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Block I:
EW-MFA
global /
national

Block II:
MFA
regional /
urban

Block IlI:
Social
sciences
and
public
policy

Course outline

W1 - Sep 11

8:15 - 9:00 and 9:15 - 10:00

Introduction to the course and general concepts

All

13:15 - 14:00

Exercise

14:15 - 15:00

Project

W2 - Sep 18

EW - MFA and EW - MFA in the Swiss context

External Guest -
Florian Kohler

Exercise

Project

W3 - Sep 25

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

FMC

Exercise

Project

Urban Metabolism and Circular Economy

FMC

Exercise

* W4 - Oct 02

W5 - Oct 09

MFA method and the Stock-Flows-Service Nexus

CRB

Exercise

W6 - Oct 16

External Guest -
Stefan Pauliuk

Exercise

Project

Project

Oct 23

W7 - Oct 30

External Guest -
Guillaume Massard

Exercise

Project

W8 - Nov 06

Input-Output Analysis and Material Flow Cost Accounting

External Guest —
Vincent Moreau

Exercise

Project

W9 - Nov 13

Spatial MFA

FMC

Exercise

Project

W10 - Nov 20

-
Dynamic MFA
Autumn break
Applications of MFA - case study

Combined approaches: MFA + LCA; MFA + sociodemographics.

AS & FMC

Exercise

Project

W11 - Nov 27

Combined approaches: MFA + surveys; Quasi-dynamic MFA

GF & FMC

Exercise

W12 - Dec 04

Social metabolism

CRB

Past exam

Project

Project

W13 - Dec 11

W14 - Dec 18

Agent-based model

CRB, FMC, MAH,
SLC

Project

Group Project Presentation

All

Project

Project




=L Agenda

- Laboratory on

Human-
Environment
Relations in
Urban Systems

Teaching team
Overview of HERUS
Introduction to the course

Binder, Felix Martin del Campo &



| Teaching team
HERUS

Binder, Felix Martin del Campo H»



=L Prof. Dr. Claudia R. Binder

Current

Positions held

Habilitation

Post-doc

PhD

- Laboratory on

Human-
Environment
Relations in
Urban Systems

Full Professor for Human-Environment Relations in Urban Systems
(HERUS), EPFL, since March 2016

Dean School of Architecture, Civil & Environmental Engineering (ENAC),
EPFL, 2020-2023

Assistant Professor for Social and Industrial Ecology,

Institute for Geography, University of Zurich, 2006-2009

Full Professor for Systems Sciences, University of Graz, Austria, 2009-2011
Full Professor for Human-Environment Relations, LMU, 2011-2016

ETHZ Venia legendi Human-Environment Systems, 2006
Concept and models on material stocks and flows in human-environment systems:
A contribution to transitions towards sustainable development

University of Maryland, USA
Ecological Economics / Agricultural and resource economics

ETH Zirich, 1996
The early recognition of environmental impacts of human activities in developing
countries

Binder, Felix Martin del Campo ¢



=PFL - Dr. Francisco Xavier
Félix Martin del Campo

Current Postdoctoral Researcher, Laboratory on Human-Environment Relations
in Urban Systems (HERUS), EPFL, since October 2023
Socio-metabolic research
Material flows & stocks analysis
Built environment
Circular economy

PhD “Sustainability Management”, University of Waterloo, Canada, School of
Environment, Enterprise and Development (SEED), Industrial
Ecology Group, 2018 — 2023
Resource-use dynamics
Socio-metabolic risks
Sustainability & resilience to climate change

Private Construction & engineering sector
sector Corporate Social Responsibility / resources optimization
- Laboratory on Renewable energy / energy savings

Human-

Environment Energy management system for the construction sector

Relations in
Urban Systems

Binder, Felix Martin del Campo @



=L Jair Campfens

- Laboratory on

Human-
Environment
Relations in
Urban Systems

Current

Research
project

Master

PhD student, Laboratory on Human-Environment Relations
in Urban Systems (HERUS)
Governance of energy transitions

Enabling Decentralized renewable Generation in the Swiss cities,
midlands, and the Alps (EDGE)
Socio-technical transition pathways

Eindhoven University of Technology, 2022
Sustainable Energy Technology
Maastricht University & UNU MERIT, 2022
Public Policy & Human Development

Binder, Felix Martin del Campo @



=PFL  Leonard Léchot

Current

Research

Master

- Laboratory on

Human-
Environment
Relations in
Urban Systems

PhD student, Laboratory on Human-Environment Relations
in Urban Systems (HERUS)
Simulation of energy transitions

Analyzing tipping points in the adoption of low-carbon technologies
Socio-technical transition pathways

EPFL, 2024
Computational science and engineering

Binder, Felix Martin del Campo  ©
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- Laboratory on

Human-
Environment
Relations in
Urban Systems

Urbanization: Opportunity and challenge

Although urban areas only cover 3% of the Earth’s surface, they...
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Binder, Felix Martin del Campo



- Laboratory on

[y
=

=L Vision: Transition of urban systems
towards sustainability

Binder, Felix Martin del Campo

A
Sustainability of Goal
urban systems knowledge
Transformation
knowledge

System
knowledge

>
Time

Relations in

Urban Systems Sources: Martens & Rotmans 2002; CASS 1997
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- Laboratory on

Human-
Environment
Relations in
Urban Systems

What questions do we address?

Sustainability of
urban systems

A

System

knowledge

What are the relevant processes, flows,

actors, institutions and regulatory
mechanisms of the system?

Time

[y
N

Binder, Felix Martin del Campo
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- Laboratory on

Human-
Environment
Relations in
Urban Systems

Overview of flows in territories

IMPORTS
23 629 kt

’____-_-_-__§

CANTON VAUD

800 000 inh ; 3 212 km?

DOMESTIC
EXTRACTION
5237 kt

1619 kt (@)

3618kt (@

’---_-
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2018)

@ Biomass O Fossil energy carriers @ Emissions to air

@ Metal ores @ Other products @ Emissions to water

@ Non-metallic minerals @ Waste for final treatment @ Dissipative use of products

EXPORTS
29 665 kt

m @ 6005 kt
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— @ 3746 kt
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Binder, Felix Martin del Campo

Source: Wiedmann & Athanassiadis 2021, unpublished
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- Laboratory on

Human-
Environment
Relations in
Urban Systems

Rural and urban carbon
footprint (tCO, eq/cap)

2008 2011 2014

-
»

Binder, Felix Martin del Campo

Per capita CF (tCO, eq.)

Land Stadt Land Stadt Land

Bl Indirect (imp.) M Indirect (dom.) M Direct

Direct: mobility und living (heating)
Indirect: consumption (e.g. clothes, food, travelling)

Stadt

Source: Pang et al. 2019
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- Laboratory on

Human-
Environment
Relations in
Urban Systems

What questions do we address?

Sustainability of
urban systems

) Goal
knowledge

What is sustainable for whom?
How can we measure indicators
for sustainability?

System
knowledge

Time

=
v

Binder, Felix Martin del Campo
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- Laboratory on

Relations in

Urban Systems

Different visions for cities

CIRCULAR

DOUGHNUT VISION RESILIENT

CLIMATE
NEUTRAL

[y
<)

Binder, Felix Martin del Campo
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- Laboratory on

Human-
Environment
Relations in
Urban Systems

What questions do we address?

