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Contextual information about the course

G_l Whenever possible the course will be taught in a dual-mode:
face-to-face and broadcasted via an online platform.

CJ\D\ The Moodle online platform is used as a repository of course
documents.

— The courses will also be recorded (whenever possible) so
iH./— that participants can also follow up in asynchronous mode
- (on demand only).

@@ The final exam will require a physical presence

CIRAIG



On the agenda today

* Presentation of teachers and students

* Presentation of the syllabus

* Introduction to the LCA project

e  Why LCA?

* High level introduction, familiarisation with the concept of life cycle

e Concluding remarks

CIRAIG



International Research Consortium on LCA and Sustainable Transition
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SUSTAINABLE NET-ZERO

A

ENVIRONMENTAL & INNOVATE, SOCIETY,
SOCIOECONOMIC COMMUNICATE,
IMPACTS

MATERIALS &
OPERATIONALIZE ENERGY
SYSTEMS

DEVELOP REVEAL
:Egtlar;:}[;r;;if:;feﬁzls and s U P P 0 RT optimal sustainable

e transition pathways
decision-makers for a
sustainable transition

CIRAIG consortium: Five years research program started in 2022

CIRAIG



Professors / teachers

 Manuele Margni, Prof. HES-SO Valais, Polytechnique
Montréal, CIRAIG, academic guest EPFL

* Life cycle assessment and sustainability metrics
* Co-responsible of the course

* Frangois Maréchal, Prof. EPFL, IPESE
* Process and Energy Systems Engineering
* Co-responsible of the course

CIRAIG



Note on the teaching team

7

e Soline Corre
PhD student at EPFL VS (IPESE)

 Dareen Dardor
PhD student at EPFL VS (IPESE) & HES-SO Valais Wallis

e Gabriel Magnaval
PhD student at Polytechnique Montreal & HES-SO Valais Wallis

* Sanjay.Venkatachalam
PhD student at EPFL Valais (LFIM)

Support from additional coaches for the LCA project:
Dr. Eleonora Crenna, Dr. Jocelyn Roth, Dr. Wen Du, MSc David Zenhausern

CIRAIG
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On the agenda today

* Presentation of the syllabus

CIRAIG



Syllabus

GENERAL OBIJECTIVES of the course (summary — complete list in the syllabus)
e Gather a theoretical understanding of LCA

* Analyze, interpret and criticize results of an LCA

e Performan LCAfromAtoZ

Pedagogical organisation of the course

* Lectures on LCA theory

e Labs (calculations using LCA software & databases and by hand)
 LCA project performed in a team of students

CIRAIG
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Syllabus

See the course plan on Moodle

11
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Syllabus — Learning assessment

LCA PROJECT = 50%
PRELIMINARY DELIVRABLE: Oral & Report (10%)
FINAL DELIVRABLE: Oral & Report (40%)

IMPORTANT: The overall evaluation of the LCA project by the teaching team
will be tailored to each team member based on peer evaluation (from
team members)

FINAL EXAM = 50%

IMPORTANT: A minimum grade of 3.5 over 6 is required in the final exam,
otherwise, the grades for the project will not be considered and a failing
grade is assigned

CIRAIG
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Readings

NORME ISO NORME ISO

INTERNATIONALE 14040 INTERNATIONALE 14044

Management environnemental — Analyse

Management environnemental — Analyse du cycle de vie — Exigences et lignes

du cycle de vie — Principes et cadre directrices

Environmental management — Life cycle assessment — Principles and Environmental management — Life cycle assessment — Requirements
framework and guidelines

CIRAIG
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LCA textbooks

Olivier Jolliet = Myriam Saadé-Sbeih
Pierre Crettaz » Nicole Jolliet-Gavin
Shanna Shaked

