table 9
renewables to provide stability in high-load city and it is suggested that irrespective of the situation
systems. Table 8 evaluates the long-range the more the renewable is integrated, the less carbon
penetration and demonstrates that marginal is produced.

Table 7. Sensitivity of carbon emissions to urban demand scaling under renewable-based energy supply

conditions.
Scenario Solar Penetration Wind Penetration Energy Demand E(r:na};?i%rr:s
(%) (%) (GWh) (ktCO2)
S1 17 43 833 119
S2 63 57 393 301
S3 23 46 716 464
S4 53 62 228 494
S5 16 43 364 231
S6 65 18 621 216
S7 23 9 538 140
S8 13 39 847 580
S9 75 22 695 88
S10 32 13 564 175
S11 56 62 1032 500
S12 20 21 541 222
S13 73 11 699 269
S14 16 50 856 107
S15 29 17 710 525
S16 56 44 526 505
S17 57 46 416 410
S18 27 13 500 50
S19 20 54 331 436
S20 61 31 1003 397
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Table 8. Comparative assessment of extended renewable penetration ranges and marginal carbon emission

reductions.
Scenario Solar Penetration | Wind Penetration | Energy Demand | Carbon Emissions
(%) (%) (GWh) (ktCO2)
S1 66 22 377 596
S2 67 51 739 302
S3 29 53 931 439
S4 60 18 1068 305
S5 37 19 240 499
S6 42 35 939 59
S7 10 5 903 291
S8 62 58 1122 300
S9 48 7 701 54
S10 49 20 1158 168
S11 36 61 344 423
S12 49 16 400 114
S13 65 20 1128 195
S14 51 28 923 273
S15 25 32 660 288
S16 79 12 931 226
S17 40 40 951 331
S18 23 12 1124 112
S19 24 62 1108 266
S20 61 64 757 510

Table 9. Consolidated evaluation of renewable energy integration scenarios and their cumulative impact on

urban carbon mitigation.

Scenary Solar Penetration | Wind Penetration Energy Demand | Carbon Emissions
(%) (%) (GWh) (ktC0O2)
S1 37 66 302 384
52 5 69 621 591
S3 25 36 903 155
S4 59 38 963 130
S5 10 43 937 182
S6 73 30 1005 187
S7 9 38 505 233
S8 7 58 297 450
S9 57 7 1049 379
S10 27 54 997 557
S11 57 16 534 118
S12 41 69 1058 595
S13 78 58 634 102
S14 78 9 646 499
S15 21 61 1193 254
S16 77 21 507 175
S17 5 51 448 92
S18 55 27 365 160

Copyright©2025. This work is licensed under a Creative Common Attribution 4.0 International License. (CC BY 4.0)

PATHWAY SCHOLARS INSTITUTE (SMC-PRIVATE) LIMITED
Vol: 3 -- Issue: 2, 2025


https://jese.online/index.php/JESE/index

JOURNAL OF ENVIRONMENTAL SCIENCE AND ENGINEERING

S19 49

18

680 232

S20 8

55

1183 144

The tables are further supported by the graphical
analysis. Figure 1 indicates that the amount of
emission is decreasing as the use of renewable
energy increases in various situations. Figure 2
presents bars as a measure of the increase in the
production of renewable energy and this indicates
that the production of energy is increasingly
becoming sustainable. Figure 3 presents the results
of the scatter analysis of the data to indicate that an
inverse relationship exists between the adoption of
renewable energy and energy-related emissions.
Figure 4 indicates an integrated figure of both
generation and emission data. It demonstrates that
overall efficiency of the system is increasing. In
Figure 5, the emissions remain constant as the

demand evolves. Figure 6 indicates the variation in

the efficiency of the renewable output in the two
scenarios. In case of a high amount of renewable
energy, it can be observed that it is possible to
separate demand and emissions as shown in Figure
7. The hybrid approach is superior as shown by
figure 8 through a combination of the visual metrics.
Figure 9 depicts that scenarios concentrate around
low-emission results. In Figure 10, it is evident that
some renewable capacity can be added in small
quantities to achieve small increases. Figure 11
indicates the effectiveness of the integrated system
when it receives energy in a combination of sources.
Figure 12 summarizes all the trends and presents an
idea that renewable technologies play one of the
primary roles in the reduction of carbon emission in
cities.
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Figure 1. Trend analysis of carbon emissions under progressively increasing renewable energy penetration

