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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)

The Three Pillars of Sustainable Development

Economy Environment

Sustainable Climate

£ :\ ’,\
o~ "0-:.-(‘.‘. :\
econom | NN
’ | oAl ‘m |
- Natwral resources
. R - ]
Sustainable Mvmiq J

devlopment Healthy \

environment

Health & safety
Skilled workforce
Supporting communities

Society

Source: https://utscisgreen.wordpress.com/about/pillars-of-

@ sustainability/
© 2023 BSI. All rights reserved.



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

© 2023 BSI. All rights reserved.
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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. 4



What is Life Cycle
Assessment (LCA) ?

« LCA 2m9nansau2inanis
Ussifiunansenuaadwiaaauii
ARAdUAARNIIATTIN Gaue
HUAYAIS LN AAYIn QAL
aunsziivnAsAIIRaNA

Source: http://www.solidworks.com/sustainability/design

Goal and Scope
(ISO 14041)

I

Inventory Analysis
(ISO 14041)

I

Impact Assessment
(ISO 14042)

(ev0ovT OSI) uonejaisdiajul

Available at : www. Afnor.fr

© 2023 BSI. All rights reserved.



LCA APPLICATION IN THE AUTO INDUSTRY

an&unssueuaualdnissediuininstdia (LCA) wasiadasfiaiiAeitagandussunalssy 1990 lunauiiv
Wnda TugTsdiuwasdasduiAtduuuinionisladeiu LCA Tuaaaivinssuenuaus dafinsingualunisdsyau

sydumnuznfvalanse (ACEA, 2021)

Winan 1236 n19152iu LCA itlunsdasnsniatuillunan
I HAANBUIAIURL TAT LN LN LW IA I U NANIN

A1siszsiu LCA gnihantdtuaasdivnssusaaus 3 arunudn doil
« Hot spot analysis / improvements

« Research to inform technical developments

- Internal steering of decarbonisation activities

L

Cradle to Gate

l

ré\ -5
E J
- Rl
=

Fuel & Electricity
Supply

Well to Tank Tank to Wheel

Well to Wheel

A

Verma, S., Dwivedi, G., & Verma, P. (2022). Life cycle assessment of electric vehicles in comparison to combustion engine vehicles: A review.

@

Materials Today: Proceedings, 49, 217-222.

© 2023 BSI. All rights reserved.



Original Equipment Manufactures (OEM)

\Wiasyu (Tier One) wida (Wsaias (First Tier)
Aa fuAadudiusanudasluasaausd uag
frullsenauanuaussigg Natnenraluuay
Aauansaaue tdu TWuil dAudu asgan
sagus an9snaus dauling uniAaulaua LWad
8159 Inesasus szuudannsadiing u,a”msao
WJeao fudu demasgetusiusasudings
TWdusUsznausaausdnanealil

Wiasy) (Tier II) wasiiasns (Tier III) iu
NaNNAaaNdadusIutiagg TAuLiasiu
TaanguInuaiigiulIsalsanlain ngu
Automotive Part #3a Auto Part

@

~=® omv @

COriginal Equipment Manufacturers

o ! Nun-Aut::rrrL?ivl;idePam

= B/ /A Tier 3

Raw & Semi-Raw Materials

Source: https://flutech.co.th/the-automotive-industry/

P =

© 2023 BSI. All rights reserved.
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LCA APPLICATION IN THE AUTOMOTIVE INDUSTRY

soaud Wi lduuaiaas (BEV)

TUHRNULANEIIAU
LCAs to determine the global warming potential Climate change
(GWP) of vehicles — with an internal 40000
combustion engine (ICE)
30000
e The average use phase accounts for around i 50000 21400
80% for passenger cars and even more for S
heavy-duty vehicles due to their range of o 10400
applications. = 10000 1210
 Within the production phase, a major share is 4973 B
determined by the materials of the supply 0 =95 -87
chain.
 End-of-life emissions, including recycling, are -10000
only about 1% of the entire life cycle ICEV BEV
emissions.
Production Use-Energy production Use-Operation emissions MW EolL
@ Del Pero, F., Delogu, M., & Pierini, M. (2018). Life Cycle Assessment in the automotive sector: A comparative case study of Internal Combustion Engine

(ICE) and electric car. Procedia Structural Integrity, 12, 521-537.



