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1. Eco Label

LCA identifies and quantifies impacts like emissions, 

energy use, water consumption, material depletion, 

and waste generation, enabling designers to optimize 

eco-efficiency in shoe design.

1.1 Definition and Significance of Life Cycle Analysis (LCA) in the Context of Footwear Design

Raw Material Extraction – Production – Distribution – Use – End-Of-Life Treatment .

quantifying environmental impacts→ holistic view of a product's sustainability
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1. Eco Label
1.2 Overview of the Different Stages of the Footwear Life Cycle
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1. Eco Label
1.3 Benefits and Importance of Applying LCA in Footwear Design

Environmental Impact Assessment: identification of "hotspots" where the highest environmental impacts occur

Eco-Design Optimization: optimization of shoe designs for reduced environmental burden → eco-friendly products

Informed Decision-Making: reliable data and information to make informed decisions

Resource Efficiency: sustainable and renewable materials, as well as efficient production and distribution methods

Environmental Labels and Marketing: showcasing a brand's commitment to sustainability and helping consumers 

make more informed choices
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2. Life Cycle Assessment Methodology
2.1 Introduction to the Methodology of Life Cycle Assessment (LCA) 

Life Cycle Assessment (LCA) is a systematic method for

evaluating the environmental impact of a product, process,

or service throughout its entire life cycle. It quantifies direct

and indirect effects and provides data to support eco-

friendly design and sustainable decision-making.
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Life Cycle Inventory (LCI) Phase

Provides a detailed picture of the resource consumption and environmental emissions at

each stage.

Is a compilation and qualification of inputs & outputs of life cycle stages

2. Life Cycle Assessment Methodology
2.2 Explanation of the Life Cycle Inventory (LCI) and Life Cycle Impact Assessment (LCIA) Phases

• Materials

• Energy

• Water

• Emissions

• Waste

• Co-products
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Life Cycle Impact Assessment (LCIA) Phase

Inventory data is evaluated to assess the potential environmental impacts based on

specific impact categories.

Various environmental concerns

2. Life Cycle Assessment Methodology
2.2 Explanation of the Life Cycle Inventory (LCI) and Life Cycle Impact Assessment (LCIA) Phases

• Climate change

• Ozone depletion

• Eutrophication

• Resource depletion
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2. Life Cycle Assessment Methodology
2.3 Key Indicators and Environmental Impact Categories Considered in Footwear LCA

total water consumption & 
impacts of water resources

freshwater withdrawal / 
wastewater discharges

total energy consumption
direct & indirect energy inputs

electricity / fuel / heat 

non-renewable resources

fossil fuels / minerals

greenhouse gas emissions

CO2 / CH4 / N2O

Global Warming 
.Potential (GWP).

Energy Footprint. Water Footprint. Resource Depletion.

Abiotic Depletion.
Potential.

Eutrophication. Acidification.
Ozone Depletion.

Potential.

release acidic compounds into 
the atmosphere

acid rain / ecosystem damage

nutrient enrichment in water 
bodies

excessive algae growth / adverse 
impacts on aquatic ecosystems

impact on the ozone layerdepleting non-living 
resources 

minerals / metals



SHOEDES – New footwear designer qualifications for sustainable products that comply with the emerging 

demands of circular economy

3. Data Collection and Inventory Analysis 
3.1 Strategies for Data Collection and Establishing a Comprehensive Footwear LCI 

Data collection is a crucial step in establishing a 

comprehensive footwear Life Cycle Inventory (LCI). 

Strategies for data collection in footwear LCA include:

Primary Data Collection. footwear manufacturers, suppliers, and retailers through surveys, interviews, and on-site visits

Secondary Data Sources. existing databases, industry reports, and scientific literature 

Collaborations and Partnerships. industry associations, research institutions, and governmental organizations 

Standardized Protocols. standardized protocols and guidelines, such as ISO 14040 and ISO 14044
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3. Data Collection and Inventory Analysis 
3.2 Identification and Quantification of Inputs, Outputs, and Emissions throughout 
the Footwear Life Cycle

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

Raw Material Extraction: raw materials / sources / environmental impacts of extraction & processes

Manufacturing: energy consumption / water usage / and emissions / production waste

Transportation: materials / finished shoes / distance / mode of transport / fuel types

Use Phase: energy consumption / cleaning and maintenance / potential impacts from user behaviour