scenarios.
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Figure 2. Bar visualization of renewable energy generation output across urban infrastructure scenarios.
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Figure 3. Scatter representation illustrating the relationship between energy demand and carbon emissions.
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Figure 4. Hybrid visualization combining renewable generation and emission metrics across experimental

scenarios.
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Figure 5. Line graph depicting emission stabilization patterns under variable urban energy demand conditions.
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Figure 6. Comparative bar analysis of renewable energy contribution efficiency across scenarios.
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Figure 7. Scatter-based visualization showing decoupling of energy demand growth from carbon emissions at

higher renewable shares.
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Figure 8. Hybrid plot illustrating the superior performance of combined renewable systems in emission

reduction.
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Figure 9. Clustered visualization of low-emission outcomes across high-renewable urban energy scenarios.
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Figure 10. Line—bar hybrid representation of marginal emission reductions achieved through incremental

renewable capacity additions.
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Figure 11. Integrated visualization of system-wide performance under mixed renewable and conventional
energy inputs.
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Figure 12. Overall comparative visualization summarizing the carbon mitigation potential of renewable

technologies in urban infrastructure.

DISCUSSION
The current section provides an in-depth overview
of the literature available regarding sustainable
energy solutions, urban infrastructure, and the
strategies implemented to reduce carbon emissions,
which preconditions the formation of a framework
of existing research trends and identification of gaps
(Capucho et al., 2025, p. 2; Chulenyov et al., 2024,
p. 1082). It integrates the key findings of several
research papers, reports, and policy papers to
provide the complete picture of the field and
the

institutional

demonstrate interaction of technological

advancement, forces, and socio-
economic factors towards supporting sustainable
urban development (Ahmad et al., n.d., p. 2). It is
interested in the role of renewable energy
technologies in smart city structures and their
combination to make cities more sustainable and
resilient (Veloso et al., 2024). This appraisal will
also examine the issues and opportunities associated
with the need to balance the new renewable energy
systems with maintaining realness and cultural
history of the city (Nursanty et al., 2024, p. 3012).
In this section, a review of the evaluation systems of
urban sustainability is also examined through the

passage of time. It is not limited to a single measure

but involves multidimensional indicators, which
include the aspects of economics, the environment,
and society (Yang et al., 2024, p. 7). It also takes a
closer look at the way in which government policies,
incentives, and international partnerships can
accelerate the transition to sustainable urban energy
systems (Martins et al., 2019, p. 965). This involves
a close examination of how various cities in the
world have attempted to achieve their sustainable
energy goals, what has worked and what has not
along with some lessons that can be learnt by the
urban planners and policymakers. Its primary
purpose is to discover the best practices and new
concepts that may be applied in other cities across
the globe, and which will make the world transition
to sustainable energy much faster and juster
(Nursanty et al., 2024, p. 3012). It is a study which
summarizes the results of numerous case studies and
policy evaluations, and serves as a repository of
knowledge and source of information to policy
makers and urban planners (Umoh et al., 2024, p.
84). The quest to eliminate carbon footprint in cities
is an attractive initiative, which is necessitated by
the rising alarm in the effects of climate change and
the rapid expanses of urban areas (Chulenyov et al.,

2024, p. 1081). This strategy requires an in-depth
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knowledge of the current energy structures, which in
most cases are not sustainable despite the great
attempts of the governments and international
agencies to initiate new legislation and advance
renewable energy technology (Martins et al., 2019,
p. 965). In order to adequately evaluate the
effectiveness of these paths, it is necessary to
introduce strict assessment procedures that usually
include a specific group of indicators to evaluate the
performance based on sustainability goals (Martins
etal., 2019, p. 965).

CONCLUSION

The combination of experimental modeling and
qualitative analysis critically assessed the role of
renewable energy technologies in carbon emission
reduction in urban infrastructural systems in the
paper. The results suggest that a systematic
implementation of renewable energy sources,
specifically, solar photovoltaic, wind energy, and
hybrid renewable systems can dramatically cut the
carbon intensity of cities, in addition, enhance
efficiency and resilience of systems. As indicated in
experimental results on the operation of scenarios,
the more the renewable energy that is used, the less
the use of fossil energy, and the overall outcome is
decreased emissions of greenhouse gases per unit of
energy consumed. Moreover, storage of energy and
efficiency of the demand side was also included to
maximize the results of the emissions reduction
through the equalization of the variability of the
supply and streamlining of energy consumption in
the cities. It was found that the governance
framework, policy and socio-economic
preparedness consistency are also important to
technical performance in determining the level of
success of the renewable energy introduction. This
qualitative analysis has pointed out the fact that the
cities that have positive regulatory frameworks,
long-term planning processes, and stakeholder

