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2025 Global Engineering Fronts
Table 1 
Fronts of mechanical and vehicle engineering.

Engineering research fronts Engineering development fronts

● Electromagnetic wave-absorbing materials and multiscale struc-
tural design

● High-energy–density all-solid-state power batteries

● Design methods for mechanical metamaterials ● Low-altitude unmanned aerial vehicle (UAV) swarm countermeasure technology
● Catalyst and diaphragm study of direct seawater electrolysis for
hydrogen production

● Task allocation methods for the cooperative strike of multiple UAVs

● Biohybrid robots ● Mission-planning approach for manned and unmanned system collaboration
● Supercritical compressed-air energy storage technology ● Low-altitude traffic management technology based on the artificial intelligence of
● Coordinated autonomous driving of connected multi-vehicles ● Control of vehicle–road–cloud integrated transportation systems
● Soft robots based on liquid crystal elastomers ● Three-dimensional stacked packaging technology for memory chips
● Vision-based tactile sensors ● Collaborative underwater terrain-mapping technology using unmanned surface ve

and underwater robots
● Near-space solar-powered airships ● Microchannel cooling technology for 3D integrated packaging
● Underwater multisource localization methods ● Large-model-based fault diagnosis technology

UAV: unmanned aerial vehicle; 3D: three-dimensional.
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Engineering science and technology is an important force that 
can change the world, and engineering fronts represent important 
directions for future innovation in engineering science and tech-
nology. While the new round of scientific and technological revo-
lution and industrial transformation continues to deepen, society
is facing unprecedented challenges. All countries now choose to
keep abreast of the trends in world science and technology, accu-
rately identify changes, respond to them scientifically, and proac-
tively seek growth and development.

To track development trends in engineering science and tech-
nology, the Chinese Academy of Engineering (CAE) has organized
a project known as the Global Engineering Fronts every year
since 2017 [1,2]. This research identifies and reports on nearly 
200 engineering research and engineering development fronts 
every year to guide academic development and promote innova-
tion in engineering science and technology. The 2025 Global 
Engineering Fronts research has relied on the nine academic
divisions and academic journals of the CAE to identify 94 engi-
neering research fronts and 95 engineering development fronts.
This was done by paying equal attention to the engineering
research and development fronts, integrating quantitative analy-
ses and qualitative research, and combining data mining with
expert argumentation.

In 2025, we continued to improve the technical system at the 
initial stage of the Global Engineering Fronts project to define 
the technology boundaries and structures of the nine fields and 
establish correlations among these branches of technology. In
the process of interpreting the key engineering fronts, a develop-
ment roadmap tool was used to study the development direc-
tions of key engineering fronts in the next 5–10 years.

Identifying engineering fronts is a complex and challenging 
task. For nine years, the research team has been focusing on 
development hotspots and challenges in global engineering 
science and technology and has gradually explored a unique 
research path in which research, forums, and journals are closely
integrated to promote each other. This project has been sup-
ported by nearly a thousand academicians and experts from var-
ious fields and institutions, and we are deeply grateful to all of
them.

Tables 1 –9 list the Global Engineering Fronts for 2025.
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Table 2 
Fronts of information and electronic engineering.

Engineering research fronts Engineering development fronts

● High-speed, low-power on-chip optical interconnect technologies ● Development of AI-powered scientific research automation systems
● Intelligent control theories and methods for cross-domain heterogeneous unmanned
systems

● Extreme ultraviolet lithography component inspection technologies

● Theories and technologies of integrated communication, sensing, computing, intelli-
gence, and control network systems

● Co-optimization of design and manufacturing process for sub-5 nm
node chips systems

● Intelligent sensing and control technologies for dexterous robotic
hands

● Multi-agent system construction and collaboration technologies

● Fundamental theories of bio-syncretic robots ● Digital twin and precision control technologies for high-end equip-
ment manufacturing

● Long-range cross-medium optoelectronic detection and communication technologies ● Open-source implementation of large model inference and optimized
deployment technologies

● Mechanisms and methods for macroscopic-scale manufacturing with atomic-level
precision

● Real-time detection methods for large sized, complex industrial
components

● Computing architecture integrating quantum and classical computing ● Agent-driven electronic design automation technologies
● Double-sided wafer devices and interconnect technologies ● End-to-end low-latency high-throughput intelligent computing net-

work technologies
● Millimeter-wave and terahertz radio frequency front-end integrated circuits ● Optical surveying equipment for submarine topography

AI: artificial intelligence.

Table 3 
Fronts of chemical, metallurgic al, and materials engineering.