Analyse du cycle de vie

Comprendre et réaliser un écobilan

| ENVIRONMENTAL
'LIFE CYCLE | . %

ASSESSMENT ™

Al & o A\
oy

armsse s ~Olivier Jolliet 7§
. 'Myriom Saadé-Sbeih
“&1  Shanna Shaked

- Alexandre Jolliet =

« & Pierre Creftoz

Freely available at: hitps:/doi.org/10.1201/b19138

CIRAIG


https://doi.org/10.1201/b19138

LCA textbooks

Freely available at:
https://link.springer.com/book/10.1007/978-3-319-56475-3

CIRAIG


https://link.springer.com/book/10.1007/978-3-319-56475-3
https://link.springer.com/book/10.1007/978-3-319-56475-3
https://link.springer.com/book/10.1007/978-3-319-56475-3
https://link.springer.com/book/10.1007/978-3-319-56475-3
https://link.springer.com/book/10.1007/978-3-319-56475-3
https://link.springer.com/book/10.1007/978-3-319-56475-3
https://link.springer.com/book/10.1007/978-3-319-56475-3
https://link.springer.com/book/10.1007/978-3-319-56475-3
https://link.springer.com/book/10.1007/978-3-319-56475-3

MOOC: introduction a I’analyse du cycle de vie

CIRAIG

COURS EN LIGNE

Introduction a I'analyse du cycle de vie

Le cours en ligne d'Introduction a I'analyse du cycle de vie vous permettra d'apprendre ce qu'est la pensée cycle
de vie, d'adopter la vision systémique et de savoir calculer et interpréter 'empreinte environnementale d'un

produit, d'un service ou d'une technologie.

EN SAVOIR PLUS

S'inscrire au cours

POLYTECHNIQUE ¥

CI RAI G MONTREAL

UNIVERSITE _
D’INGENIERIE &
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Tools

LCA Software: OpenLCA ( )
Life cycle inventory database: ecoinvent v3.6
Communication tool / document transfer: Moodle

Zoom for video lectures (whenever possible)

) CIRAIG


http://openlca.org/

Support

Questions? Doubts?
Step 1: Ask the question to your colleagues on Moodle Forum (we also answer)
Step 2: Teaching assistants by appointment

Step 3: Teachers

CIRAIG
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Show how the DDISOO03E is organized on Moodle

20
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On the agenda today

* Introduction to the LCA project

21
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LCA Project

e Most important part of the course
e Perform an LCAfromAtoZ
e Teams of 4-5 students =2 11-12 teams MAX

e [t's possible that we force members into teams

CIRAIG
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Choosing the subject of your LCA project

e Comparison of products / services

e Prioritize subjects...

e That you are passionate about

e For which you have access to data

e Within a clear context

e That are important to you and on which you already have some knowledge
* Avoid subjects...

e With obvious conclusions

 That were already studied many times

* That are too complicated or complex
 We will validate the subjects with you

CIRAIG
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LCA project

e Groups (4-5 students) shall be formed and project proposals approved by the
end of the course on week 3.

e Submit your project proposal:

e Register your project in the « LCA project » section of Moodle
“Registation of LCA group projects”

e Ask teachers to validate the project and the group

e Use course breaks and Moodle forum
e to select and create a group / suggest a project topic

CIRAIG



On the agenda today

Why LCA

25
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Going beyond environmental intuition
PART 1

CIRAIG



Our intuition: zero waste

Wrapped or no?

DILL Cleimgg -

BT

5 w0 S0

—

W | e

creates food waste




Our intuition: zero waste

Why are cucumbers wrap in plastic?

Consommation d'eau = Emissions de CO;

consommation d'eau &missions liges
pour la culturela fabrication, 4 la culturela fabrication,
le lavaqe, le transpart, au lavage, au transpart,
‘ la gestion des déchets, etc. 4 la gestion des déchets, etc.

375
litres

0,02 10g
litre Co:
— =
emballage emballage
concombre plastique concombre plastique
http://www.letstalkplastics.com/fr/facts/a-t-on-vraiment-besoin-d-emballer- C I RA I G
les-concombres-dans-du-plastique o
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Our intuition: zero waste

Why are cucumbers wrap in plastic?

A Environmental impact benefit
(kg CO,-eq [/ 1 tonne cucumber sold)

https://www.frontiersin.org/articles/10.3389/fsufs.2022.750199/full

—
h
=

100

50

""""""""""""" = Current scenario:
g | Plastic wrapping
, « : reduces food
break-even point oY from 9.4% to 4.6%
- AW =1.1% v&a‘ | -
\ P |
« 1t
|
i 2
I
0 1 2 3 4 5 6

Reduction in food waste (AW, %)
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https://www.frontiersin.org/articles/10.3389/fsufs.2022.750199/full

Our intuition: no single use

Banning single-use grocery bags?