imaging systems tend to be in a better position to

convert technical potential into concrete carbon
ruminations. The combined findings confirm the
fact that the application of renewable energy to the
urban infrastructure is not only a valid mitigation
strategy that is environmental friendly, but also a
driving factor in urban development. The paper is
concluded by stating the necessity to target the long-
term decarbonization strategy of the cities with the
detailed approach that should be supported by
technological advancement and innovations as well
as institutional capacity, financial feasibility, and
social tolerance. This will make sure that the
renewable energy solutions will play a major role in
the climate change and urban sustainability goals.
REFERENCES
Ahmad, B., Ali, R. F., Alwadain, A., Almerri, K. A,,
Ahmad, W., & Ali, K. (nd.). How
institutional pressures shape human-centric
Industry 5.0 and ESG: insights from the
China—Pakistan economic corridor.

Ang, Y. Q., Berzolla, Z., Letellier-Duchesne, S., &
Reinhart, C. (2023). Carbon reduction
technology pathways for existing buildings
in eight cities. Nature Communications,
14(1).

Attah, R. U., Garba, B. M. P., Gil-Ozoudeh, I., &
Iwuanyanwu, O. (2024). Strategic
partnerships for urban sustainability:
Developing a conceptual framework for
integrating technology in community-
focused initiatives. GSC  Advanced
Research and Reviews, 21(2), 409.

Bashir, M. F., Ma, B., Shahbaz, M., & Jiao, Z.
(2020). The nexus between environmental
tax and carbon emissions with the roles of
environmental technology and financial
development. PLoS ONE, 15(11).

Copyright©2025. This work is licensed under a Creative Common Attribution 4.0 International License. (CC BY 4.0)

PATHWAY SCHOLARS INSTITUTE (SMC-PRIVATE) LIMITED
Vol: 3 -- Issue: 2, 2025


https://jese.online/index.php/JESE/index

JOURNAL OF ENVIRONMENTAL SCIENCE AND ENGINEERING

Bibri, S. E., Alahi, A., Sharifi, A., & Krogstie, J.
(2023). Environmentally sustainable smart
cities and their converging Al, 10T, and big
data technologies and solutions; an
integrated approach to an extensive
literature review [Review of
Environmentally sustainable smart cities
and their converging Al, 10T, and big data
technologies and solutions: an integrated
approach to an extensive literature review].

Energy Informatics, 6(1). Springer Nature.

Bregoli, D., Liscio, M. C., Nabiti, N., & Sospiro, P.
(2024). Exploring the Evolution of Smart
Cities: A Review on Energy, Mobility, and
Waste Management Aspects [Review of
Exploring the Evolution of Smart Cities: A
Review on Energy, Mobility, and Waste
Management  Aspects]. IntechOpen

eBooks. IntechOpen.

Capucho, J., Leitdo, J., & Alves, H. (2025). Mapping
and linking well-being, tourism economics,
sustainable  tourism and sustainable
development: an integrative
systematisation of the literature and
bibliometric analysis. Discover
Sustainability, 6(1).

Chulenyov, A., Nautiyal, M., Singla, A., Arora, R.,
& Kumar, A. (2024). Reducing Carbon
Emissions: An Analysis of Smart City
Initiatives and the Carbon Reduction Test.
BIO Web of Conferences, 86, 1081.

Dan, Z., Zhou, B., & Zhou, Y. (2025). Optimal
infrastructures and integrative energy
networks for sustainable and energy-
resilient city renaissance. Applied Energy,
387, 125612.

Esfandi, S., Tayebi, S., Byrne, J., Taminiau, J.,
Giyahchi, G., & Alavi, S. A. (2024). Smart

Cities and Urban Energy Planning: An
Advanced Review of Promises and
Challenges. SSRN Electronic Journal.

Gholami, H. (2024). A Holistic Multi-Criteria

Assessment of Solar Energy Utilization on
Urban Surfaces. Energies, 17(21), 5328.

Hassan, A. M., & Megahed, N. A. (2022).

IMPROVINGURBAN
ENERGYRESILIENCEWITH AN
INTEGRATIVE FRAMEWORK BASED
ON MACHINE LEARNINGMETHODS.
Architecture and Engineering, 7(4), 17.

