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Abstract: The success of sustainable product strategies is widely recognized as pivotal to the suc-
cessful development of sustainable products. Despite some existing research on sustainable product
strategies, there is a notable lack of investigation into the tools necessary for their effective devel-
opment. To address this gap, our study aims to (1) introduce a methodological framework that
systematically shapes sustainable product strategy, incorporating key technologies like a Sustainable
Product Strategies Focus Group (SPSFG), Brainstorming, Weighted Decision Matrix (WDM), and
Genetic Algorithm (GA); (2) demonstrate the practical application of this framework through the
example of 3C products; and (3) contribute theoretically by proposing a tool for creating sustain-
able product strategies that integrates management principles, providing a practical guide for the
development of control systems and tools. This study also maps out implications for the future of
sustainable 3C products. The development of optimal sustainable product strategies across various
sectors requires a comprehensive hybrid approach. This method combines diverse methodologies to
create a robust framework addressing unique challenges in health systems, education, environment,
industry, agriculture, energy, and resource management. Leveraging quantitative analysis, qualitative
assessment, and systems thinking, the hybrid approach provides a nuanced understanding of inter-
dependencies within these sectors. Integrating data-driven insights and qualitative considerations
facilitates sustainable strategies, optimizing resource utilization for long-term environmental, social,
and economic benefits. This holistic methodology enables a more effective response to interconnected
challenges in health systems, education, environmental preservation, industry, agriculture, energy,
and resource management, promoting a more sustainable future.

Keywords: sustainable product; sustainable strategies; 3C products; SDGs; brainstorming; WDM; GA

1. Introduction

Sustainable products encompass those that offer environmental, social, and economic
advantages while safeguarding public health and the environment throughout their en-
tire life cycle, from raw material extraction to final disposal [1]. A sustainable product is
characterized by the following: (1) Use of Renewable Resources: Sustainable products are
crafted from renewable resources to prevent the depletion of natural resources. (2) Minimal
Energy Consumption and Waste Generation: These products require minimal energy and
generate minimal waste during their production and distribution. (3) Recycling and Reuse
Options: Sustainable products offer options for recycling and reuse, contributing to a
circular economy. (4) Adherence to Safe and Socially Responsible Practices: They are manu-
factured under safe working conditions and follow socially responsible practices [2]. In the
face of escalating global sustainability challenges, businesses are confronting heightened
expectations. This increased pressure emanates from various sources, including the rising
consumer demand for sustainable products, evolving regulations, and the expectations
of fellow businesses, financial institutions, and shareholders. Consequently, there is a

Sustainability 2024, 16, 1374. https://doi.org/10.3390/su16041374 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su16041374
https://doi.org/10.3390/su16041374
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://doi.org/10.3390/su16041374
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su16041374?type=check_update&version=1


Sustainability 2024, 16, 1374 2 of 33

growing emphasis on considering and adopting sustainable practices within both prod-
uct development and overall business operations [3]. When products are designed with
sustainability in mind, they contribute to the overall success and longevity of the product
itself [4]. The development of sustainable products involves incorporating environmentally
friendly practices, considering the product’s life cycle, and minimizing negative impacts
on the environment [5]. By adopting a sustainable approach, companies can not only
meet the demands of the present but also ensure the continued success of their products
in the future [6]. Successful sustainable product development goes beyond immediate
profitability. It encompasses the responsible use of resources, reduction in waste, and the
promotion of eco-friendly manufacturing processes. This holistic approach not only bene-
fits the environment but also enhances the reputation of the product and the company [7].
In conclusion, sustainable product development is a key factor in achieving lasting success.
By prioritizing environmental considerations, adopting eco-friendly practices, and focusing
on the long-term impact of products, companies can create products that stand the test of
time and contribute positively to both their bottom line and the planet [8].

Creating effective and sustainable product strategies is a crucial and multifaceted
process that goes beyond being merely a step in the sustainable product development
toward successful sustainable products; rather, it stands as a pivotal factor in their overall
success. Sustainable product strategies refer to those strategies for designing and develop-
ing sustainable products [9]. To achieve success sustainable product, effective sustainable
product strategies are essential [10]. Unlike conventional product strategies that focus
on introducing or modifying products for market success, sustainable product strategies
specifically center around incorporating environmental and economic considerations into
the design and development process. This entails factors such as energy efficiency, the use
of renewable materials, and waste reduction [11]. Social aspects, such as adherence to labor
standards, poverty alleviation, and assessment of health impacts, are also integral to these
strategies [12]. The intricacies of sustainable product development involve not only the
integration of eco-friendly materials and production methods but also encompass consid-
erations of market demand, ethical sourcing, and long-term environmental impact [13].
By emphasizing the development of comprehensive and accurate sustainable product
strategies, businesses can navigate the complex landscape of sustainable practices, ensuring
that their products not only meet the immediate demands of conscious consumers but also
contribute to a lasting positive impact on the environment and society [14]. In essence,
the sustainable strategic foundation laid during the product development phase becomes
the cornerstone upon which the success of sustainable products is built, reinforcing the
notion that careful planning and thoughtful execution are integral to achieving genuine
and enduring sustainability [15].

3C products, encompassing computers, communication devices, and consumer elec-
tronics, constitute an integral part of our modern technological landscape. Defined as
items falling within these three categories, 3C products have become indispensable in
our daily lives, reflecting their profound impact on human connectivity and convenience.
These products include smartphones, laptops, tablets, and various electronic gadgets that
play a vital role in communication, work, and entertainment [16–18]. The global annual
output value of 3C products has surged exponentially, underscoring their economic signifi-
cance. However, as the demand for these products continues to grow, there is a pressing
need to address sustainability concerns [19,20]. Presently, 3C products lack a comprehen-
sive sustainable product strategy, necessitating the establishment of robust mechanisms
for discussion and construction. Recognizing the environmental impact of electronic
waste and the depletion of resources, integrating sustainable practices into the production,
use, and disposal of 3C products is imperative for a more responsible and eco-friendly
technological future.

Developing a robust tool for creating correct sustainable product strategy is crucial for
crafting successful products that prioritize sustainability. This tool functions as a guiding
compass, directing organizations toward environmentally conscious and socially responsi-
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ble practices. Integrating such a tool into the strategic planning process enables businesses
to align their objectives with sustainable principles, ensuring that each phase of product de-
velopment adheres to ethical and ecological considerations. This holistic approach not only
promotes environmental stewardship but also enhances long-term viability and profitabil-
ity [21,22]. The use of an effective sustainable product strategy development tool becomes
a cornerstone for companies committed to innovation, meeting current market demands,
and anticipating and addressing evolving consumer and stakeholder expectations [23].
This fosters a harmonious balance between business growth and ecological responsibility.

In the realm of sustainable product, a myriad of contemporary research avenues
beckon exploration, chief among them being the elucidation of sustainable policy defini-
tions [24] and the construction of framework for sustainable product development [25].
Scholars are delving into the intricacies of what constitutes a sustainable policy, seeking to
establish clear parameters that guide conscientious decision making [26,27]. Concurrently,
there is a concerted effort to decipher the nuanced process of formulating these policies,
which is a task that demands a comprehensive understanding of the intricate balance
between environmental, social, and economic factors [28]. Interestingly, the current land-
scape of research in this domain has yet to fully investigate the methodologies involved
in crafting sustainable product strategies. This omission underscores a critical gap in our
understanding of how to effectively integrate sustainability principles into tangible product
development. Consequently, this article also aims to address this lacuna by focusing on the
development of methods tailored specifically for the formulation of sustainable product
strategies, thereby contributing to the holistic evolution of sustainable business practices.

In this study, our main goal is twofold: firstly, to propose a methodological frame-
work that effectively shapes sustainable product strategy, and secondly, to demonstrate
its practical functionality. To achieve these objectives, we followed a systematic approach
involving key tasks. (1) Initially, we conducted a thorough literature review to identify
relevant technologies suitable for constructing a methodological framework tailored for
sustainable product strategy formulation. Notable methodologies considered included
SPSFG, Brainstorming, WDM, and GA Technologies. (2) Building upon the principles of
Sustainable Development Goals (hereinafter referred to as SDGs) and product strategy
formulation processes, we seamlessly integrated these identified technologies to establish a
robust methodological framework. This integrated framework serves as a valuable tool
for formulating sustainable product strategies. (3) To provide a concrete demonstration
of its application, we selected 3C products as a representative example, illustrating how
the integrated framework operates in the context of sustainable product strategy formula-
tion. (4) Through the sustainable product strategy for 3C products developed through the
framework constructed in this study, this study puts forward suggestions for a sustainable
product strategy for the 3C products industry. (5) Finally, through this comprehensive
approach, our study aims to contribute not only to the theoretical understanding of sus-
tainable product strategy formulation but also to provide a practical guide for industry
practitioners. SPSFG’s mission is to formulate sustainable product strategies by employing
technologies like Brainstorming, WDM, and GA within a structured framework.

2. Literature Review of Relevant Technologies
2.1. The Tool for Developing Sustainable Product Strategies

A tool for creating product strategy is an instrumental resource designed to guide busi-
nesses in formulating a comprehensive and effective plan for the development, marketing,
and management of their products [29]. Such a tool serves as a structured framework to
help organizations align their product initiatives with overarching business objectives [30].
The components of a tool for creating product strategy typically encompass market analysis,
competitive landscape assessment, target audience identification, value proposition defini-
tion, and a roadmap for product development and deployment [31]. Different from tools for
developing product strategies, a tool for creating a sustainable product strategy serves as a
comprehensive framework that organizations can employ to develop and implement prod-
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uct plans aligned with ecological, social, and economic sustainability goals [32]. This tool
integrates various components to guide decision-makers in crafting strategies that not only
meet market demands but also minimize environmental impact, foster social responsibility,
and ensure long-term economic viability [33]. Key components of such a tool include robust
environmental impact assessments, ethical supply chain considerations, circular economy
principles, and stakeholder engagement strategies [34]. The tool operates by systematically
analyzing these components, allowing businesses to identify opportunities for sustainable
innovation, assess potential risks, and make informed decisions throughout the product life
cycle [35]. By providing a structured approach, the tool empowers organizations to weave
sustainability into the fabric of their product strategies, contributing to a more responsible
and resilient business model in an ever-evolving global landscape. The core concept for
constructing the framework for developing sustainable product strategies will be the tool
for developing sustainable product strategies.