Goal
/ knowledge

Sustainability of
energy systems

A

System
knowledge

Transformation What are drivers and barriers
knowledge for change? Tipping points?

Time

[y
~

Binder, Felix Martin del Campo
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=F"L - We have some questions for you!

Please scan the QR code

Join at menticom | use code 6805 6514

uuuuu

[
©

Binder, Felix Martin del Campo



=L (Goals of today’s lecture

Understand the relevance of resources and
resource depletion

Situate material flow analysis (MFA) within a set of
tools for resource management

Get an overview of the course

uuuuu

N
o

Binder, Felix Martin del Campo
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uuuuu

Content of lecture

Historical overview of resource use in time and
space

Key issues in resource management

Industrial Ecology as key research area of
resource management

Overview of approaches for resource
management

N
=

Binder, Felix Martin del Campo



=L Material Flow Analysis
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Environment
Relations in



- Laboratory on

=PrL
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Binder, Felix Martin del Campo

Searched first in 2008. MFA term has been searched the most in China and in some African

countries during the past 5 -15 years



£PFL. - The UNEP interdependent triple crises

- Climate Change: temperature rise and related environmental & health issues
= Intergovernmental Panel on Climate Change (IPCC)
= International Resource Panel (IRP)

« Biodiversity loss: variety and abundance

= Scientific body: Intergovernmental Panel on Biodiversity and Ecosystem
Services (IPBES)

= Pollution: air, water, soil — through the release of pollutants and harmful chemicals
=  Global Environment Outlook (GEO)

Resources as boundary object

- Laboratory on

Human- MFA as one key methodology to support acting on these crises

Environment
Relations in
Urban Systems

N
H

Binder, Felix Martin del Campo



+ Laboratory on
Human-
Environment
Relations in
Urban Systems

A historical
perspective
on resource use

Overview

N
(2]

Binder, Felix Martin del Campo
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- Laboratory on

Human-
Environment
Relations in
Urban Systems

Resource: Definition

A resource [re'sursa] (frz. la ressource [Ra8'SURS], means, source’
from |lat. resurgere ,rise’) is a means to an action or a process.

Economy: Resources as a production factor - labor, capital, land - new
environment

Sociology: Cultural resources
Psychology: Inner potential of the human being
Computer sciences: Network resources

Natural sciences: The largest available stock. Corresponds to the concentration
of an ore or another mineral or fossil fraction of the earth crust.

N
~

Binder, Felix Martin del Campo


http://de.wikipedia.org/wiki/Franz%C3%B6sische_Sprache
http://de.wikipedia.org/wiki/Franz%C3%B6sische_Sprache
http://de.wikipedia.org/wiki/Latein
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- Laboratory on

Human-
Environment
Relations in
Urban Systems

el (TSN '_.-__.‘_:f N =
300000 until ca. 300

Chronological table
Hunters and gatherers

Binder, 2006

Biological
evolution

N
]

Binder, Felix Martin del Campo
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- Laboratory on

Human-
Environment
Relations in
Urban Systems

Biological evolution:
Chronological table

E Big bang: 1. January 0:00
B World: 15. September
B Flora: 24. September
[0 Fauna: 18. December

B Humans: 31. December 22:43

O Jesus Christ: 4.6 seconds before midnight

Binder, 2006; adapted from Lindl and Klétzer, 2006

N
©

Binder, Felix Martin del Campo
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- Laboratory on

Human-
Environment
Relations in
Urban Systems

Resource use: Hunters and gatherers

Binder, 2006 after Fischer-Kowalski et al., 1997

w
o

Binder, Felix Martin del Campo
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- Laboratory on

Human-
Environment
Relations in
Urban Systems

Binder, 2006

Chronological table
Hunters and gatherers

The first humans
= Preservation of the species
= Equilibrium: use and regeneration of resources

Biological
evolution

w
=

Binder, Felix Martin del Campo
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- Laboratory on

Human-
Environment
Relations in
Urban Systems

Cultural evolution

Agricultural & industrial age

Humans in the 20th/21st century

* Changing needs

* |ncreasing per capita consumption

* |ncrease of human impact on resource use

Binder, Felix Martin del Campo W

N
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- Laboratory on

Human-
Environment
Relations in
Urban Systems

Changes in the resource use (kg/cap*year)

Hunters and gatherers

Industrialised societies

Binder, 2006; after Fischer-Kowalski et al

., 1997

w
w

Binder, Felix Martin del Campo



=L Acceleration in the material/energy use

Hunters & gatherers Agricultural society

Industrial society

ca.1
Biomass

{food, wood, ..

Biomass

3 vegetarian food
50 fead production
12 wood

Material input [V'capita and yaar]

—

ca. 4
Biomass

0.5 wegatarian food
2.7 tead production {DS)
0.8 wood

Energy input [GJ/capita and year]

10-20 ca. 65 250

Different
anargy carriers

170 fossil enengy
5 hydropower
14 nuclear power
&1 biomass

19,5
Various
materials

4.7 bdomaszs [DS)

5.1 gil, coal, gas
0.7 minerals, metals, ...

+ Laboratory on
Human-
Environment
Relations in
Urban Systems

Word population

'IDIL'

10*

=
)

107

108

34
©°
Hunters and Agricultural Industrial
gatherars sociaty society 1840
108 105 10 10° 102 o 10¢

Years before presant
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- Laboratory on

Human-
Environment
Relations in
Urban Systems

Scenarios of global material extraction

240 mmmmm Mineral inputs to stock 24
Em Ores DE: Domestic Extraction
I Other dissipative use
I Fossil energy carriers

180 mmmE Other biomass 18
I Food and feed
. e e« e DE per capita, scenario (right) E
=
= e DE per capita, historic (right) =3
Y 120 12 5
= =
= a
60 6
0 0

1900
1925
1950
1975
2000
2015
2025
2050

w
(4

Binder, Felix Martin del Campo

Krausmann et al. 2018
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- Laboratory on

Human-
Environment
Relations in
Urban Systems

Global material flows 1900 to 2015

Material use

100%

% of DE

75%

50%

25%

0%

1900
1910
1920
1930
1940
1950

Stocks
1000
[ Stock building W Aggregates
M Tailings m Concrete
B Other dissipative use W Asphalt
Technical energy B Metals
Feed 750

Wood, glass, plastics
M Bricks
B Humans and livestock

M Food

Ul
o
o

Stocks in Gt

250

O O O O O oOoun
O I~ 6 OO © -
O 0O OO OO0 O OO0
— = = —= N NN

w
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Binder, Felix Martin del Campo

Krausmann et al. 2018



+ Laboratory on
Human-
Environment
Relations in
Urban Systems

A historical
perspective on
resource use

Reserves and demand

w
(*4]

Binder, Felix Martin del Campo
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uuuuu

Resources vs Reserves

Resources: the “concentration of naturally occurring solid, liquid, or
gaseous material in or on the Earth’s crust in such form and amount
that economic extraction of a commodity from the concentration is
currently or potentially feasible”

Reserves: “that part of an identified resource that meets specified
minimum physical and chemical criteria related to current mining
and production practices, including those for grade, quality,
thickness, and depth

w
©

Binder, Felix Martin del Campo
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B
Ll