LCA APPLICATION IN THE AUTOMOTIVE INDUSTRY

112317u ssunan 50% wavsnsdaaa CO2 uas BEV anmu"lumomswam mmsnwsﬂsnﬂsoluﬂawumLuu“lﬂmmuﬂsuﬂan
waosuuuaomao"l,wv\h LU memasLLsoam"Lv\Iv\IuLsom Fofddnan1watuInIUNITRAKNRNSEN LG ILInEaN

BEV Production - Contribution analysis by car assembly [%]

Acidification .
Climate change _
Human toxicity |
Particulate matter I

Phot. ozone formation -

Resource

0% 20% 40% 60% 80% 100%

m BiwW Door & closures Drivetrain Electrics/Electronics  mInterior  m Suspension/Chassis

Del Pero, F., Delogu, M., & Pierini, M. (2018). Life Cycle Assessment in the automotive sector: A comparative case study of Internal
@ Combustion Engine (ICE) and electric car. Procedia Structural Integrity, 12, 521-537.

© 2023 BSI. All rights reserved. 9



LCA APPLICATION IN THE
AUTOMOTIVE INDUSTRY

UPSTREAM

Q

CORE
g TN
/ ECOCOSTO ALOCOSTO \
I RAW MATERIALS RAW MATERIALS,
1]
I FABRIC AND PAPER FABRIC AND PAPER
| SUPPORT ARRIVAL SUPPORT ARRIVAL
|
I PAPER PAPER
| WARMING WARMING
|
: PVC PREPARATION
| ]
| POLYURETHANE POLYURETHANE
| PREPARATION PREPARATION
|
I FABRIC FABRIC
I COATING COATING
|
I SORTING SORTING
|
1 PACKAGING PACKAGING
\
“ 7
-~ -

B — o — — e W

Fig. 1- Production flows and LCA system boundaries

-—

/

S — o — — — e — e —

PRODUCT
DISTRIBUTION

PRODUCT AND
PACKAGING
END OF LIFE

e o — —

—==EPD"

ENVIRONMENTAL PRODUCT DECLARATION (EPD)
FOR PLASTIC COATED FABRICS FOR THE
AUTOMOTIVE SECTOR OF

winningplus

THE COMPANY

SPAC SpA is a company founded in 1973 and
includes 2 production sites: one in Arzignano
(V1), with the production of synthetic leathers
through the coating of PVC and PU, and one in
Alonte (VI), where the Vegam Division is
located, specialized in lamination of high tech
fabrics. The company is present in various
markets (automotive, high tech fabrics,
footwear, furniture, etc.) and with a production
capacity of around 60.000 m2 per day.

The constant investments in structures, research and development and new technologies make Spac an avantgarde company in|
the proposition of new future solutions, always with an eye on the environment.

its Environmental Management System in compliance with the standard 1SO 14001, of the quality management with the ISO 900
and IS0 16949, of the occupational health and safety OHSAS 18001.

Spac believes it is possible to produce in a safe and sustainable way for the environment. This is confirmed by the certification ol
1

© 2023 BSI. All rights reserved. 10

https.//api.environdec.comy/api/vl/EPDLibrary/Files/36131528-ecce-4010-81cf-56285e3b2b35/Data



Step 1: Goal

and Scope
definition



asavihuunauazaamannisisysivu (Goal and Scope definition)

Purpose of the LCA study

lfl> wuanaf LCA 1asun1swaiun — alsAviualiatndaiaudowsdusy tlavanniidnanaatvunnsatunausaly

n151ve envi hotspot wiatluuuinienis

Usuilseluavina

S

Production

>> Use Phase > Recycling >

+ -

U A IS U S S——————

hg

Cradle to Gate

Raw Material Component Vehicle Fuel & Electricity Vehicle
Extraction Production Production Supply Emissions
Well to Tank Tank to Wheel
Well to Wheel v

