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Abstract

Eco-design is an important consideration in the development of home appliance products.
It encourages the use of more environmentally friendly materials in the manufacturing of
appliances to reduce carbon dioxide emissions, limit energy consumption and improve
product performance. This paper offers a thorough method for eco-design using CAD
tools, emphasizing material selection to reduce environmental impacts throughout a
product’s lifecycle. CAD systems are combined with Life Cycle Assessment (LCA), as
demonstrated in a case study involving an electric iron device. The research presents a
systematic approach to minimizing adverse effects by evaluating environmental impacts,
particularly CO. emissions and energy consumption, and comparing alternative materials.
According to the findings, the substitution of aluminium oxide for stainless steel in the
iron plate component can significantly reduce the environmental impact, resulting in
reductions in carbon dioxide emissions and energy consumption by 82.02 % and 80.42%
respectively. This method will help designers to make well-informed choices early in the
design process to improve product sustainability and efficiency. The results highlight the
importance of material selection to eco-design as well as how the use of CAD-integrated
LCA tools may promote the creation of sustainable products.

Keywords: Life Cycle Assessment (LCA), Computer-aided design (CAD), Eco-design,
Home appliance product, Environmental impact reduction, CO2 emissions, Energy
consumption.
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1 Introduction

Designers have traditionally aimed to design products that meet requirements relating to
performance, quality, cost, and efficiency. Due to the significant pressures of global
climate change, current design trends have changed and designers are now required to
take into consideration significant factors concerning the environmental impacts of
products during the design process and to focus on creating products with minimal
environmental impact. Carbon dioxide (CO) is a key contributor to climate change and
its emissions correlate directly with energy consumed during the entire life of the product.
In 2000, approximately 65% of global greenhouse gas emissions (GHG) were linked to
carbon dioxide [1]. Energy generation is driven by consumption demand, and increasing
energy consumption leads to increases in carbon dioxide emissions, and about 24% and
14% respectively of global carbon dioxide emissions come from power generation and
industrial activity [2]. Products of all kinds cause significant environmental damage
throughout their life cycle, and greenhouse gas emissions grew by 4% in 2020, with
industry ranked the third largest emitter after the energy production and transportation
sectors [3]. Therefore, designers have become more interested in the reduction of the
environment impact of their products by taking into account environmental requirements
from the early design stages in addition to traditional design criteria. This paper presents
a systematic approach that helps designers to introduce and develop an eco-friendly
product while enhancing performance with the aim to achieve a significant reduction in
environmental impact during the design stage, the most appropriate material is selected
from various options with different properties using CAD sustainability systems. This
study considers only CO2 emissions and energy consumption as the main sources of
global warming during each stage of the lifecycle of the product and throughout its
lifetime.

1.1 Concept of eco-design

Many terminologies have been reported in studies related to the production and
development of environmentally friendly products, including eco-design, green design,
environmental design, environmentally conscious design, life cycle design, and
environmentally friendly design [4]. By the end of the 1980s, ‘eco-design’ had become a
common term for products that are environmentally friendly [5].

Eco-design is an approach to the creation of new products or improvements to existing
products so that they have a minimal impact on the environment [6].

Eco-design aims to contribute to reductions in global warming emissions which result
from activities associated with the product by assessing its likely impacts at an early stage
and identifying the stages with the greatest impact [7].

1.2 Material selection and eco-design

Material selection has become a central topic in eco-design research [8]. The selection
process involves crucial decisions that designers make at an early stage, and it is estimated
that 80% of the environmental impact of a product result from decisions made during the
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design and development processes [9]. Choosing the correct material for a specific
application from a vast array of options with different properties is not a simple task.
Therefore, designers need to understand the possible environmental impact of each type
of material and to make more appropriate decisions in order to meet environmental
requirements [10]. More than 80,000 different materials are currently in use to
manufacture a wide range of products [11], which illustrates the difficulty designers face
in choosing the optimal material for eco-design. Each material is characterized by a range
of properties such as hardness, tensile strength, electrical conductivity, and thermal
conductivity. Selecting materials with specific properties to achieve certain goals may not
result in other requirements being met. For example, the use of a stronger material may
not necessarily involve less energy consumption [12]. Thus, systematic methods of
resolving conflicts between objectives are needed to achieve success. Material selection
is crucial for the enhancement of the properties of products as well as better eco-design
[13]. The specific properties identify the type of material, which in turn affects directly
on efficiency and environmental impact of the product. For example, the toughness,
strength, hardness, flexibility, and electrical conductivity of a material can determine its
suitability for specific applications, which is why material selection is a vital decision in
the design process [14].