Increasing economic viability

Laboratory on
Human-
Environment
Relations in
Urban Systems

The McKelvey chart

Identified Resources Undiscovered Resources
Cumulative _ Probability Range
Production Demonstrated Inferred (or)
Measured | Indicated Hypothetical | Speculative
|

Economic Reserves

I'v?argmalhly Reserve Base

Economic

Sub- ) Resources
economic |

Increasing geological assurance

Gordon et al. 2007

H
o

Binder, Felix Martin del Campo



=PFL. The McKelvey chart

B
Ll

Increasing economic viability

+ Laboratory on

Human-
Environment
Relations in
Urban Systems

Dynamic concept
Identified Resources Undiscovered Resources
Cumulative Probability Range
Production Demonstrated Inferred (or)
Measured | Indicated Hypothetical | Speculative
|

Economic Reserves

I'v?argmalhly Reserve Base

Economic

Sub- ) Resources
economic |

Increasing geological assurance

Gordon et al. 2007

H
[y

Binder, Felix Martin del Campo
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- Laboratory on

Human-
Environment
Relations in
Urban Systems

Dynamics of
resource As the prices increase, the available stock increases

availability I
Price decrease

Pl

Larger reserves
Higher life indices
Shortage (scarcity) ends

Higher recycling rates Human cre.ativity: :
Increased substitution « New technical solutions
Miniaturisation Increased research activities

New ore deposits / types Human creativity:

Lower grade deposits Increased exploration activities
become economic Taking higher exploration risks
New sources of natural

resources

I
N

Binder, Felix Martin del Campo
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Laboratory on
Human-
Environment
Relations in
Urban Systems

Y ears until depletion of known reserves

1 Remaining years 2

H until depletion of He
100794 known reserves 4002602
3 4 (based on current rate of 5 6 7 s 9 10

- extraction)

Li Be B C N o F Ne
6941 9012182 10811 12.0107 14.00674 15.9994 1899840 20.1797
11 12 50-100 years 13 14 15 16 17 18

Na Mg 100-500 years Al Si P S Cl Ar
2298977 | 24.3050 26.98152 28.0855 3997376 | 32.066 35.4527 39.948
19 20 21 22 23 24 34 a5 36

K Ca Sc Ti Vv Cr Se Br Kr
39.0983 40078 4495591 47867 509415 51.9961 5893320 78.96 79.904 83.80
37 39 40 41 52 53 54

Rb Y Ir Nb Te 1 Xe
854678 88 9085 91.224 9290638 127.60 1269044 13129
55 56 57 73 a4 85 86

Cs Ba | La* Ta Po At Rn
1329054 | 137.327 1389055 180.9479 (209) {210) (222)
87 88 89 104 105 116 17 118

Fr Ra | Ac¥ | Rf Db Lv | Uus | Uuo
(223) 226025 (227) (257) (260) (292)

58 59 60 61 62 63 64 65 66 67 68 69 0 71
Lanthanides * | Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
140.9077 14424 (145) 150.36 151.964 157.25 1589253 158.9253 162.50 164.9303 167.26 1689342 173.04 174.967
90 91 93 94 95 9% a7 98 a9 100 101 102 103
Actinides* | Th Pa Np Pu | Am [ Cm Bk cf Es Fm | Md | No Lr
2320381 | 231.0289 (237) (244) (243) (247) (247) (251) (252) (257) (258) (259) (262)

H
H

Binder, Felix Martin del Campo

J. Hunt & S. Matharu, 2015



EPFL  Elements in an intel circuit board

+45 Elements
(Potential)

Before 1980

Today
Future
. h::jt::;ztory on McManus, Intel Corp., 2006
Environmen t
Relations
Urban System:

N
(2]

Binder, Felix Martin del Campo



=PFL  Elements for fueling our technologies

Energy Energy use cleaning
Generation, conversion, storage Heat, actuation, illumination, information

| Solar Cell ‘ | Fuel Cell ‘ | battery ‘ Ereecrl:?g_ ‘ motar | ‘ LED | Elic::?smc
Ga Pt Bi Dy Ga Ag
As Rh Te Nd In Au
In La Co Sm La Pd
Cd Ce Sb Co Eu Rh
Rh Gd B Y In
Mo Ta
w
Ni
. Laboratory on Green technologies increase the demand for scarce resources

Human-
Environment
Relations in
Urban Systems

»
~

Binder, Felix Martin del Campo



=L The lockdown: Shifting
material consumption?

Laboratory on
Human-
Environment
Relations in
Urban Systems

Y
w0

Binder, Felix Martin del Campo



+ Laboratory on r
Human-
Environment
Relations in
Urban Systems

A historical
perspective on
resource use

Resource use and space

Y
©

Binder, Felix Martin del Campo
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=L First anthropogenic trade
routes oosc)

Binder, Felix Martin del Campo

HHHHHH

Relations in
Urban Systems

Baccini and Brunner, 2012
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https://watermark.silverchair.com/9780262301329_caa.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAzkwggM1BgkqhkiG9w0BBwagggMmMIIDIgIBADCCAxsGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMPQBz3xDxhkMMDTEBAgEQgIIC7FOPeDtCSlAbwEgQGFqQkLRkl-gKoJt4gV1DnjTE0J55vY4DcYBcDCxmX9VWkfuG2NuO4DB_CMQ5JNtV2xU7Kb174dLcvVotFAJheRM112yf923bmBfbwvRlWWnf-bIHRbvYRUZCwkmGQl1RHCM3OPhNVHGGh-2yUylp2CpFnaRf1bchD22UFVhVq7tQujtrNEswLlS1kmdoo1-c7DF_JResOJrd0lTEljMNMoWqNAxlRdQx8BaOZYpRVrQJheGtz4-vjVQozq1zC4CGYZVqFw5mFkedp4grVeSrpH_hd1xNdun8klB6Dd-I0pVJRmcEBAnYwVmQTdwjlpO0Z93UOdASeVmYPSBlj6BVHbYzGra3nttGYCjL1csNPKUZ-yRvKswnnNEsnSvYhlEj-7jzjUSQRaPokPVo1nfl-mQshkoYggAHAqNoTX35q8SLUIbyuYTRstrPzcONxjrefeP9199iiWJi093j_kTrOf0RdlMLPauYwQXoyz6dQyVc-Y5YeDhqMfaQ3AZpAwoXWvv2Rqz8uihriqKwJJ7tP0OKlGxtL7GrR2pex2V0pg9abPRkX71gzyIEorpGVmPwvTWKofcyTasYMk76h48beCYzRFZ7sGCF_jbCNz-bmGqGM2VDMmIWaBhl3EasWyz7AZ5EqViv6o8aR7LX5Z8iYwSdt1bHufQ0W2BqfvD2d2_ggy7IcwDRjgeDNgwkrwhwZseYvfJTgnkpDOToOlIihEP4oVrahQiUY2U5DCjkV566-nSvAYhqGFFVFzC7xkphO7WO0Q-nwLT2ZSXxVQEaoql7xQif394av-DrIr4yBP_kt6bL1iUdY7wKg24XitrejjxxupPIh2f_jkzD7gaY3NNtdhGZZgU1MIlnHZlK_tayWt_6Z04dz6JK0xRM6re_i1YwybzBwnqx7XBOz8SaUntk-bvLhN8um7trJ9B0sFcZS_e93lzJ1q_qSqziFGGCR6XI-BhCFwbMcNEqh1GqH1E
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Urban Systems