Number of use to be equivalent to PP tissé +  Polypropyléne (PP)
single-use bag S Estiue 715

— y . . Faobrigué en Chine
[En nombre d'utilisation équivalent ou soc de plastique conventionnel)

29715 Sonté humaine
M Qualité des écosystémes
2 350 M Utilisotions des ressources fossiles PP non tissé *  Polypropyléne (PP)
M Abondon dans I'environnemeant * Plostigue # 5
2925 * Fabrigué en Chine
. Plostigue =  Polyéthyléne houte = ~ * Fait @100 % en
! conventionnel densite (HOPE] 725 plastigue recycle
* Plastique # 2 postconsommation
{ * Abretelles 700
J * 17 microns q -
Fabriqué ou Canada i J - Coton Fobrigué en Chine
100 o Sl
% | |
50
Sac écocongu = Polyéthyléne (PE)
25 [soc Credo) *  Plostigue #1
l *  Fabrigqué ou Québec
i} (6 Montréal)
PP tissé PP non tissé PET Eco PET Eco Coton *  Fgit d 100 % en contenu
Congu Congu
50/50 10040 recycle

https://www.recyc-quebec.gouv.qc.ca/sites/default/files/documents/acv-sacs-emplettes-faits-saillants.pdf
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Our intuition: buy local

... or/and seasonal?

IMPACTS ENVIRONNEMENTAUX
DE LA CULTURE DES TOMATES

Suisse, serres chauffées, récolte mai & juillet

Suisse, serres chauffées, récolte juillet & aolt

Suisse, serres chauffées par rejets thermiques d’UIOM

Transport
Chauffage

Tunnel/serre

Espagne (Almeria), tunnels (non chauffés) AUtTes Ginissions

Consommation d’eau
= Emissions pesticides

Emissions engrais

Suisse, tunnels (non chauffés), récolte aoQt & octobre
——— marge d’incertitude

l | | | | | | | | | | | 1 | | | | | | | | | |

UCE/kg
| detomates

0 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750

3000

400 unités de charge écologique (UCE) = trajet d’environ 1 km en voiture

Source : Carbotech, selon méthode UCE 2021



Our intuition: zero emission
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Our intuition: zero emission

5

I 65%
3
2

#)]

¥ End of life

“ Vehicle use

Climate change

(x 10* kg éq. CO2)
I

“ Transport from manufacturing to car user

Changement climatique

B Battery production

1 . B Production of car components
0
Véhicule électrique Véhicule conventionnel
P~ -
ore Ll
For 150,000 km (Functional unit) CIRAIG

(CIRAIG, 2016; http://www.hydroquebec.com/developpement-durable/centre-documentation/acv-vehicule-electrique.html2016) 35



Comparison electric vs. conventional car in Québec
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Comparison electric vs. conventional car in Québec

Trends are reversed for the indicator « depletion of mineral resources»

Epuisement des ressources minérales

(x 10%kg )

1.8
1.6
14
1.2

=

Véhicule électrique

t 25%

Véhicule conventionnel

(CIRAIG, 2016)

M Fin de vie

M Utilisation du véhicule

M Transport du lieu de production
vers |'utilisateur

W Production de la batterie

W Production des piéces du véhicule

CIRAIG



Electric vehicles vs conventional vehicles in other context: France and Germany

Variabilités du potentiel de changement climatique Variabilités de la consommation d'énergie primaire totale

45000 700
- 40000 600
g

35000
2 = 500
w 0
Z 30000 £
£ "
£ 2 400
5 25000 2
= E
£ 20000 £ 300
g 2
2 g
E 15000 & 200
z
E 10000 -
2 100 e
£ 5000 -

0 t f t f . t f . t { f t . i
0 ' ' ' ' ' ' ' T ' ' (ADEME, 2013) 0 20 000 40 000 60 000 80 000 100 000 120 000 140 000 T 160 000 180 000 200 000
0 20 000 40 000 60 000 20 000 100 000 120 000 140 000 160 000 180 000 200 000 i
Distance parcourue [km]
Distance parcourue [km]

Durée de vie de référence = 150 000 km

= — Durée de vie de référence = 150 000 km
Lot | ver [ vean |

Conventional  Electric vehicle
vehicle



LCA of electricity production

Lifecycle GHG emissions, in g CO: eq. per kWh, regional variation, 2020
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Uited Nations (2022). Carbon Neutrality in the UNECE Region: Integrated Life-cycle Assessment of Electricity Sources, Geneva.
https://unece.org/sites/default/files/2022-04/LCA 3 FINAL%20March%202022.pdf
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Why is LCA useful in sustainable production & consumption?