End-of-Life: consequences of disposal through recycling / landfilling / incineration
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3. Data Collection and Inventory Analysis 
3.3 Case Studies Illustrating Data Collection Challenges and Best Practices in Footwear LCA

1. Data Collection Challenges in Footwear LCA.

Challenge →

Limited Access to Supplier Data

Best Practice
Collaboration and Supplier Engagement
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3. Data Collection and Inventory Analysis 
3.3 Case Studies Illustrating Data Collection Challenges and Best Practices in Footwear LCA

2. Best Practices in Footwear LCA.

Challenge →

Identifying Environmental Hotspots

Best Practice
Hotspot Analysis and Eco-Design Strategies
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3. Data Collection and Inventory Analysis 
3.3 Case Studies Illustrating Data Collection Challenges and Best Practices in Footwear LCA

3. Integration of Technology in Footwear LCA.

Challenge →

Resource-Intensive Data Collection

Best Practice
Technology Integration
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4. Impact Assessment and Interpretation
4.1 Evaluation of Environmental Impacts Using Impact Assessment Methods

Evaluation of 

Environmental Impacts

Impact assessment methods translate the 

inventory data into environmental indicators 

representing specific impact categories, such as 

climate change, resource depletion, acidification, 

eutrophication, and human toxicity.
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4. Impact Assessment and Interpretation
4.2 Interpretation of LCA Results and Identification of Hotspots in the Footwear Life Cycle 

Interpretation of LCA Results

Analyzing the environmental indicators to 

understand the significance of each impact 

category.

It allows designers, manufacturers, and 

stakeholders to prioritize improvement 

opportunities and make informed decisions for 

sustainability enhancements

Identification of Hotspots in 

the Footwear Life Cycle

Hotspots are stages or processes in the footwear 

life cycle with a disproportionate environmental 

impact.

Addressing hotspots is essential for focusing 

improvement efforts and achieving meaningful 

sustainability gains.
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4. Impact Assessment and Interpretation
4.3 Limitations and Uncertainties in LCA Interpretation

Data Quality & Availability.

Allocation Methods.

Scope & System Boundaries.

Spatial and Temporal Variability.

Simplifications and Assumptions.

Indirect Effects and Rebound Effects.

Sensitivity Analysis.

Transparency and Disclosure.

Continuous Improvement.
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4. Impact Assessment and Interpretation
4.3 Limitations and Uncertainties in LCA Interpretation

Data Quality & Availability.
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Indirect Effects and Rebound Effects.
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Transparency and Disclosure.

Continuous Improvement.
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5. Footwear Design Strategies for Environmental 
   Improvement 

Employing Design for Sustainability 

principles and integrating LCA 

findings into the footwear design 

process is essential for 

environmental improvement. 
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5. Footwear Design Strategies for Environmental 
   Improvement 

5.1 Design for Sustainability Principles and Strategies

Design for Sustainability is an approach that aims to create

footwear products with reduced environmental impact

throughout their life cycle.

Material Selection – Durability and Longevity – Minimal Waste – Repairability & .

Upgradability – Lightweight Design – Eco-Efficient Packaging .
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5. Footwear Design Strategies for Environmental 
   Improvement 

5.2 Integration of LCA Findings into the Footwear Design Process 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

LCA Data Utilization: hotspots & environmental impacts of design options and material choices

Eco-Design Workshops: sustainability thinking & creative ideation for eco-friendly solutions

Design Toolkits: guide decision-making during the design process

Collaborative Approach: sustainable considerations are embedded into the design from the outset

Life Cycle Thinking: consideration of entire footwear life cycle and potential environmental impacts
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5. Footwear Design Strategies for Environmental 
   Improvement 

5.3 Case Studies Highlighting Successful Application of LCA-Driven Design Improvements 

Sustainable Material Selection .

Challenge
A footwear company aimed to reduce its environmental impact by improving 

material choices.

Solution
company identified that replacing conventional leather with plant-based leather

alternatives significantly reduced its environmental footprint

Source:
https://mylo-unleather.com

https://mylo-unleather.com/
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5. Footwear Design Strategies for Environmental 
   Improvement 

5.3 Case Studies Highlighting Successful Application of LCA-Driven Design Improvements 

Design for Disassembly .

