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What is ecodesign ?

| Ecodesign :
_| Take into account environmental issues in products and processes
design.

It is a preventive approach, in order to lower future environmental
impacts from early steps of the process.

Integration of environmental impacts in design process

Technical feasibility

Customer needs

Costs management
_Environment
enscm
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« Taking into account environmental issues: design under
constraints

* How to realize ecodesign — Life Cycle Assessment

* LCA: a powerful tool for innovation, to be used correctly
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Constraints
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* Non renewable resources are decreasing
* Prices are increasing

= Need for renewable resources

» CO, emissions are increasing
+ Wastes volumes

= Objectives for reduction are increasing
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2000 : 6 billions humans
3 billions leaving in towns

2050 : 9 billions humans
6 billions leaving in towns

Sources : UNESCO
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2000 : 6 billions humans
3 billions leaving in towns

2050 : 9 billions humans
6 billions leaving in towns

Twice as many towns ?

es : UNESCO
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Global forecasts
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OPays en dev. : de 0,6 tep/hab en 1995, a 1, 2 ou 3 tep/hab en 2050

B Pays ind. : 4,7 tep/hab en 1995 et en 2050

c Sg)n Sources : IFP, Agence Internationale de I’Energie
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Directive 2002/96/EC — WEEE
(modified 2003/108/EC)
S Responsibility, collection, treatment
from 13/08/2005
Directive 2002/95/EC — RoHS
Restriction of Hazardous Substances
(Pb, Cd, Cr, Hg...) in EEE from

Regulation

REACH
Enforced 1/06/2007
Pre registration until

1/07/2006 1/12/2008
r'y /'y
Directive 2004/12/EC :
- . Objectives for recycling of
Dlrgctl.ve 2000/53/EQ - VHU packaging wastes from
Objectives for recycling of 31/12/2008
End-of-Life-Vehicle from 55% to 80% / weight
01/01/2015 : 'y
95% of valuation
85% of recycling and re-use
/'Y
2000 2003 2004 2006 2007 2008
N
gﬂiog&m Sources : Eur-Lex . CAILLOL

Answer to market needs
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IRSN Barometer sept07: environmental issues are in top3 of French

worries !
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How to perform ecodesign

In the design of products and services, we are under
constraints, forced to take into account environmental
issues, forced to ecodesign...

In order to « Ecodesing » a product or a service,

We are facing environmental questions...

ensocm

CHIMIE'ontpellier S. CAILLOL

To gain 50 t
emission
license of

Co,...
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To answer, we’d better take into account...

oY
LR

Recycling

~
Qfégﬂ Raw materials extraction
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End of life




...and realize Life Cycle Assessment

Inputs
Outputs
Each step is
decomposed in Quantification at
resources, j each step of
energy, surface gysct;rg bortder7 emissions in air,
consumption tudied sys erp water, ground
environmental system + damages
Inventory analysis
On site data collection or from data base
N
enscm Impacts Assessment
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...and realize Life Cycle Assessment

Iso 14040
Iso 14044

l—b

Inputs
Outputs
Each step is
decomposed in Quantification at
resources, j each step of
energy, surface gyscti?lg b0rdel‘7 emissions in air,
consumption tudie systerp water, ground
environmental system + damages
Inventory analysis Iso 14041
On site data collection or from data base
l | Iso 14042, Iso 14043 |
enscm Impacts Assessment |
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Impacts asses
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Class

Type

Geographic scale

Exhaustion of natural
resources

* Renewable R
¢ Non renew

le R

Global or regional

Green house effect

Ozone layer depletion

/

lobal

Toxicity and * Toxicity No h:
ecotoxicity * Acidific iO hier. archy of
* Eutrop mp&(‘ts m
Degradations * Noise
* Smell
* Visual
Physical degradation ¢ Desertification Local or regional
of ecosystems * Deforestation Local or regional
* N Biodiversity Regional or global

Outline

constraints

 Taking into account environmental issues: design under

* How to realize ecodesign — Life Cycle Assessment

* LCA: a powerful tool for innovation, to be used correctly
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Why LCA ?
P p— - — — — .
é\To identify main environmental impacts sources

To choose between two (or more) systems: for example fossil and biobased
|

Impact X @

Raw M Supply End of life !
Production Use

| CHIMIEWontpellier S. CAILLOL

Why LCA ?
P p— — — — — .
é\To identify main environmental impacts sources

To choose between two systems : for example fossil and biobased
e

Impact X : Impact X O
\

Raw M Supply End of life ! End of life
Production Use Fabrication Use

Innovation is created in looking for best solutions

er@ LCA: a powerful tool for decision
CHIMIEWSntgellier
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Renewable vs non renewable

