
* Corresponding author: ozkal.ozsoy@msgsu.edu.tr 

 

Review Article                                               GU J Sci, Part B, 13(1): 77-96 (2025) 

Gazi University 

Journal of Science 
PART B: ART, HUMANITIES, DESIGN AND PLANNING 

http://dergipark.gov.tr/gujsb  

AI-Driven Tools for Advancing the Industrial Design Process – A Literature 

Review 

 

Hüseyin Özkal ÖZSOY1,* 

1 0000-0001-5531-3539, Mimar Sinan Güzel Sanatlar Üniversitesi, Mimarlık Fakültesi, Endüstriyel Tasarım Bölümü Fındıklı/İstanbul 

Article Info 

 

Abstract 

The integration of artificial intelligence (AI) into industrial design is revolutionizing 

traditional methods, particularly in areas such as generative design, sustainable material 

selection, and predictive analytics by using rapid prototypes. This study systematically 

reviews existing literature and presents empirical findings on the practical applications of AI 

in industrial design. The findings indicate that AI-assisted workflows can significantly reduce 

prototyping time and increase the number of design iterations, demonstrating its ability to 

accelerate innovation. Additionally, qualitative insights highlight AI’s role in overcoming 

creative blockages and refining complex design elements. However, limitations exist, 

including an over-reliance on AI-generated outputs and challenges in integrating AI tools with 

traditional design intuition. 

By synthesizing current research, this article provides a comprehensive evaluation of AI’s role 

in industrial design, discussing its benefits and limitations. It also proposes future research 

directions, such as improving AI-human collaboration in ideation and refining AI’s 

adaptability to non-traditional design aesthetics. 
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1. INTRODUCTION 

 
The field of industrial design has traditionally relied on iterative processes, often requiring multiple 

rounds of prototyping, testing, and refinement before achieving final products. However, the advent of 

artificial intelligence (AI) is reshaping these methods, providing designers with tools that can accelerate 

workflows, reduce resource waste, and support innovative and sustainable decision-making[1]. AI's 

potential to enhance industrial design is evident in various stages, from concept generation to production, 

where algorithms are used to generate and test countless design iterations, simulate real-world 

conditions, and even predict user interactions[2]. The impact of AI is most notable in areas such as 

generative design, sustainable material selection, data-driven personalization, and predictive analytics 

and rapid prototyping, offering both speed and accuracy in the design-to-market cycle[3]. Feng et.al. 

[4]state that areas such as rapid prototyping which require product properties to be listed in precise data 

files such as 3d models have an advantage to take part in AI driven design and later prototyping-

manufacturing processes. 

http://dergipark.gov.tr/gujsb
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Figure 1. CAD rendering and the prototypes of a table clock product concept 

(designed and built by the author). 

Therefore, one of the most transformative applications of AI in industrial design is in rapid prototyping 

as shown in Figure 1. AI-driven generative design and simulation tools allow designers to create virtual 

models that mimic physical prototypes, drastically reducing the need for physical tests. Recent 

advancements in AI simulation have enabled designers to predict wear and tear, ergonomics, and 

usability without producing multiple physical prototypes, leading to significant cost and time savings[5]. 

This trend aligns with the broader industrial shift towards digital twins - virtual replicas that serve as 

test beds for physical products - enabling a more efficient design process[6] 

Sustainable material selection is another critical area where AI plays a key role. As environmental 

concerns grow, designers are increasingly tasked with balancing aesthetics, durability, and eco-

friendliness. AI algorithms can analyze vast datasets on material properties, such as environmental 

impact, durability, and cost, assisting designers in making informed choices that minimize 

environmental impact while maintaining product integrity[7]. For instance, AI can predict the 

environmental footprint of specific materials, allowing designers to select eco-friendly alternatives 

without compromising on quality or aesthetics[8]. 

AI’s ability to personalize mass production and enhance interdisciplinary collaboration marks a new era 

in industrial design. By analyzing user data, AI can tailor designs to individual preferences, thus enabling 

more personalized yet scalable solutions[9].  

With these properties, AI is becoming a central tool for cross-functional collaboration among designers, 

engineers, and product managers, streamlining the design process through real-time feedback and 

iteration loops[10].  

