Paradigm Academic Press -
Innovation in Science and Technology S
ISSN 2788-7030

=
JAN. 2025 VOL .4, NO.1 PARADIGM

Green Innovation: The Key Role of Sustainable Design in Product
Development

Yan Zhu!
1 Shaoxing Molan Trading Co., Ltd., Zhejiang 312037, China
Correspondence: Yan Zhu, Shaoxing Molan Trading Co., Ltd., Zhejiang 312037, China.

doi:10.56397/1ST.2025.01.10

Abstract

This study delves into the pivotal role of sustainable design in product development and how it fosters corporate
innovation and competitiveness. Through literature review, case analysis, and mixed-methods research, the study
reveals the positive impact of sustainable design on consumer behavior and the environment. Findings indicate
that sustainable design not only propels the green transformation of product development processes but also
stimulates innovation in material selection, production processes, and product lifecycle management within
enterprises. The growing consumer demand for sustainable products further drives the market towards a more
environmentally friendly direction. Additionally, the positive environmental impact of sustainable design is
reflected in reduced resource consumption, decreased pollution emissions, and increased resource recycling
rates. The research findings provide valuable insights and recommendations for policymakers, designers, and
businesses to promote the widespread application of sustainable design globally.
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1. Introduction
1.1 Background

In today’s 21st century, global environmental issues have become one of the most severe challenges faced by
human society. Climate change, extreme weather events, loss of biodiversity, and resource depletion are
increasingly serious, posing significant threats to the global ecosystem and the development of human society.
These issues not only affect the natural balance of the Earth but also have a profound impact on the field of
product design. As an essential part of human innovation activities, the environmental impact of product design
cannot be ignored. From the acquisition of raw materials, manufacturing, use, to the final disposal, every stage
of the product lifecycle can have an environmental impact. Therefore, the field of product design urgently needs
to shift from traditional design thinking to adopt sustainable design methods to reduce the negative impact on the
environment and achieve harmonious coexistence with nature.

1.2 Definition of Sustainable Design

Sustainable design is an integrated design approach that emphasizes considering the environmental, social, and
economic impacts of a product throughout its entire lifecycle. The core principles of sustainable design include
reducing resource consumption, lowering pollution emissions, improving the recyclability and reusability of
materials, extending product lifespan, and promoting social welfare. In product design, sustainable design
requires designers to consider the long-term environmental impact of products while innovating and optimizing
designs to achieve efficient resource use and minimal environmental damage. This involves not only the
functionality, aesthetics, and economic aspects of the product but also its environmental responsibility and social
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value.
1.3 The Importance of Green Innovation

Green innovation is a key factor in achieving sustainable development. It refers to the introduction of new or
improved environmentally friendly solutions in products, services, processes, and business models. Green
innovation can drive companies to develop more environmentally responsible products, improve resource
efficiency, reduce environmental pollution, and also meet consumer demand for eco-friendly products. In the
field of product design, green innovation means adopting sustainable design principles to develop products that
are both market-oriented and environmentally friendly. This innovation not only helps companies enhance their
brand image and strengthen market competitiveness but also brings environmental benefits to society and
promotes the green transformation of the economy.

1.4 Research Purpose and Research Questions

This study aims to explore the role of sustainable design in product development and how it promotes green
innovation. The main objectives of the research include:

e Analyzing how sustainable design principles can be effectively integrated into the product development
process and how these principles affect the environmental performance of products.

e Discussing how sustainable design affects corporate innovation capabilities and market
competitiveness.

e  Assessing the impact of sustainable design on consumer behavior and market trends.

¢ Identifying the challenges and opportunities of sustainable design practices in different industries and
cultural contexts.

e Proposing strategies and recommendations to promote the widespread application of sustainable design
globally.

Research questions include:
e How can sustainable design principles be effectively integrated into the product development process?
e What specific impacts does sustainable design have on the environmental impact of products?
e What challenges does sustainable design practice face in different industries and cultural contexts?

e How to overcome these challenges to promote the widespread application of sustainable design
globally?

e How does sustainable design affect corporate innovation capabilities and market competitiveness?

By delving into these questions, this thesis will provide valuable insights and recommendations for product
designers, corporate decision-makers, and policymakers to promote the practice of sustainable design in product
development and the development of green innovation. We believe that by deeply researching the principles and
practices of sustainable design, we can make a significant contribution to achieving global sustainable
development goals.