Corn production

| Carn grain

Wet milling —

process Coproducts
*Caorn oil
Dextross «Corn gluten meal

«Corn gluten feed

PHA fermentation
and racovery
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4 4 35 Polystyrene

3 - 29 Mass to
mass

2 comparison
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PHA from corn grain

"
-

Global warming [kg-CO, eq. kg™"]

s

Biobased PHA has higher
environmental impacts (energy
3 and CO, emissions) than PS

Polyhydroxyalkanoate

CHIMIEWSntpellier Sources : S. Kim, B. Dale, Int J LCA 10 (3) 200-210 (2005) S. CAILLOL

Important parameter: scope of study !!!

| Corn stover
1

E-Y
L

Corn prod

| Corn grain | |

Wet milling —
process Copredusts
+Corn oil

«Corn gluten meal

Deatrase *Corn gluten feed

Polystyrene

. 29
Mass to
2 PHA from mass
corn grain comparison

and stover

PHA production

=

from comn stover
«Electricity
PHA fermentation *Steam

and recovery

I Export surplus

*Electricity

m—l «Steam

g
+o—g ~CH,—CH-+—
*

OITTIIT

0
-

%@

Biobased PHA has lower

3 environmental impacts
(energy and CO,
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CHIMIENgoMFGlior Sources : S. Kim, B. Dale, Int J LCA 10 (3) 200 - 210 (2005) s. calLLOL

11



Packaging chips LCA

k » Functional unit (FU) : packed volume
= The service and not the mass of material ™

Packaging chips From Starch From polystyrene

Functional Unit 100m3

Farming surface (ha-
year/FU)

0.18 -

Non renewable
energy consumption 28 39
(GJ/FU)

Non renewable

.(I)ﬂ. energy consumption 155 216

teoLe poLyTEcHNious | (GJd/ha-year)
FEDERALE DE LAUSANNE

Impacts (fossil — renewable)
Relative gain (%) = = (39-28)/39 = 28%
Substituted fossil

Starch: lower impacts !!

ensc f"nSources : G. HOUILLON, BG IC,
CHIMIE\Wontpel mo‘ JOLLIET, J KAENZIG, EPFL S. CAILLOL

LCA study of shopping bags Carrefour

I N - . N . — — |r '\))\", \r

% Identification, quantification and comparison of environmental impacts

__ of 4 different shopping bags from Carrefour:

' “Single use” polyethylene HDPE bag - 14L — non renewable
“Reusable” polyethylene LDPE bag - 37L — non renewable
“Single use” paper bag - 20L — based on renewable resources
“Biodegradable” plastic bag - 25L — based on renewable resources

Functional unit: ( 9

“to pack 9000L of goods in shops of the Group” Carvefoie
We do not compare one bag to another...but a service

ECOBILAN

Hypotheses 9000L :

= 45 visits per year in shops, 200L products by visit (80% cart)
- Nb of each type of bag / 9000L = Quantity of material

- LDPE bag reusable until 20 times...

ensocm
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Non renewable energy consumption

~ |
<
Non renewable energy consumption (MJ / 9000L
acked
900 P )
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go0 Lo o __ »—- Reusable PEbag | |
Paper ba
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Results : best bag is LDPE bag
. : . ® . I

Raw materials production step has highest environmental impacts for all bags and
all impacts

% Results are improved by a reduction of the mass of the bags or by reusing
the bag

Transports: low impacts
Bags manufacturing: impacts lower than material production step

Above a certain number of reuse, for this study, the best compromise is the
LDPE reusable bag

Next step : Avoided processes? Hypotheses ?

Comparison of reusable bags of same mass and study of reuse of
biodegradable or renewable resourced bags?