The purpose of this study is to examine the role of AI in industrial design by analyzing its applications, 

benefits, and limitations. This research is framed within the conceptual phase of the industrial design 

process. By reviewing existing literature, the study aims to assess how AI enhances key design phases, 

from ideation to prototyping and final product development. 

To achieve this purpose, a systematic literature review is conducted on empirical and theoretical studies 

on AI applications in industrial design. The research follows a qualitative approach, analyzing case 

studies and experimental findings from various industries, including consumer electronics, automotive, 
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and sustainable product design. The central research question guiding this study is: "How do AI-driven 

tools contribute to the efficiency, sustainability, and innovation of the industrial design process?" 

Through this analysis, the study aims to provide a comprehensive understanding of AI’s impact on 

industrial design while identifying challenges and opportunities for future advancements.  

2. ARTIFICIAL INTELLIGENCE TOOLS FOR INDUSTRIAL DESIGN 

In industrial product design, several artificial intelligence (AI) tools can be useful to optimize 

workflows, improve design quality, enhance customer satisfaction, and streamline production 

processes[11].  

Current design tools, such as Autodesk Generative Design, Siemens NX, and Fusion 360, utilize AI 

algorithms to generate a wide range of design alternatives based on parameters like material, weight, 

and manufacturing methods[12]. These tools often create unconventional, but highly optimized designs 

that meet performance, cost, or durability requirements. Machine learning applications, such as IBM 

Watson, DataRobot, and TensorFlow, enable predictive analytics that can identify potential failures 

early, optimize maintenance schedules, and refine designs based on data from prototypes or existing 

products[13]. 

Digital twins, implemented through platforms like Siemens MindSphere, GE Predix, and Microsoft 

Azure, create digital replicas of physical products or systems. This allows designers to simulate and test 

models virtually, reducing the need for physical prototypes and enabling more efficient product 

development[14]. Computer vision tools, including Google Cloud Vision, Amazon Recognition, and 

OpenCV-based custom solutions, are used for quality control, detecting defects early in the 

manufacturing process and improving design feedback loops[15]. 

Natural language processing (NLP) technologies like Google NLP API, Amazon Comprehend, and IBM 

Watson’s NLP tools analyze customer feedback from various sources—such as reviews, surveys, and 

social media—helping designers tailor products to better meet user needs. Robotic process automation 

(RPA) tools, such as UiPath, Blue Prism, and Automation Anywhere, automate routine design and 

administrative tasks like data entry, document creation, and design file management, allowing designers 

to focus more on creative and strategic aspects[16]. 

AI-driven optimization platforms, including MATLAB, Ansys, and Altair HyperWorks, allow designers 

to run complex simulations and optimizations, gaining deeper insights into product behavior under 

different conditions[17]. Similarly, voice and speech recognition tools like Microsoft Azure Speech 

Services and Google Speech-to-Text facilitate hands-free design adjustments, improving process speed 

and accessibility[18]. Virtual and augmented reality (VR/AR) platforms, such as Unity, Unreal Engine, 

Vuforia, and PTC Creo, incorporate AI to provide immersive 3D visualization, allowing designers to 

evaluate and refine products before they are physically created, fostering better design choices and 

collaboration[19]. 

Lastly, deep learning libraries such as PyTorch, Keras, and TensorFlow are used to create customized 

models that can optimize component shapes, materials, and assembly processes, helping tailor designs 

based on extensive datasets from past products[20]. 

The next chapter will explain our methodology to explore current research literature on how industrial 

product designers can leverage selected AI tools to drive innovation, accelerate time to market, enhance 

product quality, and develop more efficient and optimized products. 

3. METHODOLOGY 

This article employs a systematic literature review to explore the applications and impacts of artificial 

intelligence (AI) in industrial design. The methodology focuses on analyzing recent scholarly research, 

industry reports, and case studies mostly published in the last five years, capturing insights into how AI 
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is transforming processes such as rapid prototyping, sustainable material selection, data-driven 

personalization, predictive analytics, and interdisciplinary collaboration. 