Engineering research fronts Engineering development fronts

● In situ resources utilization on the lunar surface ● Design and scalable preparation of catalyst systems for green electricity–green
hydrogen coupled with coal chemical processes

● Flexible structural materials with super elastic multi-sensing function for
humanoid robots

● Green recycling of new energy power batteries

● Multimodal bioconversion of industrial CO2-rich waste gases to value-added
products

● Photoelectrochemical synthesis of high-value-added chemicals

● Key materials and fabrication technologies for high-efficiency and stable ion
batteries

● Wide-temperature range zero-expansion spacecraft materials

● Study on mass transfer and solidification in confined spaces for new
materials

● Accelerated evaluation methods and life prediction for the long-life and safe ser-
vice of key engineering structural materials

● Metallurgical technology in space microgravity environment ● Development and application of thermal radiation protective ceramic coatings for
high-temperature complex service environments

● Discovery and rational design of novel polymer materials enabled by machine
learning

● Bionic electronic skin and intelligent tactile perception systems

● Bionic organelles and ordered catalytic systems for high-intensity chemi-
cals, materials, and energy biomanufacturing

● Sustainable recovery of lithium from low-quality sources

● Collaborative reconstruction and closed-loop high-value utilization of
multi-source solid waste

● Multiscale architectural design and process integration of high-performance fiber-
reinforced composites

● Nano-energy storage materials and devices ● Intensification technology for metallurgical processes under extreme conditions
● Machine learning potential-driven intelligent molecular design and
synthesis

● Technologies for methane emission reduction and high-value chemical
transformation

Table 4 
Fronts of energy and mining engineering.

Engineering research fronts Engineering development fronts

● Research on AI-based design of energy materials ● AI-driven virtual power plants
● Application of high-temperature superconducting on fusion ● Nuclear power plant safety technology and strategy under extreme climate conditions

● Fracturing optimization and productivity prediction technology for complex oil and gas
reservoirs

● Ore-forming prediction technology based on big data

● Research on intelligent development and enhanced recovery meth-
ods for unconventional oil and gas resources

● Green intelligent integrated drilling technologies and equipment for ultra-deep oil and
gas resources

● Research on key materials for low-cost, safe aqueous batteries ● Offshore wind–solar coupled power generation systems
● Research on large-scale solid-state sequestration of deep-sea CO2

hydrates
● Multi-energy integration engineering technology for deserts–Gobi–wasteland energy
bases with wind–solar–thermal-storage hybrid systems

● Research on behavior of supercritical CO2 power cycles in fourth-
generation nuclear reactors

● Digital twin technology for nuclear power plants

● Intelligent fault diagnosis method in nuclear power plants ● Methods and equipment to boost nuclear power plant output
● Supercritical CO2 fracturing technology for improving shale reservoir
permeability

● Comprehensive evaluation techniques for strategic mineral resources

● Mechanisms of carbon dioxide fracturing crack propagation and car-
bon sequestration technology

● Integrated intelligent subsurface imaging and reservoir modeling technologies

● Multi-source data-driven intelligent drilling methods and digital
wellbore model research

● Enhanced coal mine methane production and CO2 sequestration in goaf areas

● Multiphase flow behaviors of coalbed methane and its mechanisms
for production enhancement

● Thermal hazard control technology for deep mines
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Table 5 
Fronts of civil, hydraulic, and architectural engineering.

Engineering research fronts Engineering development fronts

● Three-dimensional reconstruction and intelligent parameter inversion of deep-
earth and deep-sea geological structures

● Multi-hazard mechanisms and long-term service performance assurance
technology of critical infrastructure

● Lunar and Martian remote sensing intelligent exploration ● Seismic mitigation and isolation technologies for seismic retrofitting of
engineering structures

● Methods for digital-intelligent prediction and post-evaluation of building physical
performance

● Technical system for refined governance of urban space based on digital
twins

● Satellite navigation enhancement technology based on low Earth orbit
constellation

● AI-assisted performance regulation of cement-based materials

● Intelligent inspection and monitoring of concrete structure performance ● Multi-scale collaborative enhancement technology for high-performance
concrete materials

● Impact mechanism of climate evolution on the safety of road, rail, and airport
engineering

● Constructing human–robot symbiotic spatial scenarios driven by embod-
ied intelligence

● Theory and methodology of digital reconstruction for urban stormwater/sewage
systems

● Low-cost structure optimization techniques of high capacity offshore float-
ing wind turbines

● Multi-modal perception and health-livable optimization methods for built envi-
ronments in communities

● Hydrological foundation models: a deep learning framework for integrated
water system intelligence

● Digital- and intelligent-enabled enhancement of reservoir-dam safety ● Intelligent monitoring and management technologies for water supply and
drainage infrastructure

● Technology and equipment for ultra-high head and large-capacity pelton
turbines

● Data-driven engineering structural modeling and computation

Table 6 
Fronts of environmental and light textile engineering.

