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Sustainability — Sustainable Development

* “Development that meets the needs of the present without compromising the ability of future

generations to meet their own needs” (World Commission on Environment and Development, 1987)

Environmental

A Viable Natural Environment

'Sustainable
'Development
Social | P Economic

Nurturing Equitable Social Sufficient
Community Environment Economy

Source: https://emeraldbe.com/sustainable-development-

important/
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Sustainable development
-Eco-Efficiency - Pollution Prevention

ty

Concepts
» Green chemistry

» Cleaner production

« Total Quality Management
» Life-Cycle Thinking

» Design of Environment

« Industrial Ecology

ty
Political Instruments and standards
t H
Analytical Tools Procedural Tools

Cost-Benefit and Effectiveness Analysis « Environmental Impact Assessment
Life Cycle Assessment « Environmental Management Systems
Environmental Risk Assessment »  Eco-labelling
Impact Pathway Analysis
Process Simulation and Eco-design Guidebooks
Accident Prevention
Material Flow Accounting
Substance Flow Analysis

ty ty

Technical Elements Source: Sonnemann et al. 2004.
ty
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ISO 14006: Ecodesign Management Systems

ISO 14006: Environmental management systems - 9 02
. . . . . REDUCTION OF USE OF RECYCLED
Guidelines for incorporating ecodesign e Marsris e
L : : 08 '
Helps organizations systematically integrate s -

environmental considerations into product design and TN Gg‘:ogsck“fG
development, improving environmental performance o)
across the product life cycle.

i E LOWER ENERGY

LESS IMPACT ON

« Reducing environmental impact from the product HEALTH AND ESPECIALLY IN
g P P
des.gn phase BIODIVERSITY PRODUCTION AND
| . TRANSPORT
 Aligning with ISO 14001 (Environmental 06
Management System). REDUCTION OF PROMOTION
. . . o o « CO, EMISSIONS OF REUSE AND
« Supporting innovation by minimizing resource
consumption, emissions, and waste.
be, the
sto r g www.be-the-story.com
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ISO 14006: Ecodesign Management Systems

In addition to ISO 14006, the following related
standards also support ecodesign principles: More

sustainable il

Less
material

ISO 14040 series: Life Cycle Assessment (LCA) é& d
standards - for assessing environmental impacts. @
ISO 14001: Environmental management systems - gT —

¥ & D&

Sectors
1 8 8 H H Home textiles
provides the framework within which ecodesign can be Eco-design ' ik
e m bed d ed Incrg%s‘e \ / Textile companies
° o] e
. ful lif g
ISO 14067: Carbon footprint of products - relates to peeT e EQ?gfg:ﬁ;'ggns -
climate impacts of product design. Easy@ environmental
recycling

GREEN THINKING - A STUDY OF THE APPLICABILITY OF ECODESIGN
IN THE TEXTILE INDUSTRY - Aitex

These standards help organizations ensure their products are environmentally friendly from conception
to disposal or recycling.
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https://www.aitex.es/portfolio/green-thinking-a-study-of-the-applicability-of-ecodesign-in-the-textile-industry/?lang=en
https://www.aitex.es/portfolio/green-thinking-a-study-of-the-applicability-of-ecodesign-in-the-textile-industry/?lang=en

Introduction to Life Cycle Assessment (LCA)

ANsUsTiuNansTNURILIARaNARAATNANTTIG

Which way are the best for
Environment?

. . ' How can they be translated from
Which decision are the environmental concepts into
best ones? implementation?