It helps with decision-making to reduce environmental impacts
It allows us to go beyond our intuition and « rules of thumb »

CIRAIG



Why take a « life cycle » approach?
PART 2

CIRAIG



Need for a life cycle perspective

Zero emissions?

<
N

|
m C I
. N
A B
NN
>

Or emissions elswere?

CIRAIG



The balance of an ecosystem

. . depends on the health of all its parts
Need to assess several environmental impacts o R T

Avoid burden shift from one environmental issue to another

7
. . o kg OF 1 7k
Example of refrigeration systems 70 resp 'Cre 9ofy,.
550/( 0/70'3 o a)
C

Created by HeadsOfBirds
mmmmmmmmm

Chloromethane,

Sulfur dioxide, CFC HCFC HFC
Ammonia
[| 1950 : 1087 2010's
" > | — il — il
| =

45 Ozone depletion Ozone depletion Ozone depletion




Avoid burden shift 2 Don’t put off the problem!




LCA is based on 2 principles to avoid burden shift

1st principle = 2nd principle =
Life cycle approach Multi-indicator approach
== wwy Wimpacts

Acquisition Fabrication Distribution Utilisation Gestion en
de fin de vie
ressources

Impact 1 Impact 2 Impact 3

- Impacts before
CIRAIG

- ' Impacts after —

—————



Provide an example of burden shift

ross lif I ? :
Across lite cycle stages Between environmental problems?

CIRAIG
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LCA vs. other environmental assessment tools

Life cycle assessment (LCA) = methodology to
quantify all the potential environmental impacts of a
product or a service all along its life cycle

# Risk analysis and EIA

Gl N N NN
<HH
4

el

& [ - |

CIRAIG



LCA, what is it for?

LCA is a tool to inform decision-making related to environmental aspects

T

Explore scenarios

i |

Inform decision-making

Ecodesign during R&D stage
Technological choices
Supplier choices

Strategic decisions

Public policies

Marketing/ Labeling

CIRAIG



What do we do with LCA results?

Identification of « hotspots »

Identification of activities and life cycle
stages or environmental issues with the
greatest contribution to impacts

CRADLE TO GRAVE CLIMATE CHANGE IMPACT

PERCENTAGE BY PHASE

FIBER
9%

FABRIC

PRODUCTION CONSUMER CARE
27% 37%
TRANSPORT,
CUT, SEW, FINISH LOGISTICS, RETAIL
8% 1%
SUNDRIES & PKGHS END OF LIFE
5% 3%

CRADLE TO GRAVE EUTROPHICATION
PERCENTAGE BY PHASE

TRANSPORT,
LOGISTICS, RETAIL

7%
END OF LIFE
7%
SUNDRIES & PKGNG
16%
FABRIC
PRODUCTION CUT, SEW, FINISH

1% 6%

CRADLE T0 GRAVE WATER CONSUMPTION
PERCENTAGE BY PHASE

SUNDRIES & PKGNG
CONSUMER CARE 29

23%
CUT, SEW, FINISH
19%
FABRIC
PRODUCTION

6%

CRADLE TO GRAVE LAND OCCUPATION
PERCENTAGE BY PHASE

CONSUMER CARE

16%
TRANSPORT,
LOGISTICS, RETAIL

1%
SUNDRIES & PKGNG
4%

FABRIC
PRODUCTION

2%

http://levistrauss.com/wp-content/uploads/2015/03/Full-LCA-

Results-Deck-FINAL.pdf

Comparison of products or scenarios
Identification of best or worst options

THE CLIMATE CHANGE IMPACT OF CONSUMERS WASHING AND DRYING THEIR JEANS
VARIES GREATLY DEPENDING ON WASHING FREQUENCY, METHODS, AND EQUIPMENT

CLIMATE CHANGE IMPACT FROM ONE YEAR OF CARE

CONVENTIONAL WASHING MACHINE
14.58

Kg CO.e

USE DRYER LINE DRY USE DRYER LINE DRY

WASH IN WARM WASH IN COLD

. WASHING WEEKLY
. WASHING BI-WEEKLY

st vouTaLY
EFFICIENT WASHING MACHINE

Kg CO.e

USE DRYER LINE DRY
WASH IN COLD

USE DRYER LINE DRY
WASH IN WARM

Fr LEVISTRAUSS & CO.
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Eco-design

« Systematic integration of environmental aspects in the design and
development of products (goods and services, systems) with the
objective of reducing negative environmental impacts throughout
their life cycle for equivalent or superior service [...] ».