2.2. The SPSFG

A focus group method, also known as a focus group or discussion group, is a qualita-
tive research method involving group interviews to gather insights on a specific product,
service, concept, advertising, or design [36]. The goal is to collect opinions and comments
from participants [37]. The selection of focus group members is typically completed by
the researcher to ensure that participants can express their views openly [38]. The concept
of the focus group originated from an experiment conducted by Robert K. Merton, an
expert at Columbia University’s Bureau of Applied Social Research, while its fundamental
idea was formulated by psychologist and market analyst Ernest Dichter [39]. The focus
group method is advantageous in product development for several reasons. (1). Unique
and In-Depth Insights: It provides distinctive and thorough insights into the product.
(2) Direct Market Feedback: The method allows for a genuine understanding of the mar-
ket’s feedback on the product. (3) Flexible Interviewing: Interview questions can be
promptly adjusted based on the ongoing discussion with participants. (4) Behavioral Ob-
servation: By observing the behavior of participants, a better understanding of the user
situation can be gained. (5) To leverage these advantages in the development process, we
will implement the focus group method within the framework to establish the SPSFG [40].
This group will play a crucial role in aiding the development of sustainable product strate-
gies. Different from traditional focus groups, SPSFG is a specialized form of a focus group
designed to gather qualitative insights and expertise on sustainability-related topics of
product strategies [41]. Comprising individuals with in-depth knowledge and experience
in areas such as environmental conservation, social responsibility, and economic sustain-
ability, this focus group aims to explore and analyze sustainable practices, strategies, and
initiatives [42]. The components of an SPSFG involve the careful selection of participants
who possess diverse and comprehensive expertise in sustainability, sustainable product
development and product strategies. These experts engage in group interviews facilitated
by a knowledgeable moderator, following a well-designed outline that aligns with the
intricacies of sustainability discussions [43]. SPSFG’s mission is to formulate sustainable
product strategies by employing technologies like Brainstorming, WDM, and GA within
our framework.

2.3. Brainstorming

Brainstorming is a creative and collaborative process designed to generate a multitude
of ideas to address a specific problem or task [44]. It serves as a valuable technique
for unlocking the collective creativity of a group, fostering innovation, and exploring
diverse perspectives [45]. The components of brainstorming typically involve a group
of individuals, a facilitator or leader, an open and non-judgmental environment, and a
focus on quantity over quality during the initial idea generation phase. Participants are
encouraged to freely express their thoughts without fear of criticism, and the goal is to
build upon each other’s ideas to create a robust pool of potential solutions [46]. The
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process works by leveraging the power of collective thinking, allowing for the exploration
of various angles, insights, and innovative concepts [47]. Brainstorming encourages the
generation of unconventional ideas that can lead to breakthrough solutions, making it an
effective tool for problem solving and fostering a culture of creativity within teams and
organizations [48]. Brainstorming offers several advantages that contribute to effective
idea generation and decision making. (1) Facilitation of Creativity: In a short timeframe,
group members can produce a multitude of creative ideas through the collaborative process
of brainstorming. This method allows participants to fully unleash their creativity and
facilitates the establishment of a collective decision-making consensus. (2) Stress Reduction:
Face-to-face interactive conversations can sometimes introduce stress and tension, which
may hinder creative thinking. Brainstorming, however, mitigates these potential barriers by
providing a more open and collaborative environment for idea generation. (3) Overcoming
Cultural and Social Barriers: Traditional interactions may be influenced by differences in
culture and social status, hindering the free flow of ideas. Brainstorming helps to neutralize
these influences, creating an atmosphere conducive to uninhibited thinking [49]. Given
these advantages, Brainstorming is a valuable tool for developing sustainable product
strategies. Leveraging its ability to foster creativity and collaboration, Brainstorming will
be employed to shape the initial framework for our sustainable product strategy.

2.4. The WDM

The WDM, also recognized as the “prioritization matrix”, “weighted scoring model”,
“decision-matrix method”, “Pugh method”, or “Pugh concept selection”, stands as a potent
quantitative tool originating from the innovative mind of Stuart Pugh [50]. This method
serves as a qualitative technique designed to assess and rank options possessing multiple
dimensions within a given set. Its versatile application extends to diverse scenarios, ranging
from the evaluation of ideas and projects to pivotal decisions involving investments,
vendors, or products [51]. The essential components of a WDM encompass a predefined
set of criteria and a pool of potential candidate options. Within this matrix, one specific
design is chosen as the reference, while the others are systematically compared and ranked
against it. Criteria such as “better”, “worse”, or “same” are employed for comparison, and
the outcome highlights the number of times each design is considered superior or inferior,
although it lacks a summarized overview [52]. Decision making often involves multifaceted
criteria, introducing complexity into the process. Striking a balance between the urgency
of decision making and a thorough evaluation of options is paramount. The complexity
arises from the varying degrees of importance assigned to different factors, necessitating
an objective and quantifiable decision-making approach that prioritizes efficiency. In this
intricate landscape, the WDM proves to be an invaluable tool [53]. Its strength lies in
facilitating the comparison of diverse options by accounting for the varying significance
of different factors. Decision-makers can assign weights to each criterion based on its
importance, eliminating guesswork and emotional bias, and fostering an objective analysis.
The WDM empowers decision-makers to identify and prioritize their needs, assess, rate, and
compare options, ultimately facilitating the selection of the optimal solution. Furthermore,
it encourages self-reflection within design teams, reducing bias and enhancing candidate
analysis. Sensitivity studies enable an understanding of how much an opinion must
change for a lower-ranked alternative to surpass a competing one [54]. The WDM, with its
structured approach, emerges as an indispensable tool in navigating the intricate landscape
of decision making with precision and objectivity. WDM is a tool that allows SPSFG to
evaluate preliminary sustainable product strategies and select appropriate sustainable
product strategies within the framework.

2.5. The GA

GA Technologies represent a sophisticated approach to problem solving and opti-
mization inspired by the principles of natural selection and genetics [55]. At its core, a
GA is a computational technique designed to mimic the process of natural evolution to
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find optimal solutions to complex problems [56]. The components of GA Technologies
include a population of potential solutions, a fitness function to evaluate the quality of these
solutions, genetic operators such as crossover and mutation to simulate natural genetic
processes, and a selection mechanism to choose individuals for the next generation [57].
These components collectively work in tandem to iteratively refine and improve candidate
solutions over multiple generations [58]. The process begins with an initial population
of potential solutions, which undergoes successive generations of evolution through the
application of genetic operators, ultimately converging toward an optimal or near-optimal
solution [59]. The adaptability and versatility of GA Technologies make them applicable
across various domains, from engineering and optimization problems to machine learning
and artificial intelligence [60]. The GA serves as an introduction to heuristic algorithms
with the primary goal of approximating the best solution. It offers several advantages,
including the following. (1) Customizable Solution Encoding: Each solution is typically
encoded based on the specific context, facilitating the development of mutation functions
and fitness functions (Fitness Function). (2) Flexibility in Solution Coding: Solutions are
generally coded according to the real-world scenario, aiding in the creation of both muta-
tion functions and fitness functions (Fitness Function). (3) Efficient Exploration of Solution
Spaces: Genetic algorithms exhibit the capability to rapidly identify high-quality solutions,
even within intricate solution spaces. (4) Parameter Adjustability: The genetic algorithm’s
performance in addressing a specific optimization problem can be enhanced by adjust-
ing parameters such as the number of individuals, crossover rate, and mutation rate [61].
Optimizing these parameters contributes to improved and faster convergence. Given the
Genetic Algorithm’s proficiency in finding optimal solutions, we intend to leverage it
within the framework to assist in determining the most effective combination of sustainable
product strategies for WDM.

2.6. The Sustainable Product Roadmap

The Sustainable Product Roadmap serves as a dynamic guide in the product devel-
opment journey, which is akin to a meticulously planned travel itinerary. It is a commu-
nicative tool that outlines the route for the team, stakeholders, and customers, answering
critical questions such as the path for product development, the steps to achieve ambi-
tious goals, and the strategies to proceed [62]. Similar to a navigation system, a product
roadmap provides a clear direction for development. The main components of a product
roadmap include the product vision, which aligns with the organizational mission; busi-
ness objectives, tying product development to broader corporate goals; timeframes for
deliverables; and themes, focusing on outcome-oriented problem-solving rather than just
functions [63]. Constructing a Sustainable Product Roadmap involves strategic planning,
aligning organizational plans with the product vision and concentrating on delivering
value to customers [64]. The emphasis is on problem solving, gathering feedback from
users, and incorporating learning into the product development process. Prioritization and
organizational cohesion are crucial, which are achieved through constant communication
with team members to ensure everyone understands the product roadmap’s direction [65].
Importantly, the roadmap is a tool not just for internal guidance but also for engaging cus-
tomers and eliciting excitement about the future product direction, making it a lightweight
method for verifying requirements and ensuring alignment with user expectations [66].
The workflow steps of a Sustainable Product Roadmap involve careful planning, customer-
focused problem solving, continuous learning, organizational cohesion, and maintaining
customer enthusiasm for the product direction [67]. This study intends to use the form of
the Sustainable Product Roadmap to collect optimal sustainable product strategies using
GA so that product designers can better understand optimal sustainable product strategies
and thereby design successful sustainable products.
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3. The Framework of Hybrid Method Derived from SPSFG, Brainstorming, WDM, and
GA Technologies for Creating Sustainable Product Strategies and Sustainable Roadmap

Figure 1 offers a comprehensive approach to develop product strategies aligned with
ecological, social, and economic sustainability goals. At its core is a specialized tool that
integrates environmental impact assessments, ethical supply chain considerations, circular
economy principles, and stakeholder engagement strategies. This tool provides a structured
framework, enabling organizations to systematically incorporate sustainability into their
product strategies. The framework operates through several phases: (1) Preliminary
Sustainable Product Strategies Development, (2) Evaluation of Preliminary Sustainable
Product Strategies, (3) Generation of the Best Sustainable Product Strategies Portfolio,
and (4) Building Roadmap of the Best Sustainable Product Strategies Portfolio. In the
initial stage of developing sustainable product strategies, we will acquire preliminary
sustainable product strategies. During the evaluation stage of these preliminary strategies,
we will identify the best sustainable product strategies. In the stage of generating the
optimal sustainable product strategies portfolio, we will compile the best strategies into
a comprehensive portfolio. Finally, in the stage of building the roadmap for the best
sustainable product strategies portfolio, we will create a detailed plan outlining the steps
and milestones for implementing these strategies. The information flow of the framework
of the hybrid method is also illustrated in Figure 2.
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1. Preliminary Sustainable Product Strategies Development

The SPSFG, consisting of experts in environmental conservation, social responsibility,
and economic sustainability, conducts group interviews to gather qualitative insights
on sustainability-related topics. Brainstorming within the SPSFG generates creative and
innovative preliminary sustainable product strategies. This collaborative process fosters
a culture of creativity within the focus group. At this stage, preliminary information on
“sustainable product strategies” will be generated during the brainstorming step of creating
initial sustainable product strategies.