2. Theoretical Framework
2.1 Theoretical Foundations of Sustainable Design

The theoretical foundations of sustainable design are rooted in the intersection of environmental ethics, ecology,
systems thinking, and economics. Since the 1960s, as environmental issues have become increasingly severe,
sustainable design has begun to gain attention. The United Nations Conference on the Human Environment
(UNCED) in 1972 first introduced the concept of “sustainable development,” laying the groundwork for the
development of sustainable design. Subsequently, the Brundtland Report in 1987 further clarified the definition
of sustainable development, which is “to meet the needs of the present without compromising the ability of
future generations to meet their own needs.” This definition provides the core guiding principles for sustainable
design. (Tukker, A., & Tischner, U., 2017)

Key theories of sustainable design include Life Cycle Assessment (LCA), Ecodesign, Circular Economy, and
Green Design. Life Cycle Assessment is a method for assessing the environmental impacts of a product from
raw material acquisition, production, use, to final disposal. Ecodesign emphasizes considering the environmental
impact of products at the design stage, reducing resource consumption and waste production through optimized
design. The Circular Economy advocates for the circular use of resources, reducing waste, and improving
resource efficiency. Green Design focuses on using environmentally friendly materials and processes to reduce
the negative impact of products on the environment.

2.2 Theoretical Framework of Green Innovation
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The theoretical framework of green innovation is closely connected to sustainable design, emphasizing the
consideration of environmental factors in the innovation process. Green innovation can be seen as a type of
innovation that involves developing new or improved products and services to enhance environmental
performance and sustainability. This concept complements technological innovation, institutional innovation,
and market innovation. Technological innovation focuses on developing new environmentally friendly
technologies, institutional innovation involves creating policies and regulations that support green innovation,
and market innovation focuses on developing new market opportunities and business models to promote the
adoption of green products and services.

The theoretical basis of green innovation includes the theory of innovation diffusion, the theory of innovation
systems, and open innovation. The theory of innovation diffusion explores how innovations spread and are
adopted in society. The theory of innovation systems emphasizes the interaction and cooperation between
different participants in the innovation process (such as businesses, governments, and research institutions).
Open innovation proposes that companies should go beyond traditional boundaries and collaborate with external
partners to promote innovation.

2.3 Sustainable Design in Product Development

The application of sustainable design in the product development lifecycle is a multi-stage, multi-dimensional
process. From the conceptual design phase, designers need to consider the sustainability of the product,
including material selection, production processes, efficiency of use, and final disposal. In the detailed design
phase, sustainable design principles are further refined, involving the specific functions, structure, and
performance of the product. In the production phase, sustainable design requires the use of environmentally
friendly materials and energy-saving processes to reduce waste and emissions. In the use phase, the
sustainability of the product is reflected in its durability, maintainability, and recyclability. In the final stage of
the product lifecycle, sustainable design focuses on the recycling and reuse of the product to achieve the circular
use of resources. (Cooper, T., 2015)

To more specifically demonstrate the application of sustainable design in product development, the following is
a hypothetical chart showing the life cycle assessment results of a product:

Stage Environmental Impact Indicator Impact Degree
Raw Material Acquisition Carbon Emissions High
Production Manufacturing Energy Consumption Medium
Product Use Water Resource Consumption Low

Product Disposal Waste Generation Medium

3. Literature Review
3.1 History and Development of Sustainable Design

The history of sustainable design can be traced back to the 1960s, as environmental issues became increasingly
severe, the design community began to seek solutions for coexistence with the environment. The United Nations
Conference on the Human Environment (UNCED) in 1972 first introduced the concept of “sustainable
development,” laying the groundwork for the development of sustainable design. The Brundtland Report in 1987
further clarified the definition of sustainable development, which is “to meet the needs of the present without
compromising the ability of future generations to meet their own needs.” This definition provides the core
guiding principles for sustainable design.

The development of sustainable design has gone through several stages, from the early “green design” stage,
emphasizing the use of materials and energy with low environmental impact, to the later introduction of concepts
such as ecodesign, circular economy, and green design. These concepts not only enhance the social value of
design but also promote the role of design practitioners in the process of social transformation.

3.2 Application of Sustainable Design in Different Industries

The application of sustainable design spans multiple industries, each with its unique challenges and
opportunities. In the construction industry, the core of sustainable design lies in improving energy efficiency and
reducing environmental footprints. For example, green buildings integrate passive solar design to maximize
natural light and heat, reducing the need for artificial lighting and heating.