Each material property plays a critical role in determining a product’s ability to achieve
the defined requirements for applications with maximum efficiency, reliability, and with
minimal environmental impact. The properties of materials may be categorised as
mechanical, electrical, thermal or chemical properties, all of which can have a strong
impact on the environment. For example, choosing a material with lower density can
reduce weight and therefore fuel consumption in transportation stage, while choosing a
material with a higher corrosion resistance can extend the lifespan of the product.

1.3. Material assessment tools for eco-design

Environmental impacts occur at all stages of a product’s life cycle, from the material
extraction process to manufacturing, distribution, usage and finally disposal or recycling
[15], as shown in Figure 1.

As a rule of thumb every engineering material has a life cycle; therefore, it is necessary
to assess its environmental impact and how it affects the product throughout the product
life cycle.

The assessment process can be carried out using a wide range of tools and methods. Life
Cycle Assessment (LCA) is one of the most significant tools used in assessing
environmental impact and is introduced next.
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Figurel. The product life cycle stages [16]

1.4 Life cycle assessment (LCA)

One of the most common methods for assessing environmental impact is the life cycle
assessment (LCA). LCA is a technique used to assess the environmental impacts of a
product in each stage of its life cycle in terms of specific factors such as the materials
used, manufacturing process, means of transport, and locations of extraction,
manufacturing, and usage [16]. LCA helps designers to make the best decisions
concerning material selection. Simple LCA applications include SimaPro, GaBi and Open
LCA [3]. CO2 emissions and energy consumption rates are indicators that can be
calculated using life cycle analysis.

CO2emissions and energy consumption measured in kilograms (kg) and megajoules (MJ)
respectively are among the indicators that can be calculated for LCA [17].

1.5 CAD systems for eco-design

Many designers may not be aware of LCA assessment tools or how they can use them to
create more environmentally friendly products; others may think that they are too
complicated [18]. Thus, there have been some attempts to integrate computer-aided
design (CAD) and LCA systems to link each component of product to the environmental
data that is available from the LCA method for the calculation of environmental impact.
For example, in 2009 Dassault Systems linked LCA (GaBi) with the SolidWorks system
to create a sustainable design tool [19]. SolidWorks Sustainability system measures
product impacts over a design’s entire lifecycle; each impact is examined using the
science of Life Cycle Assessment through a partnership with PE International, a pioneer
in the LCA field. PE International aims to help companies improve the environmental
performance of their products and processes.

GaBi is one of the most important software tools for life cycle assessment of products.
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It is widely used in assessing the environmental impact of products and processes through
empirical data gathered over decades and has become the worldwide standard for
environmental impact data. [20]. By calculating the environmental impact and showing
which parts have most impact during the product’s lifecycle, designers can make
significant improvements to its environmental performance. SOLIDWORKS
Sustainability is used in this study as a CAD tool to demonstrate the ability of the
approach presented in this study to achieve significant reductions in environmental
impact by replacing materials which have the most environmental impact with safer
materials

2. Research approach

The approach suggested in this research focuses on the relationship between
environmental impact and the functionality of products and the materials. The core idea
lies in identifying the components with the greatest environmental impact and then
seeking alternative materials that have less impact while maintaining essential product
functionality. These operations are conducted during the design process using features
available in SolidWorks Sustainability. The selection of materials takes into account
environmental criteria during the design process and concentrates on the features that
enable the product to perform the functions for which it was designed with the highest
efficiency. Figure 2 shows the flow chart of the research approach.

| Selecting Objective Product |

<r

| Disassembling Objective Product |

| Alodelling Froduct Components |

Azzembling Product Component: | 0 L o ok e e e e
|_ I '

<5 1| Identifying When High 1

| Assessing Assembled Design | — | Impact I
1 Alodifvine Property 1

_.-\..!.5#_55i.ug Proposed Aaterial | “ LI Proposing Alternative 11
D : Afnterials :

Compering to Original
AlLaterial

|' Implementing Safest Aaterial ~|

L
-

Figure 2. Flowchart of the research approach
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The approach consists of six steps as follows:

Step 1: Disassembly of the selected product for improvement, which is taken apart in

order to identify the geometry and determine the materials used in each component.