To ensure a comprehensive overview, the literature selection targeted studies from multiple industries-

including automotive, manufacturing, consumer goods, and packaging-that highlight AI’s role across 

diverse industrial design contexts. The criteria for including each study were based on relevance to these 

specific themes and each source’s contribution to understanding AI’s role in enhancing the design 

process. 

The review process involved the following steps: 

Literature Search and Selection: Scholarly databases, including IEEE Xplore, ScienceDirect, and 

Google Scholar, were searched using keywords such as "AI in industrial design," "rapid prototyping 

with AI," "sustainable materials selection," and "generative design." To capture recent developments, 

the search mainly focused on articles from 2019 to 2025. These searches resulted in more than 500 

papers initially being considered. The next step involved reading the abstracts and, when necessary, the 

full text of the papers to ensure relevance. Notes were taken to extract key insights, methods, and 

findings from each source 

Categorization of Findings: The content was analyzed for recurring themes and trends in AI 

applications in industrial design, such as rapid prototyping, material selection, personalization, 

collaboration, generative design and such. This categorization enabled a structured analysis of AI 

applications across different stages of the industrial design process. The final dataset consisted of 45 

research articles, 10 reports, and 12 case studies, which were deemed suitable for the systematic review. 

After final checks against repetitive subjects, study areas, industries etc., 60 studies took place in this 

article. 

Thematic Analysis was used to systematically extract key insights, trends, and implications from the 

studies about how AI reshapes industrial design. This analysis focused on comparing the goals, 

methodologies, and results of the studies to identify common patterns and themes. Key aspects like AI's 

role in optimizing design performance, improving sustainability, and enhancing customization were 

highlighted, with an emphasis on how AI technologies such as generative design, predictive analytics, 

and digital twins are being implemented. This comparative approach revealed AI's transformative 

impact on design workflows, making them more efficient, sustainable, and responsive to user needs.  

Synthesis and Reporting: Findings were synthesized to provide a cohesive narrative on AI’s impact, 

challenges, and emerging trends in industrial design. This synthesis highlights the breadth of AI 

applications, from supporting faster, more efficient workflows to advancing sustainability and 

personalization, offering a clear picture of AI's transformative potential in this field. 

Timeline: The study was carried out over a period of three months. The first month was dedicated to 

gathering and screening relevant materials, while the second month was used for a detailed analysis, 

categorization, and coding of the findings. The final month involved synthesizing the results, identifying 

gaps in the current literature, and preparing the final report. For added rigor, the methodology drew upon 

foundational literature on systematic reviews, such as Webster and Watson’s guidance on structuring 

reviews through categorization and synthesis, which informed the overall research process[21]. 

Additionally, numerous studies such as those listed in the following section in the areas of AI-driven 

rapid prototyping, digital twins, sustainable material selection, data-driven personalization, and 

generative design provided insights into each specific theme. Collectively, these sources provide a 

comprehensive foundation for analyzing the current implementations of AI in industrial design and 

assessing its future potential. 
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4. FINDINGS 

Research on the integration of artificial intelligence (AI) in industrial design has surged in recent years, 

driven by advances in AI technology and the increasing demand for efficient, sustainable, and 

personalized design processes[22]. The integration of AI into industrial design is revolutionizing how 

products are conceived, developed, and optimized[23]. With AI’s ability to accelerate the design process, 

increase material efficiency, personalize products, and facilitate real-time collaboration, the industry is 

experiencing significant transformations[24]. In this section, we delve into key areas where AI is 

reshaping industrial design, providing quantitative and qualitative data and real-world examples to 

illustrate these changes. In the following paragraphs, recent studies that examine AI's applications across 

various stages of the industrial design cycle, such as conceptual design, material selection, data-driven 

personalization, and interdisciplinary collaboration, rapid prototyping are presented, their methods and 

findings are summarized. 

4.1. Use of AI in the Industrial Design Process 

Elal and Özsoy [25]offered a perspective on the use of artificial intelligence tools in the conceptual 

phase of the design process. To gain their insights they performed a field study with the participation of 

industrial design students divided into two groups, one using AI tools and the other using traditional ID 

methods to design coffee makers (Figure 2). The two groups produced their version of the selected 

product, which were methodically evaluated afterwards according to selected criteria by using AHP 

method. Based on experience gained with this study they listed the pros and cons of AI use in design 

and stated that it is necessary to work methodically to increase the effectiveness of AI as a tool and 

prevent issues such as idea fixation.  

