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Abstract

The increasing awareness of environmental issues and sustainability has driven the manufacturing industry to adopt a more holistic
approach. Sustainable Manufacturing (SM) has emerged as a comprebensive concept that integrates environmental, social, and economic
aspects into the production process. This study aims to examine the role of Eco-Design for Sustainability as a mediating factor in
achieving SM through the implementation of 1.ean Production Practices in the Fast-Moving Consumer Goods (FMCG) industry,
specially investigating the rarely explored interplay between these tree elements within the FMCG context. The research uses a
quantitative approach, with data collected through questionnaires and analyzed nsing Structural Equation Modeling (SEM). The
results show that Eco-Design for Sustainability acts as a significant mediating variable in the relationship between Lean Production
Practices and SM. This implies that the implementation of Lean Production Practices, although contributing to efficiency, does not
necessarily guarantee the achievement of SM without being integrated with Eco-Design. The study also found that Eco-Design, with
a5 focus on minimizing environmental impacts throughont the product life cycle, strengthens and directs the Lean production system to
be more effective in achieving SM goals. Based on these findings, the study proposes strategies to drive FMCG companies towards SM
practices, including optimizing the effectiveness of Total Productive Maintenance (IPM) to improve efficiency and reduce waste,
developing an Operational Excellence program, Life Cycle Optimization, digital transformation, improving employee capabilities, and
developing environmentally friendly product designs. This research positions Eco-Design for Sustainability as crucial for Sustainable
Manufacturing in the FMCG industry. Integrating Lean Production Practices optimizes eco-conscious designs, minimizes waste, and
improves resource efficiency, enhancing brand reputation and competitiveness.

Keywords: Eco-Design, Lean Production Practices, Sustainable Manufacturing.

Introduction

Driven by growing environmental concerns and the imperative for responsible production, Sustainable
Manufacturing (SM) has become a focal point of industrial discourse [1]. Sustainable manufacturing takes
a comprehensive approach by incorporating environmental, social, and economic factors into production
processes. This holistic strategy aims to reduce environmental impact, conserve resources, and enhance
social well-being while maintaining economic viability [2]. This research investigates the intricate interplay
between Lean Production practices, Eco-Design for Sustainability, and SM, exploring their combined
contribution to achieving sustainable practices within the manufacturing sector.

Lean Production, with origins in the Toyota Production System, is a management approach that prioritizes
customer value maximization while minimizing waste through continuous improvement and the
elimination of non-value-added activities [3]. By streamlining operations and optimizing resource use, Lean
Production contributes to environmental sustainability by reducing waste, energy consumption, and
emissions [4]. However, to truly achieve comprehensive sustainability, Lean Production must be integrated
with a holistic approach that considers the environmental impact throughout the entire product lifecycle,
including design, material selection, and end-of-life management [5].

Environmental factors are actively included into the product design process through eco-design, often
known as design for the environment [6]. It aims to minimize the environmental impacts of products
throughout their entire life cycle, from raw material extraction and manufacturing to use and end-of-life
disposal [7]. Incorporating eco-design principles throughout product development enables manufacturers
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to substantially decrease their environmental impact and progress towards sustainable manufacturing
objectives [8]. However, eco-design should not be considered in isolation. To maximize its effectiveness,
it needs to be integrated with other sustainable practices, such as lean production, to optimize resource
utilization and minimize waste across the entire value chain [9].

This study specifically investigates the mediating role of Eco-Design in the relationship between Lean
Production and SM. It posits that Lean Production practices, while enhancing efficiency and reducing
waste, do not inherently guarantee the achievement of SM without being coupled with Eco-Design
considerations. The research aims to provide empirical evidence for the mediating effect of Eco-Design,
demonstrating how it strengthens and directs Lean production systems towards SM goals.