2. Evaluation of Preliminary Sustainable Product Strategies

The WDM serves as a quantitative tool, facilitating the assessment and ranking of
options for preliminary sustainable product strategies. The structured approach of the
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WDM, involving predefined criteria and assigned weights, allows decision-makers to
objectively analyze and compare diverse options, aiding in the selection of optimal solutions.
At this stage, information on Sustainable Development Goals (SDGs) will be provided. The
“number of Weighted Decision Matrix (WDM) weights for sustainable product strategies”
information will be generated in the “Building WDM” step. The information on the
“best sustainable product strategies” will be generated in the “Determine Best Sustainable
Product Strategies through WDM” step.

3. Generation of the Best Sustainable Product Strategies Portfolio

GA Technology, inspired by natural evolution, is employed to generate optimal combi-
nations for sustainable product strategies over successive generations. The GA technology
refines and improves candidate solutions, and the optimal combinations are translated into
a roadmap of sustainable product strategies. At this stage, information on the “value of
sustainability parameters” will be generated during the step of defining key sustainability
parameters. The “best sustainable product strategies portfolio” information is produced
through steps that iteratively refine a diverse set of potential strategies.

4. Building Roadmap of the Best Sustainable Product Strategies Portfolio

The workflow steps of a Sustainable Product Roadmap entail careful planning,
customer-focused problem solving, continuous learning, organizational cohesion, and
maintaining customer enthusiasm for the product direction. This study aims to leverage
the Sustainable Product Roadmap format to compile an optimal sustainable product strate-
gies portfolio, which is sorted through GA. The objective is to provide product designers
with insights into the most effective sustainable product strategies, enabling them to design
successful sustainable products. At this stage, the “Sustainable Product Roadmap” is in
the process of being developed. Constructing a product roadmap involves aligning the
organization’s plans, and various steps are being generated to achieve this.

In summary, this hybrid framework integrates tools and methodologies from various
domains, including SPSFG, brainstorming, WDM, and GA. In doing so, it empowers
organizations to develop sustainable product strategies that not only meet market demands
but also contribute to environmental, social, and economic sustainability goals.
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4. Methods
4.1. Preliminary Sustainable Product Strategies Development

• Organizing SPSFG

Organizing an SPSFG involves bringing together a diverse group of stakeholders
to collaboratively explore, discuss, and refine strategies for developing and promoting
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environmentally and socially responsible products. The process typically begins with
defining the objectives and scope of the focus group as well as identifying key participants
such as consumers, industry experts, and internal stakeholders. Once the group is formed,
moderators facilitate discussions around sustainable product concepts, market trends, and
potential challenges. The steps include preparing discussion materials, selecting a suitable
venue or virtual platform, and establishing ground rules for constructive dialogue. During
the focus group sessions, participants share insights, preferences, and concerns related
to sustainable products. These discussions help organizations gain valuable feedback to
inform product development, marketing strategies, and overall sustainability initiatives.
After the SPSFG, organizers analyze the collected data, extract key insights, and use them to
refine and shape sustainable product strategies. Effective communication and collaboration
are crucial throughout the process to ensure a comprehensive understanding of sustainable
practices and to foster innovation in creating products that align with both consumer
expectations and environmental considerations. In this instance, we assembled a group
called SPSFG, comprising a total of six experts (Table 1). This diverse panel consists of two
designers specializing in 3C products, two experts well versed in sustainability strategy,
and two consumers of 3C products.

Table 1. Members of SPSFG.

No1. Identity Background

Member 1 3C product designer 52 years old, 26 years of 3C product design experience

Member 2 3C product designer 55 years old, 33 years of 3C product design experience

Member 3 Sustainability strategy expert 45 years old, 18 years of experience in sustainable strategy research

Member 4 Sustainability strategy expert 47 years old, 19 years of experience in sustainable strategy research

Member 5 3C product consumer 33 years old, 10 years of 3C product purchasing experience

Member 6 3C product consumer 31 years old, 13 years of 3C product purchasing experience

• Preparing the sustainable product strategies category cards

The sustainable product strategies category cards (Figure 3) serve as a pivotal tool
within the SPSFG, facilitating the development of sustainable product strategies. During
SPSFG meetings, these cards are employed as a recording mechanism, which are guided
by the moderator who prompts group members to jot down their ideas generated during
the brainstorming session. These cards are categorized into distinct types, each aligning
with a specific aspect of sustainable product development. The categories encompass cards
for energy-efficiency strategies, cards focusing on the use of renewable materials, cards
dedicated to waste reduction strategies, cards addressing labor standards, cards centered
around poverty alleviation strategies, cards designed for assessing health impacts, cards
considering market demand, cards for ethical sourcing, and cards dedicated to evaluating
long-term environmental impacts. This structured approach ensures a comprehensive
exploration of various dimensions within the realm of sustainable product strategies.

• Creating preliminary sustainable product strategies through brainstorming

Creating a sustainable product strategy for 3C (computers, consumer electronics, and
communication devices) products through the brainstorming method requires a systematic
approach (Figure 4). The process begins with brainstorming sessions aimed at generating
ideas related to environmentally friendly materials, energy-efficient technologies, and
eco-conscious design principles. This collaborative process involves cross-functional teams,
fostering diverse perspectives. After the ideation phase, the stir-up method is employed to
encourage creative solutions by challenging conventional norms. This includes question-
ing existing practices and exploring innovative alternatives, such as integrating recycled
materials, minimizing energy consumption during manufacturing, and enhancing product
lifespan through modular design. Here is a step-by-step guide we used for organizing
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a successful brainstorming workshop. Start by appointing a facilitator responsible for
guiding the SPSFG and maintaining focus. Clearly establish context and ensure SPSFG
understanding by clarifying the purpose and goals of the session. Define a clear objective
to guide the creative process and set a time limit to promote focus and productivity. Choose
an appropriate brainstorming technique based on the specific problem, whether it is using
the “5 Whys” technique to prevent future obstacles or rapid ideation to generate creative
solutions. By following these steps, an SPSFG can effectively leverage the brainstorming
method to develop sustainable product strategies for 3C products, fostering both innovation
and environmental responsibility. The sustainable product strategies initially developed by
SPSFG will undergo further evaluation and final decision making by WDM.
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4.2. Evaluation of Preliminary Sustainable Product Strategies

• Building WDM

The implementation of a WDM for evaluating sustainable product strategies in the 3C
(computers, communication devices, and consumer electronics) industry is a structured
and systematic process aimed at fostering sustainability aligned with the United Nations’
Sustainable Development Goals (SDGs) (refer to Appendix A). The WDM construction
process involves several key steps to ensure clarity and logical organization in the evalua-
tion of preliminary sustainable product strategies. To initiate the process, a matrix with
42 columns is created as the foundation (Figure 5). The left two columns are dedicated to
accommodating the relevant SDGs goals, while the subsequent two columns on the left are
allocated for preliminary sustainable product strategies. On the right side of the matrix,
the total weight and the best sustainable product strategies are recorded in two designated
columns. The intersection of WDM’s SDGs goals and preliminary sustainable product
strategies is identified in the blank grid, laying the groundwork for the SPSFG. This blank
grid becomes a crucial space for inputting evaluation scores in the future, providing a
comprehensive and insightful assessment of the sustainability implications of 3C product
strategies. Through this systematic approach, the WDM serves as a powerful tool for
organizations in the 3C industry to make informed decisions that contribute positively to
both environmental and social aspects.
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• Determine best sustainable product strategies through WDM

Determining the best sustainable product strategies through the WDM (Figure 6) is a
systematic approach that enables businesses to assess and compare various sustainability
initiatives for their products. This method involves a structured decision-making process,
incorporating both qualitative and quantitative factors. The first step typically involves
identifying key sustainability criteria relevant to the product and industry, such as envi-
ronmental impact, social responsibility, and economic feasibility. Subsequently, a list of
potential strategies is generated. The Weighted Decision Matrix assigns weights to each
criterion based on its importance and then evaluates each strategy against these criteria.
The scores are multiplied by the assigned weights, and the results are summed, providing
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a quantitative basis for decision making. This process aids in objectively selecting the
most viable and sustainable product strategies, aligning business goals with environmental
and social responsibility. The sustainable product strategies chosen through WDM evalua-
tion will be utilized to employ GA Technologies in identifying the optimal combination
of strategies.
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4.3. Generation of the Optimal Sustainable Product Strategies Portfolio

Generating the best sustainable product strategies portfolio combination through
GA Technologies involves a sophisticated approach to optimizing business strategies for
sustainability (Figure 7). This process leverages GA Technologies (Figure 8), a compu-
tational method inspired by biological evolution, to find the most effective combination
of sustainable product strategies. The steps typically include defining key sustainability
parameters, such as environmental impact, resource efficiency, and social responsibility.
The genetic algorithm then iteratively refines a diverse set of potential strategies, mim-
icking the principles of natural selection to favor the most successful ones. This iterative
process allows for the exploration of a vast solution space, enabling businesses to identify
and implement robust, environmentally friendly, and socially responsible product strate-
gies. This innovative methodology represents a forward-thinking approach to strategic
planning, aligning business goals with a commitment to long-term sustainability. GA
Technologies will generate the optimal combination of sustainable product strategies. This
compilation will be transformed into a comprehensive Sustainable Product Roadmap,
serving as a valuable reference for designers and companies engaged in the development of
sustainable products.
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4.4. Building Roadmap of the Optimal Sustainable Product Strategies Portfolio

