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Abstract: With the intensification of global urbanization and extreme climate events, traditional urban planning 
faces bottlenecks in data management, decision-making and responsive governance. This paper sorts out 
the applications of AI technologies such as machine learning and digital twin in sustainable urban planning, 
verifying their effectiveness in optimizing ecological, energy and transportation scenarios, improving planning 
efficiency and regulating carbon emissions. Combined with typical foreign cases, the paper identifies problems 
including regional imbalance, data barriers and talent shortage, and proposes optimization paths covering 
data infrastructure construction, standard system development, talent cultivation and public participation. The 
research provides a reference for the integration of AI and urban planning.
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1. Introduction

The United Nations'  World Urbanization 
Prospects 2023 reports that the global urban 
population proportion will rise to 68% by 2050, 

with nearly 7 billion people living in and around cities. 
As carriers of population and economic agglomeration, 
cities contribute approximately 75% of the world's 
CO₂ emissions (statistics from the International Energy 
Agency). The prominent "urban diseases" such as 
traffic congestion and heat island effect have made 
sustainable urban planning the core of implementing 
Sustainable Development Goal 11 (SDG 11).

Traditional urban planning is flawed by scattered 
data, lagging decision-making, poor static adaptability 

and the inability to coordinate ecological, economic 
and social goals in a unified manner. AI technologies 
such as machine learning and digital twin provide 
solutions to these problems, and practices in 
Copenhagen, Moscow and other cities have proven 
their remarkable effects in energy management and 
planning verification. Existing studies mostly focus 
on single application scenarios, lacking systematic 
research on the integration of AI and urban planning. 
This paper sorts out the AI empowerment mechanisms 
from the perspectives of data integration, intelligent 
decision-making and dynamic regulation, and 
proposes strategies suitable for China combined with 
international cases, filling the research gap.
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2. Core Connotations and Integration 
Mechanisms of AI Technology and Sustainable 
Urban Planning
2.1 Core System of AI Technology and Its Applicability 
in Urban Planning
AI has formed five functional modules in urban 
planning: Machine Learning (ML) builds prediction 
models based on historical urban data for population 
distribution, building energy consumption estimation, 
etc., with a root mean square error of less than 5%; 
Deep Learning (DL), represented by Convolutional 
Neural Networks (CNN), is applied to feature 
classification and change detection of remote sensing 
images, with a recognition accuracy of over 90%; 
Reinforcement Learning (RL) is suitable for dynamic 
optimization problems such as energy dispatching 
and traffic signal control, enabling continuous self-
optimization under complex constraints; Digital Twin 
(DT) constructs a virtual mapping of urban physical 
systems to support the simulation and deduction of 
planning schemes, significantly reducing trial and 
error costs; Natural Language Processing (NLP) 
automatically collects, classifies and conducts 
sentiment analysis on public opinions, providing 
structured public opinion data for decision-making.

Sustainable urban planning aims to achieve the three-
dimensional coordination of ecology, economy and 
society: in the ecological dimension, the green space 
coverage rate is required to be ≥ 30%, impervious 
surface ≤60%, and water quality up to standard; in the 
economic dimension, the annual reduction rate of unit 
GDP energy consumption ≥ 3% and the proportion of 
renewable energy ≥ 40%; in the social dimension, the 
public transport share rate ≥ 40% and the 15-minute 
public service coverage rate ≥ 85%. These goals are 
highly dependent on AI's ability to process massive 
dynamic data.

2.2 Three-Tier Integration Mechanism
Data integration mechanism: Through multi-source 
data fusion algorithms, AI structures the heterogeneous 
data of ecological, transportation, energy, land, 
meteorological and other departments in a unified 
manner, raising the utilization rate of valid data from 
38% to 82%.Intelligent decision-making mechanism: 
Digital twin platforms support the comparison and 
selection of multi-scenario schemes, automatically 

calculate ecological, economic and social performance, 
and shorten the research and judgment cycle from 
6-8 weeks to 3-5 working days.Dynamic regulation 
mechanism: Real-time sensing data drive millisecond-
to-minute level automatic response, transforming 
"passive disposal" into "active regulation" and 
improving urban stability and anti-disturbance capacity.

3. Core Application Scenarios of AI 
Technology in Sustainable Urban Planning
3.1 Ecological Resilience Monitoring and Restoration
Remote sensing technology based on CNN enables 
weekly updates of ecological indicators and early 
warning of wetland vegetation degradation. The 
waterlogging risk model based on Long Short-Term 
Memory (LSTM) can output high-precision risk 
distribution maps with a resolution of 100m×100m 
in advance, significantly improving the city's climate 
adaptability.

3.2 Optimal Dispatching of Energy Systems
Reinforcement learning effectively solves the 
intermittency problem of renewable energy. After 
its application in Copenhagen, the absorption rate of 
renewable energy has increased by 18%, achieving 
an annual carbon emission reduction of 420,000 
tons. The intelligent building energy-saving system 
optimizes the parameters of heating, ventilation, air 
conditioning and lighting in real time, reducing the 
energy consumption of an office building in Beijing 
by 28.3%. The intelligent dispatching of the Yellow 
River water resources in Yinchuan controls the supply-
demand deviation within 3% and raises the water 
supply guarantee rate by 12%.