Cradle to Grave ﬂ

L e X {a:’

;

ANSUS A LUNANSZNUIILINADNSEUINY
= Q/ o~ A |4 Qs =
wanAauitnalaitlunuiniviunisaasdula

Material extraction
& processing

Use
phase

Vehicle

Vehicle manufacturing recycling

Metal (without battery)

1

1

1

1

:

¢ Steel E
¢ Iron !
* Aluminum !
¢ Copper H
Non-metal :
¢ Glass |
¢ Plastic |
* Rubber 1
|

1

]

1

1

]

1

1

1

1

1

1

Battery
* Cathode active material

* Graphite/Carbon
¢ Aluminum

¢ Copper
e Plastic
¢ Electrolyte

Vehicle body

& Transmission

Vehicle assembly

Battery & Motor & Power
electronics

Electricity

Vehicle dismantling

Metal & non-metal

recycling (without
battery)

Battery recycling

Verma, S., Dwived], G., & Verma, P. (2022). Life cycle assessment of electric vehicles in comparison to combustion

@

engine vehicles: A review. Materials Today: Proceedings, 49, 217-222..

First phase h Second phase t2 Third phase t3 Forth phase
phase

Tang, B., Xu, Y., & Wang, M. (2022). Life cycle assessment of battery electric and internal combustion engine
vehicles considering the impact of electricity generation mix: a case study in China. Atmosphere, 13(2), 252.

© 2023 BSI. All rights reserved.
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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
ANSUSNNS FLATNIUVURIRUA 100 tkm 2a9n1UURIRUF 1 1iAen Transportation

E © 2023 BSI. All rights reserved. 13



Functional unit for an automotive product

saaueiundn N ain

o

al

4N

Fuafau Usznauaradusunit 5000 du uazinasu tiu 10,000 Uszian

ANTANRUAKUIAYINNIU AITagaavRYiaunudInglseava tunisvin LCA Alaav'ld

dayanamnaiacalid drate Ardrdaninuuag
UUILNITVINIU padNITUseLiu LCA naasauaienu
eusl (Automotive product) :

o 508U 1 AU

« lszurdiutauiungsaaus 1 an.
. AniTnTaalalunisashe Console uagsasus
(angnnstaienu 10 1 150,000 nu)

@

VA
7 ~§

———
-

ey —
%

() g

. 374
o)
0 /

Feng, T., Guo, W., Li, W., Meng, Z., Zhu, Y., Zhao, F., & Liang, W. (2023). Unveiling Sustainable Potential: A Life Cycle Assessment of
Plant-Fiber Composite Microcellular Foam Molded Automotive Components. Materials, 16(14), 4952.

(a)

Scorched friction layer Friction material

Backing plate

Adhesive layer

Saha, D., Sharma, D., & Satapathy, B. K. (2023). Challenges pertaining to particulate matter emission of toxic
formulations and prospects on using green ingredients for sustainable eco-friendly automotive brake
composites. Sustainable Materials and Technologies, e00680.

© 2023 BSI. All rights reserved. 14



AsAvunaaann1silssiiiu — System boundaries

vauwanisus:ldulndnssda

nislduivav AIsvudv AS:UDUNIS AIsvudv . ai1smdavin/
- - _ . n1sidvau =
Saadu Jaadu WaQ duAn sls1Aa
/ ATLE I
w o AL rou
ukdofuda Us=qh 1 Us:qA 2 Us:qA 3 Us:qf 4 duaaspns
(Cradle) (Gate ) (Gate 1) (Gate I11) (Gate IV) (Grave)
Cradle to Gate
Gate to Gate
P e e ———————— — — ———— =0
Gate to Grave
P e e e e e e e e e e e Lo

Cradle to Grave

© 2023 BSI. All rights reserved.
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Example of LCA automotive product boundary

LCA-Based Vehicle Emissions
Regulatory Focus

Vehicle life cycle
Manufacturing

Raw material
extraction .,?-
&
5
E
=]
3
‘é. Raw Material Extraction Material, Powertrain Vehicle Manufacture Fuel Cycle Fuel/Energy Use End of Life
Reuse and & Components (Tailpipe Emissions) Recycling and
remanufacturing Manufacture Disposal
End Of Life
Recycling :
Fuel Cycle Current Vehicle Emissions
Regulatory Focus
o)’ WorldAutoSteel