Baccini and Brunner, 2012
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https://watermark.silverchair.com/9780262301329_caa.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAzkwggM1BgkqhkiG9w0BBwagggMmMIIDIgIBADCCAxsGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMPQBz3xDxhkMMDTEBAgEQgIIC7FOPeDtCSlAbwEgQGFqQkLRkl-gKoJt4gV1DnjTE0J55vY4DcYBcDCxmX9VWkfuG2NuO4DB_CMQ5JNtV2xU7Kb174dLcvVotFAJheRM112yf923bmBfbwvRlWWnf-bIHRbvYRUZCwkmGQl1RHCM3OPhNVHGGh-2yUylp2CpFnaRf1bchD22UFVhVq7tQujtrNEswLlS1kmdoo1-c7DF_JResOJrd0lTEljMNMoWqNAxlRdQx8BaOZYpRVrQJheGtz4-vjVQozq1zC4CGYZVqFw5mFkedp4grVeSrpH_hd1xNdun8klB6Dd-I0pVJRmcEBAnYwVmQTdwjlpO0Z93UOdASeVmYPSBlj6BVHbYzGra3nttGYCjL1csNPKUZ-yRvKswnnNEsnSvYhlEj-7jzjUSQRaPokPVo1nfl-mQshkoYggAHAqNoTX35q8SLUIbyuYTRstrPzcONxjrefeP9199iiWJi093j_kTrOf0RdlMLPauYwQXoyz6dQyVc-Y5YeDhqMfaQ3AZpAwoXWvv2Rqz8uihriqKwJJ7tP0OKlGxtL7GrR2pex2V0pg9abPRkX71gzyIEorpGVmPwvTWKofcyTasYMk76h48beCYzRFZ7sGCF_jbCNz-bmGqGM2VDMmIWaBhl3EasWyz7AZ5EqViv6o8aR7LX5Z8iYwSdt1bHufQ0W2BqfvD2d2_ggy7IcwDRjgeDNgwkrwhwZseYvfJTgnkpDOToOlIihEP4oVrahQiUY2U5DCjkV566-nSvAYhqGFFVFzC7xkphO7WO0Q-nwLT2ZSXxVQEaoql7xQif394av-DrIr4yBP_kt6bL1iUdY7wKg24XitrejjxxupPIh2f_jkzD7gaY3NNtdhGZZgU1MIlnHZlK_tayWt_6Z04dz6JK0xRM6re_i1YwybzBwnqx7XBOz8SaUntk-bvLhN8um7trJ9B0sFcZS_e93lzJ1q_qSqziFGGCR6XI-BhCFwbMcNEqh1GqH1E
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Example: lron 1983

UNIT - 1000t{1983)

B Ore
Iron Ore O Ore and steel
[rom&StEe]
HScrap O scrap metal

— & 2500~ 5000
— 30000 ~ 40000

—ep 5000 ~ 10000 10000 ~ 20000 20000 ~ 30000

— 40000 ~ 50000 ) 50000 ~ 60000 . 60000

Trade Flow of the Iron in the Wor|d[1983] Source: NIES

CGER-DO40-2006, CGER/NIES
Copyright (o) National Institute for Environmental Studies. All Right Reserved
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Example:lron 1988

UNIT : 1000ti1988)

[ron Ore
| roms =

M Scrap

—_— 2500~ 5000

— 30000 ~ 40000

—— 5000 ~ 10000 — 10000 ~ 20000 - 20000 ~ 30000
E— 40000 ~ 50000 - 50000 ~ 60000 B 60000~

Trade Flow of the lron in the Wor|d[1988] Source: NIES

CGER-DO40-2006, CGER/NIES
Copyright (v)Mational Institute for Environmental Studies. All Right Reserved.

[l Ore
O Ore and steel
|:|Scrap metal

(4]
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Example: lron 1993

.r"‘A‘.

' Ay

R R

% o G, ™ ‘l.’r
Rey “‘-‘$M W

RESPE N W
Y0 O -
A ey
- =
- )
Iron Ore
| roTr&rSteel
UNIT - 1000t{1993) M Scrap
—_— 2500~ 5000 ——p 5000 ~ 10000 ——f 10000 ~ 20000 — 20000 ~ 30000
— 30000 ~ 40000 - 40000 ~ 50000 - 50000 ~ 60000 - 60000 ~

Trade Flow of the Iron in the World[1993]

- Laboratory on

Human- CGER-DO40-2008, GHER/NIES

Environment
Relations in
Urban Systems

Source: NIES

Copyr ight (c)National Institute for Environmental Studies. All Right Reserved

B Ore
O Ore and steel
|:|Scrap metal

v
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Example: lron 1998

UNIT - 1000t{1998)

B Ore
Iron Ore O Ore and steel
[rom&Steel
M Scrap O scrap metal

— & 2500~ 5000
— 30000 ~ 40000

—_— 5000~ 10000 ——— 10000 ~ 20000 20000 ~ 30000

E— 0000 ~ 50000 B 50000 ~ 60000 ) 6000

Trade Flow of the lron in the Wor|d[1998] Source: NIES

CGER-DO40-2006, CGER./NIES
Copyr ight (o) National Institute for Environmental Studies. All Right Reserved.

v
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A historical
perspective on
resource use

Trends and drivers
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International
environment Resource
programme

Panel

Trends: Global Material Use & Share in 1970-2023 yn« %

Global Material Use has increased for more than a ... which is increasing also the share of Non-
factor of 3 since 1970 due to urbanisation and Metallic Minerals in Global Material Use
industrialisation (& population growth) - 2.3% per year

125000

100000

g 75000

g 50600
E

0

1970 1075 1980 1985 1000 1095 2000 2005 2010 2015 2020 2025 1570 1580 1930 2000 2010 1]
Wear

BN Biomass B Fossl Fuels B Metal Ores B Mon-Metallic Minerals
B Biomass [l Fossi Fuels [l Metal ores [l Non-metallic minerals

Global material extraction, four main material Global material extraction, four main material
categories, 1970 — 2024, million tones. categories, 1970-2020, shares



Panel

Trends: Drivers of Material Footprint 2000-2022, un® = .-
- environment /
% by world regions

programme =4

Tons per
capita - 2020

Africa 5

Asia + Pacific 13
Europe . @

EECCA 18

Latin America + Caribbean 12
North America

West Asia 13

World - 13

0% 40% 80% -50% 0% 50% 100%

EECCA: Eastern Europe, Caucasus

and Central Asia region
B Netchange % DE || Affluence [l Population [ Technology
58



Material needs for provisioning systems (built environment, un® S
mobility, energy and food) by country income groups (2020)

3% 0% 0% 0%
I 6% 9% Food Mobilit Built environment
8% 2% memmmm 2% m— 12% - - y -~ u
Energy [l Communication Other
o 3% | 3% I—
[ Waste Management and Resource Recovery

12%

Energy includes household energy consumption
All other provisioning systems include their embodied energy

Built environment and mobility: (construction,
transport & infrastructure): 59 billion tons

Food: 23.6 billion tons
Energy: (electricity, power, heat): 6.1 billion tons

18%

20% [ 19%
| Together = 90% of total global material demand,
Low - Lower - Upper - High but differ in importance by income group

iIncome iIncome
Source: Global Material Flows Database (UNEP 2023a)



million tonnes

Trends: High-income countries use 6 times more materials
i : : : N& == e
per capita and are responsible for 10 times more climate ;. = *
impacts per capita than low-income countries.