3.3 Low-Carbon Regulation of Transportation Systems
Graph Neural Networks (GNN) realize 15-minute 
traffic flow prediction with an error of less than 8%; 
deep reinforcement learning reduces intersection delay 
by 22%~31% and increases throughput by 15%~20%; 
digital  twin can quickly conduct quantitative 
evaluation of transportation planning schemes, 
upgrading qualitative judgment to accurate quantitative 
conclusions and supporting the construction of a low-
carbon transportation system.

3.4 Smart Governance and Public Participation
NLP can process hundreds of thousands of public 
opinions within hours, and the Latent Dirichlet 
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Allocation (LDA) model automatically identifies topic 
clustering; the combination of AR/VR and digital twin 
provides an immersive experience and improves the 
effectiveness of public feedback. AI greatly enhances 
the scale, efficiency and quality of public participation, 
promoting multi-stakeholder collaborative governance.

4.  Main Restrict ing Factors for the 
Application of AI Technology in Sustainable 
Urban Planning
4.1 Regional Imbalance in Technology Application
The current application of AI technology in urban 
planning shows obvious regional imbalance. According 
to 2023 data from the Ministry of Housing and Urban-
Rural Development, the average AI application depth 
index of first-tier and new first-tier cities in eastern 
China is 72.3 points, while that of prefecture-level 
cities in central and western China is only 34.1 points, 
with a gap of 38.2 points that is still expanding. The 
imbalance stems from three aspects: the computing 
power density in less developed regions is only 1/5~1/8 
of that in the east, the completeness of databases is less 
than 40%, and the proportion of AI compound planning 
talents is less than 3%, far lower than the 15% level in 
the east.

4.2 Lack of Cross-Departmental Data Sharing 
Mechanism
The effective application of AI technology in urban 
planning is premised on obtaining cross-departmental, 
high-quality comprehensive data, but in reality, there 
are serious institutional obstacles to data sharing. A 
survey of 20 prefecture-level cities in China shows 
that the average number of independent databases 
of planning-related departments reaches 32, with a 
real-time interconnection rate of only 12%; complex 
data formats, unclear ownership and lack of profit 
distribution lead to insufficient motivation for inter-
departmental sharing. At the same time, the expansion 
of data scale brings security and privacy risks, and the 
lack of special data security standards in the field of 
urban planning restricts the construction of compliant 
sharing mechanisms.

4.3 Disconnection Between Technology Application 
and Planning Goals
Some cities have the problem of prioritizing technology 
over goals when introducing AI, deploying technologies 

first rather than matching sustainable development 
needs, which leads to two major drawbacks: first, 
scheme homogenization, where systems lack local 
characteristics and the actual effect is low; second, 
superficial application, where AI mostly stays at the 
level of visualization and early warning and fails to 
be deeply embedded in core links such as planning 
generation and decision optimization.

4.4 Severe Shortage of Compound Professional Talents
The in-depth integration of AI and sustainable 
urban planning requires practitioners to have both 
professional urban planning capabilities and AI 
technology application capabilities. However, the 
cross-coverage rate of relevant university courses is 
less than 12% at present, and less than 2% of planners 
in the industry have the ability to deploy AI models, 
with a common problem of two-way disconnection 
between technology and planning.

5. Typical International Cases of AI 
Empowering Sustainable Urban Planning
5.1 Moscow: Systematic Application of Digital Twin 
City Governance Platform
Moscow's "City Brain" is a world-leading city-level 
digital twin platform that integrates more than 100,000 
IoT sensors to monitor and simulate more than 500 
urban operation indicators in real time. The platform 
can complete multi-dimensional evaluation of policy 
schemes within 2-4 hours, with an abnormal event 
response time of only 3.2 minutes, representing a 
substantial improvement in efficiency. Relying on this 
platform, the 500-meter service coverage rate of green 
space in Moscow has increased from 68% to 79%.

5.2 London: AI-Driven Optimizaton of 24/7 Zero-
Carbon Power Path
The "Zero-Carbon-24/7 Power Path" model, jointly 
developed by the London municipal government 
and Imperial College London, is a benchmark case 
of applying AI optimization algorithms to urban-
scale carbon neutrality target path planning. With an 
hourly time resolution, the model comprehensively 
considers the temporal randomness of solar and wind 
power generation (generating 1,000 sets of power 
generation scenarios through Monte Carlo simulation), 
the seasonal and intraday fluctuation laws of urban 
electricity load, and the operation constraints of 



 Vol 4 Issue 1 202643 of 49

pumped storage and lithium battery energy storage 
systems. It constructs a large-scale Mixed Integer 
Programming (MIP) model containing about 500,000 
decision variables and solves it efficiently with AI 
algorithms. The analysis results show that on the 
premise of ensuring power supply reliability, London 
can realize 24/7 zero-carbon supply of the urban power 
system by 2035 through optimizing energy storage 
capacity configuration and dispatching strategies. The 
total installed capacity of renewable energy required is 
about 17% less than that of the unoptimized scheme, 
and the comprehensive investment cost is reduced by 
about 2.3 billion pounds.