E Source: https.//ahssinsights.org/blog/life-cycle-assessment-why-is-it-important/



Boundary of automotive product in LCA

Fuel/ Electricity/ Chemical reagent/ Water/ Raw material ﬂ System boundary

P\ } Life Cycle Assessment v " ‘

| Manutacturo : H
1
| / CFs Pretrostment I :
Top Weter - | - ~ Sieving
| : ! A~
1
| Hydrogen —te Wastowater I 1 .
peronde . | transportation
. 1
1 ! Automotive : Straw
Eloctncty I l' = '
| . app ication - ’ =
1 | t Extraction and separation of fibers (5 +  Polypropylene
: - Fiber separation from plants —
| op I : i P Fibers *+ ‘Additives
MAPP i i sl
| Bnctncty — : — : NAR\%
l : L | N2
. 1
| Eloctricty — Moulding el 1 I i Angle
- L i adjustment !
| I ‘ Panol - 1 Granulation
. . 1 o
| ossamtty Stationary ;
| , 7 | .
i — application :
| Emissions L !
ot —— . |
| 10 air L R - 1 2 e
| v . | Packing and ,3 «
i ‘ EoL » Emissions 1o air| : transportation D @ (2 Hybrid modification
I g e 8 . I g Drawing Preparation of composite
L Electnctty | l\ masterbatches
........................................ ; X
T Only for automotive AQpic aton R .

3 Waste water & Waste gas & Solid waste

Source: A/varez—de/—Casti//o, M. D., Garrido-Soriano, N., Casadesus, M., Macands, J., Molins-Duran, G., & Carrillo-Navarrete, Source: Feng, T., Guo, W., L, W., Meng, Z., Zhu, Y., Zhao, F., & Liang, W. (2023). Unveiling Sustainable Potential: A Life
F. (2022). Environmental impact of chicken feathers based polypropylene composites developed for automotive and Cycle Assessment of Plant—Fiber Composite Microcellular Foam Molded Automotive Components. Materials, 16(14), 4952
stationary applications and comparison with glass-fibre analogues. Waste and Biomass Valorization, 13(11), 4585-4598..



Boundary of automotive product in LCA

ATYUIUNNTININITINUDINAA T UV AR INATTNENULIUG

AT LAUNUDI TN AL F97audon151UN #5LAfl WEIU LALIEA LATAITAURY

(Raw material acquisition) 006U lUfoga uNNInNInAauad

NITNAR NITNRANIAAUTI6199 TuaafIRATINENULURLAZAITAIIG

(Manufacturing) AaL&asIndonisidnuagdaianuaiiinduain
ATLUIUNTITHNARA

ARPACI SR} A5 lAwaYIIU wiadnghuludunaunisladu

(Use)

A13ANARLAIN wavIuLazastalinldlutiunaunisiIAnaInUaINIA AU

(End-of-life) azgafasanlutiupauil udinisdandadasuamseng
ANTUADUNITAIIAUN

@



Step 2: Life

Cycle
Inventory
Analysis



A9 tAscviiauds1ans (Life

Cycle Inventory)

 Data collection

Plant—fiber composite 0.8 kg
Electricity 5.15 kWh

CO2
S02
PM10
Etc.

»

Water 2 kg
Azodicarbonamide 0.03 kg

\ 4

@

\ 4

Molding tool
process

Electronic database
Literature data

Unreported data

Measurements
and/or
computations

Waste

n
»
e R

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)

Q
. eProductApplication =S

Angle
adjustment

Plant—Fiber Composite Microcellular
Foam Molded



Allocation

Allocation in Standards and Technical Rules winlgiialunisiusiu \

. d‘.; [ < (%4 a ai 1
° aa - . Fuaausnaitiluldlamrsnantaaynrstiugiu !
LM NAT AN TATUAITRINITUINTHURIUAY

a19avau EN ISO 14044:2006 ® Jnn'lilaliansannisiiugiuwuy physical

. & X ~ v o relationshi
® Jsznaudla 2 wuInie Nelinsidanldduasiu P

gaunsailunisuszidiu LCA uaasnsel ® JrnA1TRAITALLIY physical relationship "4

Wagwaiazdaanumunaignaadlsd 1viRatsan

\\ / Kmsﬂushuuuuﬁ'u 124 Economic value /




A8 n1stlusihrunuuludyaziiuncssEu

4 N

When Physical Allocation Needed?

