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Abstract: The importance of sustainable design for achieving sustainable development goals (SDG)
has become increasingly prevalent. Agility for sustainable design development is a project man-
agement approach that aims to provide a flexible and efficient way of developing new products.
However, the application of agility for sustainable design development is not well-defined, with
unknown processes and benefits. To address this, this study aims to explore the benefits of theoretical
research and the application of agility in sustainable design. The study critically examines the appli-
cation of agility in sustainable design development through a literature review. The results identify
eight integration directions of agility that contribute to sustainable design, providing a better under-
standing of agility and enabling its implementation in the development of new products. This study
seeks to create a more coherent and rigorous system of theory and practice for sustainable design.

Keywords: sustainable design; agility practices; design methodology; product development; systems
design; design integration

1. Introduction

Sustainable development aims to fulfil the needs and wants of people while also
ensuring that future generations can achieve the same without compromising their own
needs [1]. This is crucial, especially in the current global market environment, where
sustainable strategies are essential for providing consumers with safe and effective products
or services, improving economic and social benefits [2–4], and reducing the environmental
impact of production by promoting recycling. Sustainability involves preserving natural
resources and ensuring their long-term availability. Sustainable design is focused on
minimizing negative impacts on the environment and user health while also providing
benefits such as increased durability, conservation, waste reduction, and better health
conditions.

In today’s fiercely competitive global market, many companies are required to adopt a
sustainable design approach to meet diversified demands and rapidly changing market
conditions [5,6]. Implementing a reconfigurable manufacturing system, integrating new
resources and components, and adopting flexible and agile production methods are es-
sential for companies to cope with crises, prolong manufacturing system lifecycles, and
achieve sustainable development [7]. Agility can be a solution for sustainable design, as
it offers a more open, accessible, and reconfigurable control system to deal with unpre-
dictable market and enterprise changes [8,9]. From a management perspective, agility
means planning and executing work in a way that incorporates changes as a critical part of
the process [10]. Agility helps companies measure team performance, identify bottlenecks,
and make data-driven decisions to correct them using indicators such as lead time, cycle
time, and throughput. For business organizations, agility means thriving in a constantly
and unpredictably changing environment.
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The methodology of agility emerged in the 1990s [11–13], particularly in software de-
velopment and manufacturing. In software development, agility refers to a flexible process
that can adapt to changes in requirements and delivery times [14]. This approach aims to
increase productivity, respond to changing requirements and competition, make progress
in small but effective increments, and reduce process and documentation bureaucracy. In
industrial production, agility approaches prioritize decisions when allocating production
resources. By packaging and sequencing backlogs in an integrated style, they address the
product growth trend in change requests [15]. However, enterprises must also consider
changes in customer needs and the market environment to ensure high-quality products
and improve competitiveness [16,17]. These changes require a large number of decisions
to be made in the execution process of sustainable design. Additionally, sustainable de-
sign practice must also consider technological solutions, social culture, quality of life, and
innovation [18], as well as require a more systematic approach [19].

It has been shown that agility plays an important role in the development of sustainable
design [20–23]. However, there is still much uncertainty surrounding the application of
agility in sustainable design, including the processes involved and its potential benefits.
Therefore, this study aims to investigate and discuss the benefits of integrating agility into
sustainable design. By better understanding the synergistic effects of agility and its impact,
we can develop an innovative approach to sustainable design that fits best.

2. Background of Study

The concept of human development includes not only economic growth but also
considers the basic needs of society and the impact on the environment [24]. Sustainable
design is a form of environmentally friendly design that has been developed in recent
years [3,25–31]. Many design methods and tools have been introduced to focus on environ-
mental protection. These tools can be categorized into three types: life cycle assessment
(LCA) based tools, checklist-based tools, and quality function deployment (QFD) based
tools. They can be used in the form of guidelines, standards, checklists, comparative tools,
and analytical methods to help product designers conduct preliminary analyses on design
content and meet environmental requirements [32]. However, some of these tools may be
too complicated and difficult to use.

2.1. The Development of Sustainable Design

In [24], introduced the concept of a triple-bottom-line in sustainable development. He
proposed that measuring the sustainable performance of enterprises involves considering
environmental quality, economic prosperity, and social justice. Furthermore, it emphasized
that for enterprises to succeed sustainably, they need to meet the characteristics of the “seven
dimensions of sustainable future outlined.” These include markets, values, transparency,
life cycle technology, partnerships, time, and corporate governance. Although the triple-
bottom-line concept is popular in sustainable development, some scholars argue that
environmental factors may overshadow the other two elements [24,33].

Design experts have explored various approaches to implement sustainable design.
They act as facilitators, researchers, and educators, providing tools to generate new ideas
and knowledge while considering user experience [34]. These designers should also priori-
tize social responsibility and establish organizations that promote sustainable development
in product design. User needs and experience are vital in design interventions, and meth-
ods such as participatory design [35], user-centered design, and design thinking have
proven useful [36]. Additionally, sustainable design methods such as Design for X [37], In-
clusive Design [38], Product Lifecycle Design [39], and Quality Functional Deployment for
Environment (QFDE) have been introduced to manage product development sustainably.
These methods prioritize reducing the environmental impact of products while prioritizing
consumer needs and transforming them into design goals [40].

Sustainable design methods are classified by experts into various categories, such
as frameworks, checklists and guidelines, quantitative analysis and evaluation methods,
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software and expert systems, and organizational tools [41]. While these methods do not
aim to achieve balanced development across the three dimensions of TBL, they can make
it easier for enterprises to achieve their sustainable goals. However, socially responsible
designers have limited power to drive progress, resulting in slower progress. Additionally,
these design methods often overlook the economic factors that serve as the material basis
for sustainability, and they do not consider the status of enterprises in sustainable design.
Thus, there is a need for more enterprise-centric sustainable design methods that can meet
the needs of enterprises.