Material footprint (total and per capita) by income group

100,000 40 Since 2000 ...

35 * High-income: Highest material footprint of all
groups, relatively constant. Climate impact per
capita = 10 x low-income group.

80,000 20

25
60,000

- * Middle-income: Material footprint more than
doubled, approaching high-income levels.
10 Climate impact per capita = roughly 50% of

high-income group; 6 x low-income group.

Tonnes per capita

40,000 15

20,000 5

—= L e — .  Low-income: Remain comparatively low, and
ncome  middle  middle income mostly unchanged.

income income

W2000 2020 (2Bt PRI Martin del Campo o0
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A historical
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resource use

Summary
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Human-
Environment
Relations in
Urban Systems

Summary

The transition to the industrial age involved changes in
human-environment relations

- Higher material flows

- Disequilibrium between use and regeneration of resources and
the production and the decomposition of wastes

- Changes in the impact of human action in time and space

[
w

Binder, Felix Martin del Campo
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Summary

To address the coupled climate, energy, biodiversity crises
there is a necessity to manage the human-environment
(resource) relations (more) sustainably

- Understanding the key material and energy flows and their
development over time

- Understanding the link between economic flows and material
and energy flows

- Understanding policy needs and regulatory mechanism of the
human-resource relations

D
'y

Binder, Felix Martin del Campo
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Overview of the course
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Industrial Ecology
(IE)

The research field for sustainable
resource management

(2
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IE: Definition

- Ecology: Science of ecosystems

= Industrial: All economic activities taking place within the industrial
system

= Industrial Ecosystem: “An industrial system in which the use of
energies and materials is optimized, wastes and pollution are
minimized, and there is an economically viable role for every
product of a manufacturing process”

A
~

Binder, Felix Martin del Campo
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=PFL  |E: Definition

Binder, Felix Martin del Campo

- ... the study of the technological organisms*, their use of
resources, their potential environmental impact and the way in which
their interactions with the natural world could be restructured to
enable global sustainability (Graedel & Allenby 2010).

- ... the study of the flows of materials and energy in industrial and
consumer activities, of the effects of these flows on the environment,
and of the influences of economic, political, regulatory, and social
factors on the flow, use, and transformation of resources (White,

1994).

Relations in % . . . . . . .
Urban Systems Technological organism is an overarching name for manmade systems such as cities, industrial

production systems, agricultural production systems, transport systems.



=PFL  |E: Definition

The term "industrial ecology”
first gained significant search
interest on Google in 2004,
reaching its peak popularity
around 2005-2006.

Since then, its global usage has
gradually declined, making way
for other emerging concepts
like circular economy to take
center stage.

- Laboratory on

Human-
Environment
Relations in
Urban Systems

140000

120000

100000

80000

60000

40000

20000

Documents containing the
keyword "Industrial Ecology"

published over time, built with

constellate.org dataset

1500 1810 1920 1530 1540 1950 1960 1970 1580 1950 2000 2010

(9]
©

Binder, Felix Martin del Campo



=rL  |E: Definition

A

INDUSTRIAL Handbook
E.[.]_I:["}_Y Industrial

pesmuitied, except for Open Access auticles

Ecology
lowards =z
(IOSing fhe Eii;e:rtb{l. Ayres

(-4

ROBERT U. AYRES
LESLIE W. AYRES

ki
" §E
Materials -~ =
Gl e i
(ycle W Y iz %, ,f
A .. 8

INDUSTRIAL
ECOLOGY AND
SUSTAINABILITY

Thomas E Graedel
Matthew J Eckelman

%World Scientific

~
(=]
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Core elements of IE

- Biological analogy

- Use of systems perspective

- Role of technological change

- Dematerialization and eco-efficiency

- Forward-looking research and practice

Lifeset and Graedel in Ayres and Ayres, 2001

~
[y

Binder, Felix Martin del Campo
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den-crowned
inghet

Core element: The
biological analogy
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=L The biological analogy:
Metabolism

“ to sustain the processes of life, a typical cell carries out thousands of
biochemical reactions each second. The sum of all biological reaction
constitutes metabolism. What is the purpose of these reactions — of
metabolism? Metabolic reaction convert raw material, obtained from the
environment, into the building blocks of proteins and other compounds
unique to organisms. Living things must maintain themselves, replacing
lost material with new ones; they also grow and reproduce, two main
activities requiring the continued formation of macromolecules”.

- Laboratory on Fischer-Kowalski in Ayres and Ayres, 2001

Relations in
Urban Systems

~
w
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Ecosystems as models for facilities,

districts, cities, regions

Industrial

Energy &
\ resources

—_—

/ Emissions
/ (air, water, soil)

Source: Université de Lausanne

BIOSPHERE
(natural
ecosystems)

)

| Atmosphere

2

Lithosphere

Hydrosphere

=y

N

~
N

Binder, Felix Martin del Campo



=FFL - Typology of ecosystems

energy &
unlimited limited
waste resources

unlimited
resources

Linear materials
flows in Type |
biological ecology.

Quasi-cyclic materials
flows in Type Il
biological ecology.

energy

. Laboratory on Cyclic materials flows in Graedel, 2020
Human- . .
Environment Type lll biological ecology.

Urban Systems

~
ul
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1972. World's first industrial
symbiosis with a circular
approach to production.

» Residual flow in one
company becomes a
resource in another,

= The symbiosis creates
growth in the local
community and supports
the green transition.

- Laboratory on

Human-
Environment
Relations in
Urban Systems

KALUNDBORG
SYMBIOSIS 2015

76
g
£
©
o
3
£
b =4
©
=
E
&
Energy Water Materials = .
k=]
1.5team 6. Waste water 17. Waste &
2, District heating 7. Cleaned waste water 18. Gypsum
3 Power to grid 8. Surface water 19. Fly ash
4. Warm condensate 9. Technical water 20. Sulphur
5. District heating 10. Used cooling water 21. Slurry
11. Deionized water 22, Bioethanol
12, Sea water 23, Sand
13, Drain water 24, Sludge
14, Tender water 25, C5/C6 Sugars
15, Process water 26. Lignin
Kalundborg Utility 16. Cleaned surface water i: gmlowsaom

29. Biomass

m Kalundborg
Municipality Alge Plant

Source: http://www.symbiosis.dk/



PhysicaI/Built

System

Social/
Economics
System

Ecological
System

+ Laboratory on
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URBAN SYSTEM

Multiple
- actors/constituents
- structures
- processes
- linkages
- functions

T*fu
/

S

EI.,\‘

Core element: Use
of systems
perspective

~
"3
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=PFL The systems
perspective

Goal: Avoid narrow, partial analé/ses that can overlook important
variables and lead to unintended consequences.