Shopping bags reused as garbage bags was not taken into account, therefore
we could add this process...
ensocm
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But also high
impacts linked to
Production

Highest
impacts linked
to materials

N LCA
c Innovation: Recycling

Reduction of raw material impact: recycling

Ao

» 44% of recycled materials
» 7kg lighter

» Packaging volume reduced by 30%
» Totally stripped within 5mn

Creation of a service in order to collect
stripped pieces

Steelcase recycles pieces, packaging
boxes and films

Sources : A. Malsch, Steelcase
ner S. CAILLOL
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Compared LCA of biofuels: Bioethanol and ETBE

and isobutene (47% of bioethanol and 53 % isobutene)

Energetic yields
yielded energy / non renewable energy used

EDEN 2006 ADEME 2002

Wheat ethanol 1,1 2,05
Beetroot 119 2.05
ethanol

Wheat ETBE 1,1 1,02
Beetroot ETBE 1,03 1,02

ensocm
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Important parameter: allocation rules

Bioethanol : Ethanol from agroresources (beetroot, sugar cane, wheat...)

Etbe : Ethyl Tertio Butyl Ether — produced from reaction between ethanol

S. CAILLOL

~

Culture betteraves
Production 5
e Culture intermédiaire P I

< Part of this difference could be explained by allocation

rules: Rt e

2
8

- Mass allocation for ADEME
43% of impacts allocated to ethanol (which accounts
for 43% of dry material)

»

» Pulpes

# Ecumes

- « Systemic » method for EDEN
Ethanol bears all impacts

|L_H_I | L_ILFI‘

» Sucre

O, biomasse

Acide sulfurigue, w )
P fermMg
Acide chlorhydrique

distillation

Energie —|—> Ninasses

& Transport de I"éthanol

Production de la Synthése A'ETBE
coupe isobuténe éthérification (Raffinerie)

des condenzats

Sources : Transport de 1 "ETBE
Pr. JF. Patingre, APEDEC Ligonde
Dépit
Eouse zras souligné : eo-produit
ensom
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ériode de campagne betteraviére

Boues de dégraddrion

P de favage
—» Caillowx, temre, hotbes

Eaux da bassins isz

Ecuilles Wastes

nes

Schéma des étapes de la filiére de production de 1’éthanol et 'ETRBE a partir de betterave en
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End of life: “avoided” processes by recycling

= ) ' '
&‘%\ Ex : comparison of recycling and

1t of old papers
to treat

1t of old papers
to treat

burning with energy collection for paper

System 1: valuation of paper by recycling

Material recycling

—
of paper

System 2: energetic valuation of paper

Energetic valuation

—
of energy,

Comparison of these systems non possible
since service is not the same !!!

ensocm
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End of life: “avoided” processes by recycling

Q‘.\ o _ _ R
b - LA

1t of old papers
to treat

Conventional
raw materials

1t of old papers
to treat

Conventional
raw materials

System 1 modified: valuation of paper by recycling and energy production

Material recycling

Y kg
of paper

Energy production

XMJ
of energy

| |

System 2: energetic valuation of paper and paper production

Energetic valuation

XMJ
of energy

Paper production

| |

Y kg
of paper

Comparison possible !!!

ensocm
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Scope of study defmmon

> Desktop PC - higher impacts
> Screen: > 50% of impacts
> Laptop PC = 40% of desktop PC impacts

lI L '
Borders, Hypotheses ?

> Battery of laptop PC was not taken into account

> Life time fixed to 5 years — but in reality: life time of laptop
PC is shorter (handling, transport...)

> Easier replacement of components for a desktop PC ->
longer life time and reuse

> Cathodic screen for desktop PC / LCD screen for laptop PC

Sources: Analyse du cycle de vie
gwsso%pm O. Jolliet, m. Saadé, p. Crettaz
A Collection gérer I'environnement (Presses Polytechniques et universitaires romandes, ?[%gf

Advantages and Ilmlts of LCA

. Analy5|s on the whole life cycle W|th all parameters o,
Not an analysis on a single effect (raw materials, GEG, carbon fingerprint...) e
= Allows to really compare fossil and renewable resources

* Allows to guide innovation

» Standardization with Iso 14040

* Very different results owing to hypothesis, FU, scope of study...

« Comparative analysis (no absolute): elements vary owing to situations,
geographic areas, hypothesis and scope of study, and vary also with
time...not systematic up-to-date

* Inventory step may be costly and long and could entail non consistent
results or lead to giving up the analysis
| crmeNomgeier S. CAILLOL
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% “Easy” LCA

> Simplified method in order to guide decisional progresses in
early steps of projects

> FFC

Dematerialization
» Replacement of product by a service

» Management of end of life products in order to keep on
service delivery

» Recycling showed to be an important way of lowering
environmental impacts

e@
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ChemSuD Chair
« Chemistry for Sustainable
Development »

http://www.enscm.fr/ChemSuD. htm
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