The workflow steps (Figure 9) of a Sustainable Product Roadmap involve a meticulous
construction process with a focus on strategic planning, customer value, learning, organiza-
tional cohesion, and customer excitement. Firstly, constructing a product roadmap requires
aligning the organization’s plans with its overarching strategy, emphasizing the importance
of a clear vision that guides product development. It emphasizes avoiding unnecessary con-
tent unrelated to the vision, ensuring a streamlined and purposeful roadmap. Secondly, the
roadmap must concentrate on providing tangible value to customers, ensuring that product
solutions address real problems rather than merely focusing on delivery. Incorporating a
learning mindset is crucial in the third step, transforming the delivery function into a plat-
form for problem solving and goal achievement. This facilitates effective communication
and feedback loops with users, leading to valuable insights that can inform adjustments
to the product direction and priorities. Fourthly, maintaining a focus on priorities and
fostering organizational cohesion is vital. Regular communication with team members
helps align everyone with the product roadmap, ensuring a collective understanding of
the direction. Lastly, the Sustainable Product Roadmap seeks to make customers excited
about the product’s future direction. It serves as a lightweight mechanism for validating
requirements, allowing users to provide feedback and verify whether the planned direction
aligns with their needs and expectations. This customer-centric approach ensures that the
product roadmap remains a dynamic and responsive tool, driving continuous improvement
and alignment with user preferences. In summary, the workflow steps emphasize strategic
alignment, customer value, continuous learning, organizational cohesion, and customer
engagement to create a sustainable and effective product roadmap.

4.5. Verifying the Framework of Hybrid Method

In order to validate the efficacy of our framework for a hybrid method for developing
optimal sustainable product strategies and a sustainable product roadmap, we will employ
OA office furniture (Figure 10) as a case study. The framework comprises several distinct
phases, including Preliminary Sustainable Product Strategies Development, Evaluation
of Preliminary Product Sustainable Product Strategies, Generation of the Best Sustainable
Product Strategies Portfolio, and Building a Roadmap of the Best Sustainable Product
Strategies Portfolio. In the initial phase of crafting sustainable product strategies, we
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will obtain preliminary sustainable product strategies. During the subsequent evaluation
phase, we will discern the most effective sustainable product strategies. Moving on to the
generation stage of the optimal sustainable product strategies portfolio, we will consolidate
the identified best strategies into a comprehensive portfolio. Ultimately, in the roadmap-
building stage for the best sustainable product strategies portfolio, we will meticulously
formulate a detailed plan delineating the necessary steps and milestones for implementing
these strategies.

Sustainability 2024, 16, x FOR PEER REVIEW 16 of 35 
 

 

Figure 9. Framework of generation of roadmap. 

4.5. Verifying the Framework of Hybrid Method 

In order to validate the efficacy of our framework for a hybrid method for developing 

optimal sustainable product strategies and a sustainable product roadmap, we will em-

ploy OA office furniture (Figure 10) as a case study. The framework comprises several 

distinct phases, including Preliminary Sustainable Product Strategies Development, Eval-

uation of Preliminary Product Sustainable Product Strategies, Generation of the Best Sus-

tainable Product Strategies Portfolio, and Building a Roadmap of the Best Sustainable 

Product Strategies Portfolio. In the initial phase of crafting sustainable product strategies, 

we will obtain preliminary sustainable product strategies. During the subsequent evalua-

tion phase, we will discern the most effective sustainable product strategies. Moving on 

to the generation stage of the optimal sustainable product strategies portfolio, we will 

consolidate the identified best strategies into a comprehensive portfolio. Ultimately, in the 

roadmap-building stage for the best sustainable product strategies portfolio, we will me-

ticulously formulate a detailed plan delineating the necessary steps and milestones for 

implementing these strategies. 

 

Figure 10. OA office furniture. 

  

Figure 9. Framework of generation of roadmap.

Sustainability 2024, 16, x FOR PEER REVIEW 16 of 35 
 

 

Figure 9. Framework of generation of roadmap. 

4.5. Verifying the Framework of Hybrid Method 

In order to validate the efficacy of our framework for a hybrid method for developing 

optimal sustainable product strategies and a sustainable product roadmap, we will em-

ploy OA office furniture (Figure 10) as a case study. The framework comprises several 

distinct phases, including Preliminary Sustainable Product Strategies Development, Eval-

uation of Preliminary Product Sustainable Product Strategies, Generation of the Best Sus-

tainable Product Strategies Portfolio, and Building a Roadmap of the Best Sustainable 

Product Strategies Portfolio. In the initial phase of crafting sustainable product strategies, 

we will obtain preliminary sustainable product strategies. During the subsequent evalua-

tion phase, we will discern the most effective sustainable product strategies. Moving on 

to the generation stage of the optimal sustainable product strategies portfolio, we will 

consolidate the identified best strategies into a comprehensive portfolio. Ultimately, in the 

roadmap-building stage for the best sustainable product strategies portfolio, we will me-

ticulously formulate a detailed plan delineating the necessary steps and milestones for 

implementing these strategies. 

 

Figure 10. OA office furniture. 

  

Figure 10. OA office furniture.

5. Results
5.1. 3C Products’ Preliminary Sustainable Product Strategies Created by SPSFG

Table 2 shows the sustainable product strategies’ category cards and the related
preliminary sustainable product strategies. Table 2 presents the preliminary sustainable
product strategies and their definition (reference to Appendix B). These strategies aim
to address environmental, social, and economic aspects of sustainability within the 3C
industry. Here, we analyze and compare 40 preliminary sustainable product strategies
developed by SPSFG, each contributing uniquely to the broader goal of creating eco-friendly
and socially responsible products. The 40 preliminary sustainable product strategies can be
divided into the following aspects.
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Table 2. Preliminary sustainable product strategies.

No. Type of Sustainable Product Strategies
Category Cards Related Sustainable Product Strategies

1 Card type 1
Energy-efficiency strategies card

• Strategy1 Energy Efficiency
• Strategy5 Renewable Energy Integration
• Strategy22 Energy-Efficient Manufacturing Processes

2 Card type 2
Renewable materials strategies card

• Strategy2 Eco-Friendly Materials
• Strategy4 Recycling Programs
• Strategy21 Renewable Packaging Materials

3 Card type 3
Waste reduction strategies card

• Strategy7 Reduced Packaging Waste
• Strategy13 Water Conservation
• Strategy15 E-Waste Reduction
• Strategy29 Minimalist Design
• Strategy37 Zero-Waste Packaging
• Strategy39 Collaborative Product Recycling

4 Card type 4
Labor standards strategies card

• Strategy14 Fair Labor Practices

5 Card type 5
Poverty alleviation strategies card

• Strategy17 Incentives for Sustainable Choices
• Strategy30 Social Impact Initiatives
• Strategy24 Localized Production
• Strategy16 Collaboration for Impact
• Strategy38 Fair Trade Certification
• Strategy40 Blockchain for Supply Chain Transparency

6 Card type 6
Health impacts strategies card --

7 Card type 7
Market demand strategies card

• Strategy3 Modular Design
• Strategy6 Longevity and Durability
• Strategy9 Life-Cycle Assessments
• Strategy11 User Education and Engagement
• Strategy12 Smart Technology Integration
• Strategy32 Upgradable Software
• Strategy36 Energy-Storage Integration

8 Card type 8
Ethical sourcing strategies card

• Strategy18 Continuous Improvement
• Strategy19 Transparency and Reporting
• Strategy20 Circular Economy Integration
• Strategy31 Energy-Positive Products
• Strategy34 Community Engagement in Product Design

9 Card type 9
Long-term environmental impacts strategies card

• Strategy8 Supply Chain Sustainability
• Strategy10 Carbon Footprint Reduction
• Strategy23 Biodegradable Product Components
• Strategy25 Sustainable Product Upcycling
• Strategy26 Closed-Loop Systems
• Strategy27 Waterless Manufacturing
• Strategy28 Biodiversity Conservation
• Strategy33 Carbon-Negative Materials
• Strategy35 Sustainable Transportation Solutions

1. Energy Efficiency:

X Similarities: Strategies 1, 12, and 22 all focus on optimizing energy use either
through energy-efficient designs or the integration of smart technologies.
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X Differences: Strategy31 stands out by aiming to design products that generate
more energy than they consume.

2. Eco-friendly Materials:

X Similarities: Strategies 21, 23, and 33 emphasize the use of sustainable and
renewable materials in product design.

X Differences: Strategy33 goes further by exploring materials with a carbon-
negative footprint.

3. Modular Design:

X Similarities: Strategies 3, 26, and 32 promote product modularity, either for repair
and upgradeability or through closed-loop systems.

X Differences: Strategy32 introduces upgradable software as a means of extending
product lifespan.

4. Recycling Programs:

X Similarities: Strategies 5, 15, 26, and 39 all address the responsible disposal of
electronic waste.

X Differences: Strategy39 takes a collaborative approach, involving competitors for
industry-wide recycling initiatives.

5. Renewable Energy Integration:

X Similarities: Strategies 5, 21, 31, and 36 integrate renewable energy sources into
product functionality.

X Differences: Strategy36 focuses on energy storage solutions to promote efficient
energy use.

6. Longevity and Durability:

X Similarities: Strategies 6 and 29 emphasize durability to reduce the need for
frequent replacements.

X Differences: Strategy29 adopts minimalist design principles to reduce material usage.

7. Reduced Packaging Waste:

X Similarities: Strategies 7, 21, and 37 aim to minimize packaging waste through
eco-friendly materials and designs.

X Differences: Strategy37 sets the ambitious goal of zero-waste packaging.

8. Supply Chain Sustainability:

X Similarities: Strategies 8, 18, and 38 focus on sustainable and ethical practices
within the supply chain.

X Differences: Strategy38 seeks fair trade certification to ensure fair wages and
ethical treatment.

9. Lifecycle Assessments:

X Similarities: Strategy9 is unique in its focus on conducting life-cycle assessments
to minimize environmental impact.

10. Carbon Footprint Reduction:

X Similarities: Strategies 10 and 33 address the reduction in carbon footprints, with
Strategy10 investing in offset programs.

X Differences: Strategy33 focuses on carbon-negative materials.