Holistic thinking: Solving problems must involve understanding the
connections that exist between sub-systems, multiple factors cannot be
analyzed in isolation.

Example: A city can be divided into commercial areas, residential

areas, offices, services, infrastructures, .... all sub-systems of the bigger
Flcéure.l F;)rolblems can emerge in one sub-system, but the solution has
o be global.

Life cycle thinking: All environmental impacts caused by a product,
system, or FrOje_Ct uring its life cycle are taken into account. From raw
material extraction, material procéssing, manufacture, use,

" Laboratory on maintenance, disposal

Relations in
Urban Systems

~
©
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The life cycle of resources

lmpo 8

- Laboratory
Human-
Environmen

Relations in

Urban Systds ENViromental System

Technical Environment / Anthroposphere

Processing, Mode switches
Storage, Distribution, Trading End-product

- Material processing (1 & 2) market - Househelds
- Switches in modes of transport 5-D functions - Industry

- Storage - efc.
- Trading (Commodity markets)

Landfilling,

Waste processing Final disposal

- Inert materials
- Stabilized residues
- Bioreactor landfills
- Muclear repository

- Thermal treatment
- Recycling processes
- Physical-chemical

- Interim storage

- Exploration
- Extraction

7 7
Recycling Urban mining

Biotic & Abiotic
Resources .
Emissions
Resources
-Mineral Ores * ————————————————————————————————————————————— -Food Chain
-Fossil Resources -Sea sediments
-Rainforests FUture -Soil
-etc.

-Water, Soil, etc

Natural Environment (Atmosphere, Hydrosphere, Lithosphere, Biosphere)
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Cities as systems

URBAN SYSTEM

Multiple

- actors/constituents
- structures

- processes

- linkages

- functions

O
Physical/Built \ o= ‘ﬁr I:I/
/

System [
0
Social/ .
Economics o
s*:z)

System

Ecological
System

CITIES AS OPEN SYSTEM
Cities are open systems, influencing
and influenced by the external world via
complex linkages and feedbacks.

o National/

-

Regional/Global

S

qqqqqq
-------

Current Opinion in Environmental Sustainability

(<]
=

Binder, Felix Martin del Campo

Bai et al., 2016



innovatian policies

innovatigp system
sLis tajnabl}mf transition
enargy planningy bl
o 35"9’%15‘-' iOIlE- sg;ial aspects
olicy mix
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ﬁ.Eier
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technicalchange . :
‘ € Chiti?- " techmologic v cgumobules
industrialstructures y

N YRR Bloilss st et
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energyimarket
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+ Laboratory on

Human-

Environment Matos et al., 2022
Relations in

Urban Systems

Core element:

Technological
change
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=P*L - Technological change

Technological innovation as a central means to solve environmental
problems

Ecodesign is a systematic and comprehensive creative approach to products and services,
employing improved product and service-design to minimise their environmental impact acros.

Lead Partner Umweltbundesamt, German Environment Agency

Human-
Environment
Relations in
Urban Systems

[+]
w
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=L Influence of design decisions on life
cycle impacts and costs

Binder, Felix Martin del Campo

100%

Impacts and: costs during use phase
Possibility Lo
to influence
impacts and costs

80%

Cumulated impacts
and costs

60%

Environmental impacts and costs

40% Impacts and
costs of
construction

20%

Impacts and

costs of planning

- Laboratory on i 'i — L= i m— L I I

" Tuse and |

Human- . .
Environment planning construction maintenance Time
elations In

Urban Systems

Braganca et al. 2014
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Core element:
Dematerialization
and eco-efficiency
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Dematerialization
and eco-efficiency

Dematerialization: absolute or relative reduction in the quantity of
materials used and/or the quantity of waste generated in the
production of a unit of economic output’ (Cleveland and Ruth 1998,
p. 16

Eco-efficiency: conceptualization and development of materials or
structures to reduce the consumption of virgin materials and provide
a utility.

[+
(]
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Dematerialization
and eco-efficiency

Eco-Efficiency

Striving to make a company

- more commercially successful

| while using environmental @
resources more efficiently.

Produce More With Less

Reduction in the Reduction in the

L

energy intensity of, material intensity
goods or, of goods or
services.

services. »\@ g

Maximum use
of renewable

frnaly ’mproved

o0 resources. - =
? Reduced Y
dispersion of Greater M
§ toxic materials. durability of goods.

Market Businness News

<]
~
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Dematerialization
and eco-efficiency

Dematerialization (world, nation level)
Reduction in quantity of materials used to accomplish a task

Offer the possibility to decouple resource use and environmental
impact (CO2 emissions, i.e. decarbonization) from economic growth

Eco-efficiency (firm level)

How can companies produce the same level of output (or service)
with reduced use of environmental resources?

Indicator: output / environmental resources
Problem of rebound effect

Link to technological change, industrial symbiosis, eco-design etc.

[*
w0

Binder, Felix Martin del Campo
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Decouple resource use
from economic growth

=PrL
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Platinum group Rare earths

Copper

e

Cobalt

60|

1400
1200
1000

800

1200
1000
800
600
400
200

50
40|
30
20

600

o

80
60!
40

400

o

o O O o o

o

200

o

10

\

o

20!

1985 1990 1995 2000 2005 2010 2015

o

ST0C
0T10¢
S00¢
000¢
S66T
0661
S86T
0861
SL6T
061
S96T

0961
o

STOT
0T0¢
S00T
000¢
S66T
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5861
086T
S/6T
06T
S96T
0961

ST0C
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500C
000¢
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e GDP e Rare earths

=== Population

s GDP e Platinum

e POpulation

s GDP s Copper

e POpulation

s GDP e Coboalt

e Population

Tin

Zinc

Lead

Iron ore

4 S10¢
0104
500C
000C
S66T
0661
G861
0861
SL6T
0L6T
5961
0967

800
600
400
200

800
600
400
200

Tin

Hannesson, 2021

e POpulation s GDP

e POpUlatiOn e GDP  e=====Zinc

e POpUlation e GDP === |ead

Iron ore
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Ecoefficiency and
Rebound effects

Reinforcing ‘socio-technical :
. . norms, practices etc. that entrench car
system’ of automotive transport ——,

dependence and displace alternatwes

Embodied energy Changing prices,

investment,
employment, trade etc.

J.‘" Holiday in _i-f'f 2

Lower _____...--"'* 5pa|n
fuel bills

More energy

il —= (=)
@_\T)‘ Less energy . k

Drive further and more___»
More efficient c:ften in emptier cars

running \‘ Purchase larger and More energy
more powerful cars

Evolving infrastructure, land use, industries,

ECEE et al. 2018

O
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Renewables @ EQ Finite materials

Regenerate

Renewables flow management

ihg/collection'

Biochemical
feedstock

Biogas Cascades

Extraction of
biochemical
feedstock?

Substitute materials Virtualise Restore

Stock management

it

Parts manufacturer

o

Product manufacturer

b

Service provider

d L

Maintaifi/prolo

Collection Collection

Source: Ellen Macarthur Foundation

Minimise systematic
leakage and negative
externalities

Core element:
Forward-looking

research and
practice

o
P=1
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="l Predictions versus scenarios

A prediction assesses the
present, sketches the
transitions, and presents its
presumption of the future

A scenario looks at the present
from different perspectives,
imagining several possible
transitions to a future state

+ Laboratory on

Human-
Environment
Relations in
Urban Systems

The Present

The Path

o
N

Martin del Campo

The Future

®O<.