Challenge
A shoemaker sought to design shoes with a circular economy approach, aiming to 

increase recyclability and minimize waste

Solution
The company redesigned shoes with modular components, enabling easy 

disassembly for material recovery and recycling

Source:
https://www.yankodesign.com/2023/02/24/a-viable-solution-to-footwear-industrys-waste-
is-this-pair-of-recyclable-modular-shoe-youll-never-get-tired-of/

https://www.yankodesign.com/2023/02/24/a-viable-solution-to-footwear-industrys-waste-is-this-pair-of-recyclable-modular-shoe-youll-never-get-tired-of/
https://www.yankodesign.com/2023/02/24/a-viable-solution-to-footwear-industrys-waste-is-this-pair-of-recyclable-modular-shoe-youll-never-get-tired-of/
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5. Footwear Design Strategies for Environmental 
   Improvement 

5.3 Case Studies Highlighting Successful Application of LCA-Driven Design Improvements 

Eco-Efficient Packaging .

Challenge
A footwear brand wanted to improve the sustainability of its packaging

Solution
The company successfully implemented eco-efficient packaging, reducing its 

carbon footprint and waste generation
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6. Material Selection and Footprint Reduction
6.1 Importance of Sustainable Material Choices in Reducing Environmental Footprints

By selecting sustainable materials, footwear designers

and manufacturers can make a substantial positive impact

on the environment

Resource 
Conservation

Lower Carbon 
Footprint

Reduced 
Waste 

Generation

Safer 
Chemical Use

Consumer 
Preference
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6. Material Selection and Footprint Reduction
6.2 Assessment of Material Impacts Through LCA

LCA enables a systematic evaluation of the entire life cycle 

of each material, including extraction, processing, 

manufacturing, distribution, use, and end-of-life treatment

Cradle-to-Gate Analysis.

Comparative Analysis.

Identifying Hotspots.

Sensitivity Analysis.



Bio-Based
Materials
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6. Material Selection and Footprint Reduction
6.3 Strategies for Material Substitution and Eco-Friendly Material Selection in Footwear Design 

Recycled Materials
Leather 

Alternatives



Design for Material 
Efficiency
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6. Material Selection and Footprint Reduction
6.3 Strategies for Material Substitution and Eco-Friendly Material Selection in Footwear Design 

Eco-friendly Dyes 
and Finishes

Material 
Traceability



The adoption of LCA methodologies aids in quantifying these impacts,

guiding the industry toward more environmentally friendly and responsible

manufacturing practices. By addressing the environmental challenges

associated with manufacturing, the footwear industry can play a significant

role in advancing sustainability and contributing to a greener future.

SHOEDES – New footwear designer qualifications for sustainable products that comply with the emerging 

demands of circular economy

7. Manufacturing and Process 
Optimization 
7.1 Evaluation of Manufacturing Processes and Their Environmental 
Impacts
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7.2 Identification of Opportunities for Process Optimization and Energy Efficiency

7. Manufacturing and Process Optimization 

Lean 
Manufacturing

Energy-Efficient 
Machinery

Renewable Energy 
Sources

Water 

Management

Opportunities for process optimization and energy efficiency

can be explored
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Energy Efficient Manufacturing .

Challenge
A footwear manufacturer aimed to reduce its manufacturing energy consumption

Solution
By incorporating advanced technologies and monitoring systems, they reduced

energy consumption by 20%, resulting in significant carbon emission reductions

7.3 Case Studies Showcasing Sustainable Manufacturing Practices Driven by LCA Findings 

7. Manufacturing and Process Optimization 
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Water Management + .

Pollution Reduction . Challenge
A shoe factory sought to minimize its water consumption and pollution

Solution
The company implemented water recycling and treatment systems, reducing 

freshwater consumption by 40% and reducing water pollution

7.3 Case Studies Showcasing Sustainable Manufacturing Practices Driven by LCA Findings 

7. Manufacturing and Process Optimization 
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Lean Manufacturing .

Implementation . Challenge
A footwear brand wanted to minimize waste in its manufacturing processes

Solution
Optimizing material use and reducing waste. This led to a 15% reduction in 

material waste and improved overall resource efficiency.

7.3 Case Studies Showcasing Sustainable Manufacturing Practices Driven by LCA Findings 

7. Manufacturing and Process Optimization 
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By applying the findings from LCA, companies can identify areas for

improvement and implement sustainable manufacturing practices. Through

process optimization, the footwear industry can contribute to a more

sustainable and responsible manufacturing sector

7.3 Case Studies Showcasing Sustainable Manufacturing Practices 
Driven by LCA Findings 

7. Manufacturing and Process  
Optimization 



WWW.SHOEDES.EU
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