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▪ Different spatial approaches 

▪ Temporal analysis 

▪ Spatial stock analysis
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8:15 - 9:00 and 9:15 - 10:00 13:15 - 14:00

Introduction to the course and general concepts

EW – MFA and EW – MFA in the Swiss context

Examples of EW – MFA. Scaling EW-MFA to Cantons

Urban Metabolism and Circular Economy

MFA method and the Stock-Flows-Service Nexus

Dynamic MFA

Autumn break

Applications of MFA – case study

Input-Output Analysis and Material Flow Cost Accounting

Spatial MFA

Combined approaches: MFA + LCA; MFA + sociodemographics. 

Combined approaches: MFA + surveys; Quasi-dynamic MFA

Social metabolism

W1 - Sep 11

W2 - Sep 18

W3 – Sep 25

W4 - Oct 02

W5 - Oct 09

W6 - Oct 16

Oct 23

W7 - Oct 30

W8 - Nov 06

W9 - Nov 13

W10 - Nov 20

W11 - Nov 27

W12 - Dec 04

All

External Guest –
Florian Kohler

FMC

FMC

CRB

External Guest –
Guillaume Massard
External Guest –
Vincent Moreau

FMC

AS & FMC

GF & FMC

CRB

Exercise

Exercise

Exercise

Exercise

Exercise

Exercise

Exercise

Exercise

Exercise

Exercise

Exercise

Past exam

CRB

Agent-based modelW13 - Dec 11 CRB, FMC, MAH, 
SLC Project

Group Project Presentation W14 - Dec 18 All Project

Project

Project

Project

Project

Project

Project

Project

Project

Project

Project

Project

Project

Project

Project

14:15 - 15:00

Block I: 
EW-MFA 
global / 
national

Block II: 
MFA 

regional / 
urban

Block III: 
Social 

sciences
and 

public
policy

Course outline
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▪ Recap of Material Flow Analysis & Life Cycle Analysis

▪ Linkages between MFA and LCA

▪ Example applications

▪ Key takeaways
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▪ Material Flow Analysis (MFA) is the study of physical flows of 
natural resources and materials into, through and out of a given 
system (usually the economy). 

▪ It is based on accounts in physical units, and uses the principle of 
mass balancing to analyze the relationships between material 
flows (including energy), human activities (including economic and 
trade developments) and environmental changes.

▪ The system is defined in space and time. 
▪ Connects the sources, pathways and sinks of a material.

Source: OECD, 2008

MFA is…

Based on…
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OECD, 2008
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▪ Addresses environmental 
impacts throughout a 
product’s life cycle starting from 
raw material acquisition through 
production, use, end-of-life 
treatment, recycling and final 
disposal (i.e. cradle-to-grave)

▪ Environmental impacts e.g.
climate change, human health, 
ecosystem quality, resource 
depletion

▪ Comprehensive approach which 
identifies impact shifting from 
one phase of the product life cycle 
to another

Source: https://www.nist.gov/systems-integration-division/lifecycle-graphic
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▪ MFA
• Quantifies physical flows and stocks in a system (mass balance, 

process-based)
• Provides the inventory baseline on which LCA can proceed.

▪ LCA
• Quantifies environmental impacts linked to those flows (emissions, 

resource use, energy, etc.)
• Adds: impact categories, supply chain processes, upstream and 

downstream insights
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▪ Use MFA when:
• The goal is to map material quantities, physical

pathways, stocks, or waste streams

• You need material balance, flow completeness,
or detection of inconsistencies

• You need scenario analisis based on physical
constraints (e.g., recycling potential, stock 
accumulation)

• You are evaluating circularity, substitution
options, or system redesign in terms of mass only

• More operational (e.g., ID losses, optimization,
waste generation)

Source: UNEP & IRP, 2018
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▪ Use LCA to understand:
• Environmental impacts, not only mass (e.g., 

emissions, resource depletion, land use)

• Comparison of design options where impacts
matter (e.g., emissions during use-phase) 

• Tech substitution with different profiles (e.g.,
diesel vs electric vs hydrogen)

• Trade-offs across impact categories (e.g., 
climate change, human health, ecosystem quality)

• Burden shifting across life-cycle stages (e.g., 
manufacturing vs use vs EoL)

(when MFA is not enough)

Source: Grunver sostenibilidad, 2025
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▪ MFA ensures complete and balanced
inventories and reduces LCA potential errors