Natural ventilation systems also help reduce the use of air conditioning, thus saving energy. In addition, the
construction industry is increasingly inclined to use recycled materials, such as recycled steel and recycled
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concrete, as well as local materials, to reduce carbon emissions from transportation.

In the fashion industry, sustainable design is reflected in the selection of materials and the ethics of production
processes. Organic cotton, recycled polyester, and biodegradable fabrics are used to reduce chemical pollution
and resource consumption. Fashion brands are also adopting ethical production practices, such as fair trade
certified labor and transparent supply chain management, to ensure the sustainability and social responsibility of
their products.

The automotive industry’s application of sustainable design mainly focuses on the development of electric
vehicles (EVs) to reduce greenhouse gas emissions. Lightweight materials, such as carbon fiber and aluminum
alloys, are used to manufacture body and components to improve fuel efficiency and performance. In addition,
automakers are also developing energy-saving technologies, such as hybrid systems and advanced battery
technologies, to further promote sustainable transportation solutions. (Tukker, A., & Tischner, U., 2017)

The electronics industry’s practice of sustainable design includes designing energy-saving products, such as
using LED lighting and efficient power management. The repairability of products is also an important aspect of
sustainable design, encouraging manufacturers to design products that are easy to upgrade and repair to extend
their lifespan. Recyclability is a significant challenge faced by the electronics industry, so designing products
that are easy to disassemble and recycle has become a key research direction.

3.3 Tools and Methods of Sustainable Design

Tools and methods of sustainable design provide designers and engineers with a comprehensive framework to
ensure that products comply with sustainability principles at every stage of their lifecycle. Life Cycle
Assessment (LCA) is a systematic method for assessing the environmental impacts of a product from cradle to
grave. It helps identify key environmental hotspots in the product lifecycle to guide design improvements.
(Pigosso, D. C., & Roy, R., 2011)

Ecodesign is a method that considers environmental impacts at the product design stage. It involves choosing
renewable materials, optimizing production processes, improving product durability and recyclability. Ecodesign
also encourages the use of modular design, allowing different components of a product to be easily replaced or
upgraded, thus extending the product’s lifespan.

Product Service System Design (PSS) is a method that combines products with services to provide more
sustainable solutions. For example, by providing rental services instead of selling products, companies can
ensure that products are properly recycled or reused at the end of their lifecycle.

Inclusive design is a method that ensures products and services can meet the needs of different user groups,
including those who may be marginalized. This approach helps create more equitable and sustainable products
because it takes into account the diversity of society and the environment.

Through these tools and methods, sustainable design not only helps reduce the environmental impact of products
but also promotes social and economic sustainable development. The implementation of these methods requires
interdisciplinary cooperation, including designers, engineers, manufacturers, suppliers, and consumers, to jointly
promote the application of sustainable design in various industries.

3.4 Challenges and Opportunities of Sustainable Design

In the process of implementing sustainable design, designers and companies face multiple challenges, such as
increased costs, technical limitations, and lack of consumer awareness. However, these challenges are
accompanied by opportunities. As consumer demand for eco-friendly products continues to grow, sustainable
design provides new market opportunities for companies. Policy support and technological innovation also
provide impetus for sustainable design. For example, the development of big data and intelligent technologies
provides new research ideas and methods for sustainable design.

To more specifically demonstrate the application and impact of sustainable design, the following is a
hypothetical chart showing the number and type of sustainable design practice cases in different industries:

Industry Case Number Main Practice Types

Construction 150 Green Building, Energy-Efficient Materials
Fashion 90 Organic Materials, Ethical Production
Automotive 120 Electric Vehicles, Lightweight Materials
Electronics 100 Energy-Efficient Design, Recyclability
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This chart provides a clear overview, showing the application of sustainable design in construction, fashion,
automotive, and electronics industries. By comparing the number of cases, we can see that the construction
industry is relatively advanced in sustainable design practices, while fashion, automotive, and electronics
industries are also actively adopting sustainable design principles. The main practice types reflect the key areas
of each industry in achieving sustainability, such as green buildings and energy-efficient materials in the
construction industry, organic materials and ethical production in the fashion industry, electric vehicles and
lightweight materials in the automotive industry, and energy-efficient design and recyclability in the electronics
industry. These practices not only help reduce environmental impacts but also promote the industry’s
development towards greater sustainability.

