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Abstract  

Many changes are happening, particularly in Artificial intelligence (AI) due to the rapid development 

of technology. The use of AI has made major progress in almost all of its sub-areas over the past few 

years. Design efficiency, sustainability, and safety are improved by the integration of AI in architecture. 

Nevertheless, there is a lack of studies on the impact of the integration of AI in sustainable Architectural 

Design (AD). Therefore, investigating the integration of AI in AD is the study’s aim. From 320 

architects and stakeholders from India, the data has been collected. By using a convenience sampling 

technique, the participants are selected. As per the study, the impacts of AI, such as encouraging 

experimentation and innovation and generating design alternatives, have a positive influence on AD. 

The study identifies a lack of human creativity and intuition as the major challenge of using AI in 

architecture. Besides, by identifying potential fire risks and analyzing complex fire scenarios rapidly, 

AI can enhance fire safety in AD. 
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1. INTRODUCTION 

AI, which is one among the techniques of elaborating design, especially in AD, is widely considered as 

one of the most popular and rapidly growing fields in the 21st century. The demand for AD has surged 

in the rapid development era. Thus, AI technology is integrated into AD. Architects could leverage their 

strengths to augment their own capabilities by incorporating AI into their workflow (Ji, 2022; Harapan 

et al., 2021). AI is poised to revolutionize AD, offering key progressions in sustainability as well as 

efficiency (Feng et al., 2024). AI-driven approaches in architecture enable the exploration of multiple 

optimal solutions from given problem inputs within a feasible timeframe (Bölek et al., 2023). AI 

technology not just optimizes processes but also advances traditional building design’s efficiency (Li 

et al., 2025). Traditional AD offers a human-centric and intuitive way of generating spaces centered on 

(i) personal creativity, (ii) experience, and (iii) cultural history. AI presents a transformative opportunity 

for architects seeking to push the boundaries of sustainable design. AI enables architects to explore a 

vast array of innovative solutions, optimize building performance based on complex environmental 

data, and generate highly efficient designs that minimize resource usage (Petráková & Šimkovič, 2023; 

Widodo & Susan, 2024; Rane et al., 2023). In Figure 1, a pictorial depiction of application areas of AI 

in AD is given. 
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Figure 1: Artificial Intelligence in architectural design 

 

Several architects and designers remain unfamiliar with integrating AI into their processes despite the 

wealth of data AI generates within seconds. Many designers are either unaware of the full potential of 

AI or are hesitant to adopt it due to a lack of knowledge and resources. Thus, its integration needs to be 

carefully considered so that designs can be morally acceptable (Yanhua, 2024; Naseri, 2024). Several 

studies have been done on the integration of AI in AD in the past. Nevertheless, the existing studies 

were designed based on qualitative design. Thus, examining the integration of AI in AD is the present 

research’s aim. The research objectives are: 

• To investigate the impact of AI on sustainable AD. 

• To find out the advantages and disadvantages of using AI as a design tool in AD based on architects’ 

perceptions. 

• To investigate the role of AI in enhancing structural fire safety in AD. 

• To examine the environmental and social implications of AI-driven AD. 

The later part of the research is divided into a few sections as follows: The second section describes the 

related literature review. The methodology section defines the data collection and data analysis. The 

result is discussed in the fourth section. At last, the study is concluded by discussing the findings, their 

limitations, and the scope of future research. 

 

2. RELATED LITERATURE REVIEW 

Technologies aid to automate the designer’s work. One among the major topics of the application of 

information technology to support AD and optimization of building operations is AI’s use. The 

construction industry is undergoing unprecedented change with the development of AI technology 

(Krausková & Pifko, 2021). (Afshan & Sharma, 2024) highlighted that AI tools and technologies were 

revolutionizing traditional architectural workflows, enabling architects to achieve unprecedented levels 

of efficiency and creativity.  