Sustainable design has become increasingly focused on new technologies and market
dynamics. This approach not only ensures sustainability goals are met for new products
but also helps enterprises develop and innovate. The fuzzy quality function deployment
(fuzzy QFD) approach prioritizes customer needs, sustainability parameters, and measures
to handle increased competition in the electronics market. In [42], the authors proposed
the Print CAD project, which applies computer-aided engineering and integrates QFD and
TRIZ to address design strategies’ impact on the environment. An intelligent knowledge
deployment method that uses the demand-function-knowledge deployment model matrix
to select, configure, and rank candidate solutions based on their carbon footprint, with
interactive genetic algorithms capturing user feedback, has been proposed [43]. Moreover, a
virtual factory design system has been presented to improve small and medium-sized enter-
prises’ collaboration ability, cope with competition and changes, and promote sustainable
innovation [39].

2.2. Agility

Due to market globalization, companies are facing extreme competition. In response
to changing and dynamic customer demands, enterprises are constantly seeking an agile
manufacturing model [44–47]. Agility is the capacity of a company to detect changes
in its business environment and reconfigure its resources, processes, and strategies to
respond quickly to those changes. This model promotes corporate cooperation, focusing on
knowledge, people, technology, and processes, and enables companies to adapt to change
and seize opportunities to grow in turbulent market environments [48]. Originally from
the software development industry, “agile” has expanded to include project management,
strategic alliances, knowledge transfer, and information sharing [12]. The four dimensions
of agility have been defined as (1) delivering value to customers, (2) being prepared for
change, (3) valuing human knowledge and skills, and (4) building virtual partnerships.
Agile manufacturing is the ability of an organization to produce cost-effectively within
a short period. It integrates enterprise management and technology and coordinates
enterprise production activities from a human perspective [48].

The concept of agility involves focusing on the future, collaborating with customers,
experimenting and iterating, authorizing decisions, and more. It is compatible with ideas
such as flexibility, participation, shared goals, continuous learning, risk management, and
networking to create an agile structure that encompasses workflow, management practices,
technical requirements, culture, and time management [49]. Strategic agility is crucial for
businesses to maintain a competitive edge. A systematic approach has been proposed for
identifying and prioritizing agility indicators that align with strategic goals [50]. Agile man-
ufacturing builds upon the principles of lean manufacturing [51]. Moreover, implementing
agility in product life cycle management enhances team flexibility, adaptability, and overall
product planning and competitiveness has been presented [13]. Agile manufacturing can
increase flexibility, speed, quality, service, and efficiency and positively impact the perfor-
mance of small and medium-sized enterprises [12]. Empirical research has been suggested
to identify predictors of agile manufacturing and refine the framework to help managers
focus on key areas, reduce rigidity, and improve organizational flexibility [52].

The culture, leadership, and system of a company are crucial factors for improving its
adaptability and agility [53]. A linear regression model was presented to identify predic-
tors of agile manufacturing and restructured the agile manufacturing framework based
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on empirical research [52]. Through this process, managers were able to pinpoint areas
that required attention, leading to a reduction in the rigidity of the agile manufacturing
paradigm and organizational structure. A qualitative analysis of the inherent capabilities
of SMEs to achieve a business model of strategic agility was explored [54]. Leadership
unity and resource mobility were found to be inherent capabilities of SMEs, while strategic
sensitivity and resourcefulness were identified as crucial for overcoming challenges. More-
over, principles for agility in industrial design include establishing a people-oriented team,
continuously producing valuable adaptive designs, and adopting lightweight technologies.
They also called for the establishment of a design management platform to explore design
ideas [55].

Agile manufacturing requires several key factors, including strategy, technology,
system, and people [56]. Additionally, virtual enterprise tools, physically distributed
manufacturing architecture and teams, rapid partnership formation tools, concurrent engi-
neering, integrated product/production/business information systems, rapid prototyping,
e-commerce, and other elements are necessary for agility in manufacturing. Researchers
highlight the importance of building alliances to achieve agility [57]. The flexible formation
and disbandment of alliances can help enterprises find suitable partners. Agile product
design also employs various strategies and tools to respond quickly to market needs and
reconfigure [51]. To achieve sustainable design, it is necessary to consider the product
life cycle.

2.3. Integrated Sustainable Design Method with Agility

Enterprises must face the global market as an external environment. To compete, they
focus on price, quality, function, service, and technology upgrades to gain a competitive
advantage. Meeting market demands quickly and shortening product delivery time is a
top priority. Sustainability is also crucial, and enterprises aim to improve the sustainability
of their products throughout the entire product life cycle. To achieve agility in sustainable
product development, enterprises use strategies such as Concurrent Engineering (CE),
Virtual Enterprise (VE), Modularization, and Supply Chain Integration. These strategies
help enterprises influence the entire product life cycle and improve sustainability efficiently.

