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Life Cycle Assessment and general system theory
+ What is general system theory ?

+ Limits of standard product LCAs
Proposition for the GT
Discussion by groups
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The general system theory

System:

+ Set of objects

+ and their interactions

+ delimited by a boundary between its inside and
its outside

inside « open: system has relationships with its outside
R « closed: system has no connection with its outside

outside

Complex system:
» Feedback loops
» Levels of organisations

+ A system has an objective: its boundaries are
linked to this objective.

Modeling structure for studying interactions: the aim
of this type of model is to study the system itself and
its behavior in the face of internal or external

changes. y¥( Université
~" Gustave Eiffel
A generalised type of modeling
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The (mysterious !) origins of LCA: the study of a product

1969: internal report

Which type of packaging (glass, steel, aluminum or plastic) has the

least impact on the “environment”.

» Multi-criteria: masses of materials and energy consumed (not
really environmental impact)

» Within the plant (not over the entire life cycle)

I cannot find this report... is it urban legend ?
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Life Cycle Assessment of a product
1990: first version of standard ISO 14040

EXTRACTION

TRANSFORMATION
Goals and scope of

@ the study
PRODUCT -

Life cycle inventory

D

Interpretat
ion

(RECOVERY)

Impact assessment

END OF LIFE USE

¢ Université
’:.( Gustave Eiffel




26/11/2024

Life Cycle Assessment of Products : a complex system model

ECOSPHERE(®)
BACKGROUND
SYSTEM(®) .
" FOREGROUND
Elemen,tary SYSTEM(®
flptvs

e

Intermediate flow

Intermediate flow

Product .

(a) ecosphere: all parts of the world that are not organized by humans (« natural world »)
(b) technosphere: all parts of the world that are organized by humans (« anthropized world »)

- =
o
=
.

(¢) Foreground system. part of the system upon which a stakeholder has a direct influence
(d) background system: part of the system upon which a stakeholder has no direct influence

Objectives of the system: product
Ensemble of processes

With interactions one another material
exchanges (masses, energies, areas...)
called intermediate flows

The system has material exchanges
with its outside called elementary flows

« allocation » rules delimit the system
according to the system’s objective
(product)

Levels of organisation: each process
can be a system

The system complies with mass and
energy conservation

The calculations of Life Cycle Assessment of Products

ECOSPHERE(?)
“—-BACKGROUND -
Elementary flows = ?ISTE”"”
(rejects and withdrawals) R COREGROUND
serve to assess the different E'eff?;xiarv SYSTEM®©

types@ of environmental
impacts of the product
in the ecosphere

using indicators®)

Process

Intermediate flow

Product

(a) Impacts categories
(b) Quantified representation of the impact category depending on quantified values of elementary flows

Intermediate flow | ;

i Intermediate
flow

i
'
'
i
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The aim of product LCA models

Standard(@) practises

» Compare products according to
environmental indicators

» Compare life cycle phases of a product
according to environmental indicators

» Compare process contributions to
environmental indicators

We need to reconcile LCA with its theoretical roots to answer important questions !

(a) ISO 14040 — European Environmental Products Declarations

General system theory

Consider the system'’s objectives

Modeling structure for studying interactions:
the aim of this type of model is to study the
system itself and its behavior in the face
of internal or external changes.
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The aim of product LCA models

Standard(@) practises

» Compare products according to
environmental indicators

» Compare life cycle phases of a product
according to environmental indicators

» Compare process contributions to
environmental indicators

(a) ISO 14040 — European Environmental Products Declarations

General system theory

Consider the system'’s objectives
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Objectives of the human systems (in general) are NOT products

Clarifying concepts

In product LCAs, wo don‘t really compare products

We compare their functions, i.e. the service(s) provided to

the humans by the products.

« Conditions of use are specified, enabling a representative
situation to be defined.

«  We quantify the function(s) in the form of a functional unit.

«  We then express the quantity of Products required to fulfill
the function, in the form of a reference flow(s).

Restricting LCA to product evaluation

« prevents us from asking the question of the usefulness

of products for society

« prevents us from looking at functionalities of the
producing organization others than those of the
product itself

- prevents us from examining how the organization of
the system is linked to its objectives

Consider multiple objectives of human organisations and link them to the system model

Attributes of the Situation 1 Situation 2

function

Usage conditions Hicking in the mountains Daily usage during meals

Action verb Contain Contain
Noun upon which Freshwater Freshwater
the action is

conducted

Representative A few days to a few weeks 1 year

duration of the
function

Other aspects Resistance to shocks, cork,

lightness...

Transparency, washable...

Functional Unit 1.5 L water/day/personn 1.5 L water/day/personn

(FU) during several days (weeks) during a year
Compared Metal Polyethylene Glass Polyethylene
products ™

(ﬁ .
Reference flow << 1 (asingle 1 bottle per 1 bottle or 365 bottles (1
= amount of gourde hicking carafe bottle per day
product to fulfill during many per personn)
the FU hickings)
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Objectives of human systems are multiple and changing

Example of the forest

- Employment
- Provide paths or routes

Recreational

- Hiking and Walking
- Motorbiking

- Mushroom collection
- Hunting and fishing

- Element of the Landscape
- Awareness of the Species
- Human Satisfaction

&

Biodiversity

- Variability within the same species
- Diversity of habitats (ecosystems)
- Diversity of Species

- Deadwood management

N ﬁ&/

Wood production

- Harvesting the timber
- Deadwood management
- Productivity of the biomass

Today LCA is restricted to
wood production

- Regeneration of plants
- Growth of trees
- Protection against the insect pests

Identifying objectives of forest management
practises
Reflecting each objective by quantified

indicator(s)
Modeling objectives: expliciting links between
forest management practises to their objectives
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The aim of product LCA models

Standard(@) practises

» Compare products according to
environmental indicators

» Compare life cycle phases of a product
according to environmental indicators

» Compare process contributions to
environmental indicators

(a) ISO 14040 — European Environmental Products Declarations

General system theory

Modeling structure for studying interactions:
the aim of this type of model is to study the
system itself and its behavior in the face

of internal or external changes.