@ © 2023 BSI. All rights reserved. 6



What is Life Cycle
Assessment (LCA) ? e

« LCA 2m9nansau2inanis
Ussifiunansenuaadwiaaauii
AR UARANIIISTIO Gl
HUAYAIS LN AAYIn QAL
aunsziivnAsAIIRaNA

Interpretation

Material
Processing

-
2 :
= £
<. . ]

- O
Z S o &
S, G4, PSR
;aa’:\uhcludn o 6 ,7 c@ R a‘q \ &
9 () o Ky e
T L OV @
9, “‘Crisatio® Manufac °
'sposal an
Assembly
E Source: http://www.solidworks.com/sustainability/design Source: Environmental Life-cycle Assessment (Chapter 16, De Smet, B. et al), McGraw-Hill, 1996, ISBN 0-070-15063-X.
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Life Cycle Assessment for Eco-design

ATdseLiuininsdin (LCA) iuadaviiaddudnisunisaanuuu Ecodesign tilavanniiunisissifiunansenusiadoindan
ApINAndurinIausnsatvasidaauastiluszuunraaninInsdiniviua auuansgdainasu Aseda n1sldvu wazn1sAda
ANNIAAUN TaaTTHLAYIANansENUaagItIadanTluLaaziuaay

NaanuuuuarNdaa1u1sanndula
atNvATaLARN

4
=] =2

nsidanld¥aaidefivanndu
AsdFulvdssdnanwaislawaveu

ANSANUTEENENINATZUIUNISHER
Waanuadtdauaznisdaaauanis

AaanLLLLan1s e nIaslaAa

ORIGINAL TUBE

Tube 1

PLASTIC PACKAGING SUSTAINABILITY ALONG PRODUCTION CHAIN

ECO-DESIGNED TUBES

APPLICATION OF LCA APPLICATION OF ECO-DESIGN

STRATEGIES
g = 1
7 »

Eco-design Tube 2
wheel

° ‘mp
= Raw materials 5 4
= Transportation

= Processing
Tube 3

Strateqy applied: Selection of

low-impact materials

Replacement of virgin plastics
by mineral fillers and recycled
plastics (up to 29% average
impact reduction)

Strateqy applied: Reduction
of materials use

Thickness reduction
(average of 10% additional
impact reduction)

Source: Civancik-Uslu, D., Puig, R, Voigt, S., Walter, D., & Fullana-i-Palmer, P. (2019). Improving the production chain with LCA and eco-design: application to
@ cosmetic packaging. Resources, Conservation and Recycling, 151, 104475.
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5 dunauuasnisilscene LCA
811191 ecodesign

. msszuwanszmudaﬁou,ma”au

* NMNTAAIUTATRaIININADYA

* UIRNTINANTAAALULY

. AsdaasN1ds9lx

- nMsdHidendaimnuanazaialetdsay

NIINTITLL2AIAU

Source from
https://www.foodmatters.com/article/dirty-secrets-of-the-food-processing-industry
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The benefit of LCA in ecodesign

szl

ANTILATIEUNRNTENUIIUIAN ANALNIATAUAR]N
o 5%1 ‘hotspot’ vavwansenusagIwInIaN
o UANLREIATENaAITENIIRILIARAN (Avoid shifting burdens)

1 L4
a o 2

Asaagulanasn1silaniganag

UFudgedsenaawwadasauad

AsUHTAMINUIRTFIULREADTIAUAIURILIAR AN
o EU Ecodesign directive
o Carbon footprint labels

AsUfuaaINuInTFIULREAATIAUAIURILIAR AN

uinnssuazn1sdiuilsvacinvsatiiag

ATauTnnIneInsuasuuIMItAsrgAanyuLIau (Circular
Economy)

@







asavihuunauazaamannisisysivu (Goal and Scope definition)

Purpose of the LCA study

[> wuanaf LCA 1asun1swaiun — alsAviualiatndaiaudowsdusy tlavanniidnanaatvunnsatunausaly

