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ABSTRACT

Industrial product design that makes use of eco-friendly materials and modern production techniques is the primary emphasis
of this research, which delves into the concepts and practices of sustainable manufacturing. The primary goal is to identify
and assess design techniques that lessen the negative effects on the environment while simultaneously improving the
efficiency of the manufacturing process. "How can innovative materials and methods be integrated into product design in
industrial contexts to minimise environmental impact, increase resource efficiency, and support long-term sustainability
goals?" is the question that this research approaches from multiple angles in order to answer. In order to find workable design
solutions that handle environmental issues and practical manufacturing demands, this research looks at existing approaches
and case studies. The growing concern about environmental degradation and resource depletion has prompted industries to
look for sustainable alternatives in their manufacturing processes. This study explores the potential integration of sustainable
manufacturing processes and environmentally friendly materials into industrial product design, with the aim of reducing
production's negative effect on the environment without compromising product quality or utility. The project primarily
focusses on waste-, energy-, and emission-minimizing production techniques that make use of renewable, recyclable, and
non-toxic materials. The researchers also take a look at some other sustainable design ideas. Analysis of existing practices,
case studies, and interviews with industry experts reveal both opportunities and limitations for introducing sustainable
manufacturing approaches. The findings highlight the need of considering the full product life cycle, from raw material
procurement all the way through disposal or recycling, and the need for a holistic approach that incorporates economic and
environmental considerations into product development. Also included in the study are practical recommendations that
designers and manufacturers can use to make products that are less harmful to the environment. In addition to promoting
sustainability, this will also inspire originality. The study's end aim is to contribute to the development of a sustainable
manufacturing framework that, without sacrificing economic efficiency, reduces industrial waste, aids in the attainment of
long-term ecological balance, and is consistent with global environmental objectives.
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1. INTRODUCTION

The industrial and design sectors have taken the lead in the sustainability movement as of late. It incorporates a more holistic
view of product creation that considers the product's influence on people, planet, and business across its whole lifespan.
Decisions made at many stages of a product's life cycle, including as identifying possibilities, creating and selecting concepts,
and developing the product and technology, have a significant impact on the product's sustainability performance (Al-Nuaimi
& Al-Ghamdi, 2022). The development process should be guided towards better long-term solutions by sustainable design
principles. Since more people are becoming aware of environmental problems including pollution, resource loss, and climate
change, there has been a discernible movement in industrial design towards greener practices. The importance of reducing a
product's environmental effect during its lifetime is becoming more apparent to designers and producers. Various experts
from the fields of environmental science, materials science, industrial design, and engineering have to work together on this
change. In order to find creative solutions that fairly include economic, social, and environmental factors, it may be necessary
to collaborate across disciplines. Ecological consciousness, social cohesion, cultural sensitivity, economic vigour, and
resourcefulness are the hallmarks of sustainable production. To achieve a more sustainable economic development, the
researchers may optimise industrial structures, safeguard the environment, ensure that resource extraction and allocation are
done correctly, and strike a balance between economic expansion and population increase. Energy consumption, industrial
growth, the creation and sale of environmentally friendly goods, and the growth of cultural and touristic pursuits may all be
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significantly impacted (Aitken et al., 2019).
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2. BACKGROUND OF THE STUDY

People are becoming more worried about how businesses and consumer goods affect the world around them. According to
the IPCC, human-induced greenhouse gas emissions are the primary cause of unprecedentedly high levels of carbon dioxide,
methane, and nitric oxide, which have not been seen in 800,000 years. There has never been a time when environmentalists
have been more demanding that individuals and businesses cut their emissions of greenhouse gases. Academics spearheaded
a global movement for environmental reform in the late 1980s. The United Nations Sustainable Development Goals (SDG)
and the Paris Agreement are only two examples of the new global accords and collaborative initiatives that have ushered in
a new age of sustainability (Zimmerman & Mihelcic, 2021). The degree to which eco-design is incorporated into corporate
product creation has attracted the attention of an increasing number of academics. Despite many businesses announcing their
intention to use eco-design practices, the level of adoption and execution is rather low. Those who believe in eco-design see
the field's inability to create a sustainable society due to the sluggish acceptance of eco-design techniques and technologies
(Aphirakmethawong et al., 2022).