This research offers valuable, applicable insights for the FMCG industry secking to enhance operational
efficiency and market competitiveness. By demonstrating the pivotal role of Eco-Design as a mediator
between Lean Production and Sustainable Manufacturing, this study provides a practical framework of
FMCG companies. For instance, the study findings on how PT. A successfully integrated Eco-Design
principles into their Lean Production system to achieve SM objective- such as reducing waste, optimizing
resources use, and developing eco-friendly packaging — can serve as a replicable model for other companies
in the industry. This not only leads to cost savings and improved environmental performance but also
strengthens brand image and market positioning in an increasingly eco-conscious consumer landscape.

Furthermore, the quantitative approach employed, using Structural Equation Modeling (SEM) to analyze
data, ensures the robustness and generalizability of the findings, allowing other FMCG companies to adopt
and implement similar strategies based on their specific needs and context. Ultimately, this research
empowers FMCG companies to embrace sustainable practices as a pathway to enhanced operational
efficiency and competitive advantages.

Literature Review

This section provides a comprehensive review of the relevant literature on Lean Production, Eco-Design,
and Sustainable Manufacturing, establishing the theoretical foundation for the reseatch.

11 Lean Production

Lean Production, originating from the Toyota Production System, focuses on maximizing value for
customers while minimizing waste [10]. It emphasizes continuous improvement and efficiency across all
aspects of the production process.

Lean thinking is a business approach aimed at enhancing customer value by optimizing resource utilization
for long-term financial sustainability [11]. The core of Lean management lies in waste reduction, quality
maintenance, and production acceleration [12]. Lean methodologies utilize various tools, such as process
mapping, Value Stream Mapping (VSM), Six Sigma, and 58, to drive improvements and enhance efficiency
[13].

Evaluating Lean Production success involves assessing its impact across three key areas: financial health,
operational efficiency, and resource management. Strong financial performance is essential for Lean
implementation. Operational improvements, such as reduced waiting times and shorter cycle times, are
crucial for enhancing efficiency and overall performance [14].  Additionally, successful Lean
implementation necessitates a focus on fostering a positive work culture and prioritizing the human element
in the production process [15].

1.2 Eco-Design

Eco-Design takes a forward-thinking approach by incorporating environmental factors directly into the
product design process [16]. To achieve sustainable manufacturing, eco-design is essential for minimizing
the environmental impact of products and processes throughout their entire existence [6]. Eco-design is

100


https://ecohumanism.co.uk/joe/ecohumanism
https://doi.org/10.62754/joe.v4i4.6713

Journal of Ecohumanism

2025

Volume: 4, No: 4, pp. 99 — 107

ISSN: 2752-6798 (Print) | ISSN 2752-6801 (Online)
https://ecohumanism.co.uk/joe/ecohumanism
DOI: https://doi.org/10.62754/ioe.v4i4.6713

crucial for realizing sustainable manufacturing by mitigating the environmental footprint of products and
processes across their entire lifecycle [8]. From the extraction of raw materials to the ultimate disposal,
environmental effects are taken into account in an all-encompassing approach to eco-design. A holistic eco-
design approach considers the environmental impacts across the entire lifecycle of a product, from raw
material extraction to its final disposal [17]. Beyond minimizing environmental impact, eco-design can
stimulate innovation and lead to the creation of new, more sustainable products. However, successful
implementation requires effective cross-functional collaboration, encompassing planning, design,
engineering, and production departments [§]. By reducing environmental pollution, eco-design significantly
contributes to the sustainability of an organization's business [18].

1.3 Sustainable Manufacturing

Sustainable Manufacturing is a holistic concept that balances economic, social, and environmental
objectives in manufacturing processes [19]. Sustainable production aligns with the core principles of
sustainable development, striving to satisfy current needs without compromising the ability of future
generations to meet their own [20]. For long-term organizational performance, this calls for a balanced
triple bottom line strategy that takes into account social, economic, and environmental aspects [21]. While
the concept of sustainability has various interpretations, its application in manufacturing requires a refined
definition. Companies have adopted different methods, such as planetary profit, ecological sustainability,
and the triple bottom line, to integrate sustainability into their operations [1].