11. User Education and Engagement:

X Similarities: Strategies 11 and 31 aim to educate consumers about the environ-
mental impact of products.

X Differences: Strategy11 emphasizes responsible use, disposal, and recycling.

In summary, in the landscape of sustainable product strategies, a nuanced approach is
essential. Companies must not only focus on individual elements like energy efficiency and
eco-friendly materials but also consider the broader ecosystem. Strategies such as collabo-
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rative recycling initiatives, fair trade certification, and blockchain for transparency indicate
a growing trend toward collective responsibility and ethical practices. This comprehensive
analysis underscores the interconnectedness of these strategies and the need for a holistic,
multifaceted approach to sustainability in product development. As industries evolve,
continuous improvement and transparency will play pivotal roles in shaping a future
where products are not just functional but also contribute positively to the environment
and society at large.

5.2. 3C Products’ Best Sustainable Product Strategies Determined by WDM

Table 3 shows the 3C products’ best sustainable product strategies determined through
WDM (reference to Appendix C). In the realm of consumer electronics, the pursuit of sus-
tainability has become a paramount consideration for both manufacturers and consumers.
“3C Products’ Best Sustainable Product Strategies Determined by WDM” serves as an illumi-
nating guide, presenting a comprehensive exploration of cutting-edge sustainable strategies
shaping the landscape of 3C (computers, communication devices, and consumer electron-
ics) products. Rooted in a commitment to environmental stewardship and ethical practices,
the strategies outlined in this discourse span a spectrum of considerations, ranging from
eco-friendly materials and modular design to longevity, reduced packaging waste, and
carbon footprint reduction. Delving further, the discourse addresses crucial aspects such as
user education, water conservation, fair labor practices, and e-waste reduction. Notably,
the strategies extend beyond the product life cycle, encompassing incentives for sustainable
choices, circular economy integration, renewable packaging materials, energy-efficient
manufacturing processes, and localized production. With an eye on holistic sustainability,
the discussion extends to innovative approaches like sustainable product upcycling, closed-
loop systems, minimalist design, and social impact initiatives. Additionally, community
engagement in product design, sustainable transportation solutions, energy-storage inte-
gration, collaborative product recycling, and the integration of blockchain for supply chain
transparency underscore the depth and breadth of this exploration. As we navigate the
intricate tapestry of sustainable practices, the discourse invites stakeholders to consider
not only the environmental impact but also the social and ethical dimensions of 3C prod-
uct development, paving the way for a future where technological advancement aligns
harmoniously with global sustainability goals.

5.3. 3C Products’ Optimal Sustainable Product Strategies Combination Portfolio Chosen from GA

Table 4 shows the 3C products’ optimal sustainable product strategies combination
portfolio chosen from GA. In the ever-evolving landscape of consumer electronics, the
quest for sustainability has become a paramount concern. The paradigm shift toward
environmentally conscious practices in the design and manufacturing of 3C (computers,
communication devices, and consumer electronics) products has given rise to a myriad
of strategic options. The synthesis of these strategies has been explored through the lens
of a Genetic Algorithm (GA) to identify the most optimal sustainable product strategy
combination. This comprehensive portfolio is a result of a rigorous evaluation of vari-
ous sustainability strategies such as modular design, longevity and durability, reduced
packaging waste, carbon footprint reduction, user education and engagement, e-waste
reduction, incentives for sustainable choices, continuous improvement, energy-efficient
manufacturing processes, localized production, sustainable product upcycling, closed-loop
systems, minimalist design, energy-storage integration, and blockchain for supply chain
transparency. Each strategy contributes to the overall vision of fostering a more sustainable
and eco-friendly approach to 3C product development. The chosen combination not only
reflects the current state of the art in sustainable technology but also points toward a future
where responsible practices are seamlessly integrated into the core of consumer electronics.
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Table 3. The 3C products’ best sustainable product strategies determined through WDM.

Best Sustainable 3C Product Strategies

Strategy2: Eco-Friendly Materials
Strategy3: Modular Design
Strategy6: Longevity and Durability
Strategy7: Reduced Packaging Waste
Strategy10: Carbon Footprint Reduction
Strategy11: User Education and Engagement
Strategy13: Water Conservation
Strategy14: Fair Labor Practices
Strategy15: E-waste Reduction
Strategy17: Incentives for Sustainable Choices
Strategy18: Continuous Improvement
Strategy20: Circular Economy Integration
Strategy21: Renewable Packaging Materials
Strategy22: Energy-Efficient Manufacturing Processes
Strategy24: Localized Production
Strategy25: Sustainable Product Upcycling
Strategy26: Closed-Loop Systems
Strategy29: Minimalist Design
Strategy30: Social Impact Initiatives
Strategy34: Community Engagement in Product Design
Strategy35: Sustainable Transportation Solutions
Strategy36: Energy-Storage Integration
Strategy39: Collaborative Product Recycling
Strategy40: Blockchain for Supply Chain Transparency

Table 4. The 3C products’ optimal sustainable product strategies combination portfolio sorted from GA.

Optimal Sustainable 3C Product Strategies Combination

Strategy3: Modular Design

Strategy6: Longevity and Durability

Strategy7: Reduced Packaging Waste

Strategy10: Carbon Footprint Reduction:

Strategy11: User Education and Engagement

Strategy15: E-Waste Reduction

Strategy17: Incentives for Sustainable Choices

Strategy18: Continuous Improvement

Strategy22: Energy-Efficient Manufacturing Processes

Strategy24: Localized Production

Strategy25: Sustainable Product Upcycling

Strategy26: Closed-Loop Systems

Strategy29: Minimalist Design

Strategy36: Energy-Storage Integration

Strategy40: Blockchain for Supply Chain Transparency

5.4. Roadmap of Sustainable Product Strategies of 3C Products

To empower designers and companies to actively contribute to the development of
sustainable product strategies for 3C (computers, communication devices, and consumer
electronics) products, SPSFG recognizes the importance of transforming the Optimal Sus-
tainable Product Strategies Combination Portfolio into a structured roadmap (Figure 11).
This transformation is crucial for implementing the sustainable product strategy effec-
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tively. By presenting the Optimal Sustainable Product Strategies Combination Portfolio in
a roadmap format, it becomes a more accessible and actionable guide for designers and
companies. This strategic shift ensures that stakeholders can engage more meaningfully in
the process of developing sustainable product strategies for 3C products. In essence, the
roadmap serves as a practical tool that facilitates a step-by-step approach to implementing
sustainable strategies. This clarity and organization enable designers and companies to
navigate and comprehend the strategic landscape more easily, fostering a more seamless
integration of sustainable practices into the product development process. Here is a sug-
gested outline for the sustainable 3C product roadmap in accordance with an optimal
sustainable product strategies combination portfolio:

1. Phase 1: Foundation (Months 1–3)

X Define Sustainability Goals and Metrics

(A) Establish clear and measurable sustainability objectives based on the identi-
fied strategies.

(B) Set key performance indicators (KPIs) for each strategy to track progress.

X Internal Training and Awareness

(A) Educate the internal team about the importance of sustainability in
product development.

(B) Conduct workshops on the specific strategies and their implications.

2. Phase 2: Research and Analysis (Months 4–6)

X Market and Competitor Analysis

(A) Research competitors’ sustainable practices.
(B) Identify market trends and demands related to eco-friendly products.

X Life-Cycle Assessment

(A) Conduct a thorough life-cycle assessment of the product to identify envi-
ronmental impacts.

(B) Prioritize strategies based on impact and feasibility.

3. Phase 3: Sustainable Design Principles (Months 7–12)

X Modular Design Integration (Strategy 3)

(A) Implement modular design principles to enhance product flexibility
and upgradeability.

(B) Train design and development teams on modular design concepts.

X Longevity and Durability (Strategy 6)

(A) Optimize product design for longevity and durability.
(B) Explore materials and manufacturing processes that enhance product lifespan.

X Reduced Material Usage (Strategy 29)

(A) Adopt minimalist design principles to reduce overall material usage.
(B) Prioritize simplicity without compromising functionality and user experience.

4. Phase 4: Sustainable Production (Months 13–18)

X Localized Production (Strategy 24)

(A) Establish localized manufacturing facilities to reduce the environmental
impact of transportation.

(B) Promote regional job creation and support local economies.

X Energy-Efficient Manufacturing (Strategy 22)

(A) Implement energy-efficient practices to reduce energy consumption dur-
ing production.

(B) Optimize production lines to minimize waste and enhance overall en-
ergy efficiency.

X Closed-Loop Systems (Strategy 26)
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(A) Implement closed-loop systems for the recovery and reuse of materials.
(B) Design products with easily reintegrated components.

5. Phase 5: Sustainable Distribution and Transparency (Ongoing)

X Energy-Storage Integration (Strategy 36)

(A) Integrate energy storage solutions into products for efficient energy use
and storage.

(B) Explore partnerships with renewable energy companies for comprehensive
energy solutions.

X Blockchain for Supply Chain Transparency (Strategy 40)

(A) Implement blockchain technology to enhance transparency in the sup-
ply chain.

(B) Enable consumers to trace the journey of the product from raw materials to
end-of-life recycling.

X Incentives for Sustainable Choices (Strategy 17)

(A) Develop a rewards program for customers making sustainable choices.
(B) Explore partnerships with eco-friendly organizations for joint promotions.

6. Phase 6: Post-Launch and Continuous Improvement (Ongoing)

X User Education and Engagement (Strategy 11)

(A) Develop educational materials for users on sustainable product use.
(B) Engage with customers through social media and other channels.