A15vd envi hotspot waitluuun
nivn1sdsuilseluavian

C. Ingrao et al. / Journal of Cleaner Production 150 (2017) 93—103

ASUF AU NANSENUFIIAADNSZLIINY
a Qs - o ¥ G3 s a
wansauitnalaitlunuinivlunsaadula

sesr

0% 20% 40% 60% 80% 100%
® Fertilizer N ® Fertilizer P Manure = Sesame seed
® Human labor m Herbicide = Diesel ®m Electricity
®m Polyethylene (PET) ® Granite stone M sandstone m Diesel
© 2023 BSI. All rights reserved. 12



nsAmuuatihvunanasaauann1sdseiiau
Anuninailssavaaasnisdnin

- TmaWa vn"l,ms'\mmaomsﬂsumu LCA 12fu isziiuiiiaciagn sl auniiaunanssnussuineWansated
usaﬂsummwamﬂ Envi Hotspot 21292933196 113an52UUNNTHARN

Avuauueviau (Functional Unit)

- Used as a basis for calculation and a basis for comparison btw different systems

Uszianaassruu suuuun1silseiidu AV FI[SV AT Uszianuvratnay

nstinELATasdnNT 5 kg wavsnidin Input
nsNAANRINU TN 1 kWh 229 Wi 7in&e Output

n13laivuszuu RUTTOULUDINTLUIUNTNAA 100m3/h Capacity
AR IARU

ANSU5AS FEALNIIAURKIRUA 100 tkm a9nsUURIRUAT 1 17ien Transportation

© 2023 BSI. All rights reserved. 13



A1sAvunaaann1silssiiiv — System boundaries

vauwanisus:lidulndnssda

nislauivov AISUUED fstuodunas A1SUUED aisAmdavia/

C - - - . n1sidviu T =
Saadu Jaadu Wan dunn sls1Aa

= T =

w =) A ok

ukaofuda Us=qfi 1 Us:qA 2 Us:qf 3 Us:QAf 4 duaaspIns
(Cradle) (Gate ) (Gate 1) (Gate Ill) (Gate IV) (Grave)

Cradle to Gate

Gate to Gate

Cradle to Grave

“ights reserved.
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A1sAvunaaann1silssiiu — System boundaries

Material Input

Raw Material Acquisition

]

Production

L

Water Input

Distribution

Solid Waste

!

Usage

!

Energy Input

End-of-Life

Wastewater

Life Cycle Stages

—

Gaseous Emission

Table 1 Examples of LCA variables.

LCA Variable Type Variable Constituents
: Activity data of the material input

Material S . )
Emission factor of the production of material
Activity data of the water input

Water LT :
Emission factor of the production of water
Activity data of the energy input

Energy LT T .
Emission factor of the production of energy source

Waste Activity data of the waste produced

’ Emission factor of the end-of life treatment of waste

Source: Lee, A. W.L., Tan, Y. S., & Low, J. S. C. (2024). Enhancing life cycle assessment framework to support product ecodesign through index decomposition analysis. Procedia CIRP, 122, 115-120.

@
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. Global Warming Potential (GWP, x102 kgCO2-eq ‘kg-! packed cleaner)
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0
4 DD456 Scenario_( == : | T 86.5

33.0

( )—} Scenario_1 S

.’

N

&
* ¥ Scenario_4
@O :
\ P Scenario 5 IS

PROTEO (0.75L) e

BRIXEN (0.750) ===

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Acidification potential (AP, x10* kgS02-eq ‘kg™' packed cleaner)

Source: Akizu-Gardoki, O., de Ulibarri, B., Iturrondobeitia, M., Minguez, R., & Lizundia, E. (2022). Ecodesign coupled with Life Cycle Assessment to reduce the environmental impacts of an industrial enzymatic cleaner. Sustainable
Production and Consumption, 29, 718-729.
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A3 tAsITviaIds1an19
(Life Cycle Inventory)

 Data collection

Packaging materials

- PET 9.52*10-2 kg

- Label 1.5*1073 kg

- Corrugated box 1.47*10" kg
- Pallet 7.21*10~>kg

COo2
SO02

PM10
NH3(refrigerant)

Etc.