Sustainable Manufacturing (SM) prioritizes environmental concerns through control, prevention, and
product stewardship. This involves addressing emissions with end-of-pipe treatment, preventing pollution,
and engaging stakeholders in environmental improvement. SM focuses on minimizing the environmental
impact of production activities throughout the product's life cycle. The concept is evolving to encompass
strategies that prevent, reduce, and eliminate negative environmental impacts [22].

Sustainable manufacturing relies on a framework of interconnected sustainability indicators spanning five
key dimensions: environmental management, economic growth, social welfare, technological advancement,
and performance management [23]. Environmental management evaluates the environmental footprint of
manufacturing processes and products, including resource consumption, emissions, and potential ecological
damage. Economic growth focuses on the financial implications of investments, encompassing costs,
profits, and overall economic benefits. Social well-being assesses the impact on stakeholders such as
employees, customers, and communities, considering factors like health and safety, satisfaction, and
opportunities for growth and development. Lastly, technological advancement is gauged by research and
development efforts that lead to technologically advanced products [24]. Lastly, performance management
involves the implementation of sustainable programs and policies, ensuring compliance with environmental
regulations [25].

14 Previous Studies

Environmental science research explores Sustainable Manufacturing through the triple bottom line
approach to minimize environmental damage. These studies analyze the interrelationship between
economic, social, and environmental aspects, with the economic aspect focusing on profit maximization
and loss minimization, the social aspect on organizational responsibility for employee and community well-
being, and the environmental aspect on energy efficiency and emission reduction. Organizations implement
Lean Manufacturing to minimize waste, and research integrates Lean Production into sustainability
indicators. Studies indicate Lean benefits Sustainable Manufacturing from environmental and economic
perspectives.  Adding eco-design to this framework further strengthens the environmental aspect,
contributing to a more comprehensive approach to sustainability.

[26] integrated sustainability indicators into Value Stream Mapping (VSM) to assess manufacturing
processes, considering economic, social, and environmental factors. Key performance indicators (IKPIs)
like Takt Time and Overall Equipment Effectiveness (OEE) were used to assess economic sustainability,
while absenteeism and turnover rates were used for the social dimension. The study suggested developing
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benchmarks for sustainability indicators and improving them towards workplace motivation, community
development, and product life cycle assessment.

Another research was explored the alignment of Lean Manufacturing (LM) with sustainability, focusing on
its potential to enhance efficiency while minimizing negative environmental and social impacts. Their
research highlighted the positive contributions of LM to economic sustainability through cost reduction
and improved performance, while also acknowledging the importance of Human Resources Management
for long-term social impact. The study emphasized that LM's focus on waste reduction provides value to
employees and promotes well-being. Furthermore, it illustrated the link between LM and economic
sustainability through Just-in-Time (JIT) practices, which reduce production costs and enhance flexibility.
The study also recognized the positive relationship between LM and environmental sustainability due to its
focus on waste reduction and equipment performance improvement. Additionally, it highlighted the
connection between LM and social sustainability, emphasizing the positive effects on worker attitudes,
motivation, and health and safety through ergonomic workplace design [27].

[28] integrated Lean Production into a sustainability framework and used a SWOT analysis to improve
performance in a pharmaceutical plant. They employed the best-worst method to calculate the significance
of sub-indicators, collected data through questionnaires, and utilized Data Envelopment Analysis (DEA)
to assess production performance. Sensitivity analysis was conducted to understand the impact of each sub-
indicator on production line performance, leading to the development of improvement measures. The study
identified weaknesses in areas like investment, cost reduction, training, and customer orientation, while
recognizing the pull system as a strength. The researchers proposed strategies based on the SWO'T analysis
and suggested using fuzzy models and neural networks in future research for performance evaluation.

[29] investigated the impact of Lean Production tools on environmental sustainability in manufacturing.
The study found that Value Stream Mapping (VSM) can identify environmental impacts, 5S can reduce oil
leaks and improve waste processing, and cellular manufacturing can decrease electricity consumption. Total
Productive Maintenance (TPM) was found to help reduce machine impacts like oil leaks and emissions,
while Single-Minute Exchange of Die (SMED) did not show significant environmental improvement. The
study also revealed positive effects on electricity consumption and standardization of worker activities.
However, it did not explore a specific Lean Production model for achieving Sustainable Manufacturing.