Norme NF X 30-264

CIRAIG



A bad example of design

« Nestlé abandons Cailler packaging: [...] sales of the redesigned chocolate [...]
dropped by 31% »

Quotidien Le Temps, 27 January 2007

« The Consumers’ Federation of French-speaking Switzerland notes that they
have a five times greater impact on the environment in terms of CO, when

burned » C|ﬁA|G
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Design of a new baby
food packaging

T J Lk Dl Assems
00 DIVl 36T 3055

CASE STUDY

Life cyele assessment of two baby food packaging
alternatives: glass jars vs. plastic pots

Hehastien Humbert - Vinemt Rossi - Manuele Margni-
Uilivier Jolliet - Yves Loerineik

Roosval 21 Auguae X8 Mocgeal 3 ek X068
T Sprm -Vt 200

Alsiract

Backgrownd, aim and scope This papes comparss e life
evde ammemmant {LCA) of fvo packaging altsmatives mad
for balky food prodocad by Nesié: plastic pot and glass jar
The stady cormiders the awimnmenta] mpacs ssocirad
wilh prhkagmg sysiems med o provide one baby food
meal i Fance, Spam, and Gemnany @ 2007 . I addision,
abernaie logistical scemamios are comsiderad which are
mdependend of the two padmgmg opficss. The g
padagmg ste & scledtad as the bhasis for this stady. Tao
otber packagmg sizes are msessed W Se sessitvEy
aralysis. Becamse msakis we misnded fo be diclosed o
e pablic, S stady mdawent a ool review by m
exiemal panel of LCA expesis.

Mawwialy and methods The LCA & performed = accor-
dance o fhe nfematonal standards 130 14040 and 130
14044 The pxchaging sysems mchde fe packaging
prodaction, e product assemibly, fe pressrvation process,
the dstibotion, and #e padcaging endooflife. The pro-
duction of S content {bedom preservation process), as well
as e wee phase are not ke ino account s they mre
corsiderad not to change when changing packaging The
versony B hased om dat obmaimed fmen S baty food
prodocer and e spplies, dma from &e scimdfic
ltemarare, and dma fom e ecolnvent daubase Special
care i taken to implament o system exparsion appmach for
endoflife open ond cosad loop recyclimg amd ememy
prodaction (B0 14044} A comprebensive impac assass-
ment is parformed mwing ravo life cycle impact assessment

medodologien: IMPACT 2002+ and (ML Z001. An
ataaive wmcestamty aralysis usng Monte Carle & well
& an edasive seaivily siady are performed on Se
mverdory and the refemnce flows, respactively.

Rerafer Ween booking @ Sie mpacts doe fo peservaion
pecems and packaging (considening idemtionl] diswivation
distarces), we observe o small b signifiant envion-
menda] benefit of S plistic pot systam over S ghs jor
sywem. Dvpending on the comming the mpact & mducad by
14% o ITh for primary emargy. 28% o 1% fr ghtal
warming, 1% to 1d% for respratory morganics, and %
o 3% for esesrial addificationmamifioton. The emi
mnmerndl banefit asocied with e dumge m packaging
mamly resalts fom (1) prodecton of plstc pot (mcbading
its endofdife; 43% to 51% of wotal bemefi), (b) lighter
weight of packagimg posithvely mpactmg mnspostation
(e so 35% of sotal bamefi), and (o) new poesencation
pocess pemmimed by Se plitc svstem (239 to 34% of
todal bemedif) The jor or pot (mckadmg cap or hd, chaster,
swach film, and label) repmsenss appocoimasely half of e
life cycle mmpaas, e logitics approcimasely ore foarh,
and the rest Gespecially onesite eergy, tmy, and hood) ane
e