Throughout the product lifecycle, agility is crucial in handling uncertainty and un-
predictable changes, especially in the design and manufacturing process. It allows for
collaboration, integration of customers in the development chain, knowledge reuse, and
rapid configuration of products and processes [58]. Translating customer needs into clear
technical solutions is the main objective of product design activity. To formalize, represent,
manage, and store information related to the design process, information technology (IT) is
required. A well-designed modular product architecture helps manage product changes
and upgrades, product assortment, and component standardization [59]. Modularity is
beneficial in providing configuration for the functions of sustainable products, facilitating
the generalization of design, and affecting the life cycle activities of products at the same
time [60,61]. Sustainable design requires the collaboration of staff from different fields [62].
Hence, information sharing, conflict resolution, team building, and the use of concurrent
engineering in design projects are crucial. Storage and sharing technologies, such as cloud
computing and big data [63,64], should be combined with the product design system
framework [65] and cooperate with multi-purpose design, multiple lifecycle design [60,66],
adaptive design [67], cradle to cradle design [68], and other design concepts. Such a com-
bination will result in a two-way presentation of sustainability and agility. Research on
agility from the perspective of business operations is also emerging. Through interviews
with eight Australian manufacturing companies, they found that agility, as a collaborative
paradigm, emphasizes information sharing among companies, promotes the diversifica-
tion of core competitiveness of companies, and maintains the vitality of companies [69].
However, in [70], the authors pointed out the lack of research on the combination of agility
in business operations through a survey of the US auto manufacturing industry.
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After conducting a literature review, it was found that many sustainable design papers
focus on agility. However, there is a lack of cohesive research in this field, and up-to-date
reviews on the impact of agility on sustainable design are scarce. In [71], integrating agility
and sustainability, two different paradigms, can lead to the development of emerging
enterprises in an ideal state. This integration can enhance the enterprise. In [72], the
authors have pointed out that agility is a crucial feature in the processes and systems of
Industry 4.0. Whether it involves subtractive manufacturing or additive design, agility
stands out, while sustainability requires improved aspects.

The growth of sustainable design and agility is ongoing. Sharing up-to-date de-
velopments can benefit researchers, practitioners, and readers by providing a better un-
derstanding of the latest advances in agility for sustainable design. It can also impact
business management and production theory while contributing to the development of
manufacturing processes. A thorough literature review involves identifying, evaluating,
and interpreting the current literature in a systematic, transparent, and repeatable process.
This approach helps create a robust knowledge base by gathering insights from a range
of studies. Additionally, analyzing literature in a specific field can inspire researchers
by highlighting accumulated knowledge and trends, leading to future discoveries and
innovations [72].

3. Method

The aim of this study is to explore and discuss the advantages of incorporating
agility in sustainable design development. We used a secondary data method to gather
information by focusing on sustainable design journals that have a significant impact and
analyzing research hotspots using anchor keywords. A systematic literature review is an
in-depth analysis of research in a particular field, which involves following a transparent
process, clear procedures, and examples that can be replicated in the future [73]. This
review will provide insights into the current research trends and gaps and guide future
research [74]. Our review emphasizes the current state of research on the use of agility in
sustainable design development, adhering to the principles of transparency, inclusiveness,
interpretability, and heuristics in a systematic literature review. This study process involves
four steps, as depicted in Figure 1, leading to a transparent, reproducible, and reliable
assessment of the literature.
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Step 1—Question Formation: To guide the examination and eliminate any confusion,
the initial stage will clearly state the question to be investigated [75]. The aim of this
research is to comprehend the methods and outcomes of sustainable design that have
integrated agility over time. During the literature review and analysis, this study will
also highlight guidelines for developing a sustainable design approach that incorporates
agility. To accomplish this, the review questions will be sorted into four categories: Position,
Theme, Means, and Impact.

Step 2—Locating, Selecting, and Evaluating Literature: To begin the second stage, we
must first locate potential studies. Our selection criteria for data sources are high-impact
journal articles. We used Google Scholar to create an initial list of publications in the field
and then employed Scopus to collect data sources that ensure high impact. Scopus contains
thousands of journals that cover all scientific fields, so we entered phrases like “sustainable
design” and “product sustainability” to retrieve a large number of relevant journals. To
narrow down our results and find articles that specifically address the impact of agility on
sustainable design, we applied the “agility” filter. Although the number of articles that
met our criteria was not large, we did not limit our search time. These articles are credible,
accurate, and meet the principles of stability and reproducibility in literature review. We
also downloaded the metadata of each potential article as a research information system
(RIS) file. This format includes information such as author, title, year, source publication
name, volume, issue, page, citation counts, source publications, document types, affiliations,
correspondence addresses, abstracts, author keywords, and index keywords, which will be
used for later analysis.

To determine if articles in the RIS file list are suitable for further analysis, we examined
their titles, keywords, and abstracts. Our exclusion criterion is based on their direct
relevance to RIS documents. If it’s unclear from the title and abstract, we read the entire
article to ensure it discusses agility or sustainable design. For tricky situations, we consult
with authors who specialize in sustainable design or agility research for a definitive opinion.
We strive to remove personal bias from the screening process to promote inclusivity. Any
articles unrelated to agility or sustainable design, such as research notes, book reviews, or
editor’s forewords, are removed from the list. We identified five documents containing a
total of 928 relevant articles.

Step 3—Analyzing and Synthesis: Once the literature has been gathered and assessed,
the next step is to conduct a systematic review using analysis and synthesis (Briner, Mary,
and Denyer, 2012). Analysis allows for a detailed examination of the literature, while
synthesis helps to establish connections between different documents. By utilizing both
techniques, previously unnoticed information can be uncovered and reinterpreted. To
effectively present the knowledge system, research gap, and future research direction of
the target article, this study will adopt a scientific knowledge visualization bibliometric
method that incorporates social network analysis and graph theory. Descriptive analysis,
based on author, institution, country, and keywords, will be utilized to aid in the analysis
and synthesis process, and the findings will be presented in Section 4 [29,76].