[18] underscored the crucial role of eco-design in achieving sustainable manufacturing, noting that waste
reduction not only lowers costs but also improves product quality and productivity. The study
acknowledged the challenge of meeting customer demands for affordable, high-quality, and
environmentally friendly products. It also noted the growing implementation of Life Cycle Assessment
(LCA) and sustainability practices as crucial for remaining competitive in today's market.

Methodology

This quantitative study utilized a purposive sample of 361 employees from PT. A, an Indonesian FMCG
company, with data collected via questionnaires. The purpose of sampling using purposive sampling is so
that the selected sample is a sample that is in accordance with the research objectives. The sample selected
is employees who are directly involved in lean production practices of 159 people consisting of management
and operation levels and are employees who are directly involved in the implementation of lean principles,
and have knowledge of production systems and lean concepts, so that this sample accurately represents the
characteristics of the population. To investigate the complex interplay between Lean Production practices,
Eco-Design for Sustainability, and Sustainable Manufacturing, researchers utilized structural equation
modeling (SEM) as an analytical tool.

Result And Discussion

This study explores how lean production and eco-design contribute to the advancement of sustainable
manufacturing practices within the fast-moving consumer goods (FMCG) sector. Lean implementation
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entails a management strategy centered on waste reduction and quality assurance to enhance company
competitiveness. Through the reduction of waste, the company will be more efficient and more responsive
to market needs [2]. Figurel shows the SEM model tested in this study which is a model of the relationship
between lean production and eco design to promote sustainable manufacturing.

The results of the indicator reliability test in a variable can be seen from the composite reliability results in
Table 1 which shows the Composite reliability and Cronbach's Alpha values for all constructs exceed 0.7,
indicating high consistency in respondents' answers. Thus, it can be concluded that all constructs in this
study have good reliability or it can be concluded that respondents respond to the questions in the
questionnaire consistently.

Table 1. Composite Reliability and Cronbach’s Alpha
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Figure 1. Structural Eauation Modelling with SMART PLS
Cronbach's Composite
Alpha Reliability
Lean Production Practices 0.828 0.874
Eco-Design for Sustainability 0.721 0.843
Sustainable Manufacturing 0.882 0.907

Analysis of the Average Variance Extracted (AVE) values, presented in Table 2, indicates that the indicators
used for Lean Production Practices, Eco-Design for Sustainability, and Sustainable Manufacturing
effectively represent their respective constructs. All three variables demonstrate AVE values = 0.5,
confirming their suitability for inclusion in the Sustainable Manufacturing model. However, while AVE
provides a measure of convergent validity, it is crucial to also assess discriminant validity to ensure that the
constructs are distinct and not merely measuring the same undetlying concept. Further analysis, such as
examining the correlation between constructs, is needed to establish discriminant validity and strengthen
the robustness of the model.

Table 2. Average Variance Extracted (AVE)

Average
Variance
Extracted
(AVE)

Note
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Lean Production Practices 0.537 Valid
Eco-Design for Sustainability 0.642 Valid
Sustainable Manufacturing 0.548 Valid

Table 3 shows that the indicators have high outer loading (>0.7) which indicates a strong relationship with
their respective latent variables. This confirms that the indicators are effective in measuring the intended
concept. Specifically, it shows that VSM, JIT, TPM, TQM, HRM and 5S are proven to contribute
significantly to the implementation of lean production.

