
Sustainable design S6
Tatu Marttila
Friday 10.5.2024



Agenda
9.15–9.30

Product and material impact assessment – discussion & recap
9.30–10.45

Sustainability assessment; Exercise in groups
10.45–11.00 

Break
11.00–11.30 

Strategies for life cycle extension and end-of-life management: 
EcoDesign strategy checklist

11.30–12.00
Assessment and redesign exercise for sessions 5–8
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Product and material 
impact assessment 
– a recap



Sustainability impact assessment 
To be able to compare products and materials and make design choices, there is a need 
for comparable data to support impact assessment. 

• Carbon footprint as a general way of assessing environmental impacts

• Also several indicators for social well-being are available 
(e.g. Human Development Index)

• Granta EduPack database (on Aalto computers) package provides a resource that can 
be used to help to gather information on materials (and also nations), to support 
material selection and assessment.
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The ‘golden standards’ for sustainability impact assessments:

Source: Ashby, M. (2013) Materials and the Environment: Eco-Informed Material Choice



Source: Ashby, M. (2012) Materials and the Environment: Eco-Informed Material Choice

Product level life-cycle assessment:



MET (materials, energy, toxicity) matrix/table is an SLCA tool/method to 
manage research in eco-auditing and LCA processes:

Life phase Materials Energy Toxicity
Raw materials List of components 

and materials
Embodied energy Issues in materials 

production; eg. CO2

Production processes List of production 
processes

Energy consumption in 
production

Eg. CO2 in 
manufacturing

Transport/
logistics

Infrastructure in 
transport & logistics

Energy consumption in 
logistics

Means of transport?
CO2 per kg?

Use phase Materials needed 
during use (eg. Coffee 
filters)

Energy consumption 
during use

Waste of consumables

End-of-Life (EoL) EoL choices for 
components/materials

Impacts of EoL 
choices 

Impacts of EoL 
choices 

Qualitative SLCA approach – MET matrix:



Quantitative data-driven approach:

See session 5 slides for Granta Edupack intro…



Granta Edupack remote use
Granta Edupack is also available to use through Virtual Destop:
https://www.aalto.fi/en/services/vdiaaltofi-how-to-use-aalto-virtual-desktop-
infrastructure

You can also download Granta Edupack from https://download.aalto.fi/  
(this works unfortunately only for PC computers, though Mac users could use 
Bootcamp or emulator to run Windows on Mac)
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https://www.aalto.fi/en/services/vdiaaltofi-how-to-use-aalto-virtual-desktop-infrastructure
https://www.aalto.fi/en/services/vdiaaltofi-how-to-use-aalto-virtual-desktop-infrastructure


Sustainability assessment
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Sustainability, a complex concept…



…governing shared and comprehensive capital…

Source: Ashby et al. (2013) Materials & SD



Sustainability in design
Considerations: “Sustainability” 
vs. “Sustainable development”?

Triple bottom line (TBL) Reporting: 
Financial bottom line
Social / ethical performance 
Environmental performance
(Elkington, 1994)

Decouple the circles 
– unpack their meaning…
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Source: Ashby et al. (2013) Materials & SD



Source: Ashby et al. (2013) Materials & SD

Analysing design solutions:



Sustainability impacts assessment 
process in design
Steps to assess sustainability impacts and potential:
1. Identify prime objective for assessment (product / service / process etc.)
2. Define system boundaries for the assessment
3. Review stakeholders and both production system and product 

components 
4. Perform “fact-finding” on stakeholders and components 

(Materials & Manufacturing; Environment; Society; Economics; 
Regulation; Design)

5. Integration back into communicative message
(Natural capital; Manufactured capital; Human capital)
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Key elements in sustainability assessments:

Materials (of a product):
• Mass, density, price; recycled, recyclable?
• Critical materials? (rare, no substitutes, 

supply chain risks, geopolitics)
Energy / carbon footprint:
• How much energy is needed?
• When and where is it needed?
Environment:
• Ecological footprint/handprint
• Toxicity/accumulation

Legistlation:
• Policies & legislative frameworks
• Guidance & Costs

Society and Economics:
• Fairness and quality of life, good jobs
• Risk, investments, competitive advantage 10.5.2024
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Source: Ashby, M. (2013) Materials and the 
Environment: Eco-Informed Material Choice



Source: Ashby et al. (2013) Materials & SD

Assessing sustainability impacts / potential:



Granta Edupack fact-finding sheet:



Sustainability assessment 
examples
(from Ashby et al. 2013)
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Exercise in groups



Exercise in groups
Split in 8 random groups, perform assessment on general impacts:

• Group 1: Cement & concrete
• Group 2: Steel
• Group 3: Paper & cardboard
• Group 4: Cotton
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• Group 5: Packaging plastics (e.g. PP)
• Group 6: Bioplastics (e.g. PLA)
• Group 7: PV energy (ie. solar panels)
• Group 8: Electric bicycles

• Discuss in groups (15 min), fill some points to the 
Granta fact-finding canvas (15 min), then present 
findings briefly to others (back to class at 10.30)