Raw strawberries (from farm) 1.55 kg

\ 4

Refrigerant used (NH3) 1.53*10->kg

Energy
- Electricity 6.28*10-2 kWh
- Diesel 1.06*10-3 MJ

Process

Electronic database
Literature data

Unreported data

Measurements
and/or
computations

Software databases, and
internet sources on LCA

Scientific papers, public reports
and existing LCA studies

Provided by companies,
laboratories, authorities and
correlated source

Calculated or estimated where
data are nonexistent or should
be improved

Adapted from : Hauschild and Wenzel (1998)

1 kg strawberries consumed at household

n

|

Waste

»

https://www.woolworths.com.au/shop/productdetails/748374/strawberry-fresh

Source: Parajuli, R., Matlock, M. D., & Thoma, G. (2022). Environmental life cycle impact assessment of fresh California strawberries: A full supply chain perspective. Cleaner and Responsible Consumption, 6, 100073.



LCI for Ecodesign

@

User Inputs

Proposed
Methodology

LCA

/ LCl //

decomposition *--':
1

| i

1

LCA 1
Constituents :
l 1

1

1

Assignment of

Design /
Variables /

O

design variables

'

LMIDI
Computation

'

Interpretation

End

Design’s LCI

LCA Stage | LCA Vanable EC Assign Design Vanable
Design Volume Geometry
Input Material Mate_ria] .Den:iit_v Material
Raw Material Embodied Material
Material Carbon
Extraction - Material Mass Manufacturing
Auxiliary — - =
Material Materlgl Embodied Material
Carbon
. Energy Usage Manufacturing
Energy — .
Production . Grid I:nns_;:;mn Factor -
Manufacturing Material Mass Manufacturing
Waste Material Waste Emission Material
Design Volume Geometry
End-of-hfe Design EoL Material Density Material
Material Waste Emission Material

Source: Lee, A. W.L.,, Tan, Y. S., & Low, J. S. C. (2024)

. Enhancing life cycle assessment framework to support product ecodesign through index decomposition analysis. Procedia CIRP, 122, 115-120.
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LCIA framework (ISO 14042, 2002)

NaNIUILAUUYVIIUNT

A20819

« = = kgNO,,, Pb, SO,, CH,, CO, , Buq

7 & = | ¥ ] [ .
HaaNsUn¥sen1saedaludang
WANIZNU

] s ' 3 Y b
ﬂ&gmwwmqﬁqwmaam

A e e . o o e . o -

NAUNKNANTINY <« — — | llunsa (Acidification)
ar o =
AALAaNUaENdINanIsnU NOE’ 502’ etc.

Proton release (H*)

nauNanITNUIUYaNY

@ (FauUasann ISO 14042, 2002)

" s =
- » Uk, Wowug, gumwaued, due

Source: (ISO 14042, 2002) available at www.afnor.fr



A1sA1vuaunuIn (Characterization)

al

udusaulunnindayalsuiasssieg ldannnstiad

TanseURILIadaNNNlsEiiuNansEnuLivlznaau
ARNKNANTZNURILIANAN

AsUsziiuvinlalaansudasamasiaasailungu
nansenutaenAulaglusddiau

lilagangsuaazaidnaniniunisnaliiianansgnu

RILIARAULLAAGIIAU FvsiavinutAauaIIdIAUaS
NWUFIU

11im1 Characterization factor Tunisaauiwatlaauann
Usuainnidnifus 1t duansgny wazsINAININaUa9
LEARTHANTZNL

Inventory results Midpoint Endpoint Area of protection

Climate change T
Ozone depletion S - Bl manteali

Human toxicity
Respiratory inorganics
lonising radiation
Noise

Natural
Environment

—— — Accidents

“~__ Photochemical ozone
formation

Acidification

Elementary flows

Eutrophication

Natural
resources

Ecotoxicity
Land use

\\ Resource depletion

\

Desiceation, salination

Figure 1-1 Framework of impact categories for characterisation modelling at midpoint and
endpoint (Area of Protection) levels.

