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The Architecture, Engineering, and Construction (AEC) Industry 6.0 is the sixth transformative phase of the
architectural, engineering, and construction sector, built on Industry 5.0. Industry 6.0 pioneers advancements in
guantum computing, nanotechnology, artificial intelligence, and cloud-based energy solutions. Harmonization
facilitates design, building, and maintenance processes, improving efficiency, accuracy, and sustainability.
Construction has changed, like the 5.0 framework. Industry 5.0 uses Al and robotics to boost productivity, creativity,

and supply chain alignment.

Architecture, Engineering, and Construction (AEC) Industry 6.0 sustainable smart buildings

human-centric design

1. Industry and Society 1.0-6.0 in the Context of
Development

e Society 1.0-6.0 Evolutions

Technology has transformed civilization from 1.0 to 5.0. Each culture is briefly discussed. Society 1.0—the first
human civilization—had rural settlements and pre-industrialization. Since the Internet’s invention, technology has
improved dramatically (2. Physical labor powered the economy without technology or communication. Agriculture
fueled the economy, and longstanding norms stratified and governed society. Society 2.0 began with industrialized
mass production 2. Industrialization and mechanization transformed agriculture, manufacturing, transportation,
and urbanization, creating Society 2.0. Society 3.0 and Industry 3.0 and 4.0 ushered in the digital age with the
widespread use of computers, the Internet, and related technology. This study investigates digital technologies that
are changing society . In Society 3.0, ICT has helped firms go digital, internet commerce grew, and social media
exploded. Information and communication have democratized the game. Public sector organizations must provide
critical services and leverage cutting-edge techniques like artificial intelligence analytics that other industries have
adopted @l They imagine Society 5.0. Technology and economic success remedy social issues in its
compassionate world. Al, 10T, and robotics will help Society 5.0 address aging populations, environmental
sustainability, healthcare, transportation, and more. Technology can also improve society. Society 6.0 envisions a

future where digital and real-world solutions balance economic growth and social challenges &,

 Industry 1.0-6.0 of the Industrial Revolution
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Over three centuries, new technology and industrial methods were introduced in five phases, starting in the 18th
century. Steam-powered machinery began making items around 1780, according to Dixit and Uday Shanker
(2023). Crafting and homesteading became common during this critical historical time . Factory systems
originated alongside the First Industrial Revolution. The Second Industrial Revolution introduced mass
manufacturing and scientific administration to industry. CNC machinery and robotics enabled industry automation
during the Third Industrial Revolution. Finally, Industry 4.0—the Fourth Industrial Revolution—incorporates
computer science and information technology into production. Long-term sustainability is also emphasized. Digital
manufacturing, additive manufacturing, and cyber-physical systems promise to improve connectivity and
communication while simplifying data to optimize products and processes, so many developed countries have
invested heavily in intelligent manufacturing technologies . Due to this change, more people are working

remotely.

Modern industrial technologies facilitate the reconnection to nature. An important aspect of Industry 5.0 is the
seamless collaboration of people and robots. M. Erglin and his colleagues emphasize this, claiming that computer-
vision approaches may effectively address human-caused mistakes and difficulties. Using computer-aided
techniques may improve this even further B8l Experts are now more concerned with improving the customer
experience due to the development of customized and cooperative robots instead of just striking a balance

between human wants and what technology can provide.

The cyclical nature of industrial revolutions and altering manufacturing paradigms show that this dynamic has
evolved. Technology changed relationships 9. Industry 6.0 is a paradigm shift based on quantum breakthroughs,
advanced biotechnologies, neural integration, decentralized autonomous systems, and a strong focus on
sustainable production 11, Figure 1 shows that this current iteration emphasizes resilience, human-centeredness,

sustainability, and manufacturing methods.
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Figure 1. The Evolution of Interactions between Industry and Society: From Version 1.0 to 6.0.