Descwrsion The sersitivity analysis shows Sat assampsons
mads in e baskc soemarics e b consenvative for
plstic pots and that e comchasions for the 200z
pkagmg ste abo apply fo ofer packagimg soes. The
wmceraimdy snalyss paformed om S mvetory for e
Cenman mascs sitaaton shows Sar dhe plistic pot system
Fas s impact fan e glaw jor svsiem while conmidening

Ropmikic alur W ik
5 Hisnlbaze( 0 - V. Rows - M Maga - O Jolba -V Locsack
Fisisiemiops—Life Cpide Sysienm Siel, FEE-A, FFFL,

CH-1015 Lassme, Switozlad

el schumen, ke oocn e ol

Pubiched mmline: 20 January 2004

i b son distances with o confidence level above
9% for most impact cmegories. Theare & oppomtamily for
wad, sach m by mducing distriestion distances while still
optmiing kot sme. The validiy of @ mam concksions
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Plastic pot system with current logistics
has longer transport distances

0.2

0.18

0.16

0.14

0.12

Global Warming Potential

/ Glass Jars Plastic Plastic Pots,

[ Plastic has less impacts to produce

Pots,current  optimized

(for weight in package) logistics logistics
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With “optimized” logistics
network, the plastic would have
an even greater advantage

200g, German Market
B Recycling and heat
recovery
Distribution (foad)
Distribution (packaging)

On-site Processes

B Packaging Materials




Life Cycle Assessment

LCA is regulated by ISO norms 14040 and 14044
Impact assessment based on best available science
Widely used as a decision making tool in R&D, companies, government, etc.

Yes, LCA has limits
* It’s a model of reality
* |t assesses potential impacts, not real impacts ‘

BUT still useful because there is no other way to assess the impacts for all life
cycle stages and for all impacts

- LCA provides valuable insights

CIRAIG
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Different Life Cycle approaches toward sustainability

/ Life cycle \
sustainability

assessment (LCSA)

https://www.lifecycleinitiative.org/start
ing-life-cycle-thinking/life-cycle-
approaches/life-cycle-sustainability-
sssssssss t/

CIRAIG
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On the agenda today

* High level introduction, familiarisation with the concept of life cycle

CIRAIG
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Technosphere and Ecosphere

Technosphere Ecosphere
All human activities (production, The natural environment, including
consumption, processing, etc.) living organisms (biosphere), air,

water, soil, and their natural
resources (renewables or not)

Technosphere

Ecosphere

4
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Elementary flows

« The ecosphere is the source of all raw materials used in the
Technosphere

« The ecosphere is the sink for all the emissions from the
Technosphere

... these links or exchanges between the two spheres are called
Elementary flows (or environmental interventions)

Emissions
Technosphere Ecosphere
Elementary
flows ,
Resources

CIRAIG



Technosphere
Elementary processes

smallest element
considered in the life cycle
inventory analysis for which

input and output data are @ @ @
quantified

Emissions

(energy, material, — process — (goods or services)
services...) —

il

Resources

P> |ntermediate (or

@ 6 % ,:é} t economic) flows

Elementary flows
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Product system— Simplified representation

Definition (ISO 14040)

« Set of elementary processes
comprising product flows [...],
fulfilling one or more defined
functions, which serve as a
model for the life cycle of the
product»

o ————— ———— —— —— — —— — — — e —

| |
l I
| .

: Energy |< Extraction :
|

| ! :
|| Transport |< » Production :
|

. ! |
|

: Use :
| |
| |
l I
| |
| |

Recycling/_J |_ .
reuse Disposal

T T T T e T T T T T e T T

Technosphere

Function
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Product system— Realistic representation

il
i ——rtt)

Function
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Product system

The product system is an integral part of the Technosphere
* |t mobilizes part of the activities of the Technosphere
* |t exchanges elementary flows with the ecosphere

Technosphere

Emissions

Elementary
flows

Resources

Ecosphere

4
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Conceptual model - summary

In summary, an LCA consists of:
1.Defining the product system (activities linked to a product / service)

2.Calculating all the exchanges between the product system and the environment
(elementary flows)

3.Calculating the potential environmental impacts associated with these elementary
flows