• For the online canvases for groups, go to (QR code): 
https://miro.com/app/board/uXjVMKOradk=/?share_lin
k_id=755211120876

https://miro.com/app/board/uXjVMKOradk=/?share_link_id=755211120876
https://miro.com/app/board/uXjVMKOradk=/?share_link_id=755211120876


Granta Edupack fact-finding sheet:



- Critical materials 
involved

- Toxics of 
production

- High energy 
consumption in 
production/ 
processing

- Production/ 
processing/ 
transport impacts

- Mining industry 
impacts / toxicity

- Old products are 
inefficient

- Severe EoL issues

Important stakeholders:

- Raw material 
industry (incuding 
mining)

- Manufacturing 
industry

- Policymakers
- Consumers and 

associations
- EoL / PRO’s & 

recyclers- Crucial in 
contemporary life 
(eg. phones)

- Labor issues in 
mining, production, 
processing, EoL?- Value of markets 

is high, but low market 
for recycled materials 
(eg. plastics)

- Cost of recycling is 
high

- Carbon trade & 
Paris agreement

- EU eco-design 
directives

- Mandatory 
recycling (PRO’s)

- Highly 
compact design 
(eg. phones)

- Rather short 
product life

- Difficult 
recycling

- 12 million tons WEEE annually in EU 
(amount of WEEE waste in 2020)

Electronic products & waste (example):



Strategies to improve 
product sustainability



Strategies to improve product 
sustainability 
• Life-cycle assessment as a cornerstone
• Consider production; Remember also societal aspects!
• Less harm from materials: Consider alternatives, processes, and end-of-

life options
• More value from materials: Extending product life and product use 

(consider service systems)
• Consider end-of-life options and processes
• Design for R: Reduce, Reuse, Recycle, Recover 

(and Regenerate etc.) 
• Communicate with values against throwaway society 

(eg. ‘luxury’ vs. cheap products?)
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Ecodesign checklist
The EcoDesign checklist by TU Delft is a life-phase based 
checklist with questions that provides support for the analysis of a 
product's impact on the environment. It provides relevant questions 
that need to be asked when establishing environmental bottlenecks 
during the product life-cycle.

See:
• EcoDesign checklist at MyCourses (in ‘Readings and materials’) 
• http://wikid.io.tudelft.nl/WikID/index.php/EcoDesign_checklist
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http://wikid.io.tudelft.nl/WikID/index.php/EcoDesign_checklist


EcoDesign checklist: Strategy wheel
1. Define the product idea, product 

concept or existing product that 
will be analyzed. Evaluate existing 
system or your concept.

2. Systematically score the product 
on each dimension of the strategy 
wheel, linked to life phases of the 
product. 

3. Consider the optimization options 
for each of the dimensions, paying 
special attention to those where 
the current design scores badly.
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EcoDesign strategy wheel by TU Delft

1. Innovation

2. Low-impact 
materials

3. Optimized 
manufacturing

4. Efficient 
distribution5. Low-impact use

7. Optimized 
end-of-life

6. Optimized 
product life



Ecodesign strategies: 
1. Innovation

• Rethink how to provide the benefit
• Serve needs provided by associated products

• Anticipate technological change and build in flexibility
• Provide product as service

• Share among more users
• Design to mimic nature



Ecodesign strategies: 
2. Low-impact materials

• Avoid materials that damage human health, 
ecological health, or deplete resources

• Use minimal materials
• Use renewable resources

• Use waste by-products
• Use thoroughly tested materials

• Use recycled or reused materials



Ecodesign strategies: 
3. Optimized manufacturing

• Design for ease of production quality control 
• Minimize manufacturing waste

• Minimize energy in production
• Minimize number of production methods and 

operations
• Minimize number of components/materials



Ecodesign strategies: 
4. Efficient distribution (logistics)

• Reduce product and packaging waste 
• Use reusable or recyclable packaging

• Use an efficient transport system
• Use local production and assembly



Ecodesign strategies: 
5. Low-impact use

• Minimize emissions/integrate cleaner or renewable 
energy sources 

• Reduce energy inefficiencies
• Reduce water use inefficiencies

• Reduce material use inefficiencies



Ecodesign strategies: 
6. Optimized product lifetime

• Build in user’s desire to care for product long term 
• Design for take-back programmes

• Build in durability
• Design for maintenance and easy repair

• Design for upgrades
• Design for second life with different function
• Create timeless design



Ecodesign strategies: 
7. Optimized end-of-life

• Integrate methods for product collection 
• Provide for ease of disassembly

• Provide for recycling or downcycling
• Design reuse, or ‘next life of product’

• Provide for reuse of components
• Provide ability to biodegrade
• Provide for safe disposal



1. Innovation

2. Low-impact 
materials

3. Optimized 
manufacturing

4. Efficient 
distribution5. Low-impact use

7. Optimized 
end-of-life

6. Optimized 
product life

Strategies to improve product 
sustainability 
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1. Innovation

2. Low-impact 
materials

3. Optimized 
manufacturing

4. Efficient 
distribution5. Low-impact use

7. Optimized 
end-of-life

6. Optimized 
product life



Sessions 5–8: 
Assessment and redesign 
exercise



Assessment & redesign exercise 
(sessions 5–8)
Assessment and redesign exercise consists of two parts:
1. Assessment of sustainability impacts (of product/material)
2. Redesign improvements

• Exercise is done independently, assessment followed by redesign;
• Final results are communicated on next Friday (DL for uploads on 

Thursday) with a digital poster and pitch talk
• Reflection on assessment in learning diary after session 8!
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Assessment & redesign exercise: 
(part 1)
In the assessment part (part 1) of the exercise, you first select a 
product/material for assessment, and then perform a simple assessment 
on your selected topic.