AI has empowered architects to explore innovative design solutions and streamline complex processes 

with remarkable accuracy and speed. (Afshan & Sharma, 2024) found that AI-enhanced the 

architectural practice by optimizing resource allocation, automating repetitive tasks, along with 

facilitating real-time collaboration amongst project stakeholders. (Meng et al., 2024) stated that the 

introduction of AI not only improved the efficiency of the design process but also played a vital role in 

decision support, performance simulation, and creative scheme generation. Also, production efficiency 

and safety were augmented by the active application of AI technology.  

In the view of (Rubayet et al., 2023), although AI enhanced the efficiency of design processes, it could 

not substitute the human intuition and expertise intrinsic to architectural endeavors. AI can assess 

enormous quantities of data and give simulation opportunities in order to present full design 
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possibilities. (Matter & Gado, 2024) investigated the integration of AI as well as its patterns to reshape 

and enhance the AD process. As per the findings, the integration of AI into AD led to various 

achievements, including assisting architects with data processing, design interpretation, and enhancing 

efficiency. AI played a main role in the AD process at each stage. Yet, it did not serve as an assessment 

tool or decision-making aid. 

(He et al., 2024) detected that AI promoted sustainability through energy efficiency insights and eco-

friendly material recommendations. In addition, partnerships between AI providers and construction 

companies could provide solutions to reduce cost and complexity. As per (Pasupuleti et al., 2024), AI 

had a positive impact on architecture’s broad field as well as had the capacity to optimize along with 

transform the architecture industry with huge innovation. Innovations, automation, efficiency, cost 

reduction, better scheduling, time and resources, and easy work processes are encompassed in the 

impacts of AI on architecture. 

(Chen et al., 2024) argued that pre-trained models could efficiently improve AI’s accuracy as well as 

controllability in architecture’s preliminary design. AI application in architecture brought possibilities 

for intangible cultural heritage. Also, AI merged traditional architectural features with modern design 

philosophies, which resulted in green buildings. As per (Rodriguez et al., 2025), AI in architecture 

produced an agile and dynamic design process in the conceptualization stage. It could largely 

understand the demands of the architect and client, which in turn generated an interactive and interactive 

design experience. 

 

3. RESEARCH METHODOLOGY 

 

3.1. Research design 

Examining the integration of AI in AD is the study’s main focus. Also, the study examines the 

advantages of using AI as a design tool in AD based on architects’ perceptions. Furthermore, the study 

focuses on exploring the role of AI to improve structural fire safety in AD. The study uses a quantitative 

research design for analyzing the impact of AI on AD. The research design presents the data in a 

meaningful way to help the researchers understand the characteristics of a group. The questionnaire is 

structured to address the objectives of the research.  

 

3.2. Data collection 

Primary as well as secondary sources of data are deployed. The original data collected by the researcher 

directly from the participants through surveys and interviews is the primary data. Secondary data is 

gathered from government publications, websites, books, and journal articles related to the study 

settings. For the present study, a questionnaire survey is utilized to gather data directly from the 

participants. The population of the study includes architects and stakeholders from India. For choosing 

the participants, a convenience sampling technique is wielded. The questionnaire is distributed to 320 

participants. Before administrating the questionnaire, participants are fully informed about the purpose 

of the research, and informed consent is obtained by the researcher. The participants are given two 

weeks’ time and consequent follow-up to improve the response rate. 

 

3.3. Data Analysis 

The collected data’s analysis is accordingly driven by quantitative methods. The statistical analysis, 

including descriptive statistics, is carried out to analyze the quantitative data. For appraising the Likert-

type data, descriptive statistics are used. Examples of descriptive statistical procedures include mean, 

Standard Deviation (SD), and percentage.  

 

4. RESULTS AND DISCUSSION 

Here, the collected data is analyzed and discussed. Here, the impacts of AI on sustainable AD are 

identified. Also, the advantages of the integration of AI as a design tool in AD with the perception of 
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architects are investigated. Likewise, the challenges and opportunities linked to AI use in architecture 

are explored (Adedotun et al., 2024). 