® Precondition to use physical values for
allocation is that the physical values reflect the
main characteristics of a product

® Usually corresponding to multi-output, co-
products with different revenue — such physical
values are not available.

\ /
Q@

When Economic Allocation Needed?

® Mass or volume is in most cases not an
appropriate figure to describe the technical
value of a product

® Lack of appropriate physical data, market prices
are a possibility to value the products.

4




Allocation

-

® Industrial process normally manufacture more

than one product on a single production line

® “How the environmental impact should be

N

allocated in each of product”

N (@ )

Allocation methods
® Physical allocation

® Economic allocation

J v

Energy 3 x 10° MJ Water 600 m>

l

Raw material 1,600 kg

-_—

@ 30 kg
atmospheric emissions

l 1,000 kg of Product A

»
>

Transportation

=

500 kg of Product B

100 kg 10 kg

solid waste  waterborne wastes



Physical allocation

Allocation for product A

Fasiu uu. uad A = fadIu U, ua9 B =
1000/1500 500/1500
| Energy 1 x 10° MJ Water 200 m?
Energy 2 x 10° MJ Water 400 m* l l
l l 1,000 kg of Product A Raw material

Raw material 1,067 kg

|
" 500 kg of Product B
4# Transportation seoly ) 2 —

< Transportation
| ! ! | | |
20 kg 67 kg 7kg

atmospheric emissions solid waste  waterborne wastes 10 ke 33 kg 3 ke

atmospheric emissionssolid wastewaterborne wastes

@



Economic allocation

-

Allocation for product A :
price A 2000 baht [ dadiu 57A1 229 A ] dadu 57A1 229 B

= 2000/5000 = 3000/5000

Energy 1.2x 10°MJ  Water 240 m’ Energy 1.8 x 10°MJ  Water 360 m?
Raw material 640 ke l 1 ‘ 1,000 kg of Prodgct A Raw material 960 kg Y’ ﬂ.
o Transportation
Transportation ‘ — >
€ 4 < 1 l > 500 kg of Product B
| | 1 !
12 ke 40 kg 4 kg kg 60 kg 6 kg
atmospheric emissions  solid waste waterborne wastes

atmospheric emissions  solid waste  waterborne wastes

@



Step 3: Life Cycle
Impact
Assessment



LCIA framework (ISO 14042, 2002)

A20819

NANTUTELIUUYIIUNTS « = = kgNO,, Pb, SO,, CH,, CO, , Buq

« - = | llunsa (Acidification)

NANSZNU o5 oy Y
- - — - DuaenuaWEdMANIEIV|  NO,, SO,, etc.

NAANSURYI18Nsaenaludangy NAUNANTENY

ﬂ&imﬁqﬂaﬁmaﬁam&\ﬁam - ——— - —— - > Proton release (H*)

nauNanITNUIUYaNY ————————- > Unldl, flwiug, gunimaiyed, Suq

@ (FauUasann ISO 14042, 2002)

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)

@




@

++1 naazisnisanaiinn Characterization factor

Auaneneiu ++11

LCIA methodologies

Table 2 Analysed LCIA methodologies
Methodology Developed by Country of origin
CML2002 CML Netherlands
Eco-indicator 99 PRé Netherlands

~ EDIP97 — EDIP2003 DTU Denmark
EPS 2000 VL Sweden

| Impact 2002+ EPFL Switzerland
LIME AIST Japan
LUCAS CIRAIG Canada
ReCiPe RUN + PRé + CML + RIVM Netherlands
Swiss Ecoscarcity 07 E2+ ESU-services Switzerland
TRACI US EPA ET
MEEuP VhK Netherlands