Step 4—Reporting and Using Results: Researchers conduct a systematic literature
review to gain insights into the current state of knowledge in a particular field [76]. The
study will present known information in the Findings section and highlight areas where
knowledge is lacking in the Discussion section. The research will also provide models to
illustrate the latest technologies.

Despite using an authoritative database to collect literature, limitations existed during
the information analysis process. Some publications were restricted access, and information
from other forms of literature, such as books, was incomplete. As a result, the analysis
results may have been affected by these limitations.
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4. Result and Discussion
4.1. Descriptive Analysis of Selected Literature

The goal of this study is to examine sustainable design methods that incorporate agility.
To begin, we screened articles related to the topic from the Scopus database. Through a
systematic literature review, we sorted out 928 articles published between 2011 and 2022.
We analyzed the publication time of the articles to understand the popularity of current
research (see Figure 1). The Modularity is Q = 0.7713, the Weighted Mean Silhouette is
S = 0.9026, and the Harmonic Mean is (Q, S) = 0.8318. It is worth noting that not all articles
published in 2022 were included in our research. To show the development trend of the
studies, we excluded the number of articles published in 2022 in Figure 2. The vertical axis
represents the number of publications, and the horizontal axis represents the publication
time. We found that the number of publications has been increasing annually and has
grown significantly since 2020, as shown in the time distribution chart.
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Figure 2. Diagram of publication distribution by year.

In the academic field, academic journals are the primary means of sharing research
findings. The level of importance of a journal is often determined by the number of citations
it receives. Table 1 presents the top 10 journals with the highest number of citations. It
also provides information about the number and percentage of articles published in these
journals as well as their impact factor (IF) for 2021. All the journals listed have an IF greater
than 3, indicating their high quality. The Journal of Cleaner Production has the highest
percentage of published papers at 28%, followed by the International Journal of Production
Economics at 19%, which is also considered the most influential journal.

Table 1. The distribution of 10 journals.

Ranking Journal Counts Percent IF in 2021

1 Journal Of Cleaner Production 264 28% 11.07
2 International Journal of Production Economics 177 19% 11.25
3 International Journal of Production Research 173 19% 9.02
4 Sustainability 117 13% 3.89
5 European Journal of Operational Research 95 10% 6.36
6 Expert Systems with Applications 85 9% 8.67
7 International Journal of Advanced Manufacturing Technology 66 7% 3.56
8 Journal of Manufacturing Technology Management 66 7% 8.14
9 Computers and Industrial Engineering 65 7% 7.18

10 Omega-International Journal of Management Science 50 5% 8.67

In Figure 3, we can see a network of co-authorship in agility sustainable design
research for various countries. The threshold for inclusion in the network is 3, resulting
in 33 nodes. The network density is 0.0151. The size of each node represents the number
of papers that the country has published in this field. The distance and thickness of the
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links between nodes indicate the level of cooperation between countries. The United
States stands out as the country with the largest number of papers in this field and the
highest level of cooperation with other countries. Several other countries, such as China,
the United Kingdom, Germany, India, and Canada, have also published many papers
and have collaborated with the United States in this field. However, it is worth noting
that some papers refer to the United States using different names, such as “USA” and
“UNITED STATES.” While the number of published papers using “UNITED STATES” is the
largest, papers using “USA” show wider cooperation. India, in particular, has established
a cooperative relationship with the United States in the field of agility sustainable design
since 2011. Other countries in the network do not show significant cooperation with each
other except for their cooperation with the United States. Italy, for instance, has many
published papers, but it rarely cooperates with other countries in this field.
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Out of the 30 countries involved in the collaboration network for sustainable design in
agility, 14 countries make up approximately 47 percent. A total of 174 papers have been
identified, which have identified seven key areas of research (refer to Figure 4): (1) Sus-
tainable supply chain; (2) Software engineering; (3) Production; (4) Sustainable Supply
Chain and Software Engineering; (5) Software Engineering and Production; (6) Sustainable
Supply Chain and Production; and (7) Sustainable Supply Chain, Software Engineering and
Production. Most of the studies selected belonged to the production field, including pro-
duction organization, production system, technology application, design process, design
framework, production standard, and production strategy.

In Figure 5, it is evident that the literature selected can be categorized into different
types, including literature review, survey, case study, mathematical models, simulation
model, explanatory structural model, and miscellaneous. The research shows that simu-
lation models and case studies are currently the most commonly used methods in agility
sustainable design.

In the field of sustainable design for agility, research techniques vary in popularity.
Simulation technology models make up 23% of research, while case studies account for 22%.
Survey-based statistical methods are becoming more common. The literature, including
literature reviews and structural models based on them, makes up 17% of the research.
Mathematical modelling is the least used technique, comprising only 4% of research.
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The article’s core information can be displayed through keywords, as shown in
Figure 6. By analyzing the co-occurrence of keywords, the hot topics in the field of sustain-
able design research can be more intuitively reflected. Each node represents a keyword, and
the size of the node indicates the frequency of keyword co-occurrence. The 20 keywords
with the highest frequency and their centrality are shown. The analysis of keywords reveals
that sustainable development is the focus of all papers, followed by sustainability, which
also appears frequently. Product design, supply chain, software design, and manufacture
are among the high-frequency keywords in the second tier. However, word strings related
to agility are less frequent.
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4.2. Descriptive Analysis of Sustainable Design Method with Agility

A thorough second analysis was performed on 174 papers. Based on their features
and attributes, 45 models were categorized into seven method categories: diagrams, frame-
works, flowcharts, process models, system models, conceptual models, and methods. This
categorization facilitates a descriptive analysis and comprehension of each model’s nature.
You can find a depiction of the methods and their references in Figure 7.
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Some models, about 5 percent, are presented as diagrams portraying various sustain-
ability measures such as structured functional deployment, system specifications, materials
assessment [77–79], environmental performance monitoring, decision-making [80], and
lean and green strategies [78,81]. These models include a reconfigurable manufacturing
system (RMS) and aim to enhance the company’s sustainability capabilities using green
materials and products. While this approach can respond quickly to market changes
and produce high-quality, sustainable products at low cost, there are still internal chal-
lenges that need further discussion. The goal is to maintain sustainability throughout
the production process and collection formation through continuous improvement of the
production system.