Step 2: Modelling of each component using SolidWorks with precise details such as
dimensions and material types.

Step 3: In this step all 3D modelled components of the product are assembled using
SolidWorks software.

Step 4: Assessment of the environmental impact of the virtual design using SolidWorks
Sustainability, in order to identify which components, have the greatest impact.

Step 5: Seeking alternative materials and to identify the safest choice through available
features in SolidWorks Sustainability that allow changing the properties.

Step 6: Finally, the safest material is implemented in the component .

3. Case study: electric ironing device

To understand the relationship between material selection and a product’s environmental

impact, the proposed approach was applied to a product available in the local market. The

product selected is a commercial electric iron device, branded as HOMMER and

manufactured in China. The electric iron device is a small household appliance used to

remove wrinkles from fabric by applying heat and pressure. The iron is one of the most

common household appliances which is also widely used in hotels and laundries for

ironing clothes. Thus, it is considered to be a critical source of environmental impact, not

only during usage where high energy is consumed, especially at high temperatures or for

extended periods, but also throughout its entire lifecycle. Moreover, this product consists

of various different materials, including metals, plastics, and electronic components. For

these reasons it was chosen for this study to prove the ability of the proposed approach to

achieve a significant reduction in environmental impact.

3.1 Implementation of the research approach to the eco-design process

Stepl: Disassembly of the product

To model the objective product as actual geometry, it is necessary to measure the specific
details of each component, such as its dimensions, geometry, and material type from the
disassembled product as shown in Figure 3.

Step 2: Construction of the bill of materials (BoM)

During the disassembling process of the product, the bill of materials (BoM) is
constructed which contains all components with their type of material used as shown in
Table 1.

Step 3: Modelling of the product components

After the disassembly process has been carried out, all components are modelled with
detailed information including dimensions, geometry and material type as shown in
Figure 4.
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Figure 3. Captured image of the electric ironing device components

Table 1. Bill of materials (BoM)

Material used based on the manufacturer’s technical

Component

data sheet
1 Heating plate Stainless steel (ferritic)
2 Heating plate cover PBTP
3 Handle Polypropylene (homopolymer)
4  Back cover Polypropylene (copolymer)
5 Outer plate cover Polypropylene (homopolymer)
6 Heating control circle Polypropylene (homopolymer)

Figure 4. Exploded view of 3D modeling for electric ironing device components

Step 4. Assembly of the modelled components as one unit
The modelled components are then assembled as an actual design, as shown in Figure .5
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Figure 5. Assembled 3D model of the electric ironing device

Step 5: Assessment of the assembled model

An environmental assessment of the assembled design is conducted using SolidWorks
Sustainability in order to identify which components have the highest impact on the
environment. Figure 6 shows the heating plate component in the red colour, which means
that this component has highest impact on the environment. Table 2 presents the results
of the environmental assessment of the assembled model.

Assembly | Sketch | E$ate‘ SOLIDWORKS Inspection | Simlation | PPABEB - B-v- Q-3
@ Ble[@[E[E[H[=]m]
Assembly Visualization
— Fleeld 7
HIEN”“Qui.Hl i ’l inabilit v Carbon P‘
@1
@
@ 1
@ 1
. @ -
+ Je -
@
@

Figure 6. Assessment process results of the assembled model

Table 2. Assessment results for the product components

Environmental impacts

Component Material used CO2 (KG) Energy
emitted (Kg) | consumed (MJ)
;I'i?’:;geratu re control Polypropylene (homopolymer) 0.03 0.59
Back Polypropylene (copolymer) 0.05 0.92
Outer cover Polypropylene (homopolymer) 0.05 1.01
Handle Polypropylene (homopolymer) 0.59 11.48
Plate cover PBTP 0.83 13.97
Heating plate Stainless steel (ferritic) 217 22.58
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Step 6: Selection of the safest material

SolidWorks Sustainability helps designers to find alternative materials with best features
by modifying some crucial properties of the original material that strongly influence the
essential functions of the product. In this case, thermal performance needs to be improved,
and therefore the most important properties are thermal expansion and thermal
conductivity as shown in Figure 7.