2. Benefits of AEC Industry 6.0 in Architecture and
Construction

Industry 6.0 makes design and construction more connected and promotes dynamic industry networks. It
encourages flexible supply chains, adaptable value networks, and unprecedented global information interchange
(121 AEC Industry 6.0 emphasizes creating a learning and equilibrium-oriented environment. Physical and virtual
architectural and infrastructure aspects inspire a new approach to integrated project delivery (13!, Stakeholders can
see and evaluate physical structures and virtual data to improve global cooperation, technical assistance, and
decision-making. In AEC Industry 6.0, antifragile design prioritizes adaptability and strength. Unlike conventional
buildings, this forward-thinking sector encourages a resilient system design that can resist and profit from shocks.
Industry 6.0 considers functional and non-functional needs for architectural and construction systems, including
openness, usability, security, and mobility 141, These barriers now aid sophisticated projects. AEC Industry 6.0

should stimulate design and construction innovation. Human abilities and cutting-edge technology will make built
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settings more sustainable, effective, and beautiful 12!, These revolutionary methods will elevate architectural

design and construction, enhancing human and environmental well-being.

| 3. Additive Manufacturing (3D Printing)

Production, distribution, and use processes are dramatically changing thanks to additive manufacturing (AM)
technology, particularly in the architectural, engineering, and construction (AEC) industry 28], This ground-breaking
paradigm change, including a broad range of technologies, significantly impacts the production and use of a wide
range of goods and parts. According to S. Salinas Monroy, P. Li, Y. Fang, and K. A. Polarities, this revolutionary
movement created consumer goods and radically altered the architectural design field and the building sector. The
core of the AM paradigm, 3D printing, uses a systematic process of successive layer-by-layer material deposition.
This method of operation significantly lowers marginal manufacturing costs and promotes dramatic industrial
supply chain simplification 221, One notable benefit of additive manufacturing (AM) in the architecture, engineering,
and construction (AEC) industry is its capacity to facilitate localized production (8l The proximity of manufacturing
facilities to customers can significantly alter the supply chain dynamics, improving efficiency and flexibility.
Furthermore, additive manufacturing (AM) technology enables production with considerably reduced marginal
costs and offers a potential pathway for enhanced economic efficiency in manufacturing and building procedures
(see Figure 2).
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Figure 2. Additive Manufacturing (AM) working process in AEC Industry 6.0.

Three-dimensional printing, or additive manufacturing, is changing the AEC industry. Three-dimensional printing
provides customization and accuracy for making intricate panels, fittings, and other aesthetic features L9 This
method enhances the aesthetics and utility of buildings. Many companies now 3D print entire structures. Industrial-

scale printers with fast-hardening concrete save construction time, cost, and environmental impact. Apis Cor offers
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24-h home printing. Urban planners also utilize 3D printing to swiftly produce and change scale models of

cityscapes 29, As 3D printing in building advances, we expect more inventive uses.

| 4. Artificial Intelligence and Autonomous Robots

The harmonious marriage of Atrtificial Intelligence and autonomous robotics fundamentally redefines AEC Industry
6.0, spearheading an organizational and operational transformation 21, These ingenious robotic systems can
tackle complex tasks, heightening efficiency, bolstering safety, and streamlining cost-effectiveness. Utilizing
Machine Learning algorithms, they autonomously adapt, learn, and perfect processes. Experts Mohsen Soori,
Behrooz Arezoo, and Roza Dastres point out that Al, ML, and DL have breathed new life into sophisticated robots,
increasing their intelligence, efficiency, and adaptability. Advanced robotics leverage these technologies for
autonomous navigation, object recognition and manipulation, natural language processing, and predictive
maintenance. Additionally, they facilitate the creation of collaborative robots, or ‘cobots,’ that seamlessly interact

with humans in dynamic environments and tasks [22! (See Figure 3).
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Figure 3. Artificial intelligence within autonomous robots’ interaction.

The applications include a broad spectrum, spanning from using artificial intelligence to anticipate equipment
failures in the context of predictive maintenance to the execution of precise tasks by robots in advanced
manufacturing. The importance of human—robot cooperation is also underscored, with robots being used to aid
human employees rather than replace them 23, The objective of AEC Industry 6.0 is to provide a more customized,
environmentally conscious, and comprehensive industrial setting by integrating human creativity with artificial
intelligence capabilities 24,
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5. Optimizing the AEC Industry with Cyber-Physical Systems
and Smart Factory Simulations