Table 3. Outer Loadings

Lean  Production Eco-Design  for Sustainable

Practices Sustainability Manufacturing

LP_01  0.731

LP_02  0.738

LP_03  0.753

LP_04  0.720

LP_05  0.712

LP_06  0.744

ED_01 0.802

ED_02 0.834

ED_03 0.767

SM_01 0.738
SM_02 0.705
SM_03 0.705
SM_04 0.727
SM_05 0.739
SM_06 0.772
SM_07 0.793
SM_08 0.740

The path coefficient values presented in Table 4 serve as indicators of both the magnitude and direction of
the relationships between the variables under investigation. The relationship between the Lean production
variable to Eco-Design for Sustainability is positive at 0.557 which indicates that efforts to eliminate waste
and improve efficiency in the production process contribute to the development of more environmentally
friendly products. Similarly, the correlation between Eco-Design for Sustainability to Sustainable
Manufacturing is 0.364 which has a positive correlation explaining that designing products that consider
their environmental impact inherently supports sustainable manufacturing practices. Furthermore, the
positive relationship between Lean Production Practices and Sustainable Manufacturing also has a positive
effect of 0.464 reinforcing the opinion that by increasing value for customers through the elimination of
waste directly contributes to the achievement of sustainable goals in the manufacturing process. This
finding is consistent with the basic principle of Lean Production which emphasizes on creating maximum
value with minimum resources [30] and is aligned with the principles of Sustainable Manufacturing that
seeks to balance economic, social, and environmental goals [9].

Table 4. Path Coefficient

Lean .
. Eco-Design for Sustainable
Production L .
. Sustainability Manufacturing
Practices
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Lean Production Practices 0.557 0.464
Eco-Design for Sustainability 0.364

Sustainable Manufacturing

Table 2 is used to calculate the Goodness of Fit (GoF) value. Based on the above calculations, the GoF
value is 0.4934 which is in the interval 0.36-1 as a requirement for a good instrument. The GoF value of
0.4934 indicates that the data sample taken is in accordance with the model under study. The bootstrapping
value in Table 5 also shows lean production practices on Eco-Design for Sustainability due to P Values
<0.05 which indicates that the application of Lean principles, such as waste reduction and efficiency
improvement, can encourage the integration of environmental considerations into the product design
process. Similarly, there is a significant effect of Eco-Design for Sustainability on Sustainable Manufacturing
with P values <0.05 which illustrates the important role of environmentally friendly product planning in
realizing sustainable manufacturing practices. These results reinforce evidence from previous studies that
Eco-design is a strategic approach to realizing Sustainable Manufacturing by reducing environmental
impacts at every stage of the product life cycle [10].

Table 5. Bootstrapping

Original 1
rigina Sample P Values
Sample (O) Mean (M)
L i i > -
earvl Productlofl P%xctlces Eco 0.557 0.569 0.000
Design for Sustainability
Eco-Desi f S inability ->
co-Jesign for - Sustamabily 0.364 0.365 0.000
Sustainable Manufacturing
L i i >
ean  Production  Practices 0.464 0,466 0.000

Sustainable Manufacturing

Analysis reveals that eco-design plays a crucial mediating role in the relationship between lean production
practices and sustainable manufacturing. Specifically, eco-design strengthens the link between these two
by channeling the efficiency gains of lean production towards achieving sustainability goals. Statistical
analysis (Table 6) confirms this significant partial mediation effect, with a path coefficient of 0.203 (p =
0.002 < 0.05). This indicates that while lean production practices positively influence sustainable
manufacturing, this impact is significantly enhanced by integrating environmentally friendly design
principles. In essence, eco-design acts as a critical bridge, translating the operational efficiencies of lean
production into tangible environmental benefits and contributing to a more holistic approach to sustainable
manufacturing [31].
Table 6. Specific Indirect Effects

Original Sample Mean P
Sample (O) ™M) Values

Lean Production Practices -> Eco-
Design  for  Sustainability —-> 0.203 0.207 0.002
Sustainable Manufacturing