Source: https://eplca.jrc.ec.europa.eu/uploads/ILCD-Recommendation-of-methods-for-LCIA-def.pdf



ANSANNJANNANSTTNL

ANSANNFUNANTENLSINITAGA I HUANS LA 2 suuu :

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

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

Global
Climate change " Stratospheric ozone depletion
Extraction of abiotic resources Extraction of biotic resources
Acidification Nutrification
Human toxicity Ecotoxicity
Photo-oxidant formation | Land use
Local

Source: (UNEPDTIE, 2003)



Climate change
Eutrophication
Acidification
Ozone Depletion
Ionizing radiation
Human Toxicity
Ecotoxicity
Resource use
Particulate Matter
Land use

POCP
Water use

Criteria / Impact category

1 AUTOMOTIVE SECTOR

1.1 Current contribution to the impact category

1.1a Production phase

1.1b Use phase -

1.2 Future contribution to the impact category

1.2a Production phase
1.2b Use phase
1.3 Contribution to the SDG targets

1.4 Reporting frequency

a1vavann Mikosch, N., Dettmer, T., Plaga, B., Gernuks, M., &
Very high High Medium Low Finkbeiner, M. (2022). Relevance of impact categories and applicability
- ye :l & |:I |:| of life cycle impact assessment methods from an automotive industry
perspective. Sustainabi"ty, 14(14), 8832023 BSI. All rights reserved. 31



Impact for LCA automotive industry

. ILCD/PEF/UNEP
Impact Category CML ReCiPe 2016 Recommendation
ADP ultimate reserves (Guinée 2002 .. .
Resource use, elements [31] and van Oers et al. 2002) [32] SOP (Vieira et al. 2016) [33] Same as in CML
. ADP-fossil (Guinée 2002 [31] and van FFP (Jungbluth and Frischknecht .
1
Resource use, fossil Oers et al. 2002) [32] 2010) [34] Same as in CML
Human toxicity USES-LCA (Huijbregts et al. 2000) [37] %SOE?'[%%A 20 (van Zelm et al %%iﬁiﬁoseﬂbaum etal
Ecotixicity USES-LCA (Huijbregts et al. 2000) [37] %%Eg?'[%gf‘ 20 (van Zelm et al. %%%ﬁﬁﬁoseﬂbaum etal.
Acidification Guinee et al. 2002 [40] Roy et al. 2014 [41] AE (Seppala et al. 2006) [42]
Eutrophication Guinee et al. 2002 [40] Helmes et al. 2012 [43] AE (Seppdla et al. 2006) [42]

Photochemical Ozone Creation

Derwent et al. 1998 [44]

Van Zelm et al. 2016 [45]

Van Zelm et al. 2008 [46]

Particulate Matter Formation n/a? Van Zelm et al. 2016 [45] Fantke et al. 2017 [47]

Water u /a3 Doll and Siebert 2002 [48], AWARE (Boulay et al.
eruse n/a Hoekstra and Mekonnen 2012 [49]  2018) [50]

Land use n/at de Baan et al. 2013 [53], Curran LANCA 2.0 (Bos et al. 2016,

et al. 2014 [53]

2020) [54,55]

@

a1vavann Mikosch, N., Dettmer, T., Plaga, B., Gernuks, M., & Finkbeiner, M. (2022). Relevance of impact categories and
applicability of life cycle impact assessment methods from an automotive industry perspective. Sustainability, 14(14), 8837.