 

4.1 Impact of Artificial Intelligence on Sustainable Architectural Design 

In promoting sustainable architecture, a key role is played by AI. It is essentially acting as a powerful 

tool to assist architects in the design process, permitting them to focus on more creative aspects while 

streamlining project management. By (i) setting specific parameters, (ii) optimizing layouts, and (iii) 

selecting innovative and practical materials, architects can quickly generate many design alternatives 

with AI-driven tools. In Table 1, the effects of AI in architecture are provided. 

 

Table 1: Impacts of AI on architectural design processes and outcome 

Impacts Mean Standard Deviation 

Streamlining design workflows 3.68 0.911 

Enhancing design precision and accuracy 3.93 0.885 

Encouraging experimentation and innovation 4.39 0.853 

Generating design alternatives 4.07 0.869 

Improving collaboration among design team members 3.49 0.934 

 

"Encouraging experimentation and innovation" has achieved the highest mean of 4.39 with an SD of 

0.853, which is depicted in Table 1. "Improving collaboration among design team members" has 

attained the lowest mean of 3.49 with an SD of 0.934. As per the outcome, there may be a positive 

influence on the overall impact of AI on AD as AI application increases in the architecture field. In 

Figure 2, a graphical illustration of the influence of AI on sustainable AD is shown.  

 

 
Figure 2: A graphical illustration of the impact of AI on architectural design 

 

4.2. Perception of architects on the advantages of using Artificial Intelligence 

During the AD process, AI can perform many tasks; so, it is necessary to understand this technology 

and its advantages, especially concerned with environmental and sustainable aspects. Architects 

generally perceive AI as a powerful tool that can significantly enhance their design process by 

generating innovative ideas, optimizing designs based on data, streamlining workflows, improving 

collaboration, and enabling more informed decision-making. In Table 2, the advantages of AI in the 

view of architects are given. 
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Table 2: Advantages of using AI as a Design Tool 

Advantages Mean Standard Deviation 

AI speeds up design processes 4.72 0.903 

AI enhances design accuracy 4.16 0.962 

AI promotes innovation and creativity 4.84 0.889 

AI improves project efficiency 4.49 0.936 

AI automates repetitive tasks 3.98 1.378 

 

The advantages associated with the integration of AI as a design tool in architecture are depicted in 

Table 2. From the above table, it is found that “AI promotes innovation and creativity” has attained the 

highest mean of 4.84 with an SD of 0.889, followed by AI speeds up design processes (M=4.72 and 

SD=0.903), AI improves project efficiency (M=4.49 and SD=0.936), AI enhances design accuracy 

(M=4.16and SD=0.962), and AI automates repetitive tasks (M=3.98 and SD=1.378). In Figure 3, a 

graphical illustration of the advantages of integrating AI in architecture is shown. 

 

 
Figure 3: Advantages of using AI in architectural design 

 

4.3. Artificial Intelligence to enhance fire safety in architectural design 

In enhancing fire safety, AI plays a significant role by enabling the prediction of fire behavior, 

optimizing design elements to minimize fire spread, analyzing complex fire scenarios rapidly, and 

identifying potential fire risks, which leads to more efficient and safer ADs.  

➢ Prediction of fire behavior: AI can analyze data from fire simulations, allowing architects and 

designers to optimize building layouts and fire safety systems accordingly. 94.28% of respondents agree 

that AI can help in predicting fire behavior. 

➢ AI identifies potential fire risks: AI can identify potential fire risks before they escalate, enabling 

early intervention and preventive measures. The majority of respondents (i.e., 98.75%) accept that AI 

identifies potential fire risks. 

➢ Material evaluation: AI can analyze data on different building materials to predict their fire 

resistance and performance under fire exposure, aiding in material selection for optimal fire 

safety. 92.88% of respondents report that AI helps to evaluate materials. 

➢ AI analyzes complex fire scenarios rapidly: AI tools can automatically check building designs 

against fire safety codes, identifying potential compliance issues and facilitating faster design review 

processes. 96.51% of respondents state that AI helps to analyze complex fire scenarios. 
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➢ AI optimizes design elements to minimize fire spread: AI can significantly enhance building fire 

safety and minimize potential casualties by optimizing design elements.  91.08% of respondents agree 

that AI helps to optimize design elements to minimize fire spread. 