Research has shown that the framework for evolvable production systems theory
has been incorporated into real management [82], and steps have been taken towards
organizational agility [83]. Sustainability standards and regulations requirements have
been integrated into the design process [84], and there has been a demonstration of the
relationship between human agency theory, institutional theory, ecological modernization
theory, and sustainable manufacturing [85]. A multi-objective sustainability approach has
been implemented [86], and enterprise resource planning has been integrated with sustain-
able development and corporate decision-making [87]. Innovative modular, flexible batch
or continuous production technologies have been combined with fully automated produc-
tion methods [88,89], and new product development is being driven by smart services
and sustainable development combined with digitalization. Multi-layered collaboration
is being emphasized [90]. Furthermore, a module-based design process framework has
been presented to realize a customized product service system flexibly according to user
needs [64].

Approximately 12 percent of the total models are represented by the “flowchart”, “pro-
cess model”, and “system model” approaches, which consist of 21 models. The flowchart
models apply the Waterfall, Vee, and Spiral process models to sustainable design pro-
cesses [91] and manufacturing systems [92], integrating systems engineering. A 6R ap-
proach, which involves redesigning, reusing, remanufacturing, recycling, and reducing,
has been proposed to task through machines [93]. This approach involves three steps:
finding manufacturing resources that need to be reused in the product, modularizing the
structure of the product, and producing with complex machines and tools. The process
maximizes the use of critical manufacturing resources, making it cost-effective for SMEs to
adopt complex robots. The “process model” is a sustainable design method that is specific
to a particular stage. The evaluation of manufacturing and assembly based on a set of
key indicators has been suggested to improve supply chain sustainability and resilience
in [94–96]. This approach can have a preventative effect on product sustainability and
influence early design stages. Six selection criteria to evaluate building information are
introduced using information modelling (BIM) and visual programming language (VPL)
tools to realize real-time iteration of information, inspiring designers during the design
stage [97].

In sustainable design, specific systems are illustrated through system models. A multi-
objective mixed integer linear programming (MILP) model has been presented in [98]. It
can address various challenges in a multi-period, multi-stage, multi-product supply chain,
reuse, and disposal decisions. This model can help in site selection, supply, production,
distribution, collection, quarantine, and recycling. Meanwhile, industrial design principles
have been proposed based on agility in [55]. The first principle is to focus on human-
centered design and building a self-organizing team. The second principle is adaptive
design, which produces valuable designs over time. The third principle is using lightweight
design methods and techniques. These principles form the basis of the computer-aided
industrial design system, which includes a design information management platform. This
platform can guide designers to innovate systematically and based on theory and time.

When discussing sustainable design, the assumptions made are known as conceptual
models. This approach covers various topics such as international and contemporary issues,
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innovative products, manufacturing systems, business models, organizational management,
and performance measurement. It also explores the relationship between sustainable man-
ufacturing enterprise design [92], situation-behavior-process-learning-action-performance,
organizational flexibility [99], rapid prototyping (RP) evaluation criteria [100], collaboration
and learning impact on organizational development [101], communication channels, and
learning capabilities impact on standards implementation in SMEs [102], Green Lean Six
Sigma in product development [103], and the relationship between culture, leadership,
and systems. A survey shows that culture, leadership, and systems are crucial factors for
organizational success [53]. To adapt to change, it is essential to design organizations that
make use of their vast knowledge base. Diagnostic tools are necessary to identify strengths
and weaknesses, initiate discussions, and provide a measurement baseline.

Sustainable design approaches are becoming increasingly common and are charac-
terized by methodological innovations. Various approaches have been proposed, such as
the integration of lean and smart manufacturing methods [104], manufacturing planning
and control (MPC) [105], digital transformation of enterprises [106], iterative design in
phases [107], and the application of cloud manufacturing in information management, ser-
vice composition and evaluation, system application, and sustainable development [108].
Another proposed approach is the merging of subtractive and additive manufacturing
to achieve sustainability in design. This approach is compatible with Industry 4.0 and
has four desirable process-level characteristics (speed, sustainability, agility, and customer
focus) and three system-level characteristics (connectivity, data collection, and automation).
The authors of this approach concluded that subtractive manufacturing is almost as fast
and agile as additive manufacturing but needs improvement in terms of sustainability and
customer focus, while additive manufacturing is strong in terms of agility and customer
focus but needs improvement in terms of production speed and sustainability.

4.3. Sustainable Design Integrated Agility Concept

Through the classification of selected studies and proposed agility sustainable design,
seven research fields have been identified in this study. These include sustainable supply
chain, software engineering, production, digital supply chain, digital factory, performance-
driven, and intelligent organization. Considerations have been made for each of these
seven main research areas of agility sustainable design.

(a) Sustainable Supply Chain: Creating a sustainable supply chain involves implement-
ing ethical and environmentally responsible practices. The focus of sustainable design
is to ensure that the supply chain is sustainable. Key topics include selecting, man-
aging, and maintaining stakeholders. In today’s unpredictable market, designing a
sustainable supply chain involves developing resilience and flexibility in businesses
while also using life cycle assessment techniques to achieve agility in the process.