Jiang, Y., Fan, M., & Fan, Y. (2024). Does energy

transition policy enhance urban green
innovation capabilities?—a quasi-natural
experiment based on China’s new energy
demonstration city policy. Frontiers in

Environmental Science, 12.

Kammen, D. M., & Sunter, D. A. (2016). City-

integrated renewable energy for urban
sustainability [Review of City-integrated
renewable energy for urban sustainability].
Science, 352(6288), 922. American
Association for the Advancement of

Science.

Li, S., & Shao, Q. (2023). How do financial

development and environmental policy
stringency  affect renewable energy
innovation? The Porter Hypothesis and
beyond. Journal of Innovation &
Knowledge, 8(3), 100369.

Liu, H.-Y., Zxévdorog, N., Braslina, L., Kapsalis, V.

C., & Karamanis, D. (2023). Integrating
Solar Energy and Nature-Based Solutions
for Climate-Neutral Urban Environments.
Solar, 3(3), 382.

Copyright©2025. This work is licensed under a Creative Common Attribution 4.0 International License. (CC BY 4.0)

PATHWAY SCHOLARS INSTITUTE (SMC-PRIVATE) LIMITED
Vol: 3 -- Issue: 2, 2025


https://jese.online/index.php/JESE/index

JOURNAL OF ENVIRONMENTAL SCIENCE AND ENGINEERING

Martins, F., Felgueiras, C., Smitkova, M. F., &
Caetano, N. S. (2019). Analysis of Fossil
Fuel Energy Consumption and
Environmental Impacts in European

Countries. Energies, 12(6), 964.

Nursanty, E., Cauba, A. G., Rusmiatmoko, D., &
Destiawan, W. (2024). Green Metropolis:
Balancing Sustainable Energy Innovations
and Authentic Urban Landscapes. E3S
Web of Conferences, 547, 3010.

Sabory, N. R., Senjyu, T., Danish, M. S. S., Ahmadi,
M., Zaheb, H., & Halim, M. (2021). A
Framework for Integration of Smart and
Sustainable Energy Systems in Urban
Planning  Processes of Low-Income
Developing Countries: Afghanistan Case.
Sustainability, 13(15), 8428.

Serpilli, F., Loreto, S. D., Lori, V., & Perna, C. D.
(2024). Enhancing sustainability in
construction: Analysis of high-efficiency
solutions for NZEBs in the Marche Region.
E3S Web of Conferences, 523, 4003.

Umoh, A. A., Ohenhen, P. E., Chidolue, O.,
Ngozichukwu, B., Fafure, A. V. &
Ibekwe, K. I. (2024). INCORPORATING
ENERGY EFFICIENCY IN URBAN
PLANNING: A REVIEW OF POLICIES
AND BEST PRACTICES [Review of
INCORPORATING ENERGY
EFFICIENCY IN URBAN PLANNING:

A REVIEW OF POLICIES AND BEST
PRACTICES]. Engineering Science &
Technology Journal, 5(1), 83. Fair East

Publishers.

Veloso, A., Fonseca, F. P. da, & Ramos, R. A. R.
(2024). Insights from Smart City Initiatives
for Urban Sustainability and Contemporary
Urbanism. Smart Cities, 7(6), 3188.

Woon, K. S., Phuang, Z. X., Taler, J., Varbanov, P.
S., Chong, C. T., Klemes, J. J., & Lee, C.
T. (2022). Recent advances in urban green
energy development towards carbon
emissions neutrality. Energy, 267, 126502.

Yang, F., Huang, X., & Li, Y. (2024). Can green
infrastructure investment influence low-
carbon urbanization: Empirical evidence
from China. Research Square (Research
Square).

Yashchenko, O., KUBANOQOV, R., & Makatora, D.
(2024). Sustainable Development-Based
Approaches to Urban Recovery and
Prosperity. Business Inform, 6(557), 357.

Yatzkan, O., Cohen, R., Yaniv, E., & Rotem-
Mindali, O. (2025). Urban Energy
Transitions: A Systematic Review [Review
of Urban Energy Transitions: A Systematic
Review]. Land, 14(3), 566.
Multidisciplinary ~ Digital ~ Publishing
Institute.

Copyright©2025. This work is licensed under a Creative Common Attribution 4.0 International License. (CC BY 4.0)

PATHWAY SCHOLARS INSTITUTE (SMC-PRIVATE) LIMITED
Vol: 3 -- Issue: 2, 2025


https://jese.online/index.php/JESE/index

