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Rethinking Product Lifecycle Management: An Optimization-Based
Approach to Sustainable Design

Mot #<8F §Firgiafyyk W:i%ﬂﬁ
R'Z2MLE =54 EAPLE: X W i X
LA %ﬁ
¥ R 1A
Yan-Ruei Haung Ching-Ping Tung

2

A

N—

ﬂkiﬂ’*iﬁgﬁﬁﬁi‘i\whiggﬁ Bg s 28 kBAAF A SR ;Y hE R
xR ﬂ-ﬁiﬁir“fraigk g hE A A

Fr#v 32 28 TEra B4 b g A or
a?g?mﬁﬂxiﬂﬁﬁﬁiﬁ TPFERRRFREAFRLLIF R ANE
ERB ~AE SRz e R RGP R P LAARNAS L FFIFE S IR EZR
EREARTASRF S 2E AP TRNG 2o e BA LN (DEBEEL
A SRR (2)7 e B AR B AR F - (B)F] N A SRR e i 1 R0
WA (DfFA-Eei A B LR 2 AR ASR T F RS ASRER 0 2
CONE] ﬁviﬁpﬁ Firle (LCIA) A M E M RBEAETE > TR * 2 P 2375
(LCCA) &7 g ivir =i o

S 7]

R R PR AT R R EST ROREL O HERASL A D
2P AR MA@ R ESE LAY RPRAR S & ARG R Ak g frik
ﬁ%%wmﬁﬁﬁéﬁﬂgﬁﬂi’ﬁﬁiai?%aﬂﬁ~@w%ﬁﬁﬁﬁﬁﬁxg

AFKFFTEE S ETEEEDFERY 2 A AFTREERHL T FREE
IR R SUESLBEE SEE S A N A *%ﬁmﬂ%ﬁ"éw&?ﬁ%&fﬁ&n CARE S SR
o REEETT BB AR F KT EAFRDE R

T EE-EF TR B AP 1 LR B R AT A SR
VR kﬁé{éﬁiﬁh’é&:’:ﬁ]ﬁ% ot AT TR AFE SRR EE > TG A &
K?L'ﬁ CRAIAME SRR R BEATAS S FRED IR LB LERRIE T
fel - BARL S ARE R R F RVRA S FERL FFW Y a2

A a‘fleé_rr'ﬁﬁff’i% AL A 0 KA iR ‘\ PR R R SRR

-624 -



M4t  AFASR LAY FR 2 AP EREN A ERFCASEFR

KEd

Abstract

The research addresses critical gaps in sustainable product design by developing a
comprehensive, user-friendly methodology that balances economic objectives with
environmental and social sustainability across the entire product lifecycle. Despite the growing
importance of sustainable product design in achieving long-term ecological stability and
corporate competitiveness, existing methodologies often lack practicality, fail to integrate all
aspects of sustainability, and neglect certain lifecycle phases. The proposed methodology
consists of four main steps: (1) Identifying potential product design pathways, (2) Assessing
sustainability of potential design pathways, (3) Formulating a sustainable product design
optimization model, and (4) Solving the optimization problem. It employs a decision tree
approach to map out design options, incorporates life cycle impact assessment (LCIA) for
environmental and social impacts, and uses life cycle cost assessment (LCCA) for economic
evaluation.

Key features of the methodology include its flexibility in adapting to diverse
organizational needs, comprehensive consideration of the entire product lifecycle, and a tiered
system of sustainable objectives to reflect varied corporate priorities. The approach allows for
the integration of computer-aided design tools and accommodates specific product design
constraints. To demonstrate the practical application and effectiveness of the methodology, this
research will conduct a case study implementing the proposed framework. This implementation
will illustrate how the methodology assists product designers in balancing various sustainability
objectives, providing real-world validation of its utility and impact.

This research contributes to the field by offering a practical, adaptable tool that enhances
industry acceptance of sustainable product design practices. By addressing the challenge of
balancing economic goals with sustainability objectives and demonstrating its application
through a case study, this methodology aims to promote more sustainable industrial practices
and contribute to a more sustainable future. Importantly, this research directly supports global
net zero ambitions by enabling businesses to systematically reduce the carbon footprint of their
products throughout the entire lifecycle, from raw material selection to end-of-life management.
The methodology's holistic approach to sustainability optimization provides a tangible pathway
for industries to align their product design processes with long-term climate goals, thus
accelerating the transition towards a net zero economy.
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