X Continuous Improvement (Strategy 18)

(A) Gather feedback on sustainability initiatives and product performance.
(B) Iterate on strategies based on feedback and technological advancements.
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5.5. Verification Results of Hybrid Method

Table 5 displays the optimal sustainable product strategies for OA office furniture.
These strategies were derived through the verification of the hybrid method, using OA
office furniture as a case study. The explanation of the meaning of optimal sustainable prod-
uct strategies is provided below. The adoption of optimal sustainable product strategies
is imperative in the realm of open architecture (OA) office furniture, where each strategy
carries profound connotations and significance. Beginning with material selection, a de-
liberate choice of environmentally friendly and recyclable materials, such as FSC-certified
wood, recycled metal, and low-emission finishes, ensures that the raw materials utilized
are sustainable, thereby contributing to a diminished environmental impact. Modular
design principles play a pivotal role by allowing easy disassembly and reconfiguration,
fostering flexibility and adaptability that extend the furniture’s life cycle while concur-
rently reducing waste. The commitment to energy-efficient manufacturing involves the
adoption of lean practices, the utilization of renewable energy sources, and the creation
of facilities that minimize energy consumption during production. Embracing a circular
economic approach, OA office furniture is designed with the end of life in mind, promoting
recycling and refurbishment to establish a closed-loop system that minimizes waste and
champions material reuse. Carbon footprint reduction strategies, including optimized
transportation, local material sourcing, and energy-efficient logistics, collectively work to-
ward minimizing the overall environmental impact. Obtaining certifications such as LEED,
Cradle to Cradle, or GREENGUARD validates the sustainability of OA office furniture,
providing transparency and assurance to customers regarding the eco-friendly nature of the
products. Waste reduction practices encompass minimizing packaging materials, using eco-
friendly packaging, and advocating responsible disposal practices for customers. Employee
well-being is prioritized through ergonomic design principles that enhance comfort and
contribute to increased productivity and job satisfaction, aligning seamlessly with sustain-
ability goals. Technology integration explores the incorporation of smart technologies, such
as energy-saving sensors and automated climate control, optimizing resource utilization
and reducing energy consumption. Lastly, supplier engagement involves working closely
with suppliers committed to sustainability, collaborating to ensure the responsible sourcing
of materials and adherence to ethical labor practices, thereby establishing a comprehensive
and sustainable supply chain for OA office furniture. Together, these strategies form a holis-
tic and impactful approach toward creating sustainable, environmentally conscious, and
socially responsible office furniture solutions within the framework of open architecture.

Table 5. Optimal sustainable product strategies for OA office furniture.

Sustainable Product Strategies Content

Strategy1 Material Selection

Choose environmentally friendly and recyclable materials such as
FSC-certified wood, recycled metal, and low-emission finishes for OA
office furniture. This ensures that the raw materials used are
sustainable and contribute to a reduced environmental impact.

Strategy2 Modular Design
Implement modular design principles to allow for easy disassembly
and reconfiguration. This promotes flexibility and adaptability,
extending the life cycle of the furniture and reducing waste.

Strategy3 Energy-Efficient Manufacturing
Adopt energy-efficient manufacturing processes and facilities. Utilize
renewable energy sources and implement lean manufacturing practices
to minimize energy consumption during production.

Strategy4 Circular Economy Approach

Embrace a circular economy model by designing OA office furniture
with the end of life in mind. Facilitate recycling and refurbishment,
encouraging a closed-loop system that minimizes waste and promotes
the reuse of materials.
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Table 5. Cont.

Sustainable Product Strategies Content

Strategy5 Carbon Footprint Reduction

Evaluate and reduce the carbon footprint of OA office furniture by
optimizing transportation methods, sourcing materials locally, and
employing energy-efficient logistics. This helps with minimizing the
overall environmental impact.

Strategy6 Certifications and Standards

Obtain relevant certifications such as LEED, Cradle to Cradle, or
GREENGUARD to validate the sustainability of OA office furniture.
These certifications provide transparency and assurance to customers
about the eco-friendly nature of the products.

Strategy7 Waste Reduction Practices
Implement waste reduction strategies during both manufacturing and
packaging phases. Minimize packaging materials, use eco-friendly
packaging, and encourage responsible disposal practices for customers.

Strategy8 Employee Well-Being

Consider ergonomic design principles to enhance the comfort and
well-being of employees. Healthy and comfortable workspaces
contribute to increased productivity and job satisfaction while aligning
with sustainability goals.

Strategy9 Technology Integration

Explore opportunities to integrate smart technologies into OA office
furniture. This could include energy-saving sensors, automated climate
control, and occupancy sensors to optimize resource utilization and
reduce energy consumption.

Strategy10 Supplier Engagement

Work closely with suppliers who share a commitment to sustainability.
Collaborate with them to ensure the responsible sourcing of materials
and adherence to ethical labor practices, creating a comprehensive and
sustainable supply chain for OA office furniture.

6. Discussion
6.1. Framework of Hybrid Method

The concept of the effectiveness of the framework of our hybrid method in creat-
ing sustainable product strategies inspires a profound discussion on the intersection of
innovation, adaptability, and long-term viability. In today’s dynamic and ever-evolving
business landscape, the need for a strategic approach that combines the strengths of diverse
methodologies becomes increasingly evident. This hybrid framework suggests a nuanced
understanding of the complexities involved in product strategy development. The enlight-
enment lies in the recognition that a one-size-fits-all approach may not suffice in addressing
the multifaceted challenges posed by the market, technology, and environmental consid-
erations. By embracing a hybrid methodology, organizations may harness the collective
wisdom of proven strategies while also staying agile and responsive to emerging trends.
This discussion prompts a deeper exploration into the practical applications and potential
benefits of such a hybrid approach, encouraging a shift in mindset from rigid adherence
to singular methodologies toward a more adaptive and sustainable paradigm for product
strategy formulation.

The study’s empirical findings are derived from a specific product context, with key
participants being professional 3C product designers, sustainability strategy experts, and
3C product consumers. The sustainable product strategy meeting, lasting around 6 h,
follows a streamlined evaluation process. It is important to note that this process may
not entirely capture how the toolkit is utilized across the broader product industry. To
address this limitation, future cross-sectional studies could investigate variations in tool
usage among different types of product companies. Furthermore, longitudinal studies
could examine the unique circumstances of these companies to pinpoint potential gaps in
their ability to implement sustainable product design.

In light of the evolving landscape shaped by advances in computing technology, the
Internet, and ongoing shifts in industry and consumer preferences, traditional manual
methods face significant challenges, including outdated technology, restrictive capabilities,
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and a lack of immediacy. Consequently, there is a need for future research to develop an
interactive collaborative platform for sustainable product strategy development that is
grounded in the research framework. This online platform would cater to the dynamic
sustainability challenges encountered in users’ daily practices, contributing to the develop-
ment of sustainable products and continuously fostering real-time innovation in sustainable
strategies. This approach ensures that sustainable product strategies remain aligned with
current trends.

6.2. Sustainable Product Strategies of 3C Products

The outlined strategies for environmental sustainability in product development form
a comprehensive framework that goes beyond mere business considerations, embody-
ing a vision rooted in inspiration and enlightenment. By focusing on energy efficiency,
eco-friendly materials, modular design, and recycling programs, companies are not only
acknowledging their role in reducing environmental impact but are also taking proactive
measures to mitigate it. This holistic approach, encapsulated in strategies like renewable
energy integration, longevity and durability, and reduced packaging waste, reflects an
enlightened understanding of the interconnectedness between product design and the
broader ecosystem. Furthermore, the emphasis on supply chain sustainability, life-cycle
assessments, and fair labor practices highlights a commitment to ethical and responsible
business practices. This reflects an inspiration drawn from a deeper understanding of
the global impact of industrial processes and a recognition of the need for conscientious
choices throughout the entire product life cycle. The integration of smart technology and
artificial intelligence in strategy formulation demonstrates an innovative and forward-
thinking approach, where technology becomes a tool for not just product enhancement
but also for addressing environmental concerns. Strategies such as water conservation,
e-waste reduction, and collaboration for impact underscore a sense of responsibility to-
ward both the planet and society. The call for user education and engagement signifies
an understanding that true sustainability extends beyond the production phase to the
way consumers interact with and dispose of products. Incentives for sustainable choices,
continuous improvement, transparency, and reporting further illustrate a commitment
to accountability and a willingness to adapt strategies in the face of evolving environ-
mental standards. Finally, the incorporation of circular economy principles in strategy
formulation reflects a paradigm shift toward a regenerative and restorative approach to
production and consumption. In essence, these strategies not only serve as a roadmap for
businesses to navigate the challenges of the 21st century but also exemplify a collective
awakening to the imperative of sustainable and responsible practices. This holistic and
interconnected approach to product development is not merely a response to market de-
mands; it is an enlightened understanding of the intrinsic link between business success and
environmental stewardship.

Comparing with existing 3C product strategies [68,69], the difference between sustain-
able 3C product strategies found through the framework and 3C products in general is as
following. The 3C product strategies found through the general method primarily focus
on market trends, consumer demands, and competitive positioning within specific indus-
tries. In contrast, the sustainable 3C product strategies through the framework represent a
broader, conscientious approach that extends beyond immediate market considerations.
Here are key distinctions:

1. Scope and Vision:

• 3C Product Strategy: concentrates on meeting consumer demands and gaining a
competitive edge within a specific market, which is often driven by trends and
technological advancements.

• Sustainable Product Strategies: encompasses a comprehensive framework that
transcends immediate business considerations, emphasizing a vision rooted in
environmental stewardship, ethics, and global responsibility.

2. Environmental Considerations:
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• 3C Product Strategy: may incorporate technology and innovation but may not
explicitly prioritize environmental concerns unless demanded by the market.

• Sustainable Product Strategies: prioritizes environmental sustainability through
energy efficiency, eco-friendly materials, modular design, recycling programs,
renewable energy integration, and circular economy principles.

3. Ethics and Responsibility:

• 3C Product Strategy: primarily aims at satisfying consumer needs and gaining
a competitive advantage with less emphasis on ethical and responsible busi-
ness practices.

• Sustainable Product Strategies: highlights a commitment to ethical practices,
fair labor, and responsible business conduct throughout the product life cycle,
reflecting a deeper understanding of global impact.

4. Innovation and Technology:

• 3C Product Strategy: emphasizes technical capabilities, user experience, and inno-
vation to meet evolving consumer expectations and gain a competitive advantage.

• Sustainable Product Strategies: integrates smart technology and artificial intelli-
gence not just for product enhancement but also for addressing environmental
concerns and contributing to a regenerative approach.

5. Consumer Focus:

• 3C Product Strategy: centers on understanding and meeting the specific needs
and behaviors of target customers, often driven by market demands.

• Sustainable Product Strategies: extends beyond market demands to educate and
engage consumers in sustainable practices, acknowledging the interconnected-
ness between product design and the broader ecosystem.