Technosphere

Emissions

Ecosphere

Elementary

flows ,

Resources

CIRAIG



International standard 1ISO14040

/ LCA framework

Goal and scope definition of
the study

Life cycle inventory analysis

Life cycle impact assessment

Interpretation

/ Applications

Product development
and improvement

Strategic planning
Public policy
Marketing

Others

o

~
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Reminder: Conceptual model

The world is divided into two sphere which interact through elementary flows

Technosphere

Emissions

Ecosphere

Elementary

flows ’

Resources

(2 O

LCA deals with these elements in three distinct phases

CIRAIG



1. Goal and Scope definition of the study

Emissions
Technosphere
Elementary
flows
Resources
/ LCA framework
6 Goal and scope definition of
Within the Technosphere, LCA is the study

interested in a particular product system,
which will be defined during the first
phase of LCA

Life cycle inventory analysis

Life cycle impact assessment

Interpretation

/ Applications \

Product development
and improvement

Strategic planning
Public palicy
Marketing

Others

o J
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1. Goal and Scope definition of the study

A product system is made up of a series of « elementary processes»
« Basic elements of a product system

* Elementary flows: emissions/resources exchanged directly with the environment

* Intermediate flows: products or services exchanged with other elementary processes
OR representing function under study

& &£ @

Emissions

111t

Elementary
process

i

Resources e |ntermediate (or

@ 6 :g Ié » 6¢ economic) flows
= b T Elementary flows

Purchases
(energy, material,
services...)

Supplied products
(goods or services)
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1. Goal and Scope definition of the study

Each elementary process requires the product of other elementary processes within the
product system

System
boundary

\

Function

/

5
r
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2. Life Cycle Inventory (LCI)

Emissions

aaaaaaaaaa

Elementary

flows

Disposal
reuse ”

The life cycle inventory records the

Resources

O

elementary input and output flows of

the product system

O

/ LCA framework

Goal and scope definition of
the study

Life cycle inventory analysis

Life cycle impact assessment

Interpretation

/ Applications \

Product development
and improvement

Strategic planning
Public policy
Marketing

Others

o J
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2. Life Cycle Inventory (LCI)

« Life cycle inventory phase involves the compilation and quantifications of inputs and
outputs, for a given product system during its life cycle» (ISO 14044)

QDO

Emissions

1t

Elementary
process

i

Resources

7 6 & = *

Elementary flows for an elementary
process

Elementary flows for each
elementary process
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2. Life Cycle Inventory (LCI)

LCI = sum of elementary flows of each process (scaled to the functional flow)

s X XXXl R RIS Y.

Functional
flow

1 E
¥

IXEIEEEIEERISERISRRESRRTIR R Y.
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2. Life cycle inventory (LCI)— concrete example
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3. Life Cycle Impact Assessment (LCIA)

Emissions

Elementary
flows

« Life cycle impact assessment phase
intends to understand and assess the
magnitude and significance of the
potential impacts of a product system
on the environment during its life
cycle» (1SO 14044)

Resources

e

4
)

/ LCA framework

Goal and scope definition of
the study

Life cycle inventory analysis

Life cycle impact assessment

\

Interpretation

Ecosphere

/ Applications \

Product development
and improvement

Strategic planning
Public policy
Marketing

Others

o J
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3. Life Cycle Impact Assessment (LCIA)

Problem category Damage category

Climate change

Photochemical oxidation o\
1 \
@ : - \
\
R
1 § \
% : (% o)) ‘\
I - = \
- . Ecosystem 'S B :
: | = U
quality e /
6 1Q > I’
: S
:_élé : o ,’
W= Resources ! g
and sercices (R ]
ecosystem ¥
1
/




4. Interpretation of results

Emissions
Technosphere Ecosphere
Elementary
flows ’
Resources
~
« The results of an LCl or an LCIA are ( LCA framework

summarized and discussed to draw

conclusions, recommendations, and
lead to a decision-making in Interpretation
accordance with the goal and scope
definition of the study» (ISO 14044)
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4. Interpretation of results

- To get impact scores, we make tens of hypotheses, and lots of calculations

- We need to put things in perspective, understand what the quantitative results
really mean in the context of decision making and in relationship to the question
asked by the commissioner (goal of the study).