I @3 Find Similar Material X
" ¢ Elastic Modulus  Poisson's Ratio  Shear Modulus  Thermal Expans. Density Thermal Condu.
Materials Material Class NmA2 NA Nmh2 X Kg/mA3 W
Stainless Steel ferritiq)  Steel 2e11 028 77¢+10 11605 7800 18
Property Conditi.. Value Units e et
Material Class . [-any- L] Set the condtion(s)
Elastic Modulus any. ] 2es11 NmA2 and value(s)
Poisson's Ratio [any- =] 028 A
Shear Modulus [any. =] 7.7e410 Nm*2
Thermal Expansion Coefficient | < =]l 1.1e05 X
Density |-any. =] 7800 kg/m*3
Thermal Conductivity [ =] W/m-K)
Specific Heat [-any. =] 480 MkgX)
Tensile Strength [any. =] 5.13613¢+08 Nm*2
Yield Strength [-any- _=][1.72339¢+08 Nm*2
Financial Impact [any. =] Undetined "
< >
Figure 7. Captured image from SolidWorks clarifying modification process on the material
property

Thermal performance is a critical consideration, especially in applications which operate
at high temperatures. The materials selected should have high thermal conductivity so as
to increase the efficiency of the product and reduce energy consumption. Additionally,
they should have a lower coefficient of expansion in order to withstand temperature
fluctuations without significant expansion, deformation, structural failure, or loss of
mechanical properties, thereby helping to extend the product’s life. Therefore, a material
with a higher value of thermal conductivity and a lower value of the thermal expansion
property should be identified which would improve the efficiency and performance of the
product, which in turn would reduce the impact on the environment. Meanwhile, levels
of properties not strongly related to product performance will be kept constant.

4-Result and discussion

Following the modification of the original material properties, the the application of
SolidWorks Sustainability presented various alternative materials that would meet the
required criteria. From the sustainability assessment all potential materials compared to
the original material (stainless steel), the safest material was then identified. The
environmental impact indicators in Figures 8 and 9 show the material with the lowest
impact compared to other materials.

10 Copyright © ISTJ s gina pokall (Fgen
Al pghall il Aol



pstall 2 (all) iisally Gl s

International Science and QG A5 ) g0 Awaigl) g AEudatl) Ryl p glll A0 g ~
Technology Journal (D S E— ) <
Agal g gtall 4 5l ALl LICASE -2 ISTA

2024 /10 /30-29

11

£2024/10 /30 1 ghsal) o W i i

’,, Find Similar Matenial X [
Elastic Modulus  Polsson’s Ratio  Shear Modulus  Thermal Expans.... Density Thermal Condu...
( Materials Material Class NmA2 WA Nma2 ~ KomAS WK
__ Stainless Steel fferritic)  Steel 2e=11 028 7.7e=10 11605 7800 18
M Aumina Aluminium Alloys 37es11 02 1.5¢+11 7Ae06 3960 30
[0 cCommercially Pure gr... Titanium Alloys 1.05¢-11 0.33 Se-06 4510 2179
[0 Commercislly Pure Gr.. Titanium Alloys 1.05e+11 033 9e06 4510 2179
D Commercially Pure tit... Titanium Alloys 1.05¢-11 037 4.5e-10 9e-06 4500 199
[0  TIMETAL3SACPTitan.. Titanium Alloys 1.05¢-11 0.34 8.6e.06 4510 2197
D Molybdenum Other Metals 32¢e-11 038 12e-1 Se06 10000 150
O Titenium Other Metals 1Lie=11 03 43e-10 8.8¢-06 4600 2
[0 Tungsten Other Metals 1.24e-1 028 1.6e+11 4.5¢.06 19000 200
O vanadium Other Metals 14e=11 036 S.1e=10 83¢-06 6100 n
O 06010 EN-GIL-100) DiN Iron 1.85¢-11 0.26 6.5¢-09 1.05¢.05 7250 S8
[0 0601SENGR-1S)  DiNiron 8e~10 026 6.5¢-09 1.05¢.05 72% 8
0 0.6020 €N-GIL-200) DiN Iron 1.2¢-11 0.26 6.5¢-09 1.05¢.05 7250 S8 ol
O 06025 €N-GR-250) DiN Iron 1.2e+11 0.26 6.5¢-09 1.05¢-05 7250 S8 [
O 06030 EN-GRL-300) OIN Iron 12¢+11 0.26 6.5¢+09 1.05¢-05 7250 s8
< >
Environmental Impact
Manufacturing Process
j Milled W
@ ‘ EL%
0% $ Si-mi2pw S
Setocron P
O — Ongins  —
e anc || e