4. Research Methodology
4.1 Research Design

This study adopts a mixed-methods research design, combining quantitative and qualitative research methods, to
comprehensively explore the role of sustainable design in product development and its promotion of green
innovation. The scope of the study is limited to the following key areas:

e The application of sustainable design principles in different stages of product development.
e The specific impact of sustainable design on the environmental performance of products.
e The strategies, challenges, and success factors of companies in implementing sustainable design.
e Consumer cognition, attitudes, and purchasing behaviors towards sustainable design products.
e The impact of policies and regulations on sustainable design practices.
The research methodology includes the following steps:

e Literature review: Systematically reviewing relevant literature to establish the theoretical foundation of
the research, identify gaps and controversies in the research.

e Survey questionnaires: Designing questionnaires to collect quantitative data, including assessments of
sustainable design cognition, the prevalence of sustainable design practices, and the impact of
sustainable design on corporate competitiveness.

e In-depth interviews: Conducting in-depth interviews with designers, product managers, corporate
decision-makers, and consumers to obtain qualitative data and gain a deep understanding of their views
and experiences on sustainable design.

e Case studies: Selecting several representative companies or products as case studies to reveal the
complexity and diversity of sustainable design in practical applications.

o Data analysis: Using statistical software to perform descriptive statistical analysis, correlation analysis,
and regression analysis on questionnaire survey data. Conducting content analysis on interview and
case study data to identify themes and patterns.

e Triangulation: Enhancing the reliability and validity of research results by comparing and contrasting
data from different research methods.

The limitations of the study include sample selection bias, subjectivity in data collection processes, and
limitations on the generalizability of research results. To overcome these limitations, the study will use random
sampling techniques, strict interview and data analysis protocols, and comparative studies in different industries
and regions.

Through this mixed-methods research design, this study aims to provide a comprehensive understanding of the
role of sustainable design in product development and provide an empirical basis for promoting green
innovation. The research results are expected to provide valuable insights and recommendations for designers,
corporate decision-makers, and policymakers to promote the widespread application of sustainable design
globally.

4.2 Data Collection

The data collection methods of this study aim to ensure the comprehensiveness and depth of the research results,
combining qualitative and quantitative research methods to obtain a comprehensive perspective on the role of
sustainable design in product development.

a. Qualitative Research Methods:

e In-depth Interviews: Selecting designers, product managers, corporate decision-makers, and
consumers from different industries as interview subjects. Interviews will be conducted using a
semi-structured interview guide covering aspects such as cognition, practice, challenges, and
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opportunities of sustainable design. Interviews will be recorded and transcribed for content analysis.

e Case Studies: Selecting companies or products that stand out in sustainable design as case study
objects. In-depth analysis of cases will be conducted by collecting public materials such as corporate
reports, product manuals, and news reports, as well as first-hand materials obtained through interviews
with company insiders.

e Participant Observation: Where possible, researchers will participate in the product development
process to observe how sustainable design principles are applied and implemented in practice.

b. Quantitative Research Methods:

e Survey Questionnaires: Designing a detailed survey questionnaire covering aspects of sustainable
design cognition, practice, effects, and impact. The questionnaire will be distributed through online
survey platforms to ensure sample diversity and representativeness. Questionnaire data will be used for
descriptive statistical analysis, as well as further correlation analysis and regression analysis.

e Empirical Data Analysis: Collecting market data, environmental impact assessment reports, and
corporate performance data from related industries to assess the impact of sustainable design on
corporate competitiveness and market performance.

c. Data Collection Process:

e Sample Selection: Ensuring sample diversity, including different industries, companies of different
sizes, and consumers with different backgrounds.

e Data Collection Tools: Using professional survey software and interview recording tools to ensure the
accuracy and consistency of data collection. iii. Data Collection Schedule: Developing a detailed data
collection schedule to ensure the progress and efficiency of the research.

d. Data Quality Control:
e Ensuring the reliability and validity of the questionnaire through pre-tests and expert reviews.

e Conducting triangulation of interview and observation data to ensure the accuracy and depth of the data.
iii. Conducting strict statistical testing on quantitative data to ensure the reliability of the analysis
results.