While this study demonstrates the significant mediating role of eco-design in linking lean production
practices to sustainable manufacturing, it also acknowledges that other factors contribute to this
relationship. Eco-design, although crucial, is not the sole determinant of achieving sustainability through
lean practices. Further research is necessary to explore these additional pathways, which might include
factors such as organizational culture, supply chain integration, technological innovation, and external
pressures like regulatory frameworks and consumer demand. Investigating these interconnected elements
will provide a more comprehensive understanding of how organizations can effectively leverage lean
production to achieve holistic sustainability goals.
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This research seeks to enrich the theory of Sustainable Manufacturing by integrating Eco-Design for
Sustainability and Lean Production Practices. Lean production and eco-design have mutually supportive
and reinforcing roles in driving the creation of sustainable manufacturing, they do so through different yet
complementary mechanisms. Lean production focuses on eliminating waste and improving efficiency so
that it can directly contribute to the sustainability of manufacturing [3]. By minimizing resource
consumption and streamline operations, lean principles contribute to environmental preservation [32].
Conversely, eco-design takes a proactive approach by embedding environmental considerations into the
eatliest stages of product development. This involves prioritizing sustainable material selection, minimizing
the use of hazardous material, and designing products with end-of-life recyclability in mind [8]. Thus, eco-
design contributes to sustainable manufacturing by reducing the environmental impact of a product
throughout its entire lifecycle, from raw material extraction to disposal [10].

Conversely, eco-design proactively incorporates environmental factors into the product design phase [33].
This includes sustainable material selection, reduction of hazardous materials, and product design that
facilitates recycling [9]. Therefore, eco-design supports the goal of sustainable manufacturing by minimizing
environmental impacts throughout its life [19]. By integrating lean production and eco design, companies
can create a more holistic and effective sustainable manufacturing strategy, resulting in products that are
both environmentally responsible and economically competitive [34]. This holistic strategy not only reduces
environmental impact but also optimizes resource use, lowers costs, and enhances product quality,
ultimately bolstering the company's market competitiveness.

Moreovet, the strategic integration of advanced technologies like 10T, Al, and blockchain can significantly
enhance the effectiveness of Lean Production and Eco-Design initiatives, acting as a powerful catalyst for
achieving sustainable manufacturing goals. These technologies can optimize processes, enhance resource
efficiency, and support data-driven decision-making, hence enhancing the benefits of eco-design techniques
and lean concepts. IoT sensors, by providing real-time data on resource consumption, enable dynamic
adjustments to production processes, facilitating predictive maintenance and minimizing waste generation
[35]. Al algorithms, through the analysis of complex datasets, can optimize designs for minimal
environmental impact while maximizing material utilization and circularity [36]. Blockchain technology can
enhance supply chain transparency and traceability, ensuring the ethical sourcing of sustainable materials
and fostering accountability across all stages of the product lifecycle [37]. This synergistic convergence of
sustainable practices and advanced technologies represents a compelling opportunity for FMCG companies
to unlock unprecedented levels of operational efficiency, cost reduction, and competitive advantage in a
rapidly evolving market.

Conclusions

Lean production practices that have been implemented at PT. A, one of the FMCG industries, aim to
reduce waste so as to increase efficiency. The results show a positive synergy between lean production and
eco design in driving sustainable manufacturing. Lean Production Practices directly contribute to
Sustainable Manufacturing. On the other hand, Eco-Design for Sustainability emerges as a key strategy in
achieving Sustainable Manufacturing in Fast Moving Consumer Goods (FMCG) companies. The
integration of Lean Production principles with Eco-Design practices enables companies to significantly
improve their sustainability performance. This research validates that implementing both Lean Production
and Eco-Design are essential, interconnected strategies for achieving Sustainable Manufacturing. Although
this study was conducted at PT. A, an FMCG company, the findings and recommendations can be
generalized and applied to various types of industries. The principles of Lean Production and Eco-Design
are universal and can be adapted by any manufacturing company committed to achieving Sustainable
Manufacturing. In addition, Eco-Design is only one of the factors that together with Lean Production
contribute to Sustainable Manufacturing. While eco-design plays a key role in linking lean production to
sustainable manufacturing, other contributing factors exist. Future research should explore these additional
pathways and identify further indicators that promote Sustainable Manufacturing.
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