 
Figure 2. Four different coffee machine design concepts produced by MidJourney AI[25] 
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4.2. AI in Rapid Prototyping 

Ghorbani[1] explored the potential of AI-driven virtual prototyping tools to replace traditional physical 

prototypes. His study focused on generative design and simulation technologies, which enable designers 

to create and test virtual models that closely resemble physical products. Ghorbani's research aimed to 

reduce the time and cost associated with physical prototyping by implementing AI to simulate real-world 

conditions, such as wear and tear or environmental effects. The study found that these AI tools could 

reduce the need for physical prototypes by up to 50%, enabling faster design iterations and lowering 

resource usage. 

Marrone [26]states that traditional design tools often rely on physical prototypes, which are time-

consuming and costly to produce. AI-powered tools, including generative design and simulation-based 

prototyping, significantly reduce the need for physical prototypes by allowing designers to test and 

refine ideas in virtual spaces. 

Li et al. [27] found that AI-based virtual prototyping reduced the time spent on iterative testing compared 

to traditional methods. For example, an automotive manufacturer using AI for generative design in the 

production of new car parts was able to achieve a 25% reduction in weight without sacrificing durability, 

while simultaneously reducing material use by 30%. These improvements led to a 15% reduction in 

manufacturing costs. Furthermore, the use of digital twin technology helps simulate real-world 

conditions, reducing the failure rate of prototypes by up to 35%, thus saving substantial testing time and 

costs. 

According to Clainche et.al. [28], AI's potential for improving prototyping is not limited to cost and time 

reduction. For example, AI simulations used in the aerospace sector helped optimize aircraft wing 

design. The result was a 20% reduction in fuel consumption due to the improved aerodynamics of the 

wing shape, based on AI’s prediction of airflow and performance under varying conditions. 

4.3. Digital Twins and AI-Driven Efficiencies 

Quian et al. [29] have investigated the use of digital twin technology in industrial design, which 

leverages AI to create virtual replicas of physical products. Their study aimed to understand how digital 

twins, combined with AI simulations, enhance product testing and design processes. They focused on 

architectural manufacturing, where the physical testing of prototypes is costly and time intensive. Their 

findings show that digital twins not only streamline testing but also enable real-time feedback loops that 

improve product quality and reduce the time to market.  

Hao et al. [30] have contributed to industrial product design by examining how artificial intelligence 

(AI) can enhance digital twin technology, which is used to create dynamic digital models of physical 

systems. Their paper systematically reviewed AI applications, particularly machine learning models like 

neural networks and deep generative models in digital twin deployment across sectors such as industry, 

healthcare, and urban planning. They addressed challenges that often hinder digital twin effectiveness, 

such as data quality, availability, and interoperability. Their study shows how AI can provide scalable 

solutions for design and operational performance in industrial applications and proposed future research 

directions for improving digital twin functionality. 

4.4. Sustainable Material Selection with AI 

The environmental impact of design has driven a significant amount of research into sustainable material 

selection. Rane et al. [23] have examined AI’s role in analyzing vast materials databases to identify 

sustainable alternatives. Their study focused on evaluating materials based on factors like durability, 

cost, and environmental footprint, aiming to guide designers toward choices that balance aesthetics and 

sustainability. They found that AI-based material analysis could reduce carbon footprint of products by 

up to 30% when compared to traditional materials, highlighting the importance of AI in promoting eco-

friendly practices in architectural design. 
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4.5. AI and Data-Driven Personalization in Industrial Design 

Personalization is one of the most valuable applications of AI in industrial design. AI enables designers 

to customize products on a scale, creating designs that meet individual preferences without 

compromising efficiency or cost-effectiveness[22]. 

Quan et al. [31] have conducted a study on AI’s ability to personalize mass production. Their research 

focused on analyzing user data to create products that meet individual preferences, while still 

maintaining the scalability and cost-effectiveness of mass production. They found that AI-enabled 

personalization allows companies to tailor designs to match user-specific needs, such as ergonomic 

preferences or aesthetic tastes, without incurring prohibitive production costs. This approach represents 

a shift towards user-centric design that is both efficient and adaptable at scale. 