Midpoint and Endpoint Indicator

N N

/ Procedure with endpoint
‘ approach

~—

v

<

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



Case study

l ENVIRONMENTAL PRODUCT DECLARATION (EPD)
FOR PLASTIC COATED FABRICS FOR THE
AUTOMOTIVE SECTOR OF

winningplus

Source: https://api.environdec.com/api/v1/EPDLibrary/Files/e01039d6-2e98-479a-eae0-08db673344ea/Data
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Fig. 1- Production flows and LCA system boundaries



Case study

@

INDICATORI TOTALE UPSTREAM CORE DOWNSTREAM
GWPuo | Fossil 1,11E+01 8,44E+00 1,66E+00 1,04E+00

Bio kg COzeq 4,08E-02 1,46E-02 2,72E-03 2,35E-02

Land use 1,50E-02 1,48E-02 5,58E-05 9,86E-05

Total 1,12E+01 8,4TE+00 1,66E+00 1,07E+00
AP kg SOzeq 3,99E-02 2,96E-02 7,54E-03 2,72E-03
EP kg POs~eq 1,33E-02 9,58E-03 1,67E-03 2,01E-03
POCP kg NMVOC eq 3,37E-02 2,20E-02 8,92E-03 2,80E-03
ADPe kg Sb eq 1,93E-05 1,73E-05 1,35E-07 1,90E-06
ADPFf MJ 1,60E+02 1,29E+02 2,25E+01 7,61E+00
WSF m’eq 4,10E+00 3,30E+00 1,93E-01 6,08E-01
PERR |Energy carrier 6,86E+00 6,02E+00 7,25E-01 1,13E-01

Raw material 0,00E+00 0,00E+00 0,00E+00 0,00E+00

Total " 6,86E+00 6,02E+00 7,25E-01 1,13E-01
PERNR | Energy carrier 1,81E+02 1,45E+02 2,79E+01 8,22E+00

Raw material 2,89E-02 2,89E-02 0,00E+00 0,00E+00

Total 1,82E+02 1,45E+02 2,79E+01 8,22E+00
SM kg 0,00E+00 0,00E+00 0,00E+00 0,00E+00
RSF MJ 0,00E+00 0,00E+00 0,00E+00 0,00E+00
NRSF MJ 0,00E+00 0,00E+00 0,00E+00 0,00E+00
FW m? 2,55E-02 7,38E-03 1,84E-03 1,62E-02
HWD kg 0,00E+00 0,00E+00 0,00E+00 0,00E+00
NHWD kg 6,32E-01 0,00E+00 1,10E-01 5,22E-01
RWD kg 2,53E-04 119E-04 8,04E-05 5,28E-05
CFR kg 0,00E+00 0,00E+00 0,00E+00 0,00E+00
MFR kg 2,61E-01 4,58E-04 1,20E-01 1,41E-01
MFER kg 5,08E-01 0,00E+00 0,00E+00 5,08E-01
EEE MJ 0,00E+00 0,00E+00 0,00E+00 0,00E+00
EET MJ 0,00E+00 0,00E+00 0,00E+00 0,00E+00

Tab. 2-Potential impacts, use of resources, waste and output flows EcoCosto 199/10 HTG 13-10 [DU: 1m?]

Source: https://api.environdec.com/api/v1/EPDLibrary/Files/e01039d6-2e98-479a-eae0-08db673344ea/Data




‘ : a S e Stu dy _.:_-a:’:e o I_m'eb"m“; da‘a‘hfor mz ‘I’rsd“;‘_ion a{"ﬂ als:f;n:g';féhe framet(E“mpe;n :rzdorz Table A4. Inventory data for the production and assembly of the tires (315/70R22.5) and wheels
otal mass Is based on the model by rries et al. 4,90, . Components are adapted an . - . - - .

scaled based on GREETV2.7 [26] and Hawkins [44] and verified by an expert interview [63]. (22.5 inch). Total mass is based on the model by Fries et al. [54,58,59]. Components are adapted and

scaled based on Hawkins [44] and verified by an expert interview [63]. The amount of energy results