Current Realities
{multiple models)

Multiple Paths

Alternative
Future Images

Graedel & Eckelmann, 2023
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ePFL Impacts: Outlook of Material Extraction under two scenarios

Historical Trends Sustainability Transition

Domestic Extraction (DE) Resource extraction by major categories
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Hierarchy of MFA tools

Overall architecture of MFA and related tools

- Economy-wide MF Analysis x
(EW-MFA)
All materials, Material groups,
Particular materials

Input-Output Analysis (I0A)

Decomposition Analysis Meterial Oysten Analysis

(MSA)

Environmental Input-Output
Analysis (elOA) Particular materials,
By economic activity Particular natural resources

Business level MF Analysis
Establishment, enterprise e City, river basin, ecosystem

Local Systems Analysis (LSA)

Life Cycle Assessment (LCA)
Particular products

WY Specification according to economic

 Substance Flow Analysis (SFA) |
Particular substances

Specification according to natural

concepts (activities, products) science concepls (material, territory)

OECD, 2008

©
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MF A approaches

Scale of the system

f.e. regions, industrial plants, private households, whole economy, specific parts of
economy...

il N ) T Y | LE, Py P Y Y T Y ) = P Y WYY Y

Materials
f.e. substances, materials, products...

FerrereyTy

Data sources
f.e. national or international econometric statistics, physical substance flows...

Source: Moreau and Massard, 2017

©
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IE approaches in this course

Main
objective

Type of
analysis

Type of
analytical
tools

Substances

e.g., chemical
elements or
compounds (Cd,
Cl,Pb, Zn, Hg, N,
P, C, CO,, CFC)

Substance Flow
Analysis

Substance Flow
Accounts

Materials

e.g.,raw materials and
semi-finished goods,
energy carriers, metals
(ferrous and
nonferrous), sand and
gravel, timber, plastics

Material Flow
Analysis

Material Flow
Accounts, Industrial,
Urban or Regional
Metabolism

Products, Goods and
Services

e.g., batteries,
transportation, packaging

Life Cycle Assessment
Life-Cycle Lif-Cycle
Inventory, Costing
Impact

Assessment (ISO

14040)

Businesses

e.g., offices, plants, small
and medium sized
entreprises, multi-national
entreprises

Business level Material
Flow Analysis

Material Business
Flow Cost Material
Accounting  Flow

(ISO 14051)  Accounting

Economic
activities

e.g., mining,
construction,
chemical industry,
iron and steel
industry

Input-Output
Analysis

Physical Input-
Output Tables,
NAMEA
approaches

Countries,
Regions

e.g., aggregated
mass of
materials and
related mixed or
selected
materials

Economy-wide
Material Flow
Analysis

Economy-wide
Material Flow
Accounts

Source: Moreau and Massard, 2017
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=peL Overview LCA, SFA, LCA

Environmental Impact Assessment

MFA, PIOT
Other physical >
flows
_ . . MEA | _

I I
| Material Flows with r >
| market values |

3w |

Q % I Substance |s

,S g I without market Flows |
| values - =
I p— = e s e w — I
e = = = = =

o EW MFA: Material Flows with
f economy wide market values

KR g MFA

RS . :

23 8 AT P without market

(A S Input-Ouput

values
. Laborat tables
Human-

Environment
Relations in . .
Urban Systems Source: Kytzia and Nathani, 2004
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Overview of MFA
tools

Material Flow Analysis (MFA)
Substance Flow analisis (SFA)
Life-cycle assessment (LCA)

Material Flow Cost accounting
(MFCA)

Input-Output Analysis (IOA)
" Loporatory on Economy-wide MFA (EW-MFA)

Relations in
Urban Systems




=PFL - Definition: Material o
Flow Analysis (MFA)

Binder, Felix Martin del Camp:

- 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).

= |t 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.

uuuuu

ufb;osr;l;sltr;ms Source: OECD, 2008
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MF A in practice supports
policy and decision
making in...

_ “You can’t manage what you can’t measure.”
- Urban planning Brunner, 2012

- Energy planning

- Economic and environmental performance

= Development of industrial symbiosis and eco-industrial parks
= Closing material loops and circular economy

= Pollution control

- Material and energy supply security

=
o
=1
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=L 4 Steps of MFA ‘

Problem definition

Binder, Felix Martin del Campo

System definition
Selection of substances

e Determination Determination/

S yste m d ef| N |t| on of system Adjustment selection of <
boundaries processes

Determination/selection

Data acquisition of goods

A 4

2. Redetermine goods

1 E
- CaICUIatlon 3:::;2:::2:)1:; Determination of o S E
. £ mass flows £3 S.
= Representation g 2y :
and interpretation g Baiancngof goocs | E :

<

Determination of
concentrations

Balancing
of substances

2. Refine mass flows

1. Refine
concentrations

Illustration and l

interpretation

+ Laboratory on

Human-

Environment

Relations in

Urban Systems Source: Brunner & Rechberger, 2004



=r. - Substance Flow Analysis (SFA)

- Laboratory on

Human-
Environment
Relations in
Urban Systems

MFA for specific
substance (f.e.
phosphorus, iron, zinc,
copper...)

Provide information on
resource management
and environmental
impacts for specific
(limited) substance

ol et Reused Sewage Sludge
‘otal Imgo glcy ! it
Total Exports: kglcy | rez2 Ag:;:::::
: D ED
' Animal Husbandry Manure t
' F2 D ]
’ = Fod:
z i3
' Animal Products
' Animal Feed
R — ; Impeet (n.) Food (F3_D— 3.2
T—t <F0_3a Industry Food & Feed GI>
(D— 0,36 l Industrial
| Impert (n.) Feed Wasie
Net @ _EU___E_, Industry Fertiliser LJ__’T)—
Foreign | Import (n.) Mneral Fertliser ;:"“]ﬁ'n:[
Trade ; Compost (F9_2D
Q_} ; :FZS: Industry Detergents =k
[ Imports (n.) Detergents @ 7 Food
0 o5 sty Cer - &,
| I— Import (n) Cther B 1 ([GH>) mi‘:lm '
F6_8 o !
AR i Detergents '
Industrial Other Goodg'ﬁT'D Reined
Wasta (96D
Households
L]
Household —1— =~ Househoid
F7_ 8 F7 9
Wastewater Treatment Waslewaler <~j=-> (_T_‘/ Waste .| Waste Management
CF7_10>
Other
H T = Lossas = ex:
i e E 5 “Fg 10 Incinerated
i Moo (g 1Ty | Effuent RUERL g
¢ Incineration —¢ — F8_100> L - Lossss J Wasie
Temporary T
Flows [kaic.y] Losses
ey, i
Stock Changes [kajcy] | Landfiled Stock L
ges [kaic.y) : Stock Temp Sewage

: Jedelhauser & Binder 2015
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L Life Cycle Assessment (LCA) |

Resources

O

- Addresses environmental End of life

impacts throughout a
product’s life cycle starting from
raw material acquisition through

production, use, end-of-life
treatment, recycling and final

processing
disposal (i.e. cradle-to-grave) L
- Environmental impacts f.e. |
climate change, human health,
ecosystem quality, resource