Ding et al. [32] explored how AI-driven customization tools enabled the production of personalized 

furniture based on customer preferences for material choice, design style, and size. In one instance, a 

furniture company using AI to personalize sofa designs saw a 22% increase in customer satisfaction, as 

users were able to choose specific fabric types, colors, and configurations to match their interior decor. 

This personalized approach led to a 30% increase in sales, as customers valued the customization 

options, which increased their attachment to the product. 

In the automotive industry, AI-driven customization tools have helped manufacturers to offer tailored 

interiors based on customer preferences[33]. An example from a major automotive brand showed that 

AI integration into the design of various automotive parts such as dashboards as shown in Figure 3, 

which adjusts itself according to user’s driving style resulted in an increase in customer satisfaction and 

a boost in sales for the customized vehicle models[34]. 
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Figure 3. Various dashboard interface designs for different driving styles[34] and our 

implementation’s 2d design phase and on an actual product we designed (a bicycle computer). 

Customers were able to personalize their vehicles’ arrangements, such as adjusting for their height, body 

shape, and comfort preferences, leading to a more engaging and user-centric product experience[35]. 

Some vehicle sample parts can be seen in Figure 4. 

 
Figure 4. AI generated vehicle parts to fit user or technical needs[35]. 

 

Moreover, AI can optimize mass personalization by analyzing user data, such as ergonomic needs and 

aesthetic preferences, to create personalized yet mass-produced items. For instance, a company 

producing athletic wear used AI to design shoes that fit each user’s foot structure, gait, and running style. 

This personalized shoe design shown in Figure 5 led to an increase in sales and an improvement in 

customer retention, demonstrating the significant impact of personalization on consumer behavior[36]. 

 
Figure 5: Different AI models produced with changing parameters [36]. 
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4.6.  Generative Design for Industrial Design Innovation 

Generative design, powered by AI, is affecting the product development process by enabling the creation 

of optimized, innovative solutions. As demonstrated from one of our experiments in Figure 6, AI 

algorithms generate multiple design alternatives based on a set of input parameters, allowing designers 

to explore thousands of possible configurations in a fraction of the time it would take using traditional 

methods[37]. 

 
Figure 6. Three groups of coffee machine designs generated from literal depictions emphasizing color, 

simplicity and retro design features consecutively (produced by the Author). 

 

Gayam [38] explored the role of AI-driven generative design in industrial innovation, focusing on how 

AI algorithms can create multiple design variations based on specified parameters. Gayam’s study aimed 

to assess the effectiveness of generative design in enhancing creativity and speeding up the ideation 

phase. Gayam found that AI-enabled generative design tools not only expanded designers' creative 

possibilities but also reduced initial design times. This research underscores AI’s potential to support 

creative exploration in industrial design. 

McClelland [39] found that generative design tools reduced the duration of ideation and refinement 

phases of product development. For example, an AI platform used in the aerospace industry generated 

a lightweight, high-strength design for an aircraft component that reduced material usage by over 50% 

and improved its strength-to-weight ratio by 13%. This will eventually lead to cheaper manufacturing 

along with reduced fuel consumptions of the aircraft due to less weight being carried during flight, 

showcasing the potential of generative design to enhance both performance and economy.  

Generative design is particularly valuable in industries requiring highly optimized, complex structures. 

In the case of a new drone frame seen in Figure 7 [40], AI-generated designs reduced the frame's weight 

by 30% while maintaining structural integrity. This not only improved the drone’s flight time but also 

contributed to a 12% reduction in manufacturing costs.  

 

 
Figure 7. Various drone chassis designs produced by giving different parameters to AI[40]. 
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Figure 8 shows the results of one of our own experiments, in which AI was used to design an ergonomic 

workstation for medical environments conforming to given literal cues and images of coffee machine 

images we previously created by using AI shown in Figure 6. Although this fun experiment seemingly 

generated irrelevant results, it might be considered as a nice example of thinking out of the box, enabling 

the designer to improve the design, in an unexpected way. 