AEC is being transformed by Cyber-Physical Systems (CPS), simulation technologies, and intelligent
manufacturing facilities. The changes above affect architecture, construction, and maintenance. Specialists such
as Tran Duong Nguyen and Sanjeev Adhikari assert that the construction industry requires assistance in merging
the digital and tangible realms. Data interpretation and execution need to be distinct. This gap causes data
fragmentation, duplication, and construction life cycle inefficiency [22. Cyber-Physical Systems (CPS) use
computer, networking, and physical processes to detect structural faults and enable predictive maintenance.
Building Information Modeling (BIM) is a leading simulation technology that lets stakeholders create sophisticated
three-dimensional models to simulate the complete lifecycle of a built environment. Doukari, Omar, Mohamad
Kassem, and David Greenwood explain that Building Information Modelling (BIM) has evolved from a computer-
assisted tri-dimensional modeling tool to include chronological scheduling, fiscal oversight, and an information
management structure that can improve decision-making across the entire life cycle of constructed assets. Building
Information Modeling (BIM) is a vital simulation technology tool that allows stakeholders to create sophisticated
three-dimensional models and simulate a built environment’s lifespan. According to Doukari, Omar, Mohamad
Kassem, and David Greenwood, BIM evolved from a computer-aided tri-dimensional modeling tool to include
chronological scheduling, financial oversight, and an information maze 28, This technique optimizes performance
and predicts potential problems. Smart factories within the Architecture, Engineering, and Construction (AEC)
sector utilize 10T, Al, and big data analytics to enhance manufacturing 24, Automated component production
streamlines on-site assembly and reduces waste. These technologies improve architectural flexibility, safety, and
efficiency. Integrating Cyber-Physical Systems (CPS) with intelligent manufacturing has transformed the
construction sector, encouraging equipment and supplier collaboration. Hamzah M. et al. defined CPS as cyber-
physical convergence. Interconnectedness allows global integration and substantially influences daily life,
especially CPS implementation. This integration poses hurdles. CPS broadens perceptions and spurs innovation
(28] Digital twins improve building operations and help identify issues, while simulators provide a safe training
environment (See Figure 4).

https://encyclopedia.pub/entry/49363 6/10



Industry 6.0 and Their Implementation in AEC Sector | Encyclopedia.pub

Transformation in the AEC Industry

The fusion of CPS, simulation tech, and intelligent manufacturing transforms AEC, altering design,
construction, and maintenance.

\

Building Information Modeling (BIM)

BIM, a key simulation tech, provides 3D modeling and simulates built environment lifecycles, now including
scheduling, financial management, and information oversight

\

Technological Innovations in Intelligent Manufacturing

Intelligent factories use loT, Al, and big data analytics to enhance efficiency, cut waste, and save time in the
AEC sector.

S

The Impact and Challenges of Cyber-Physical Systems (CPS

CPS impacts construction and society through collaboration, but integrating it poses challenges in
harmonizing digital and physical realms.

Figure 4. The Digital Transformation of AEC Industry 6 future: Embracing CPS, BIM, and Intelligent Manufacturing.

| 6. Big Data Applications in the AEC Industry 6.0 Future

In the 6.0 era, merging Big Data technology with Internet of Things (IoT) devices provides a cutting-edge technique
for managing complicated and extensive building project data. Technology integration helps create novel services
for architectural, engineering, and construction (AEC) professionals and others [22. The app improves building site
analysis, decision-making, and operational efficiency. Big Data can help the AEC industry understand construction
patterns, building practice trends, and project abnormalities. This can spur innovation and shape design, planning,
and building processes. AEC Industry 6.0 raises work roles to improve client customization and give specialists
unsurpassed creativity. Automation helps architects design for clients. AEC Industry 6.0 introduced client-focused
value propositions. Real-time feedback and improved automation facilitate this shift. AEC Industry 6.0 integrates
human knowledge and mechanical precision B9, Collaboration promotes decision-making, problem-solving,
design, and construction. Automated work management boosts morale by offering intellectually engaging roles,
personal development, and job satisfaction. Inclusion is a goal of AEC Industry 6.0 B, This balances career
advancement, employment, and skill development. AEC Industry 6.0 encourages green building. It enables eco-
friendly buildings. Adaptation will determine AEC Industry 6.0’s success. Human-focused, resilient, green firms will
lead. Human-oriented designs, resilient resilience, and inclusive sustainability—the pillars of AEC Industry 6.0—
need more research 22,
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