
|
SERC DOCTORAL STUDENT FORUM 2023  |  NOVEMBER 14

SERC RESEARCH REVIEW 2023  |  NOVEMBER 13

SERC DOCTORAL STUDENT FORUM 2023  | NOVEMBER 14, 2023

An Integrated Holistic Approach 
Toward Sustainable Product Design 
Using Life Cycle Assessment
Hossein Basereh Taramsari

Simerjeet Mudhar
Dr. Steven Hoffenson
Dr. Roshanak Nilchiani



|
SERC DOCTORAL STUDENT FORUM 2023  |  NOVEMBER 14

Introduction
• “Triple Bottom Line” is a holistic approach where a product is sustainable in terms 

of environment, economy, and society. (Elkington, 1997)
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• Sustainable Product Design: “The ability of a 
product to work continuously while ensuring 
lowest environmental impacts and providing 
economic and social benefits to the 
stakeholders.”

    (Ahmad et al. 2018) 

• Design phase influences ~80% of a product's 
sustainability impacts. 

    (Kulantunga et al. 2015, Lewis et al. 2017) 

People

Planet Profit
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Motivation and Objective
• Current challenges:

There are numerous tools and methods available
Many methods apply to specific products or life cycle phases
Absence of a holistic approach 

• Research Objective: To integrate change propagation and design for 
sustainability (DfS) methods to simultaneously consider design parameters and 
sustainability impacts using a reusable water bottle as a case study.

• Research Questions:
1. How do changes in design parameters of a reusable water bottle impact 

environmental, social and economic sustainability?
2. What critical design decisions/parameters can be optimized considering the 

social, economic and environmental impacts?

3



|
SERC DOCTORAL STUDENT FORUM 2023  |  NOVEMBER 14

Multi-Domain Matrix (MDM)
• Design Structure Matrix (DSM)

• Common tool to demonstrate and analyze 
design change propagation

    (Brahma et al. 2023)

• Highly compact and scalable method of 
representing the systems

    (Eppinger and Browning, 2012)

• Cross-domain DSMs are MDM

4

Multi-Domain Matrix (DSM.org) 
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Life Cycle Assessment (LCA)
• Evaluates the potential environmental 

impacts of products throughout their entire 
lifecycle

   (ISO, 2006)

• LCA Procedure:
Defining goal and scope
 Life cycle inventory (LCI) 
 Life cycle impact assessment (LCIA)
 Interpretation

• LCI – Ecoinvent 
• LCIA – ReCiPe 2016 (Huijbregts et al. 2016)

5

LCA framework (ISO 14040)
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Methodology
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Case Study 
Reusable Water Bottle

• Simple mechanism
• Consumer-based product

• Three components:
– Cap (polypropylene plastic resin)
– Seal (silicone rubber)
– Bottle (Stainless Steel 304) 

• Different manufacturing processes:
– Steel Production
– Powder Coating
– Injection Molding

7
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Change Propagation
Multi-domain Matrix (MDM)

• Component Domain
 Dimensions
 Material

• Product Attributes 
Domain
 Volume
 Weight
 Portability
 Durability
 Quantity
 Usage
 Cost

• Total 43 Parameters 

8
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Calculation Flow
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Product System Description
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Life Cycle Impact Assessment (LCIA) – ReCiPe 2016 (H)
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Sustainability Assessment
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• Most significant unit process contributing to these midpoint 
categories is stainless steel

Most significant midpoint category for each endpoint

Baseline results of Reusable Water Bottle
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Sustainability Assessment
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Changing the Bottle Material
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Sensitivity Analysis
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Sensitivity Analysis
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Conclusion
• Successful integration of change propagation (MDM) and LCA, enabling design 

space exploration while simultaneously considering all sustainability metrics.

• In-depth analysis of sustainability impacts provided by sensitivity analysis.

• Enabling comparison by simultaneous consideration of design decisions impacts 
on sustainability.

• Iterative process for all design parameters to balance these sustainability 
metrics.

17
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Next Steps
• Applying this framework to a more complex product(s) – Aerospace systems
• Considering the design requirements sustainability impacts
• Improving different aspects of the framework

Change propagation: 
• Clustering algorithms applied to unfold more details
• Automation of MDM generation

 Life Cycle Assessment:
• Uncertainty analysis of LCA data
• Adding allocation methods

 Sustainability Improvement
• Considering wider range of social and economic impacts
• Enabling optimization within the framework

18
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