] from Hawkins [44].
Category Frame Unit Value Source

-
L I fe - Cyc I e I n ve n to ry fo r Total Mass kg 854 [54,58] Category Tires & Wheels Unit Value Source
- Frame kg 366 [26] Total Mass kg 658.8  [54,58]
H eavy- D u ty Ve h I c I e Components Weld Blanks, Fasteners 268.4 [26]

kg Low-alloyed Steel Mass kg 331.21  [26,44]
P d t' Saddle Clutch kg 2196 [26] . Chromium Steel Mass kg 108.1  [26,44]
roauction p— . S Materials Rubber Mass kg 10974 [26,44]
Viaterials 9 o Acrylonitrile Mass kg 10974 [26,44]
Aluminum kg 1342 [26,44]
Assembly kWh 279.3  [44]
B Surface Area m? 16 [63] Energy Heat kWh 1145 [44]
Additional Data
Welding Distance m 1.5 [63 . : 3
Table A2. Inventory data for the production and assembly of a standard sleeper cab for long-haul 9 (6] C()mPrEE'SEd A?r 6 bar m3 69.82  [44]
transportation. Total mass is based on the model by Fries et al. [54,58,59]. Components are adapted and COmPI'ESSEd Air 12 bar m 125.7  [44]
scaled based on Hawkins [44] and verified by an expert interview [63]. The amount of energy results Oxygen kg 0.08 [44]
from Hawkins [44]. Additional Data Acetylene kg 0.014 [44]
P Py " - S Carbon dioxide kg 1.718  [44]
atego al ni alue ource
801y ! e Sour Natural gas kWh 398 [44]
Total Mass kg 1386.68  [54,58] Water _m3 135 [44]
Steel Mass kg 609.84 [44]
Rubber Mass kg 1125 [44]
Aluminum Mass kg 18.09 [44]
Thermoset Mass kg 21237  [44,63]
Thermoplastic Mass kg 257.15 [44,63] : .
. Copper Mass ke 02 [44) Suspension, Saddle Coupling
aterials Magnesium Mass kg 096 [44] . .
Zinc Mass kg 04 [44] AXlC & BrdkeS
Organic Materials Mass kg 39.82  [44]
Other Mass kg 0.56 [44]
Glass Mass kg 159.07 [44]
Paint Mass kg 46.86  [44]
) Assembly kWh 18.55 [44]
Energy Interior .5 MJ 17307 [44]
] Assembly kWh 806.64 [44]
Energy Exterior  Heat M] 1884.65 [44]
Total E Assembly kWh 825.19 [44]
otal Energy Heat MJ 2057.72  [44] 5 3
ot = o Tires & Wheels Chassis
Oxygen kg 011 [44]
Additional Data Acetylene kg 0.01  [44]
e Nitrogen kg 022 [44]
Carbon dioxide kg 047 [44] Table A5. Inventory data for the other components of the vehicle glider. Total mass is the result of the
Natural gas K 328 [44 . o e
atura gas ] L) Table A3. Inventory data for the production and assembly of the chassis including suspension and components which were adaPtEd from GREET V2.7 [26] and Hawkins [44]. The amount of fluid is in

steering system. Total mass is based on the model by Fries et al. [54,58,59]. Components are adapted compliance with technical recommendations of a manufacturer of lubricants [65]. The total mass is the
and scaled based on GREET V2.7 [26] and verified by an expert interview [63]. The amount of energy

result of the components mass.
results from Hawkins [44]. P

Category Suspension Unit Value Source Category Others Unit Value Source
Total Mass kg 1600  [54,58] Total kg 805.6
Rear Axle ! kg 750 [26,63] ’
Front Axle 2 kg 500  [26,63] Powertrain Thermal kg 261.6 [26]
Components Steering System kg 100 [26,63] . .
P Suspension Front kg 100 [26,63] Povye?tram Electrical N kg 108.6 [26]
Suspension Rear kg 150 [26,63] Components Emission Control Electronics kg 108.6  [26]
Steel Mass kg 1150 [26,63] Exterior electrical kg 108.6 [26]
Materials Iron Mass kg 400 [26,63] Rear Underride Guard kg 130  [26]
Rubber Mass kg 50 [26,63] T s
ool Kit kg 25  [26]
Steel KWh 545  [56]
Energy Iron milling kWh 592 [56]
! Including brakes, differential, driveshaft and housing; * including brakes. Wolff, S., Seidenfus, M., Gordon, K., Alvarez, S., Kalt, S., & Lienkamp, M. (2020). Scalable life-cycle inventory for heavy-duty vehicle production.

Sustainability, 12(13),5396.
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