6. Long-Term Perspective:

• 3C Product Strategy: primarily concerned with immediate market positioning
and gaining a competitive edge.

• Sustainable Product Strategies: exemplifies a collective awakening to the impera-
tive of sustainable and responsible practices, indicating a long-term perspective
beyond current market trends.

In summary, while 3C product strategies address market dynamics and consumer
preferences for specific industries, sustainable product strategies adopt a more holistic
and interconnected approach, emphasizing environmental consciousness, ethical business
practices, and a long-term commitment to sustainability and responsibility.

6.3. Roadmap of Sustainable Product Strategies of 3C Products

The outlined roadmap for sustainable 3C (consumer electronics, communication de-
vices, and computer) products reflects a comprehensive and forward-thinking approach to
inspire and enlighten companies on the path to environmental responsibility. The phased
approach, beginning with the foundation phase, demonstrates a commitment to internal
education and awareness, recognizing that transformation starts with a clear understanding
of sustainability goals and metrics. The subsequent research and analysis phase signifies
a dedication to informed decision making, as market and competitor practices are thor-
oughly examined through a life-cycle assessment. This analytical foundation feeds into the
design and development phase, where innovative strategies like modular design princi-
ples, product flexibility, and efforts to reduce packaging waste are seamlessly integrated.
The production and distribution phase underscores a holistic commitment to reducing
carbon footprint and e-waste, incorporating energy-efficient manufacturing and take-back
programs. Moreover, the inclusion of incentives for sustainable choices highlights a proac-
tive approach to encouraging environmentally conscious decisions. The post-launch and
continuous improvement phase emphasizes the significance of ongoing user education,
engagement, and iterative enhancements, reinforcing a dynamic commitment to sustain-
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ability throughout the product lifecycle. The incorporation of Key Performance Indicators
(KPIs) adds a layer of measurability, allowing companies to track success in crucial areas
such as product longevity, packaging waste reduction, carbon footprint reduction, and
user engagement. This strategic roadmap not only aligns with the identified 3C sustain-
able product strategies but also serves as an inspirational and enlightening framework
for companies navigating the complex terrain of environmental responsibility in product
development. It sets a precedent for a meaningful and measurable transformation toward
a more sustainable future in the realm of consumer electronics, communication devices,
and computer products.

7. Conclusions

This study delves into the technical information and SOP (Standard Operating Pro-
cedure) considerations associated with strategy development tools in the creation of a
sustainable product strategy within the sustainable product development process. Our
investigation focuses on the impact of technologies such as SPSFG, Brainstorming, WDM,
and GA in advancing and generating sustainable product strategies. The contribution of
this study lies in enhancing methodological frameworks that facilitate the development
of sustainable product strategies through four key aspects: (1) conducting a critical lit-
erature review on the concept of sustainable product strategies and the methodological
frameworks for their creation; (2) defining a methodological framework for crafting a sus-
tainable product strategy and outlining the implementation method to provide designers
and companies engaged in sustainable product development with a standardized ideation
process; (3) presenting case studies on sustainable 3C products; and (4) offering suggestions
and outlining future directions for sustainability strategies in the context of sustainable 3C
products, drawing insights from the perspective of sustainable product professionals.

The study’s findings yield valuable insights into the enhancement of tools for creat-
ing sustainable product strategies and provide guidance on how future professionals in
sustainable product design can collaborate to maximize the benefits of sustainability in
the creation of strategies for 3C products. Bridging the gap between these insights and
practical manufacturing represents a significant research contribution to both the theoretical
and practical aspects of sustainable product generation processes and sustainable prod-
uct design. Moreover, in the contemporary landscape of product development, a robust
framework that integrates hybrid methods is indispensable for crafting optimal sustainable
product strategies and delineating a comprehensive sustainable product roadmap. This
framework not only addresses the imperative environmental concerns but also considers
the intricate interplay of social, economic, and health consequences. By amalgamating
diverse methodologies, it enables a holistic approach that transcends traditional silos, fos-
tering a symbiotic relationship between ecological viability and societal well-being. This
innovative framework ensures that sustainable product strategies are not only environmen-
tally sound but also attuned to the broader context of social equity, economic resilience, and
public health. Consequently, it not only paves the way for eco-friendly product innovation
but also mitigates potential adverse effects on social structures, economic systems, and
public health, thereby contributing to a harmonious and sustainable future.

The development of optimal sustainable product strategies across various sectors,
including health systems, education, the environment, industrial and agricultural activities,
energy generation, and resource management, necessitates a comprehensive approach.
Employing a hybrid method proves instrumental in achieving this multifaceted goal. This
integrated approach combines diverse methodologies and tools to create a robust frame-
work that addresses the unique challenges posed by each sector. By leveraging the strengths
of different methods, such as quantitative analysis, qualitative assessment, and systems
thinking, the hybrid approach enables a more nuanced understanding of the intricate inter-
dependencies within these sectors. Through the careful integration of data-driven insights
and qualitative considerations, decision-makers can formulate sustainable strategies that
not only optimize resource utilization but also foster long-term environmental, social, and
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economic benefits. This holistic methodology facilitates a more effective response to the
complex and interconnected challenges faced by health systems, education, environmen-
tal preservation, industrial and agricultural practices, energy generation, and resource
management, paving the way for a more sustainable future.
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Appendix A. Content of SDGs

No. Goal’s Name Content

Goal 1 (G1) No Poverty End poverty in all its forms everywhere.

Goal 2 (G2) Zero Hunger End hunger, achieve food security and improved nutrition,
and promote sustainable agriculture.

Goal 3 (G3) Good Health and Well-Being Ensure healthy lives and promote well-being for all at
all ages.

Goal 4 (G4) Quality Education Ensure inclusive and equitable quality education and
promote lifelong learning opportunities for all.

Goal 5 (G5) Gender Equality Achieve gender equality and empower all women and girls.

Goal 6 (G6) Clean Water and Sanitation Ensure availability and sustainable management of water
and sanitation for all.

Goal 7 (G7) Affordable and Clean Energy Ensure access to affordable, reliable, sustainable and
modern energy for all.

Goal 8 (G8) Decent Work and Economic Growth
Promote sustained, inclusive and sustainable economic
growth, full and productive employment and decent work
for all.

Goal 9 (G9) Industry, Innovation and Infrastructure Build resilient infrastructure, promote inclusive and
sustainable industrialization, and foster innovation.

Goal 10 (G10) Reduced Inequalities Reduce income inequality within and among countries.

Goal 11 (G11)
Sustainable Cities and Communities,
Responsible Consumption
and Production

Make cities and human settlements inclusive, safe, resilient,
and sustainable.

Goal 12 (G12) Responsible Consumption
and Production Ensure sustainable consumption and production patterns.

Goal 13 (G13) Climate Action, Goal
Take urgent action to combat climate change and its impacts
by regulating emissions and promoting developments in
renewable energy.

Goal 14 (G14) Life Below Water Conserve and sustainably use the oceans, seas and marine
resources for sustainable development.

Goal 15 (G15) Life on Land, Goal

Protect, restore and promote sustainable use of terrestrial
ecosystems, sustainably manage forests, combat
desertification, and halt and reverse land degradation and
halt biodiversity loss.

Goal 16 (G16) Peace, Justice and Strong Institutions
Promote peaceful and inclusive societies for sustainable
development, provide access to justice for all and build
effective, accountable and inclusive institutions at all levels.

Goal 17 (G17) Partnerships for the Goals Strengthen the means of implementation and revitalize the
global partnership for sustainable development.
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Appendix B. Preliminary Sustainable Product Strategies and Their Definition

No. Name of strategy Definition of Strategy

1 Strategy1
Energy Efficiency

• Develop products that are energy-efficient to reduce overall power consumption.
• Implement power-saving modes and technologies to enhance energy efficiency.

2 Strategy2
Eco-friendly Materials

• Utilize sustainable and recyclable materials in product design and packaging.
• Minimize the use of hazardous substances, such as lead, mercury, and other harmful materials.

3 Strategy3
Modular Design

• Design products with modular components to facilitate repair and upgrades, extending the
product’s lifespan.

• Enable users to replace individual parts instead of replacing the entire product.

4 Strategy4
Recycling Programs

• Establish take-back and recycling programs to responsibly dispose of electronic waste.
• Encourage customers to return old products for proper recycling.

5 Strategy5
Renewable Energy Integration

• Explore ways to incorporate renewable energy sources into product functionality, such as solar panels
or kinetic energy harvesting.

6 Strategy6
Longevity and Durability

• Design products with durability in mind to reduce the frequency of replacements.
• Focus on creating high-quality products that withstand wear and tear.

7 Strategy7
Reduced Packaging Waste

• Minimize packaging materials and opt for eco-friendly packaging solutions.
• Use packaging materials that are easily recyclable or biodegradable.

8 Strategy8
Supply Chain Sustainability

• Collaborate with suppliers who adhere to sustainable and ethical practices.
• Implement strict environmental and social responsibility standards throughout the supply chain.

9 Strategy9
Lifecycle Assessments

• Conduct life-cycle assessments to understand and minimize the environmental impact of products
from manufacturing to disposal.

10 Strategy10
Carbon Footprint Reduction

• Implement measures to reduce the carbon footprint of the manufacturing and distribution processes.
• Invest in carbon offset programs to compensate for unavoidable emissions.

11 Strategy11
User Education and Engagement

• Educate consumers about the environmental impact of electronic products.
• Encourage responsible use, disposal, and recycling practices among consumers.

12 Strategy12
Smart Technology Integration

• Develop products with smart features that optimize energy use and
resource consumption.

• Implement artificial intelligence to enhance energy efficiency and user experience.

13 Strategy13
Water Conservation

• Minimize water usage in manufacturing processes.
• Implement water-saving features in products, if applicable.

14 Strategy14
Fair Labor Practices • Ensure fair labor practices in manufacturing facilities, promoting workers’ rights and well-being.

15 Strategy15
E-Waste Reduction

• Design products with a focus on reducing electronic waste through innovative and
sustainable solutions.

• Implement programs to refurbish and reuse electronic components.

16 Strategy16
Collaboration for Impact

• Collaborate with industry peers, NGOs, and governmental bodies to address environmental
challenges collectively.

17 Strategy17
Incentives for Sustainable Choices

• Provide incentives for customers who choose sustainable products, such as discounts or
extended warranties.