After this session:
• Lock your topic for assessment! (could be product, material, even service)
• Identify material(s), related processes (production, transport), stakeholders
• Identify major sustainability issues and impacts along the life phases
- Raw materials production; Manufacturing processes; Transport/logistics; 

End-of-Life (EoL) options; and/or use phase itself
• Consider dominant phases and sustainability issues, and start to think 

of improvements!
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Assessment and redesign exercise:
Redesign phase (part 2)
Based on your assessment, proceed to suggest improvements. You can 
consider for example:
• Material alternatives
• New ways of production or logistics
• Improving societal aspects
• Improving efficiency in use
• Services and sharing
• Communication with design
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Discussing topics…
Example topics: 
• Product (domestic, leisure)
• Electrical device
• Clothing/textile
• Vehicle/transport system
• Material (its usage, production)
• Food (product, ingredient)
• Etc..
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• What is your topic?
• Have you thought of important 

impacts?
• Let’s discuss topics briefly!



Assessment and redesign 
examples



Assessment example: 
Lidl sneakers

10.5.2024
44

LIVERGY® Lidl sneakers

Materials: 
• Upper: Nylon
• Lining and insole: textile
• Outsole: Polyurethane
-> Fossil-based plastic in various forms

Sustainability issues: 
• Labor issues in manufacturing location (China)
• Material issues (fossil-based)
• End-of-Life issues
• Focus life phases: Materials & manufacturing, 

EoL 



Redesign example 1: 
Lidl X Ioncell® sneakers

Ioncell® cellulose fibres, see: https://ioncell.fi/
Sneaker design based on Decathlon NH150 eco-sneaker
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Lidl X Ioncell® sneakers

Materials: 
• Upper: Ioncell cellulose fibre
• Lining and insole: Ioncell
• Outsole: 50% recycled rubber

Sustainability improvements: 
• Improved material selection
• Production partner with fair labor conditions
• Future focus in end-of-life improvement, in-store 

collection

https://ioncell.fi/


Redesign example 2:
Lidl 2ndLeg sneakers & recycle service
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Lidl X 2ndLeg sneakers & recycle 
service 

• Lidl proceeding to sustainability in clothing
• In-store collection system for old sneakers
• Back-end recycling and upcycling facilities
• 2ndLeg sneaker collection in stores

Sustainability improvements: 
• From producing new cheaply, to recycling 

and reusing old
• Support for local actors in upcycling
• Access to waste streams for recycling
• Feasibility?



Assessment and redesign exercise: 
Poster & pitch (for next week Friday!)
Communicate your assessment and redesign:
• Produce a one- or two-page PDF poster; Upload to MyCourses by 

Thursday midnight!
• Layout option 1: Use one-page landscape layout with text and images of existing 

product on left side, and redesign on right side 
• Layout option 2: Use two pages with landscape format, with existing product on 

first page, and redesign on the second

• Describe your topic, assessment and redesign
• Communicate sustainability issues and suggested improvements
• Present with a 3 min pitch in next Friday’s session!
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Poster 
example
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Product assessment Redesign idea

LIVERGY® Lidl sneakers
Materials: Nylon, Polyurethane
Sustainability issues: 
• Labor issues in manufacturing location (China)
• Material issues (fossil-based plastics)
• End-of-Life issues
• Focus life phases: Materials & manufacturing

Lidl X Ioncell® sneakers
Materials: Ioncell® cellulose fibre, recycled rubber
Sustainability improvements: 

• Improved material selection
• Production partner with fair labor conditions
• Future focus in end-of-life improvement, in-

store recycling?
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Tasks for next Monday session…
Continue work with your Assessment & redesign exercise:

• Finalize your assessment, make use of assessment tools (MET matrix, 
fact-finding sheet, Granta database)

• Begin to ideate redesign improvements (ecodesign strategies)

• Begin to think about the poster and your presentation talk
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Diary this week & readings for 
next week
Reading:

Allwood, J., & Cullen, J. (2010). Sustainable Materials – with Both Eyes 
Open (see MyCourses)
• Chapter 16: Longer life products
• Chapter 17: Reducing final demand

Learning diary entry for this week: 
“How comprehensive understanding and knowledge offered by Granta 
Edupack to guide sustainable design action? Reflect on controversies and 
contradictions (i.e., challenges in the process) from a design perspective.”

See you on Monday (13.5.) at Jeti in A-Grid!
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Thank you!