 

4.4 Challenges and opportunities associated with AI integration in architecture 

Integrating AI into architecture presents both challenges and opportunities for architects. It is vital to 

carefully consider the concerns regarding the potential loss of human creativity, ethical implications, 

and data accuracy while AI can significantly improve design efficiency, optimize construction 

processes, and enhance decision-making. The major challenges of using AI in AD are given in Table 3. 

 

Table 3: Potential challenges of AI in architecture 

Challenges Percentage (%) 

Lack of human creativity and intuition 97.49% 

Data quality issues 82.32% 

Lack of skilled professionals 93.19% 

Ethical concerns 87.93% 

Changes to alteration 85.39% 

 

From the table, it is found that around 97.49% of respondents select lack of human creativity and 

intuition as the major challenge for the integration of AI in architecture, followed by lack of skilled 

professionals (93.19%), ethical concerns (87.93%), changes to alteration (85.39%), and data quality 

issues (82.32%). As per the result, a lack of human creativity and intuition is the major challenge to the 

implementation of AI. In Figure 4, an illustration of the challenges of AI in architecture is depicted.  

 

 
Figure 4: Challenges associated with the integration of AI 

 

AI could streamline workflows, augment designs, as well as promote the creation of sustainable 

structures. Across the AD process’ various stages, the AI capability is being harnessed. In Table 4, AI’s 

potential opportunities in AD are given. 

 

Table 4: Key opportunities of AI in architecture 

Opportunities Percentage (%) 

Optimized  design processes 93.04% 

Improved sustainability 97.48% 

Enhanced construction efficiency 96.29% 

Improved maintenance and management 87.92% 

Improved safety 90.78% 
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As per the analysis, “Improved sustainability” has attained the highest percentage in the opportunities 

associated with the integration of AI in architecture (i.e., 97.48%), followed by enhanced construction 

efficiency (96.29%), optimized design processes (93.04%), improved safety (90.78%), and improved 

maintenance and management (87.92%). In Figure 5, an illustration of the opportunities of AI in 

architecture is depicted. 

 

 
Figure 5: Opportunities associated with the integration of AI 

 

4.5. Environmental and social implications of AI-driven architectural design 

AI can inspire as well as enhance AD; however, it should be wielded ethically and responsibly for 

avoiding negative impacts on human creativity along with design ethics. Some of the implications of 

AI-driven AD are: 

➢ AI can enhance sustainability by optimizing designs for energy efficiency, leading to more 

environmentally friendly buildings. 

➢ AI can assist in the selection of materials, making it an essential tool for sustainable architecture. 

➢ Architects could automatically analyze as well as adapt their designs to attain specific regulatory 

requirements by leveraging AI-driven tools, ensuring adherence to local, state, and federal guidelines. 

➢ By automating repetitive tasks, AI could free up architects to focus on more creative aspects of 

design, leading to innovative and diverse building concepts.  

➢ AI-powered tools can facilitate more interactive design processes, allowing communities to provide 

feedback and influence the design of buildings that better suit their needs.  

 

5. CONCLUSION 

Here, the AI integration in AD is examined. The advantages, opportunities, and challenges related to 

the integration of AI in architectural intelligence are identified in this study. Moreover, the role of AI 

in enhancing fire safety in AD is identified. As per the study, there was an impact of AI on AD. 

According to the findings, lack of human creativity and intuition, data quality issues, lack of skilled 

professionals, ethical concerns, and changes to alteration were the major challenges that the architects 

encountered. The study found “Improved sustainability” and “Enhanced construction efficiency” as the 

potential opportunities associated with the implementation of AI in architecture. Also, the study found 

“AI promotes innovation and creativity” and “AI speeds up design processes” as the major advantages 

of using AI in the perception of architects. However, the study was limited by the small sample size. 

Furthermore, the study did not explore the comprehensive strategies for the use of AI technology in 

AD. The research will address these limitations in the future by collecting data from more participants 

and exploring the strategies for the use of AI to provide a deeper understanding of the integration of AI 

in AD. 
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