 
Figure 8. AI generated medical workstations (produced by the Author) 

 

4.7. Sustainable Material Choices and AI’s Role in Green Design 

Lodhi et al. [41] have examined how AI can improve the selection of sustainable materials in the context 

of green design. Their study aimed to identify the specific ways AI assists in evaluating and choosing 

materials based on sustainability metrics, such as recyclability and carbon footprint. Focusing on 

applications in packaging and consumer goods, the researchers found that AI-driven material selection 

could lower waste by enabling a more precise match between material properties and product 

requirements. Their study reinforced AI’s critical role in advancing eco-friendly design choices. 

Sustainability in industrial design is crucial, and AI is playing a significant role on sustainability by 

means of optimizing material selection. Designers traditionally rely on material databases and personal 

experience when choosing materials, but AI's ability to process vast datasets allows for more informed 

decisions, considering environmental impact, performance, and cost[42]. Biometric structures form 

datasets which are used as the basis for generation algorithms as shown in Figure 9[43]. 

Lodhi et al. [41] reports that AI-driven material selection tools can reduce carbon emissions in 

manufacturing by 20-30%. For instance, an AI system used in the design of a footwear product helped 

select a biodegradable plastic that performed similarly to conventional petroleum-based plastics but 

reduced carbon emissions during production by 28%.  
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Figure 9. AI analyzed microtextured natural surfaces and material structures generated by using the 

analysis results[43]. 

 

AI's role in sustainability extends to reducing material waste. By investigating the related literature Sah 

et al. [44] found that using AI to optimize supply chain processes for wood and metal in manufacturing 

led to a 12% reduction in material waste. 

AI also helps identify new, sustainable materials. For instance, AI-assisted simulations in various 

industries led to the discovery of a new recyclable composite material that reduced the weight of product 

parts while providing increased durability. This shift to lighter, more durable materials also reduced 

energy consumption during manufacturing, contributing to a reduction in the carbon footprint of the 

product line[45]. 

4.8. AI and Interdisciplinary Collaboration in Design 

AI plays a vital role in fostering collaboration between designers, engineers, and manufacturers. In 

traditional industrial design, communication barriers between these groups can lead to delays and 

inefficiencies. AI-powered collaborative platforms improve coordination, ensuring that all stakeholders 

are aligned throughout the design and manufacturing process[46]. 

Tsang and Lee [22] have investigated AI as a collaborative tool in industrial design, focusing on its use 

for real-time feedback loops among designers, engineers, and product managers. Their research aimed 

to assess whether AI-driven tools could facilitate more effective communication across teams, reducing 

design-to-market timelines and enhancing product quality. The findings revealed that AI-powered 

platforms improve cross-functional collaboration, enabling quicker iteration cycles and fostering an 

agile design process illustrating AI's potential to streamline collaboration in complex design projects. 

Singh and Lata [47] found that AI-based collaborative tools considerably reduced decision-making time 

in the design phase of product development. In one of their studies, they investigated a global design 

team which used an AI platform to collaborate on a product for the consumer electronics market. The 

AI system facilitated real-time feedback and helped resolve design issues before physical prototypes 

were created, reducing development costs by 20%. Furthermore, the system provided predictive 
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analytics that helped design teams identify potential flaws early in the process, preventing costly 

redesigns later. 

Real-time collaboration is especially valuable in industries where time-to-market is critical. In the 

fashion industry, AI-assisted design platforms enabled a design team to reduce the turnaround time from 

concept to production by 25%. This rapid prototyping allowed for quicker product launches, meeting 

market demand while keeping production costs under control. Similarly, in the automotive industry, AI 

helped coordinate communication between design, engineering, and manufacturing teams, reducing 

production errors by 15% and cutting development time by 10%[48]. 

5. INTERPRETATINON OF THE CURRENT RESEARCH FINDINGS 

The findings from the reviewed studies show several key insights, each reflecting the broad-reaching 

impact of AI across various stages of industrial design. These findings can be interpreted to highlight 

the ways in which AI not only optimizes traditional practices but also introduces novel methodologies 

that push the boundaries of what is possible in design, manufacturing, and sustainability.  