(b) Software Engineering: Research on sustainable design in the field of Software Engi-
neering has a specific focus on agility. This involves improving iteration, communica-
tion, collaboration, process simplification, design simplicity, and flexibility during the
development process. The literature emphasizes the significance of lifecycle analysis
in implementing agility, as well as the importance of coherent, self-organizing agile
teams that facilitate collaboration.

(c) Production: The production field has the highest number of papers. When studying
sustainable agility methods, it is important to focus on the integration of organiza-
tional structure and individual management processes in production. To implement
an agile, sustainable approach in the production field, it is crucial to have a clear
understanding of the company’s situation as well as the market and competition.
Enterprises need to be able to quickly gather and understand information, set clear
goals, and create flexible plans based on forecasts. Studies have shown that agility
is important in the selection of solutions for sustainable design. Identifying relevant
risks and opportunities is also crucial in the practice of agile sustainable methods.
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Moreover, organizations must have the ability to learn and accumulate lessons to
successfully implement an agile, sustainable approach.

(d) Digital Supply Chain: The digital supply chain involves using digital technology
and data analysis to make informed decisions, improve performance, and respond
quickly to changes in the supply chain. To achieve an agile and sustainable approach,
both organizational management and technical aspects must be considered. Organiza-
tional management can benefit from open and dynamic systems, self-organizing and
self-learning capabilities, adaptive capabilities, visibility, monitoring and feedback
control, collaborative capabilities, circular economy and industrial symbiosis, and
data-driven analysis and modelling. Technology can provide advantages such as real-
time inventory control, custom assembly and modular production, flexible capacity
sharing, risk mitigation inventory, alternate shipping routes, multiple procurement
risks, closed-loop supply chains, collaborative robotics, additive manufacturing, and
augmented and virtual reality.

(e) Digital Factory: A digital factory is a technological system that allows companies
to share digital information seamlessly throughout their entire operational process.
Research in the field of digital factories highlights the crucial role of IT in industrial
production. Among the important sustainable design methods of digital factories with
agility characteristics are data modelling, data analysis, and the Internet of Things.
Parallel design and additive technology serve as the main solutions within this field.

(f) Performance Driven: The performance-driven field focused on agility sustainable
design aims to enhance the overall performance of the enterprise. The agility sustain-
able design method covers sustainable product-service systems, product and service
diversity, management, technology, product and service innovation, collaborative
innovation, business collaboration, information sharing, and enterprise learning.

(g) Intelligent organization: Organizations that prioritize free and open information
exchange are viewed as intelligent models. The concept of intelligent organization
has gained attention as a research field in recent years, primarily focused on the
challenges businesses will face in the Industry 4.0 era. Studies have predicted that
this new industrial ecology will offer enterprises opportunities to embrace smart
technologies, which in turn will provide agility and flexibility. Sustainable design will
also expand and encompass various areas of social development, including user expe-
rience design, cloud-based computer-supported collaborative work, social product
development, smart innovation and business value chain design, collaboration for
product realization crowdsourcing, open architecture product and service platform de-
sign, human-centered cyber-physical work system design, networked manufacturing
system design, cyber-physical production system design, recycling, machine learning
and artificial intelligence for data-informed design, dynamic risk management for
cyber-physical socio-technical systems, cybersecurity, and verification and validation
for design research.

Therefore, agile sustainable design prioritizes decision-making and risk management,
information sharing, process adaptability, and collaboration in peer-reviewed research.
While these aspects go beyond traditional sustainable design methods, they can create an
even more advantageous environment for implementing sustainable design practices.

4.4. Implication of Agility in Sustainable Design

After analyzing various literary works, the eight sustainable design methods for
achieving agility were discovered.

(a) Highly Autonomous Organization. Enterprises are facing an increasingly complex
living environment and a consumer-centered market. As a result, they need to adopt
new management models to achieve higher levels of customization and deeper cus-
tomer relationships. An organization’s cognitive ability can enhance its capacity to
process information and deal with uncertainty. This cognitive ability can also impact
an enterprise’s autonomy and its ability to take flexible and agile action. SMEs are rep-
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resentative of highly autonomous organizations that achieve a competitive position
by coexisting with large enterprises through informal strategies and flexible struc-
tures [109]. Entrepreneurial thinking plays a significant role in highly autonomous
organizations, promoting high-speed innovation and ensuring that SMEs improve
their performance in fierce competition [110].

(b) Establish an Organizational Learning Model. In today’s globalized business world,
companies must work to bridge cultural gaps within their supply chain. This involves
establishing a continuous learning model and promoting mutual learning between
organizations [83]. When unexpected challenges arise, it is crucial for companies
to build resilience through experimentation, absorption, and innovation. Managers
must also engage in democratic dialogue with employees across different cultures
and borders rather than relying on traditional top-down strategies. Continuous
learning is key to improving team efficiency and driving innovation and can help
employees realize their full potential [49]. By fostering a shared language and culture,
organizations can build trust and collaboration among team members, ultimately
leading to greater success [53].

(c) Establishing an Agile Mode of Organizational Collaboration. When organizations
collaborate, they can complement each other’s resources and achieve diversity. Coordi-
nation is easier when partners share the same sustainability and agility requirements,
allowing them to take systematic actions and mobilize resources. This collaboration
can also lead to coordinated innovation for enterprises [111]. In today’s professional
supply chain process, internal multi-disciplinary organizations need to communi-
cate and balance effectively. Collaboration should not only occur between parallel
organizations but also between organizations with parallel production based on
organizational learning. Collaboration capabilities are essential for supply chain inte-
gration. To meet customer demands, supply chain efficiency and performance rely on
organizational knowledge, information exchange, employee capabilities, and business
processes. Agile collaboration in organizations seeks simplified procedures and seam-
less connections. In [72], authors suggest that organizations can resist environmental
interference by generating new knowledge through collaboration. High-frequency
collaboration brings energy to organizations and allows them to respond flexibly to
changing environments [72].