3. PURPOSE OF THE RESEARCH

If the research team behind this endeavour is correct, industrial product designs that use environmentally friendly materials
and production procedures could wind up being more sustainable in the long run. Gather information on potential eco-
friendly materials and assess their suitability for product development. Considerations about their biodegradability,
recyclability, and decreased impact on the environment are crucial. It is important to examine both traditional and modern
production methods in order to reduce the environmental impact of manufacturing. Considerations such as energy efficiency,
environmental friendliness, and waste minimisation are all part of the investigation. Make concrete suggestions on how to
integrate environmentally friendly materials and manufacturing methods into the design phase. Giving designers and
manufacturers the tools they need to incorporate these eco-friendly practices is crucial. See how well and how beneficially
eco-friendly materials and techniques were included into the design process of the product. Product efficiency, cost-
effectiveness, and environmental sustainability are some of the factors that must be considered during this process. Provide
manufacturers and industrial designers with actionable guidance based on the study's results to incorporate sustainable
practices into manufacturing and design processes.

4. LITERATURE REVIEW

To reduce their negative effects on the environment and make the most efficient use of their resources, more and more firms
are turning to sustainable manufacturing practices. Incorporating sustainable materials and manufacturing methods into
industrial product design is the focus of this literature review, which draws on recent findings in the area (Hotha, 2023). The
concept of sustainable manufacturing revolves on reducing the negative impact of industrial activities on the environment
without sacrificing the performance or functionality of products. There is a lot of data that says sustainable materials should
be at the forefront of product design. More and more research is going into finding ways to reduce waste and carbon emissions
via the creation of new materials. Some examples of these materials include natural fibres, recyclable metals, and
biodegradable polymers. Despite concerns about cost and functionality, many studies have shown that the materials may
lessen lifelong impacts. Sustainability has also benefited greatly from innovations in industrial practices. Innovative
approaches have arisen, such as closed-loop manufacturing systems that provide recycling and reusing of materials and
additive manufacturing (3D printing), which allows exact material utilisation with little waste. These methods improve
production flexibility and efficiency while decreasing waste (Bontempi et al., 2021).

5. RESEARCH QUESTIONS
e  What effect do renewable energy sources have on the integration of ecofriendly materials?

6. RESEARCH METHODOLOGY:

6.1 Research design:

For the quantitative data analysis, SPSS version 25 was used. The researchers used the odds ratio and the 95% confidence
interval to find out how strong the statistical link was and in what direction it was going. At p < 0.05, the researchers set a
criterion that was considered statistically significant. A descriptive analysis was carried out to determine the most crucial
elements of the data. Survey, poll, and questionnaire data, as well as data modified using computational tools for statistical
analysis, are often evaluated using quantitative approaches.

6.2 Sampling:

Research participants filled out questionnaires to provide information for the research. Using the Rao-soft programme,
researchers determined that there were 623 people in the research population, so researchers sent out 635 questionnaires. The
researchers got 557 back, and they excluded 32 due to incompleteness, so the researchers ended up with a sample size of
525.
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6.3 Data and Measurement:

Data for the investigation came mostly from a questionnaire survey. A participant's basic demographic information was
requested first. After that, participants were given a 5-point Likert scale to use in evaluating the online and offline channels.
For this secondary data set, the researchers combed through a number of resources, most notably internet databases.

6.4 Statistical Software: The statistical analysis was conducted using SPSS 25 and MS-Excel.

6.5 Statistical Tools: To grasp the fundamental character of the data, descriptive analysis was used. The researcher is
required to analyse the data using ANOVA.

7. CONCEPTUAL FRAMEWORK

8. RESULT
e Factor Analysis

One typical use of Factor Analysis (FA) is to verify the existence of latent components in observable data. When there are
not easily observable visual or diagnostic markers, it is common practice to utilise regression coefficients to produce ratings.
In FA, models are essential for success. Finding mistakes, intrusions, and obvious connections are the aims of modelling.
One way to assess datasets produced by multiple regression studies is with the use of the Kaiser-Meyer-Olkin (KMO) Test.
They verify that the model and sample variables are representative. According to the numbers, there is data duplication.
When the proportions are less, the data is easier to understand. For KMO, the output is a number between zero and one. If
the KMO value is between 0.8 and 1, then the sample size should be enough. These are the permissible boundaries, according
to Kaiser: The following are the acceptance criteria set by Kaiser:

A pitiful 0.050 to 0.059, below average 0.60 to 0.69

Middle grades often fall within the range of 0.70-0.79.