5.3 Munich: Refined Management Practice of 
Intelligent Geothermal Energy Dispatching
In the renovation of the city's geothermal heating 
system, Stadtwerke München has deployed a real-time 
monitoring network composed of 2,400 underground 
sensor nodes, which collect geothermal temperature 
and soil moisture data at a depth of 5~15 meters 
below the surface every 5 minutes. Processed by the 
AI heat demand prediction model (based on random 
forest and gradient boosting integrated algorithm), the 
system dynamically adjusts the geothermal energy 
output power of each region according to the real-time 
population density of buildings, indoor and outdoor 
temperature difference and historical heat use patterns. 
After the implementation of the project, the overall 
energy efficiency of the system (heat pump COP value) 
has increased from 3.1 before the renovation to 4.8, 
which is equivalent to a nearly 55% increase in heating 
capacity with the same geothermal energy input and a 
about 38% reduction in carbon emission intensity. The 
core experience of the Munich case is that a refined, 
high-density sensor network and high-quality localized 
training data are necessary basic conditions for the 
efficient operation of AI energy management systems.

A horizontal comparison of the above three typical cases 
reveals four common success factors for AI empowering 
sustainable urban planning: first, high-quality data 
infrastructure – all three cities completed the preliminary 
construction of high-density, standardized sensor 
networks and data platforms before the project launch, 
ensuring that AI models obtain sufficient and reliable 
training and operation data; second, clear quantitative 
goal orientation – all applications are driven by specific 
measurable performance indicators (such as 18% increase 

in absorption rate, COP value increased to 4.8), avoiding 
the disconnection between technology deployment and 
planning goals; third, interdisciplinary collaborative 
teams – all three projects involve urban planners, energy 
engineers, data scientists and policymakers, ensuring 
a high degree of matching between technical schemes 
and planning needs; fourth, policy and institutional 
guarantees – local governments provide necessary 
institutional support for project implementation through 
special legislation, mandatory data sharing regulations and 
cross-departmental coordination mechanisms.

6. System Optimization Strategies for the 
In-Depth Integration of AI and Sustainable 
Urban Planning
6.1 Hierarchical Policy Support System
The central government sets up special funds tilted 
towards the western regions to support the construction 
of perception networks and computing power; 
local governments establish counterpart assistance 
mechanisms, promote the open-source transplantation 
of mature modules, and shorten the deployment cycle 
by 40%~50%.

6.2 Unified Data Platform and Standard System
Relying on the City Information Modeling (CIM) 
platform, formulate unified data standards, and adopt 
differential privacy and federated learning to realize 
"data available but not visible"; incorporate data 
sharing into performance assessment and establish an 
institutionalized sharing mechanism.

6.3 Precise Matching of Technology and Planning 
Goals
Establish a process of "urban characteristic portrait - 
technology applicability assessment - personalized 
scheme design" to avoid technology-first and goal 
misalignment and improve application effectiveness.

6.4 Compound Talent Cultivation Mechanism
Colleges and universities add courses such as urban data 
analysis and smart city planning and implement dual-
degree training; the industry establishes a hierarchical 
certification system for AI application, aiming to raise the 
qualification rate to more than 30% by 2028.

6.5 Inclusive Multi-Stakeholder Public Participation 
Mechanism
Build an intelligent public opinion processing 
platform and raise the processing rate to more than 
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80%; improve accessible interfaces to protect the 
participation rights of vulnerable groups and achieve 

high-quality democratic decision-making (see 
Figure 1).

Figure 1 AI Technology-Driven Transformation of Sustainable Urban Planning

7. Conclusion
AI technology can significantly improve the decision-
making efficiency, resource utilization rate and carbon 
emission control accuracy of sustainable urban 
planning, and has entered the empirical application 
stage. The current promotion is restricted by multiple 
factors such as regional imbalance, data barriers, 
goal disconnection and talent shortage, which need 
to be broken through in a coordinated manner from 
five aspects: policy, standards, data, talent and public 
participation. Only by taking data infrastructure 
construction as the forerunner, technical standards as 
the foundation, talent innovation as the fundamental, 
and scenario adaptation as the key, can the in-depth 
integration of AI and urban planning be realized.

In the future, with the breakthroughs of technologies 
such as large language models, embodied intelligence 
and quantum computing, AI will continue to empower 
planning in the fields of knowledge reasoning, on-

site perception and large-scale optimization. Relevant 
research and practice should track the cutting-edge 
of technology, dynamically optimize paths and 
standards, and promote the high-quality development 
of cities towards intelligence, greenness, resilience and 
efficiency.
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