5.1. Acceleration of Prototyping and Design Processes 

The findings regarding AI in rapid prototyping demonstrate that AI significantly reduces the time and 

costs associated with the iterative process of design. It is reported that there is a 40% reduction in time 

spent on virtual prototyping compared to traditional methods[49]. This time reduction directly correlates 

with lower costs, both in terms of material and labor. The example of aerospace companies considerably 

reducing the weight of parts without compromising durability, while also cutting material usage[39], or 

automotive companies working hard to improve their vehicles’ efficiency by every possible way 

including AI tools[50] indicates that AI does not merely speed up design processes but enhances the 

quality and resource efficiency of the final product. 

AI's ability to simulate and test design options virtually, as seen with the use of generative design 

algorithms, represents a paradigm shift from physical testing to data-driven optimization. The ability to 

generate and test thousands of design alternatives allows for higher precision in product development, 

providing companies with the flexibility to explore solutions that might have been overlooked in 

traditional approaches[51]. 

5.2. Advancing Sustainability in Design 

The role of AI in promoting sustainability is another major takeaway from the findings. AI's ability to 

guide material selection and optimize manufacturing processes is helping companies to reduce their 

environmental footprint[52]. As Maroun has found out [53], AI-assisted material selection could reduce 

carbon emissions by up to 30%, underscoring the potential of AI to promote more sustainable 

manufacturing practices. This is particularly important in industries such as electronics, construction, 

and automotive[50], where the environmental impact of material sourcing and production is substantial. 

The ability to reduce material waste further supports AI’s role in creating more sustainable production 

practices. By optimizing cutting patterns, AI helps minimize leftover materials, reducing both waste and 

costs. This ability to make processes more sustainable without compromising performance demonstrates 

AI's ability to integrate environmental considerations into the core of design processes. 

Moreover, the development of new, sustainable materials through AI highlights AI’s potential to not 

only optimize existing materials but also discover innovative material solutions that improve both 

performance and sustainability, thus contributing to the global economy. 
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5.3. Personalization and Consumer-Centric Design 

Personalization, facilitated by AI, is a transformative aspect of industrial design. AI’s ability to analyze 

user preferences and data allows for the creation of customized products on a scale, which traditional 

manufacturing processes could not achieve efficiently[54]. Wan et al. [55] shows that AI-driven product 

customization increased customer satisfaction, indicating that personalized products are more appealing 

to consumers and lead to higher sales. This highlights the importance of aligning product design with 

consumer preferences, which not only improves customer loyalty but also boosts sales. 

Yan et.al. [56] report that AI’s ability to extend products’ personalization spreads beyond just aesthetics 

or comfort. In their AI-assisted garments customization study, they gathered a large amount of data 

related to the bodies of selected persons and processed them by AI to create personalized wearable 

products, with high performance figures specifically tailored to those individuals therefore much better 

than standard mass-produced garments. This approach improves customer experience by providing them 

with products that much better meet their needs and in the case of, for instance, professional sport 

garments, can also create millions of dollars of additional value. 

5.4. Collaboration and Communication Enhancement 

The findings regarding AI in collaborative design underscore its potential to streamline communication 

between design teams, engineers, and manufacturers. Zhang et al. [57]have found that AI-driven 

platforms reduced decision-making time by 30%, which is a significant improvement that enables faster 

product development. In industries where time-to-market is critical AI-driven collaboration tools can 

significantly shorten development cycles, allowing companies to launch products faster and respond 

more swiftly to market demands. 

Real-time feedback and predictive analytics also help prevent costly mistakes. For instance, AI systems 

that provide automatic corrections or identify design flaws early on, reduce the likelihood of expensive 

redesigns. This collaborative efficiency is especially valuable in global teams, where time zone 

differences and physical distances can hinder effective communication. AI tools that provide instant 

feedback allow teams to stay aligned and optimize the design process. 