(d) Management and Decision-making are Agile-oriented. To create an organization
that operates with agility, its managers must be highly attuned to both internal and
external changes. They must also establish a system that enables timely and effective
communication across different fields, offer genuine commitment and support to
their team, establish common goals, and enhance the team’s capacity to act quickly.
When faced with uncertainty and high-risk situations, the organization must be able
to quickly reassign resources. This is why adopting an agile management approach
is essential for promoting internal coordination and external cooperation within
the organization, as well as for facilitating knowledge sharing and flow. Through
implicit management methods, organizational managers reduce central control and
provide participants with the space they need to utilize their tacit knowledge [53].
Agile decision-making involves leaders being able to accurately identify and refine
key information, react swiftly, and utilize available resources and information. This
depends on the knowledge base and experience of the entire team. Therefore, the
primary objective of agile management is to foster trust among project participants
and ensure that knowledge flows freely within the team.

(e) Combining Lean and Flexible Paradigms. Eliminating non-value-added activities and
improving efficiency are crucial strategies for SMEs to achieve sustainable develop-
ment. Through the implementation of lean and flexible paradigms, businesses can
reduce waste, inventory, and rework while increasing output, flexibility, and delivery
time. Additionally, these strategies improve the ability to solve problems, standardize
work, and advance processes. A flexible labor force and maintaining production sta-
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bility are also essential components of lean thinking [112]. To successfully implement
lean and flexible paradigms, collaboration among enterprises and updated knowl-
edge is necessary. Streamlined institutional processes and organizational management
strategies are driving factors for success. When combined with the triple bottom line
theory, a lean and flexible paradigm can make positive contributions to sustainable
strategies [113]. The application of information processing technology and network
communication is also vital for the success of these paradigms. Developing a strategic
awareness of continuous renewal and transformation is necessary for organizations
to form an agile, sustainable paradigm. Making decisions that benefit future devel-
opment according to the current situation and maintaining excellent operation and
vigorous development are also essential.

(f) Application of Digital Technology. Incorporating digital tools and technologies is
known as digitalization, which can enhance the business processes of enterprises
by making them more efficient. This, in turn, provides a foundation for the imple-
mentation of agility and sustainability. By utilizing digital technology, enterprises
can obtain diversified information, and the analysis function of big data can provide
predictions for enterprise decisions [114]. Search technology can help enterprises
interpret subtle signals after communicating with partners and take targeted actions.
AI can assist in management by providing a system that simplifies thinking and
procedures [115]. Furthermore, digital technology can detect organizational activi-
ties and improve the quality of work. Digital technology has made it easier for all
stakeholders in the value chain to connect. Remote collaboration, virtual processes,
and real-time connections have brought unprecedented efficiency and convenience to
enterprises [116]. Digital technology has also shown the advantages of high efficiency
and energy conservation in product lifecycle management, which is essential for en-
terprise sustainability [117]. The Internet of Things system, machine learning system,
process optimization technology, quality improvement technology, talent-increasing
manufacturing system, and flexible manufacturing system are all key driving factors
of the sustainable development of enterprise agility derived from digital technology.

(g) Adopt the Modularization Strategy. Modularization involves breaking down system
components into units that are closely connected while avoiding accidental interac-
tion with other modules [118,119]. This design and management strategy in complex
systems allows for the separation or recombination of modules without changing
other components, maximizing flexibility and agility. In the supply chain, modu-
larization emphasizes outsourcing of key technologies by module suppliers who
must be flexible and agile in dealing with customers [120]. This improves the overall
competitive strength of the supply chain and promotes differentiation of enterprise
competitiveness, benefiting resource allocation. Modular design in the production
process improves the universality and standardization of components, facilitating
modification, combination, and product customization for production agility. In
product service systems, modular strategies cope with changing customer needs by
dividing and reconfiguring components to optimize service performance, cost, and re-
sponse time [64]. However, applying modular concepts requires information sharing,
organizational collaboration, and digital technology to master data, maintain close
communication with partners, respond quickly to changes, and reconfigure resources
for a competitive advantage.

(h) Adopt a Reconfigurable System. The idea of a reconfigurable system is widely used
in the manufacturing industry. It involves modularization, which allows compa-
nies to quickly remove, adjust, add, or change the component structure to adapt
to production needs. This helps businesses cope with changes in market demand
and reduces time and cost. By using appropriate modularization and system recon-
figuration, a company can form other product families after completing a series of
products. This strengthens the enterprise’s ability to respond to changes by forming
component and product families [78]. The concept of reconfigurable systems is also
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applied in enterprise and supply chain systems to deal with and adapt to changes in
complex structures. Whether in production or enterprise and supply chain systems,
reconfiguration depends on the application capability of digital technology [121].

To understand the research focus of agility sustainable design, a literature review is
conducted. By using a keyword network, areas where there is a lack of knowledge can
be identified and addressed. This review is important for the ongoing development of
the research field and its future agenda. Figure 8 illustrates the relationship between the
nine topics.

Designs 2023, 7, x FOR PEER REVIEW 17 of 23 
 

 

 
Figure 8. The relationships among 8 themes. 