, (4 Université
Gustave Eiffel

What about the aim of system modeling according to general system theory ?

ECOSPHERE()

BACKGROUND
SYSTEM(®)
2 " FOREGROUND  ~“~.__
Elememeary SYSTEM(©)
flows .~

44_,_,

@ pitess |

Intermediate flow  Intermediate flow\ Intermediate ‘
! ; flow

Product

Prospective LCA

» Changes in the background provoke...
+ ...changes in the foreground
» General evolution scenarios

+ Stock and time effects: rarely accounted

» Territorial context: never accounted
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ECOSPHERE®)

BACKGROUND
SYSTEM(®)

- “ FOREGROUND
Elemen,tary SYSTEM(©)
roWs

Intermediate flow  Intermediate flow\ Y Intermediate ‘
i : |

: flow
y
mark
et
Product
TECHNOSPHERE“’)

What about the aim of system modeling according to general system theory ?

Consequential LCA

Changes in the foreground provoke...
...changes in the background
General evolution scenarios

Stock and time effects: rarely accounted

Territorial context: never accounted
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What about the aim of system modeling according to general system theory ?

ECOSPHERE()

BACKGROUND
SYSTEM(®)

S~ “ FOREGROUND
Elemervear SYSTEM(©
roWs

%@

: Intermediate flow  Intermediate flow\ Intermediate
: H ; flow

]
mark ‘

et
Product

Constraint LCA ?

Changes in the ecosphere provoke...
...changes in the technosphere
General evolution scenarios

Stock and time effects: rarely accounted

Territorial context: never accounted
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Examples
Establishing scenarios with appropriate stakeholders

’/Changes in the foreground h ' Changes in the background :

The french regulation RE2020 favors bio-based

More wood is used f materials for new buildings in the construction sector

in new buildings

More shavings are available on the market

Less concrete in
More biomass energy e

. new buildings

Exploitation of new species 0

hanges in the ecosphere

Less pine wood resource Ecosystems modifications 0

R“

Decrease of photosynthesis and of absorbed CO, from atmosphere

)

Decrease of CO, in atmosphere
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Multiple impact

LCA is not limited to products

categories
— y
Standard 1SO 14064-1 Phases of N
. B Greenhouse gases the life cycle
£ i '\'ra“s“'-‘o“ B
é LCA* @ s ﬁ? 4/
,,_m‘l'& territories —

Product category rules (sectors)

Building sector
Norme EN15804 FDES

RE2020

Standard
ISO 14040

Standard ISO 14067
Carbon footprint

The large methodological family of
Life Cycle Assessment
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* https://doi.org/10.3389/frsus.2022.801668
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The whole forest wood value chain as a studied object

&

Sufficient modelling of today...

Dynamic, prospective, consequential, constraint

to enable study of possible tomorrows...
 Possible external changes from ecosphere ?
+ Possible external changes from background ?
« Effects of foreground changes (i.e. innovations) ?
- Effects on objectives of stakeholders ?
« Effects on system ?
« Effects on environmental impacts ?

Structuring a global toolbox to enable standard LCAs, but also investigating
evolution strategies, effects of changes and innovations
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Propositions d’une dynamique collective de travail: boites a outils open source
pour la communauté

1. Forét
a) Modélisation ACV dynamique de la gestion forestiére en lien avec les objectifs de la forét
b) Prise en compte de la biodiversité:
« modélisation des liens entre gestion forestiére et biodiversité,
+ Indicateur dynamique de biodiversité
+ Services écosystémiques de la forét
c) Modélisation de la ressource forestiere: biomasse, influence du changement climatique,
influence de la gestion forestiére, essences
2. Fonctionnalités du bois: caractérisation des fonctionnalités possibles par essences
3. Processus de transformation du bois
a) Modélisation ICV détaillée des opérations unitaires de transformation du bois
b) Collecte et partage de données ou modeles ICV systématiques sur les procédés innovants
4. Modélisation et analyse de filiéres
a) Analyses flux matiére (par territoire, par essence), couplage avec ACV
b) Méthodologie d'analyse de contraintes et comportement socioéconomiques des acteurs de la
filiere
c) Méthodologie d’élaboration de scénarios pour des solutions de transition
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Questions - avis — discussion — organisation

Contenu du GT
20 min

Groupes selon les Organisation du GT

sujets - volontaires ? 15 min
_ volontaires ?

, i ?

Ebauche : idées, Pilotage
objectifs, plan d'action

Types d’actions : articles, Aspects pratiques: espaces de
Autres - projets, webinaires, partage, liste diffusion, plateforme
sujets...? — formations...? numérique

Communication externe et interne
Trace écrite
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THANK YOU FOR YOUR
ATTENTION

Gustave Eiffel

anne.ventura@univ-eiffel.fr
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