5.5. Generative Design and Innovation 

Various uses of generative design in literature have shown that AI can not only optimize existing designs 

but also generate entirely new ones that might not have been conceived by human designers. For 

example, the structure used in the stool design shown in Figure 10 is created using innovative algorithms 

that optimize the necessary structural specifications while minimizing material use [58]. The resulting 

design has a natural, organic look that enhances its visual appeal. Trautmann [59]found that generative 

design reduced the ideation phase by 40%, enabling companies to explore a broader range of solutions 

in a shorter time frame. This approach leads to more innovative and efficient products.  
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Figure 10. Stool that combines AI generated solid and Voronoi-based sections[58]. 

Generative design’s potential for innovation is exemplified by its application in the automotive and 

aerospace industries, where it has resulted in the creation of lighter, stronger parts that improve fuel 

efficiency and reduce operational costs. AI-generated designs for an aircraft component that reduced 

material use highlights AI’s ability to create technical designs as well that are both resource-efficient 

and high-performing[59]. AI's ability to think outside the conventional design constraints can lead to 

breakthroughs in product design, making generative design an invaluable tool for companies seeking to 

stay competitive in industries where performance, cost, and sustainability are key drivers[60]. 

6. CONCLUSIONS 

The general findings and results of the literature studies investigated in our research summarize that AI-

driven tools offer significant advantages in enhancing efficiency, sustainability, and innovation of the 

industrial design process. By automating routine tasks, AI tools help streamline workflows, reduce 

human error, and enable designers to focus on more complex and creative aspects of their work. These 

tools also facilitate faster decision-making by analyzing data and trends, enabling designers to quickly 

adapt to changing consumer needs and market demands. In terms of sustainability, AI assists in selecting 

eco-friendly materials and optimizing the use of resources, minimizing waste throughout the design 

process, and supporting the creation of more sustainable products. 

Innovation is fostered through AI's capabilities in generative design, which allows designers to explore 

a wider range of design possibilities that might be missed in traditional approaches. AI-powered 

generative tools enable designers to push the boundaries of creativity, producing complex, highly 

efficient, and often unexpected solutions that would be difficult to achieve by traditional methods. 

Moreover, AI's ability to enable interdisciplinary collaboration enhances the potential for breakthrough 

innovations by integrating expertise from various fields. Personalized design generation, driven by AI, 

also helps create products tailored to individual user needs, improving customer satisfaction and 

usability while maintaining cost-efficiency. 

However, despite these benefits, the integration of AI into industrial design also poses certain risks and 

challenges. One possible negative consequence is the potential loss of jobs in certain areas of design, as 

AI tools could replace manual tasks previously performed by people. This could result in economic 

disruptions, particularly in traditional design roles, and may exacerbate inequality in the workforce. 

Furthermore, singlehanded reliance on AI tools could lead to a reduction in the diversity of design ideas, 

as these systems often use pre-existing data and patterns. Accepting their creations without question 

could inadvertently stifle creativity and lead to designs that are limited within AI patterns and forms, 

lacking human originality therefore failing to achieve the rapidly improving needs of people and 

industry. 
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AI's emphasis on efficiency and cost-effectiveness may sometimes lead to designs that prioritize 

function over aesthetics or human-centered considerations. This could undermine the artistic and 

emotional aspects of industrial design, which are often integral to a product's appeal and user experience. 

Moreover, the complexity of AI tools and their reliance on vast datasets can create challenges in ensuring 

that the tools are accessible and understandable to all designers, particularly those in smaller firms or 

with less technical expertise. 

Looking ahead, future research could address several critical areas. One focus could be on refining AI 

tools to better balance creativity with efficiency, ensuring that the potential for innovation is not 

decreased by overly data-driven approaches. Research could also explore the broader societal impacts 

of AI in industrial design, particularly the implications for labor markets and the potential need for 

reskilling in the workforce. Additionally, studies could investigate the long-term environmental benefits 

of AI’s role in promoting sustainable design practices and its contribution to a global circular economy. 

Lastly, further exploration into AI's potential to democratize the design process, particularly by making 

advanced tools more accessible to smaller businesses and independent designers, could help foster more 

inclusive innovation in the industry. 

Thus, while AI presents transformative possibilities for industrial design, it is essential to be mindful of 

the potential downsides. As AI tools evolve, ongoing research and thoughtful integration into design 

practices will be key to ensuring that the benefits are maximized while mitigating the risks associated 

with their widespread adoption.  
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