In Figure 9, the system map method is shown to develop a model that provides a 
beĴer understanding of the relationship between different factors. By using systematic 
thinking, it becomes possible to comprehend the connection between agility in sustainable 
design and various backgrounds. This involves identifying the structural and interde-
pendent knowledge structure between variables. The operation of agility in sustainable 
design begins with the enterprise strategy, with the agile organizational management 
strategy and model forming the foundation for achieving agility. The common goal of 
cooperative enterprises is to ensure that agility is sustainably implemented. Senior man-
agers strongly support and enforce agility in sustainable design, taking the initiative to 
customize long-term strategies to combat temporary errors and uncertainties. Learning is 
the key factor for enterprises to achieve agility. SMEs lacking in talent and knowledge can 
easily implement and adopt learning. Access to knowledge and information through dif-
ferent channels not only helps SMEs improve their technical expertise but also provides 
more business opportunities and cooperation. The enterprise’s structured seĴing is deter-
mined through strategy and learning, with agility reflected in the details of the enterprise 
structure seĴing, such as the consideration of parallel mode, modular mode, and recon-
struction method when changes are required. 

The research highlights that agility is crucial for businesses. Achieving this requires 
a culture that emphasizes agility in all aspects of management and production. Sustaina-
ble design is a key component of agility, with its success leading to sustainable perfor-
mance and profits. Enterprise managers can use this as a key driving force to adopt an 
agile approach. Our research has reviewed the literature on agility in sustainable design 
and identified models that decision-makers in management can use to develop alternative 
strategies and decision-making ideas. 

Figure 8. The relationships among 8 themes.

There has been research on sustainable design agility, but it has mostly focused on
specific parts of the organization rather than the system. Agility means adapting to changes
and requires an organization-wide approach [122]. This involves improving adaptability
and transforming the organization to achieve sustainable design goals. Many studies
have proposed narrow design strategies for specific units of the enterprise. However, to
effectively use agility for sustainable design, it is important to recognize that agility is
needed to cope with the complexity and changing needs faced by sustainable design. The
actions and understanding of participants will affect the role of agility in practice. Without
considering agility from a systemic level, it may result in static and inflexible approaches
that do not achieve the desired results.

In Figure 9, the system map method is shown to develop a model that provides a better
understanding of the relationship between different factors. By using systematic thinking,
it becomes possible to comprehend the connection between agility in sustainable design
and various backgrounds. This involves identifying the structural and interdependent
knowledge structure between variables. The operation of agility in sustainable design
begins with the enterprise strategy, with the agile organizational management strategy
and model forming the foundation for achieving agility. The common goal of cooperative
enterprises is to ensure that agility is sustainably implemented. Senior managers strongly
support and enforce agility in sustainable design, taking the initiative to customize long-
term strategies to combat temporary errors and uncertainties. Learning is the key factor for
enterprises to achieve agility. SMEs lacking in talent and knowledge can easily implement
and adopt learning. Access to knowledge and information through different channels
not only helps SMEs improve their technical expertise but also provides more business
opportunities and cooperation. The enterprise’s structured setting is determined through
strategy and learning, with agility reflected in the details of the enterprise structure setting,
such as the consideration of parallel mode, modular mode, and reconstruction method
when changes are required.
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The research highlights that agility is crucial for businesses. Achieving this requires a
culture that emphasizes agility in all aspects of management and production. Sustainable
design is a key component of agility, with its success leading to sustainable performance
and profits. Enterprise managers can use this as a key driving force to adopt an agile
approach. Our research has reviewed the literature on agility in sustainable design and
identified models that decision-makers in management can use to develop alternative
strategies and decision-making ideas.

To sum it up, sustainable design ensures that the products and services offered by
businesses are environmentally safe. Meanwhile, agility plays a significant role in all aspects
of organizational operations. It brings knowledge, technology, and talent to sustainability,
making sustainable design more straightforward and reducing the time required for the
process. Agility also helps companies adapt to changes during the sustainable design
process. As a result, agility is crucial in supporting sustainable design practices, particularly
in small and medium-sized enterprises, to ensure that sustainable design activities run
smoothly.

5. Conclusions

Sustainable design research is having a growing impact on corporate practices. This
study suggests repeating critical review studies to uncover new phenomena and agendas
relevant to academia and practitioners.

(a) In today’s business world, research on agility is becoming increasingly important.
This study covers a wide range of agility-related topics and has found that 66% of
research on management agility focuses on the production stage of a product. With
the emergence of new technologies, sustainable design and agility practices can go
beyond what is currently found in peer-reviewed literature. Future research could
focus on the agility of specific product research and development, which may require
more meetings, seminars, technical documents, or business reports to narrow the
existing gap. Additionally, enterprise agility is reflected in every step of the supply
chain, making it interesting to study the production and management links in the
supply chain and the stakeholders’ changing perception of agility.

(b) At present, only 10 percent of research has considered the incorporation of agility in
all aspects of production organizations. In the future, researchers should focus on the
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role of agility in sustainable R&D cooperation among enterprises. This will benefit
society as a whole and make it easier to achieve sustainable development. Achieving
sustainability is a complex process that requires the joint efforts of various organi-
zations, enterprises, supply chains, science and technology, processes, stakeholders,
and consumers. Evaluating the strength of sustainable design capability reveals the
innovation capacity of enterprises and highlights the level of sustainable development
of the supply chain and society. Therefore, it is essential to further understand the
impact of agility on sustainable design.

This system overview, being a research article, has certain limitations. The data
sources used are primarily focused on manufacturing and digital technologies associated
with product production, R&D, and output. It is important to note that the conclusions
drawn from this study may not apply to other R&D systems, businesses, or sustainable
management areas. To increase the applicability of the theory, future research should
consider a wider range of studies.
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