18 Strategy18
Continuous Improvement

• Regularly review and update sustainability practices based on advancements in technology and
environmental standards.

19 Strategy19
Transparency and Reporting

• Be transparent about sustainability efforts and regularly report progress to consumers
and stakeholders.

20 Strategy20
Circular Economy Integration

• Embrace the principles of the circular economy, focusing on product reuse, repair, and recycling to
minimize waste.

21 Strategy21
Renewable Packaging Materials

• Utilize packaging materials made from renewable resources, such as plant-based plastics or
bio-based materials.

• Explore innovative, sustainable alternatives to traditional packaging.

22
Strategy22
Energy-Efficient
Manufacturing Processes

• Implement energy-efficient practices in the manufacturing phase to reduce energy consumption
during production.

• Optimize production lines to minimize waste and enhance overall
energy efficiency.

23 Strategy23
Biodegradable Product Components

• Incorporate biodegradable materials into product components to facilitate eco-friendly disposal.
• Ensure that these materials do not compromise product performance

and functionality.
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No. Name of strategy Definition of Strategy

24 Strategy24
Localized Production

• Establish localized manufacturing facilities to reduce the environmental impact of transportation.
• Promote regional job creation and support local economies.

25 Strategy25
Sustainable Product Upcycling

• Design products with features that allow for easy upcycling or repurposing.
• Provide guides or suggestions for users on creative ways to repurpose or upcycle the product.

26 Strategy26
Closed-Loop Systems

• Implement closed-loop systems that enable the recovery and reuse of materials from old products in
the manufacturing of new ones.

• Design products with components that can be easily reintegrated into the production cycle.

27 Strategy27
Waterless Manufacturing

• Explore manufacturing processes that require little to no water, reducing the environmental impact on
water resources.

• Invest in technologies that enable waterless production without compromising product quality.

28 Strategy28
Biodiversity Conservation

• Assess and mitigate the impact of product manufacturing on local ecosystems.
• Support biodiversity conservation initiatives in areas affected by manufacturing activities.

29 Strategy29
Minimalist Design

• Adopt minimalist design principles to reduce the overall material usage in product construction.
• Prioritize simplicity without compromising functionality and user experience.

30 Strategy30
Social Impact Initiatives

• Implement programs that contribute to social well-being in communities where manufacturing
takes place.

• Support education, healthcare, or other social initiatives to create a positive impact.

31 Strategy31
Energy-Positive Products

• Design products that generate more energy than they consume during regular use.
• Explore integration with renewable energy sources to achieve energy-positive functionality.

32 Strategy32
Upgradable Software

• Develop products with upgradable software to extend the product lifespan through
digital enhancements.

• Enable users to access new features and capabilities through software updates.

33 Strategy33
Carbon-Negative Materials

• Source materials that have a carbon-negative footprint, helping to offset emissions during the
manufacturing process.

• Collaborate with suppliers to identify and utilize such materials.

34
Strategy34
Community Engagement in
Product Design

• Involve local communities in the design process to ensure products meet specific needs
and preferences.

• Foster a sense of ownership and connection between the community and the product.

35 Strategy35
Sustainable Transportation Solutions

• Explore sustainable transportation options for product distribution, such as electric or hybrid vehicles.
• Optimize logistics to minimize the environmental impact of product transportation.

36 Strategy36
Energy-Storage Integration

• Integrate energy storage solutions into products to promote efficient energy use and storage.
• Explore partnerships with renewable energy companies for comprehensive energy solutions.

37 Strategy37
Zero-Waste Packaging

• Design packaging with the goal of zero waste, ensuring that all materials are either recyclable
or compostable.

• Encourage consumers to participate in responsible disposal practices.

38 Strategy38
Fair Trade Certification

• Seek fair trade certification for products to ensure fair wages and ethical treatment throughout the
supply chain.

• Support fair trade initiatives and organizations.

39 Strategy39
Collaborative Product Recycling

• Collaborate with competitors to create industry-wide product recycling initiatives.
• Establish shared infrastructure for efficient and widespread product recycling.

40
Strategy40
Blockchain for Supply
Chain Transparency

• Implement blockchain technology to enhance transparency in the supply chain.
• Enable consumers to trace the journey of the product from raw materials to end-of-life recycling.
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Appendix C. Number of WDM Weights of 3C Products’ Sustainable Product  

Strategies 

 

No. Name of strategy G1(w:4) G2(w:3) G3(w:3) G4(w:4) G5(w:2) G6(w:1) G7(w:4) G8(w:4) G9(w:3) G10(w:4) G11(w:3) G12(w:2) G13(w:2) G14(w:4) G15(w:3) G16(w:3) G17(w:1)

Strategy1 Energy Efficiency 2 2 5 3 2 1 1 2 3 2 2 1 1 1 2 3 2 106

Strategy2
Eco-friendly

Materials
2 4 2 4 4 3 5 4 5 4 3 4 1 4 5 4 3 124 *

Strategy3 Modular Design 1 2 2 3 2 2 2 3 3 1 4 3 2 3 2 1 3 142 *

Strategy4
Recycling

Programs
3 3 2 1 3 4 3 4 1 2 1 4 2 4 2 1 4 102

Strategy5

Renewable

Energy

Integration

1 4 2 1 3 1 1 3 3 4 1 2 2 4 1 2 3 104

Strategy6
Longevity and

Durability
4 4 2 3 1 2 3 5 3 5 5 4 2 4 5 1 3 128 *

Strategy7
Reduced

Packaging Waste
1 4 3 2 4 4 3 1 4 2 1 4 2 1 2 3 3 131 *

Strategy8
Supply Chain

Sustainability
3 2 3 1 4 4 1 2 3 1 1 3 1 4 2 1 2 105

Strategy9
Lifecycle

Assessments
2 4 2 3 1 2 2 4 3 2 4 5 2 5 1 1 3 106

Strategy10
Carbon Footprint

Reduction
3 3 2 3 4 4 2 3 1 3 1 5 3 4 3 1 5 142 *

Strategy11
User Education

and Engagement
4 2 1 1 3 4 4 3 4 1 2 4 1 3 2 2 3 135 *

Strategy12

Smart

Technology

Integration

2 1 4 2 1 4 1 2 3 1 3 4 2 1 2 1 5 106

Strategy13
Water

Conservation
3 2 4 2 4 5 3 3 4 2 3 5 2 2 5 4 4 144 *

Strategy14
Fair Labor

Practices
2 3 3 1 4 3 4 3 5 2 2 4 2 1 2 4 3 172 *

Strategy15
E-waste

Reduction
3 5 2 2 1 4 2 3 1 3 1 4 3 4 2 1 3 118 *

Strategy16
Collaboration for

Impact
3 2 2 1 3 4 3 4 1 2 2 3 2 2 1 1 2 106

Strategy17

Incentives for

Sustainable

Choices

3 3 1 4 4 3 1 2 4 5 1 4 3 2 2 5 3 107 *

Strategy18
Continuous

Improvement
4 2 2 1 2 4 2 3 3 2 1 4 2 4 2 1 4 126 *

Strategy19
Transparency and

Reporting
2 1 2 3 4 2 2 3 3 2 4 3 2 3 1 5 3 110

Strategy20

Circular

Economy

Integration

2 4 3 4 3 1 2 3 1 4 3 4 2 4 2 4 3 135 *

Strategy21

Renewable

Packaging

Materials

4 3 5 4 3 4 3 5 3 1 1 3 3 3 2 1 4 145 *

Strategy22

Energy-Efficient

Manufacturing

Processes

4 2 3 1 3 3 5 2 1 3 2 4 2 1 3 2 3 136 *

Strategy23

Biodegradable

Product

Components

3 5 4 1 1 3 2 2 4 2 2 3 1 4 3 1 1 107

Strategy24
Localized

Production
3 4 2 1 3 4 3 3 2 1 3 4 2 4 2 1 3 121 *

Strategy25

Sustainable

Product

Upcycling

3 4 3 2 1 4 3 3 4 2 1 5 3 3 2 4 3 138 *

Strategy26
Closed-Loop

Systems
1 3 2 1 4 2 2 4 3 1 4 3 2 1 2 1 5 118 *

Strategy27
Waterless

Manufacturing
2 3 4 3 3 4 1 2 3 2 1 5 4 4 1 3 4 119

Strategy28
Biodiversity

Conservation
2 2 3 1 3 2 4 3 4 2 4 4 2 3 2 1 4 133

Strategy29
Minimalist

Design
4 3 2 1 4 4 2 3 3 4 3 3 2 4 3 5 3 141 *

Strategy30
Social Impact

Initiatives
4 1 2 3 1 3 2 1 3 4 1 4 2 4 2 1 2 126 *

Strategy31
Energy-Positive

Products
2 2 3 2 2 1 4 3 2 2 1 4 3 3 2 4 3 101

Strategy32
Upgradable

Software
3 4 1 2 2 4 5 2 1 2 2 3 2 4 1 1 2 105

Strategy33
Carbon-Negative

Materials
3 4 1 5 4 2 2 3 1 2 2 4 1 1 2 4 3 107

Strategy34

Community

Engagement in

Product Design

4 3 3 4 3 3 2 5 3 2 4 1 2 4 3 1 1 122 *

Strategy35

Sustainable

Transportation

Solutions

2 2 4 3 2 5 1 3 4 2 4 1 2 4 2 1 3 139 *

Strategy36
Energy-Storage

Integration
2 2 5 3 1 2 3 3 2 2 1 4 2 5 2 3 2 118 *

Strategy37
Zero-Waste

Packaging
3 3 1 2 1 3 2 1 1 2 2 4 5 4 2 1 3 106

Strategy38
Fair Trade

Certification
1 4 4 1 2 3 4 2 3 2 4 4 2 1 2 1 3 101

Strategy39

Collaborative

Product

Recycling

2 4 3 2 2 3 4 1 3 2 3 4 2 4 2 1 3 126 *

Strategy40

Blockchain for

Supply Chain

Transparency

4 2 2 1 4 3 3 4 5 2 4 1 2 3 1 3 4 125 *

SDGs
The total

number of

weights

WDM Best

sustainable

product

strategies

(*: indicates the best sustainable product strategies. This result is obtained through the
total number of weights in WDM).
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