CIRAIG
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Conceptual model and ISO 14040 analysis framework

In summary, an LCA consists of:
1. Defining the product system (activities linked to a product / service)
2. Calculating all the exchanges between the product system and the environment (elementary flows)
3. Calculating the potential environmental impacts associated with these elementary flows
4. ... without forgetting to interpret the results according to the goal of the study (ISO 14040)

Emissions
Technosphere > Ecosphere
Elementary Conceptual

flows ’ - model

Resources

-

Life cycle Life cycle impact 1ISO 14040
inventory assessment framework

Goal and scope

definition of the
study

CIRAIG



On the agenda today

e Concluding remarks

81
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Biggest strength of LCA: holistic dimension

e Takes into account « all » economic activities associated to a
product or to a decision.

e Takes into account a comprehensive set of environmental impacts
e This allows to avoid burden shifting

Value chain Multi indicators
1] 7 A
1V &
acquisition des /' ﬂ \ oo
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= 2N
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Life cycle thinking - Ethical question

e Who is responsible for the pollution?
e Why?

e What does it mean to be « responsible »?

83




Life cycle thinking - Ethical

« We produce products and
these products are consumed
by other countries, especially
the developed countries. This
share of emissions should be
taken by the consumers but
not the producers »

Li Gao, Chinas’s chief
climate negotiator,
2009

84

Production vs. consumption-based CO2 emissions per capita i

Consumption-based emissions' are national emissions that have been adjusted for trade. It's production-based
emissions minus emissions embedded in exports, plus emissions embedded in imports.

151

Switzerland - Consumption-based

10t

China - Production-based
China - Consumption-based

Switzerland - Production-based

0t

109 00 006 00 015 2021
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Conclusions

e Environmental issues usually lead to
e Emotional reactions
e Political speeches

A playing field for the dissemination of ideas, prejudice, power dynamics, etc.

 LCA doesn’t have the answer to these questions and though it is imperfect, it is:
 Science-based, data driven
* Holistic

* Nuanced, i.e. allows to identify trade-offs

 LCA s a diagnostic tool which tries to see things as they are and to put them in
perspective.

CIRAIG
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Conclusion

e LCAis atool to help decision-making
e LCA does not make a decision
e |t gives a vision of reality to inform decision-makers on the environmental dimension
e But decisions are based on:
e values;
e Ethical considerations, morals, beliefs (religious or other);
e Political ideology;
e Economics;
e Practical considerations

LCA does not have all the answers:

decision-makers shall assume their responsibility CIRALG
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Conclusion

ENVIRONMENTAL
LIFE CYCLE | _+.
ASSESSMENT

Reading suggested:

* Chapter1 e
e Chapter 2

* Life cycle assessment: past, present and future

Environ. Sci. Technol. 2011, 45, 90-96

|
ije [:ycle Assessme“t: Past. examples are baby diapers (pap

+ packaging (glass versus plastic
P[es,e“t' a]“l me It has been recognized that, f
a large share of the environment
of the product but in its proc

JEROEN B. GUINEE,* disposal. Gradually, the i rti
REINOUT HEIJUNGS, AND GJALT HUPPES cg:rsc;lfofapr::h;:t g}of:el\.'rzi?a'])al

Institute of Environmental Sciences, Leiden University, Leiden, an issue in the 1980s and 1990s. €

The Netherlands of life cycle assessment (LCA), tl
ation of the inputs and outputs

ALESSANDRA ZAMAGNI, PAOLO MASONI, mental impacts of a product systc
AND ROBERTO BUONAMICI (2, 3). InFigure 1, the emergence
Agenzia Nazionale per le Nuove Tecnologie, l'energia e lo by a literature count of LCA art
iluppo E i ibile, ENEA, Bologna, ltaly Governments all over the worl
Increasingly, LCA has become

TOMAS EKVALL AND TOMAS RYDBERG mental policy or in voluntary acti
Swedish Environmental Research Institute, IVL, the USA, Japan, Korea, Canada,
Gothenburg, Sweden booming economies as India ar

Along with the popularity o
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Group exploration of LCA concepts

Question 1: Environmental impacts of a product
e Choose a random product
e What should we consider in the evaluation of the environmental impacts of that product?

Question 2: Environmental comparison of the products
e What product could we compare the first one to?
e Repeat exercise 1 for the alternative product.
e How could we be sure that the comparison is a valid one?
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