Source: (JRC, 2010. ) available at www. https://eplca.jrc.ec.europa.eu/

EP = ) (@) % EFy)

EP, (environmental impact potential) fia ArdnenmvBImansznundaiisdaudviunansenu

Usziam j laq (ke substance equivalent)

Q (Quantity of substance) ABUIuUNANTITAT j NUdebBONI (kg substance j)
EF, (Equivalency factor) Aa ALfigulvinueeans i fvirldiinnansevuniedauindon j kg

substance equivalent/kg substance j)

@




Table 5 Design vanable specification

Baseline

Design Design 1

Design 2

Design 3

Units

Design
Volume

314X 107

263X 107

314X 107

mr

Design
Matenal

ABS PLA

ABS

Matenal
Density

1,100 1,240

1,100

kg/m

Material
Embodied
Carbon

3.59 2.28

kg COxekg

Material
Waste
Emission

6.8 27

b8

kg COze/kg

Manufacturing
Process

Injection Moulding

Fused filament
fabrication

Energy lsage

0.178 |

0.154 |

(0.149

“.058

k'Wh

Girid Emission
Factor

0.4057

kg CO2e/kWh

Material Mass
( Auxiliary)

(0.0023

kg

Table 4 Compilation of LCA and key information of the designs.

@

Carbon emission,

Design | Design Varnables Design Deviation kg CO,e
Baseline - - 0.431
1 Material Substitute ABS with PLA C0.256D
2 Geometry Reduction of design volume 0.361
Manufacturing Substitute injection moulding to
3 . - L 0.406
Process fused filament fabrication




ANSANNFUNIANTENL

ANSARAANHNANTTNUFINITaATUAS 16 2 sluuu :

Input — environmental impacts associated with material and energy input to the system

Output — corresponding to damages due to emissions or pollutants, vibrations, or radiation

Climate change

Extraction of abiotic resources
Acidification
Human toxicity

Photo-oxidant formation

Global

Local

Stratospheric ozone depletion
Extraction of biotic resources

Nutrification

Ecotoxicity

Land use

Source: (UNEPDTIE, 2003)



Impact for LCA

1 Climate change/ Global warming potential (GWP)

2 Ozone depletion potential

3 Abiotic Depletion Potential (ADP) [Metal and Minerals]
Abiotic Depletion Potential (ADP) [Fossil Resources]

4 Photochemical ozone formation

5 Acidification

6 Eutrophication potential (terrestrial)
Eutrophication potential (freshwater & marine)

7 Water Deprivation Potential (WDP)

kgCO.,eq
kg CFC-11eq
kg Sb eq
MJ]
kg NMVOC eq
mol H* eq
mol N eq
kg P eq

m?3

Intergovernmental Panel on Climate Change (IPCC)

WMO model
CML

CML

ReCiPe 2016
EDIP

EDIP

ReCiPe 2016
AWARE model



Midpoint and Endpoint Indicator

/’ Procedure with
endpoint approach

Z

N+ —0O0 T Q —

-

Source: Sonnemann et al. 2004.



Steps in Life Cycle Impact Assessment

Classification Characterization Normalization

Required for ISO study Optional for ISO study



Home > Environmental Monitoring and Assessment > Article ENVIRONMENTAL
— 0 MONITORING

Ca Se Stu dy An analysis of design strategies for circular ~ EEEEES

economy through life cycle assessment

Open access | Published: 14 February 2022

Volume 194, article number 180, (2022)  Cite this article

Environmental impacts reductions
for different CE options

156 case studies -
of LCA - J "" lml h Tested design strategies for circular economy
from articles J Im. | mi I l"' WTI ] ]
) A P A Sy « Design forreducing wastes
W o i ﬁib‘ o . . .
# &£ - Designforusing renewable energies
N v . - Designforreuse
t5ax PE B, R .m B = BE  Design for remanufacturing
Design strategies for . ift 20% II Ii Ii iI Ii iI II * Des!gn for recyding
circular economy (CE) % == « Design for energyrecovery
GWP AP EP PMF RO WC  Average