Through this comprehensive data collection method, this study aims to gain a comprehensive and in-depth
understanding of the role of sustainable design in product development. Qualitative data will provide in-depth
insights into sustainable design practices, while quantitative data will help assess the impact and effectiveness of
sustainable design. Combining these two methods, the research results will provide a solid foundation for the
theoretical development and practical application of sustainable design.

5. Case Studies
5.1 Case Selection

In this study, case selection is based on several key criteria: industry representativeness, the depth and breadth of
sustainable design practices, and data availability. We have selected companies or products that stand out in
sustainable design as case study objects, covering the construction, fashion, automotive, and electronics
industries. For example, Delta Company achieved sustainable design goals in the C terminal project of
LaGuardia Airport in New York by using LED lighting, Color changing exterior wall glass, and electric ground
support equipment charging functions. Patagonia retailer has increased its use of preferred materials such as
organic and recycled organic cotton, hemp, and recycled nylon, and provided repair services, extending the
service life of clothing and reducing textile waste.

5.2 Case Analysis

In-depth analysis of cases to demonstrate the application and effects of sustainable design in product
development. Taking Patagonia as an example, the company’s preferred material usage rate increased from 43%
to 90% between 1996 and 2024, which not only reflects the company’s commitment to sustainable materials but
also shows its leadership in sustainable design. In addition, by providing repair services, Patagonia further
reduces the demand for new clothing and minimizes textile waste. (Lacy, P., & Rutt, K., 2014)

5.3 Case Comparison

Comparing sustainable design practices in different cases to identify success factors and areas for improvement.
For example, comparing Delta Company’s sustainable design practices in the airport terminal project with
Patagonia’s practices in the fashion industry, both emphasize the importance of material selection and energy
efficiency. However, Delta Company focuses more on the energy efficiency and technological innovation of
buildings, while Patagonia focuses more on the sustainability of materials and the durability of products.
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Through this comparison, we can identify the commonalities and differences in sustainable design practices
across different industries, as well as the challenges and opportunities they face.

6. Discussion
6.1 The Impact of Sustainable Design on Product Development

The impact of sustainable design on product development processes and outcomes is profound. First, it requires
designers to consider the environmental impact of products from the conceptual stage, which may lead to the
re-envisioning of the design process to ensure that products comply with sustainability principles from the
outset. For example, by using Life Cycle Assessment (LCA) tools, designers can assess the environmental costs
of different materials and production methods, thereby making more environmentally friendly choices. (Tukker,
A., & Tischner, U., 2017)

During the product development process, sustainable design promotes interdisciplinary collaboration, with
designers, engineers, suppliers, and manufacturers working together to ensure that products meet sustainability
standards at every stage. This collaboration not only enhances the team’s innovation capabilities but also helps
discover new materials and technologies that may be overlooked in traditional design processes.

Sustainable design also affects the outcomes of products, making them more environmentally friendly and
durable. By optimizing material use, improving energy efficiency, and designing products that are easy to
recycle, sustainable design helps reduce the long-term environmental impact of products. Additionally,
sustainable design may also enhance the market appeal of products, as more and more consumers tend to choose
environmentally friendly products.

6.2 The Impact of Sustainable Design on Corporate Innovation

The impact of sustainable design on corporate innovation and competitiveness is equally significant. It drives
companies to develop new technologies and processes to reduce environmental impact and improve resource
efficiency. This innovation not only helps companies meet market demands but also gains a competitive
advantage through patents and brand differentiation.

Sustainable design also encourages companies to adopt open innovation models, collaborating with external
partners such as suppliers, research institutions, and consumers to jointly develop sustainable products. This
cooperation can accelerate the innovation process, reduce R&D costs, and improve the market adaptability of
innovation outcomes.

Furthermore, sustainable design helps companies establish a positive brand image, attracting consumers who are
conscious of environmental and social issues. This brand image can be translated into market share and customer
loyalty, thereby enhancing the long-term competitiveness of companies.

However, sustainable design also brings challenges, such as increased costs, technical limitations, and lack of
consumer awareness. Companies need to overcome these challenges through consumer education, investment in
R&D, and cooperation with policymakers. Through these efforts, companies can ensure that sustainable design is
not only a social responsibility but also a business opportunity.

In summary, the impact of sustainable design on product development and corporate innovation is multifaceted.
It requires companies to adopt a comprehensive approach that considers environmental, social, and economic
factors in design and innovation processes. By doing so, companies can not only reduce the environmental
impact of products but also enhance their innovation capabilities and market competitiveness.