Engineering research fronts Engineering development fronts

● Big data and AI-driven coordinated governance of air pollution and climate
change

● Integration of pollution control and remediation technologies for in-production
enterprise sites and groundwater

● Environmental effects and carbon footprint of emerging contaminants in soil
and groundwater throughout their entire life cycle

● Intelligent wetland ecological monitoring and sensing technology and system

● High-value resource recycling of solid waste and synergistic management of
legacy and emerging pollutants

● Advanced fluoride treatment technologies for wastewater from emerging indus-
tries exemplified by photovoltaics and semiconductors

● Climate change-related health impact assessment and prediction of environ-
mental exposures

● Digital twin technology for pollution early warning and prevention

● Application of artificial intelligence in weather forecasting and climate
prediction

● Data-driven ensemble forecasting models for weather and sub-seasonal climate
prediction

● Mechanisms of extreme events’ contribution to climate tipping elements and
tipping points

● Ultra-deepwater high-pressure oil and gas reservoir development technology

● Intelligent navigation technology of unmanned vessels in harsh marine
environments

● Large-scale seaweed farming carbon sequestration potential assessment

● Nutrition and health large models and precision nutrition research ● AI-assisted design and precision creation of nutrition and health foods
● Smart textiles for personalized medicine ● Fabrication of nanostructured wearable electrochemical biosensor
● Smart-responsive glycosidic prodrugs ● Aluminum-free high-barrier packaging technology

Table 7 
Fronts of agriculture.

Engineering research fronts Engineering development fronts

● Construction of a large model for farmland ecosystem management ● Breeding of major disease-resistant livestock and poultry
● Interactions mechanism between livestock digestive physiology and feed nutrients ● Precision nutrient management in crops enabled by artificial intelligence
● Genetic analysis of the formation of important traits in aquatic animals ● Crop molecular design and intelligent breeding
● Multi-dimensional omics-based genetic network analysis for crop traits ● Intelligent diagnosis, surveillance, and early warning for animal diseases
● Artificial intelligence-assisted discovery of novel animal vaccine and drug targets
and molecular design

● The feed nutritional regulation technology for improving the quality of
livestock products

● Multi-interface biological cascade synergy mechanism in the rhizobiont ● Annual high-efficiency light-temperature engineering for multiple crop-
ping of grain crops

● The mechanism for the formation of environmental adaptation traits in agricultural
animals

● Development of biochemical-based rapid detection technology for
pesticides

● Research on the migratory insects based on insect radar networking ● Rapid and accurate detection technologies for aquatic animal diseases
● High-performance nanocellulose-based multifunctional composites ● Integration protected horticulture practices of agricultural facilities,

machinery, and agronomy
● The mechanism of the epigenetic regulation of growth, development, and metabo-
lism in horticultural plants

● Multimodal adaptive embodied intelligent agricultural machinery tech-
nology and equipment

● Precise synthesis and applications of high-performance green lignin-
based adhesives
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Table 8 
Fronts of medicine and health.

Engineering research fronts Engineering development fronts

● Clinical cohort study based on multi-omics big data ● Non-invasive brain–computer interface technology
● Digital characterization of TCM and AI-assisted TCM diagnosis and treatment
technology

● AI prediction of protein dynamic conformations

● Tumor evolution-driven dynamic remodeling of immune evasion
mechanisms

● Development of personalized mRNA cancer vaccines

● Optimization of gene editing for cross-species organ transplantation ● Multi-target CAR-T therapy
● Stem cell therapy for neurodegenerative diseases ● Mapping connectome-based brain atlases
● Applications of universal regulatory T cells in disease therapy ● Micro/nano surgical robots
● Study on the mechanisms of cognitive-metabolic comorbidity ● Oncolytic virotherapy
● Environmental exposure and deep phenotyping ● Base editing therapy
● 3D bioprinting for organoids ● Generative AI powered organ digital twin system
● The establishment of an AI virtual cell ● Degrader–antibody conjugates 

TCM: traditional Chinese medicine; CAR-T: chimeric antigen receptor T-cell immunotherapy; mRNA: messenger RNA.

Table 9 
Fronts of engineering management.

Engineering research fronts Engineering development fronts

● Intelligent air–ground collaborative low-altitude traffic and logistics ● Methods and technologies of large-mode empowered urban digital governance
● Distributed optimization of low-carbon computing power service systems ● Automatic generation of engineering construction schemes based on LLMs

● Overview of human–machine–environment integrated industrial digital twin
systems

● Supply chain restructuring under geopolitical risk

● Large language model-based systems for engineering risk identification and
quantification

● Extraterrestrial construction system engineering management

● Human–machine collaborative intelligent manufacturing based on multi-
modal large models

● Multi-agent-based quality diagnosis platforms for production lines

● Research on safety assessment and management of intelligent driving
systems

● Research and development of AI-enabled learning platforms

● Big data ecosystems and open-sharing mechanisms ● Urban micromobility system integration and optimization
● Interpreting research on affective perception and cognitive regulation in
foundation models

● Large model lightweighting for efficient edge inference

● Ecological governance of platform-based corporate social responsibility ● Industrial scheduling system based on large language models
● Research on network governance mechanisms in the era of intelligent
agents

● Intelligent regulation technology for cross-basin connectivity projects in the
national water network

● Research on urban stock space renewal management and decision-making ● Key BIM technologies and platforms for large-scale linear engineering

LLM: large language model; BIM: building information modeling.

[1] 

6

[2] 
global engineering fronts. Engineering 2024;43:4–7. 
Comprehensive Group of the Global Engineering Front Research Project. 2024

http://refhub.elsevier.com/S2095-8099(25)00737-4/h0010
http://refhub.elsevier.com/S2095-8099(25)00737-4/h0010

	2025 Global Engineering Fronts
	References