- Design for disposal (using biodegradable materials)
 Designforrecovering energy from waste

Comparing different design
strategies for each CE option

@

Source: https://www.environdec.com/library/epd6696



Home > Environmental Monitoring and Assessment > Article ENVIRONMENTAL
— 0 MONITORING

Ca SE Stu dy An analysis of design strategies for circular ~ EEE=ES

economy through life cycle assessment

Open access | Published: 14 February 2022

Volume 194, article number 180, (2022) Cite this article

80%
B0%
40%
80% 70%
ol |/ SNTIR L LU T
c c
2 o " I u S 60%
2 H = 41%
e  40%
8 ]
g 29%
g ‘g 21% % % 24%
® -60% O 20%
=S
-80% |
-100% 0%
. D. for o = a - oo bo “ © &
D. for D. for using D. for . E=IT] o v c £ = ui A fo
. D. for D. for energy D. for recovering o g o — J c = S o __ a
reducing renewable  D. for reuse remanufactu , . 3 z 4 o~ = Y - T o~ o c v
wastes energies (14 (10cs.) rin recydling recovery disposal ENErgy -2 (TS — s, o v c 2 4 T
s = 8 (27 c.5.) (19 c.5.) (22cs)  from waste g ow € ~ Y £ — g o @ > T O 80~
(34 c.5.) €.s5.) (22 c.5.) « 2 v = 3 S v ) = oo o — =
(8 cs.) L w w g @ c J S L 2 o« 5 &
EGWP 36% 40% 21% 57% 42% 29% 39% -148% o 2 < 'm = £ o a o g o 3 §
mAP 30% 25% 28% 50% 43% 28% 35% 70% = = e £ - g £
OEP 29% 14% 26% 65% 1% 34% 31% 25% e v L 5 @
H . o
W PMF 35% 7% 19% 55% 61% 29% 24% -B7% o (] ::._
ERD 26% 0% 24% 55% 11% 46% 31% -280%
owc 28% -24% 364 34% 445 41% -8% -B4%

Source: https://www.environdec.com/library/epd6696






Asulsna udiusaugavinauasnisuseiiniginsdia ludueauilflsyiivazdadulsuanlsaain
Tumauin 3 (LCIA) tWajtns1giiam hotspot wavuaazHansznu niallzautiiaunansenugnindau
niAndusenIndanauei Nedduatduihnuauazuauiueii laselilutunaun 1

o AsudsnamsazausalinldgnisAinuanagng lun1sUsUUTINANTENURILIARANUDINRAN U L6

- UanAAUULTTIOUTAIAMAINADIAAYATNYINNTILATIYU Lazdad1ARsAI99 AWLTENINI9NIT
attiunisals latiuaddsaluduaauile

Sensitivity
analysis

Uncertainty
analysis



si51 LCA for ecodesign

Life Cycle Assessment (LCA) plays a crucial role in ecodesign by providing a systematic way to
evaluate the environmental impact of products throughout their entire life cycle—from raw
material extraction to production, usage, and end-of-life (recycling or disposal)

By integrating LCA into the ecodesign process,
companies can:

 Identify environmental hotspots (e.g., high energy iso 32242 ar:jd 130&424‘:8"6
C : : ey Stanaards that align
oS UTT Eo .OI‘ emISSIOnS)_' with ISO 14006 for ecodesign,
« Select sustainable materials and processes. ensuring a structured approach
* Optimize product life span by improving durability to environmental management

and recyclability. throughout the product’s life.

* Quantify improvements and communicate
environmental performance (e.g., via eco-labels).
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