Figure 8. SolidWorks sustainability results show that Alumina is the safest material
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Figure 9. Results of assessment of other materials compared to the original metal
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Therefore this material will be considered as an alternative material in manufacturing the
heating plate component. Additionally, the results of the environmental assessment show
that Alumina (Aluminium oxide) has a lower environmental impact compared to the other
suggested materials. It also has excellent features compared to the original stainless steel.
Figure 10 shows the key environmental impacts achieved by using Alumina instead of
stainless steel for the heating plate.

Assemb\y‘ Sketch ‘ Eva\uate‘ SOLIDWORKS Inspection | Simulation ‘ f“ ;5 ,/z 1] {ﬁ @ Q:] 4 Qﬂ ﬁ g
OHBBLEVIEE]
Assembly Visualzation 0 x
a1
File N.H‘Quan“ SW-Material >| Suﬂa\'nab\'\\'\y;lolal(arbon >‘ Sustainability Total Energy >‘
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Figure 10. Results of the assessment process of the assembled model using Alumina material

It was noted that other components appeared in red, indicating that the heat plate
component with the new material has less impact compared to the other components, as
shown in Table3

Table 3. Assessment results of the product components using Alumina

Environmental impacts

. Ener
Component Material used CO2 (KG) emitted conSL?r)rged

(Ko) (MJ)
Tempera_ture control Polypropylene 0.03 0.59

circle (Homopolymer)
Back Polypropylene (Copolymer) 0.05 0.92
Outer cover Polypropylene (homopolymer) 0.05 1.01
Heating plate Alumina 0.39 4.42
Handle Polypropylene (homopolymer) 0.59 11.48
Plate cover PBTP 0.83 13.97
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Table 4. Summary of the percentage reductions achieved in CO2 emissions and energy
consumption when using Alumina compared to the original material (stainless steel).
Table 4. Summary of comparison of materials

Environmental impact Stainless steel Alumina Percentage decrease (%)
Carbone footprint CO; 2.17 kg 0.39kg 80.02%
Energy consumption 22.58MJ 4.42MJ 80.42%

4.1 The alternative material (Aluminium oxide)

Alumina or Aluminium oxide (Al.Oz3) is one of the most cost-effective and widely used
engineering materials in industrial applications, and is classified as an important element
in the ceramics family [16]. Other sources such as the GaBi LCA software consider it to
be one of the aluminium alloys. Alumina has a range of excellent properties, including
high hardness where it comes second only to diamond. This makes it exceptionally wear-
resistant, with a high thermal conductivity of about 38.5W/(m*k), and low thermal
expansion of about: 10.9 um/k, thus, it provides efficient thermal management, and has
an extremely high melting point of approximately 2369°K making it suitable for
applications exposed to high temperatures. Also, it is considered to exhibit excellent
electrical insulation and is resistant to most corrosive substances, which contributes to its
durability [21].

5. Conclusion

This study has presented a systematic approach to develop an eco-friendly product for the
minimization of the environmental impacts in terms of CO. emissions and energy
consumption by selecting the best available material with the aid of a CAD system in the
design process. It can be concluded that aluminium oxide was found to be a promising
alternative material to replace the original stainless steel metal in the device studied. The
alternative material would contribute to reductions in CO, emissions and energy
consumption rates by 80.02% and 80.42% respectively during all stages of the product
life. The outcome of this study should be immensely helpful to designers in evaluating
products from an environmental point of view. It can provide alternatives that have the
capabilities to meet environmental requirements as well as ensuring higher efficiency to
achieve the purpose for which the product was designed.
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