. Product
deplet'on e manufacturing

- Comprehensive approach which Distribution
identifies impact shifting from
one phase of the product life cycle

Human- to another

Environment

Relations in . . . . . L . .
Urban Systems Source: https://www.nist.gov/systems-integration-division/lifecycle-graphic

Materiol

o
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Assessing materials
flows in physical and
monetary terms along
the value chain/
production processes,
from purchase to disposal

Companies understand
better the environmental
and financial
consequences of their
material and energy use
for improvements

Material Flow Cost
Accounting (MFCA)

2063 kWh 2662 kWh 4542 kWh
electricity
Material and
Energy Flows product: 570 t
raw material: 714 t 26t 76t 421
waste: 144 t
619¢€ 799 € 1362 €
electricit
Traditional y wages: 1226 € wages: 1768 € wages: 3240 €
Qost - | ] [ |3 product 17302¢
ccountin
9 raw material: 8288 €
Y 619€ 799 € 1362 €
Bleetnclty wages: 1226 € wages: 1768 € wages: 3240 €
MFCA shows

costs of losses
(waste)

_E product: 14496 €
raw material: 8288 € L373 € 1364 € 1069 €

waste: 2806 €

1

o
o

Binder, Felix Martin del Campo

Source: https://www.ifu.com/de/materialflusskostenrechnung/



=PFL  Material Flow Cost o
Accounting (MFCA)

Binder, Felix Martin del Camp:

- MFCA links monetary and material flows at the activity level

= Costs: Monetary value of resources used to perform
activities

= Cost allocation: Indirect attribution of a cost between
different objects, such as a product or process, by using an
appropriate share basis

= Cost assignment: Direct attribution of a cost to a specific
object, such as a product or process

uuuuu
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Input-Output
Analysis (I0A)

= Details the supply and use of
products sector by sector,
including imports and exports
and final consumption
categories (f.e. households)

= Understand the interactions
between economic sectors

- Environmental extended IOA
(EE-IOA) typically includes
energy intensity and carbon
emissions by sector

Table 2
Purchases by Industry 1 Industry 2 Industry n Total sales
Sales of
Industry 1 X X3 Xin Xi=Zx,;
i
Industry 2 X3 X2 X3y X:=3 1,
¥
Industry n i X2 Ko Xo=Ex,
i
Total purchases X X, X,
Table 1: Inter-Industry Transactions
Industries Inputs to Inputs to Final Total
agriculture manufacturing demand outputs
Agriculture 25 175 50 250
Manufacturing 40 20 60 120
Labour services 10 40 0 50

1

o
~
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=L Economy-wide Material Flow Analysis
(EW-MFA)

= Quantification of material flows (biomass, fossil fuels, metals, mineral ores)
into and out of a whole economy

- Material flows are extracted domestically or imported directly and indirectly
through finished and semi-finished goods

= Describes interaction of
domestic economy with

the natural environment _l;.st_o;h_e\;o:d_-:l """""" vatoral economy ::'Rlsfo;hivio:d"
and the rest of the world i |

1
|
1
1
economy : . O
Recycling
1
1
1
1
1
1
1

Infrastructures and

I Buildings (stock) Emissionsto nature

- |
I
1 : Unused domestic extraction i
- Laboratory on | . L [ [,
Human-
Environment
Relations in

Urban Systems

o
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=P*L - Next week: Guest lecturer, ”
Florian Kohler

Binder, Felix Martin del Camp:

Head of the Natural Resources and Territory group at the Federal
Statistical Office (FSO).

Statistics on material flow accounts, economic accounts for the
primary sector, agriculture and food analysis, and territorial analysis.

Over 10 years of experience in producing and developing economy-
wide material flow accounts for Switzerland.

Represents Switzerland in various Eurostat groups and task forces
related to material flow accounts.

uuuuu



Laboratory on
Human-
Environment
Relations in
Urban Systems

Thank you for
your attention!
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Some references

World in Transition A Social Contract for Sustainability, WBGU,
2011, article

ELEMENTAL CYCLES: A Status Report on Human or Natural
Dominance, Klee & Graedel, 2004, article

Industrial Ecology and Sustainability, Graedel & Eckelmann 2023

Metabolism of the Anthroposphere: Analysis, Evaluation, Design,
Baccinni & Brunner, 2012, article

On the sustainability of metal supplies: A response to Tilton and
Lagos, Gordon & al, 2007, article

Governance of the World's Mineral Resources. Beyond the
Foreseeable Future, Henckens & al, 2021, article
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https://www.wbgu.de/fileadmin/user_upload/wbgu/publikationen/hauptgutachten/hg2011/pdf/wbgu_jg2011_en.pdf
https://www.annualreviews.org/content/journals/10.1146/annurev.energy.29.042203.104034
https://ieeexplore.ieee.org/book/6267542
https://www.sciencedirect.com/science/article/pii/S0301420707000219?casa_token=LwJnIVeqvjcAAAAA:_Rz0f3xc2Z00WaSAj596LEYjakjDVpDTvyZgZ81YQg3b7EIXFRvVV0PoRWplGVd06Yo1uXUswB3v
https://www.sciencedirect.com/science/article/pii/S092134492100118X#bib0028
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Some references

= |nnovation and climate change: A review and introduction to the special

Issue, Matos et Viardot, 2022

= Influence of design decisions on life cycle impacts and cost, Braganca
et al., 2014, Early Stage Design Decisions: The Way to Achieve
Sustainable Buildings at Lower Costs, The Scientific World Journal

= Energy sufficiency and rebound effects, European Council for an
Energy Efficient Economy ECEEE, 2018

= Resource Flows: Material Flow Accounting (MFA), Life Cycle Analysis
(LCA), Input Output Networks and other methods, Chaturvedi, 2018

= Towards achieving eco-efficiency in top 10 polluted countries: The role
of green technology and natural resource rents, Chen et Ahmad, 2022

= (Global material flows and resource productivity: The 2024 update,
Schandl, 2024
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https://www.researchgate.net/publication/362613925_Innovation_and_climate_change_A_review_and_introduction_to_the_special_issue/figures
https://www.researchgate.net/publication/362613925_Innovation_and_climate_change_A_review_and_introduction_to_the_special_issue/figures
https://www.researchgate.net/publication/362613925_Innovation_and_climate_change_A_review_and_introduction_to_the_special_issue/figures
https://www.energysufficiency.org/static/media/uploads/site-8/library/papers/sufficiency-rebound-final_formatted_181118.pdf
https://www.energysufficiency.org/static/media/uploads/site-8/library/papers/sufficiency-rebound-final_formatted_181118.pdf
https://chaturvedimayank.wordpress.com/tag/industrial-dynamics/
https://chaturvedimayank.wordpress.com/tag/industrial-dynamics/
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https://www.sciencedirect.com/science/article/abs/pii/S1342937X22001861
https://www.sciencedirect.com/science/article/abs/pii/S1342937X22001861
https://www.sciencedirect.com/science/article/abs/pii/S1342937X22001861
https://www.sciencedirect.com/science/article/abs/pii/S1342937X22001861
https://www.sciencedirect.com/science/article/abs/pii/S1342937X22001861
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