▪ LCA transforms MFA outputs into
environmental meaning

▪ Together they support sustainability
assessments:
• Technology design
• Material substitution
• Circularity strategies
• Supply-chain interventions

MFA
Physical

flows

LCA
Environmental

impacts

Sustainability
assessment
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▪ Quantify the environmental impacts of
producing a hydrogen and solar-powered
prototype boat
• Scope: Cradle to gate
• Primary indicator: Global Warming Potential (GWP) 

[kg CO2eq]
• Data sources: Ecoinvent, literature, direct experts

consultation

▪ Evaluate 3 mitigation axes
• A) Design choices (e.g., geometry, material use)
• B) Structural production choices (e.g. composite 

materials, waste)
• C) Energy systems (e.g., solar panels, electronics)

16

Source: Martin Cocoual, 2025
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Solar boat

▪ Where MFA is needed
• Bill of materials Quantify physical

inputs

• Classify flows (structural, functional,
consumables, auxiliary, etc.)

• Identify waste streams not ending in 
the final boat

• Ensure mass balance, validate
completeness of the inventory

• Visualize the material system, 
showing which component dominate
mass

17
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▪ Where LCA is needed
• Translate MFA flows into

environmental impacts

• To assess trade-offs between
materials, manufacturing, and energy
systems

• To compare design alternatives 
within the 3 mitigation axes

• To capture upstream burdens

• To avoid misleading interpretations
based only on mass
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▪ Complete list of components for
every part of the boat

▪ Associated materials, types and 
quantities
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Renewable Energy Foiler (REF)
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Manufacturer data

Direct EcoInvent data

Composite EcoInvent data

Approximate data from literature
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Solar boat – Results Global 
warming potential

25

Bi
nd

er
, F

éli
x M

ar
tín

 d
el 

Ca
mp

o

Scaffold
Main hull

Floats int. 
structure

Floats Mould

Floats

Main hull int. 
structure

7926.55 
kgCO2e
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▪ Quantify and assess the environmental
footprint of digital displays (OLED + LCD)
• Scope: Manufacturing, transport & use
• Primary indicator: 

▪ Resources depletion, minerals and metals
▪ Acidification potential
▪ GWP
▪ Ionizing radiation
▪ Particular matter
▪ Total primary energy

• Data sources: NegaOctet, Ecoinvent, literature, 
direct experts consultation

▪ Evaluate through multicriteria decision analysis

27

Source: Léa Bitard, 2025
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Digital displays

▪ Where MFA is needed
• Classify material composition of key

components (display panel, electronics, 
backlight system)

• ID material flows not retained in the
final display (e.g., losses)

• Ensure mass balance, validate
completeness of the inventory

• Quantify physical inputs per functional
unit

• Trace critical material flows (e.g., rare 
earths, etc.)

28
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▪ Where LCA is needed
• Translate MFA flows into multiple

environmental impacts

• Compare tech alternatives (OLED vs 
LCD) and design configurations
(screen size, resolution)

• Assess trade-offs across life-cycle
stages

• ID impact drivers not visible from
mass quantities

• Impact results as evaluation metrics
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Top-down

Bottom-up
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▪ Complete list of components for
every part of the display

▪ Associated materials, types and 
quantities

OLED

LCD
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Digital display – Environmental impacts
database
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Impacts
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Digital display - Results
Environmental impacts
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Manufacturing Distribution

Use
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Advantages Limitations

MFA
• Physically consistent (mass balance) • No environmental impact results
• Simple data requirements (mass-based) • Does not capture emissions or energy use
• Good for mapping flows, stocks, waste streams • Material categorization may hide detailed impacts
• Useful for circularity and system redesign •

LCA
• Captures multiple environmental impact 

categories
• Results depend strongly on data quality and 

assumptions
• Allows comparison of alternatives and trade-offs • Can be complex and time intensive
• Addresses full life cycle • May miss material completeness without MFA
• Enables decision support •

Combined 
MFA + 
LCA

• MFA improves inventory quality for LCA • Requires alignment of system definition
• Enables robust evaluation of design/technology 

options
• Additional effort to compile and synchronize both 

methods
• Supports data validation and system boundary 

alignment • Uncertainty across both analyses
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▪ Align system boundary and functional unit before combining
methods

▪ Ensure data completeness and document key assumptions

▪ Perform sensitivity analisis on critical parameters

▪ Expand scope where relevant (e.g., in use-phase)

▪ Consider dynamic or temporal elements if system evolves over
time
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