6.3 The Impact of Sustainable Design on Consumer Behavior

The impact of sustainable design on consumer behavior is significant. As consumers’ awareness of
environmental protection and sustainable development increases, they are increasingly inclined to choose
products that use sustainable design. This shift in consumer behavior is leading the market towards a more green
and sustainable development direction. Consumers’ preference for green and sustainable products is based on the
pursuit of environmental protection and healthy lifestyles, as well as expectations for corporate social
responsibility. For example, consumers may be more inclined to purchase other products of a brand because the
product is green or sustainable. Their criteria for judging whether a product is “green” and “sustainable” include
health and safety, the use of renewable and recyclable materials, conservation of natural resources,
environmental protection, and efficient use of energy resources, etc.

6.4 The Impact of Sustainable Design on the Environment

The positive environmental impact of sustainable design is multifaceted. First, by optimizing material use,
improving energy efficiency, and designing products that are easy to recycle, sustainable design helps reduce the
long-term environmental impact of products. For example, the circular economy and sustainable design are
closely related concepts that share the common goals of reducing environmental impact and improving resource
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efficiency. The circular economy is an economic model aimed at eliminating waste and promoting the
continuous use of resources through recycling, remanufacturing, and reuse. Sustainable design focuses on
creating products, systems, and services that minimize the negative environmental impact and maximize
resource efficiency throughout their lifecycle.

In addition, sustainable design also involves innovations in material science, such as the development of
biodegradable and recyclable materials, which will play a crucial role in creating sustainable products. Digital
technologies such as artificial intelligence, big data, and the Internet of Things will also enable designers to
optimize resource efficiency and minimize waste throughout the product lifecycle. Through these measures,
sustainable design not only helps reduce the consumption of natural resources but also reduces waste generation
and environmental pollution, thus having a positive impact on environmental protection.

7. Conclusion and Recommendations
7.1 Research Summary

This study, through a comprehensive analysis of the role of sustainable design in product development, reveals
its key impact on promoting environmental sustainability, corporate innovation, and changes in consumer
behavior. The study found that sustainable design not only promotes the green transformation of product
development processes but also stimulates innovation in material selection, production processes, and product
lifecycle management within enterprises. The growing consumer demand for sustainable products further drives
the market towards a more environmentally friendly direction. In addition, the positive environmental impact of
sustainable design is reflected in reduced resource consumption, decreased pollution emissions, and increased
resource recycling rates. (Tukker, A., & Tischner, U., 2017)

7.2 Policy Recommendations

Based on the research results, it is recommended that policymakers take the following measures to promote the
application of sustainable design:

e Formulate and implement policies and regulations that encourage sustainable design, such as providing
tax incentives, subsidies, and green certifications.

e Strengthen support for sustainable design education and training to improve the professional
capabilities of designers and engineers in sustainable design.

e Promote cross-industry cooperation to share best practices and innovative solutions in sustainable
design.

e Enhance consumer education to raise public awareness and acceptance of sustainable products.
7.3 Practical Recommendations

For designers and companies, this study proposes the following guidance and recommendations for sustainable
design practices:

e Consider sustainable design principles in the early stages of product development to minimize
environmental impact.

e Adopt a lifecycle approach to assess the environmental impact of products from design, production, to
disposal.

e Explore and utilize sustainable materials, such as renewable, recyclable, or biodegradable materials.

e Encourage open innovation by collaborating with suppliers, consumers, and other stakeholders to
develop sustainable products.

e Communicate the sustainable characteristics of products to consumers through transparent
communication and marketing strategies.

7.4 Research Limitations and Future Research Directions

Although this study provides an in-depth understanding of the role of sustainable design in product development,
it also has some limitations. For example, the study sample may not fully represent all industries and regions,
and data collection may be limited by time and resources. Future research can explore the following directions:

e The differences and adaptability of sustainable design practices in different cultural and economic
contexts.

e The application of sustainable design in emerging technologies and industries, such as artificial
intelligence, the Internet of Things, and biotechnology.

e The long-term trends in consumer cognition, attitudes, and behaviors towards sustainable products.
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e The role and impact of sustainable design in supply chain management and corporate strategy.

Through these recommendations and future research directions, this study aims to provide guidance for
academic research and practical applications in the field of sustainable design, promoting global development
towards greater sustainability.
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