With a quality point score ranging from 0.80 to 0.89.

They marvel at the range of 0.90 to 1.00.

Tablel: KMO and Bartlett's Test

Testing for KMO and Bartlett's

Sampling Adequacy Measured by Kaiser-Meyer-Olkin .980

The results of Bartlett's test of sphericity are as follows: approx. chi-square
df=190

sig.=.000

This establishes the validity of assertions made only for the purpose of sampling. To ensure the relevance of the correlation
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matrices, researchers used Bartlett's Test of Sphericity. Kaiser-Meyer-Olkin states that a result of 0.980 indicates that the
sample is adequate. The p-value is 0.00, as per Bartlett's sphericity test. A favorable result from Bartlett's sphericity test
indicates that the correlation matrix is not an identity matrix.

Table: KMO and Bartlett's

EMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. | 980

Bartlett's Test of Sphericity Approx. Chi-Square 3252968

df 190

Sig. 000

Using Bartlett's Test of Sphericity further established the general relevance of the correlation matrices. The sample adequacy
value according to Kaiser-Meyer-Olkin is 0.980. The researchers discovered a p-value of 0.00 by using Bartlett's sphericity
test. The correlation matrix was shown to not be a correlation matrix by a significant test result from Bartlett's sphericity test.

< INDEPENDENT VARIABLE

® Design Sustainable Manufacturing

By reducing resource consumption without compromising product quality, sustainable manufacturing processes aim to
produce goods that do not hurt humans or the environment. Reduce the researcher's ecological footprint by sourcing resources
that are renewable, recyclable, or otherwise environmentally friendly. Insist that they use energy-saving strategies and tools
developed for use in manufacturing. Waste reduction should be considered when developing products and processes that
make recycling or reusing resources easier. Consideration of a product's environmental impact throughout its lifespan is
necessary, not simply during production. By creating goods and production methods that include these principles, designers
may contribute to the achievement of environmental and resource preservation goals (Paul et al., 2023).

% FACTOR

e Renewable Energy Sources

Renewable energy sources are those that can be used to generate electricity without using the Earth's natural resources.
Renewable energy sources provide an environmentally beneficial and sustainable alternative to fossil fuels, which are limited
and pollute the environment. Electricity and heat can be harnessed from a variety of sources, including solar panels that soak
up the sun's rays, wind turbines that turn the wind's kinetic energy into electricity, hydropower that uses the flow of water in
rivers and dams, biomass power that comes from organic materials like wood and agricultural waste, and geothermal power
that comes from the Earth's own internal heat. Renewable energy sources may help fight climate change by reducing carbon
footprints, which is a major advantage as it lowers emissions of greenhouse gases. Furthermore, by decreasing dependency
on imported fossil fuels, these energy sources encourage energy independence and security. A vital part of the worldwide
shift towards a more sustainable and resilient energy future, renewable energy is being propelled by technological
developments and governmental initiatives around the globe (Roy & Roy, 2021).

+ DEPENDENT VARIABLE
e Integrating Eco-Friendly Materials

Sustainable material selection and use throughout a product's lifetime is at the heart of eco-friendly material integration in
manufacturing. They lessen their dependency on non-renewable resources by using renewable resources or repurposed
components. Made with biodegradability in mind to reduce its environmental impact over time. Not polluting either humans
or the environment in any way. Made with less energy usage and less emissions of greenhouse gases to lessen the
environmental effect. Fewer wasteful activities, less pollution, and better utilisation of resources are some of the advantages.
Higher prices, lower performance, and the need for novel manufacturing methods are some of the obstacles that the researcher
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must overcome in order to fully use environmentally friendly materials (Tiwari, 2023).

e Relationship Between Renewable Energy Sources and Integrating Eco-Friendly Materials

In order to promote sustainability, lessen environmental effect, and encourage green innovation, renewable energy sources
and eco-friendly material integration go hand in hand. In order to lessen the impact on the environment, preserve natural
resources, and make sustainable businesses more efficient, these two ideas are vital. Reducing dependence on fossil fuels,
renewable energy sources including solar, wind, hydro, biomass, and geothermal power industrial processes with clean,
sustainable electricity. By reducing waste, pollution, and energy consumption, companies may further contribute to
sustainability when they incorporate eco-friendly materials (Vincent et al., 2021). These materials include biodegradable
plastics, recycled metals, organic fibres, and non-toxic coatings. Green manufacturing is one area where these two principles
are closely related. By minimising emissions, hazardous waste, and energy-intensive procedures, factories and businesses
driven by renewable energy may create sustainable goods using eco-friendly materials. In comparison to conventional
manufacturing facilities that use fossil fuels and non-recyclable materials, solar-powered enterprises that produce
biodegradable packaging have a much less influence on the environment. In addition, using environmentally friendly
materials improves renewable energy technology. More and more, renewable, non-toxic, and recyclable materials are finding
their way into the design of solar panels, wind turbines, and battery storage systems to enhance their lifespan efficiency. This
makes sure that green energy infrastructure doesn't harm the environment at any point, from manufacturing to disposal.
Renewable energy and environmentally friendly materials work hand in hand to make industries more eco-conscious and
efficient, which is in line with CSR goals, sustainable development targets, and circular economy models. When it comes to
cutting carbon emissions and using sustainable materials, this link is crucial in the building, automobile, packaging, and
textile sectors. Finally, a comprehensive strategy for sustainability is promoted by the complementary nature of renewable
energy and environmentally friendly products. By cutting down on pollution and energy consumption and by supporting a
circular economy that prioritises both short- and long-term gains, businesses that adopt both help make the world a better,
more sustainable place (Xie, 2023).

Since the above discussion, the researcher formulated the following hypothesis, which was analyse the relationship between
Renewable Energy Sources and Integrating Eco-Friendly Materials.

“Hoi: There is no significant relationship between Renewable Energy Sources and Integrating Eco-Friendly Materials.”

“H): There is a significant relationship between Renewable Energy Sources and Integrating Eco-Friendly Materials.”

Table 2: Hy ANOVA Test

ANOVA
Sum
Sum of Squares | df | Mean Square F Sig.
Between Groups 39588.620 | 202 5235824 | 1184.039 | .000
Within Groups 492770 | 322 4.422
Total 40081.390 | 524

There will be substantial findings from this investigation. F=1184.039, with a p-value of.000 (below the.05 alpha threshold),
meets statistical significance. What this implies is that the “Hi: There is a significant relationship between Renewable
Energy Sources and Integrating Eco-Friendly Materials” is accepted and the null hypothesis is rejected.

9. DISCUSSION

There have been significant advancements in sustainable industrial design, but there are still many obstacles to overcome.
Green manufacturing processes and the use of sustainable resources are one way to achieve this. This study's author
synthesised the most important results from previous research and discussed what those results mean for the future of
industrial product design. Because people are starting to realise how bad conventional materials are for the environment,
more and more designers of industrial products are looking for alternatives. Materials like natural fibres, recyclable metals,
and biodegradable polymers have the potential to be beneficial, according to research. These materials help achieve
sustainability in several ways, including less waste and carbon emissions. Biodegradable polymers, for instance, may
decompose faster in nature, reducing pollution in the long run; recycled metals, on the other hand, might save resources by
reducing the amount of energy needed for their extraction and processing. Meanwhile, these materials aren't exactly easy to
work with. Researchers have shown that the higher initial cost of obtaining environmentally friendly materials is a major
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obstacle to their widespread usage. Sustainable materials may not always be as effective as traditional ones, which begs the
issue of whether they are appropriate for certain uses. In order to overcome these obstacles, scientists must keep digging for
ways to enhance material properties while simultaneously decreasing prices via technical advancements and economies of
scale.

10. CONCLUSION

Research into eco-friendly manufacturing processes and supplies has shown both novel possibilities and long-standing
challenges. While improvements in manufacturing methods and materials have opened up new possibilities for reducing
environmental effects, challenges like worries about the product's cost and functionality also need to be taken into account.
Industrial product designers can't hope to meet sustainability goals without a thorough design process, practical
implementation approaches, and constant innovation and research. Removing these barriers would provide the sector a
greater opportunity of adopting eco-friendly practices that can change with the times.
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