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Ponencia oral

- The objective of this case study is to analyze whether a reduction in environmental impact is achieved
by incorporating bio-based materials into the composition of adhesives and how this affects the rest of
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Ponencia oral

Colegio Ambientélogos
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Jornada Técnica: Introduccion al
Andlisis de Ciclo de Vida

4 diciembre 2023

Introduccion al Andlisis de Ciclo de Vida

Jornada técnica gratuita.

El Analisis de Ciclo de Vida (ACV) emerge como una opcion laboral crucial en la actualidad
debido a su papel fundamental en la toma de decisiones empresariales responsables.

El objetivo de esta jornada es el de conocer las posibilidades de los calculos de Analisis
de Ciclo de Vida, las metodologias disponibles y las principales aplicaciones actuales.

Ponente Borja Mateu Romero, licenciado en Ciencias Ambientales con Master en Ingenieria
Ambiental y doctorando en Medio Ambiente y Sostenibilidad, experto en Analisis de Ciclo
de Vida y Ecodisefio
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-
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1. INTRODUCTION AND OBJETIVE

In the footwear sector, with an estimated world production of 255 billicn peirs by 2025, the current finsar econamic mndd gener!r.es considerable resource lass end high
envirenmental imaacts. In this sense, the depleyment of circular economy model aims at optimizing the use of rescurces and i ste peneration through & closed cycle of
producticn and consumgtian. In respanse ko this, di I sgical mqunmg nv Footwear and its companents have been
considered because they rearesent key pracesses for implementing circular econarmy models, e with the requirements of the fture Ecodesign for Sustainabie Prodicts
Regulation [ESPR). Therefore, the objective of this work is to determine the environmental impacts 2t the different stages of the footwear (ife cyce, 2s well as analyze
Sternatives &nd-oi-ife (EoL) Scencrios and how advanced reeycing proceases aliow for the acauiaion of faw Malerials with low Evironmenlal mpect, Eveluste current and
fulure recycling strategies, as well as the rele of eco-design in adeting fuolwear to circuler economy models.

2. METHODOLOGY
Product: EL-manulactured pair of leather shees with cardboard packaging.

Data: Provided by the menufecturer.
End-of-Life: Modsled on Inescop's footwear recyding pilot pants.

Standards: Aligned with Produet Ervirenmental Fostarint Category Rules (PEFCR) araft for apparel and leotwesr metadology.
Functional Unit: 1 pair of size 42 EU shoes with primary packaging, total weight of 2036 g with deta referring to Feoruary 2024,

mary
Subeategory 13: buals. CPA/NACE code 15.20.13: Fostwear with uppers of leather, other then sports faolwear, fcalwear incorparating & sl LCs2
protective mela] Loe-cap And miScellnacus specil [oatmear, THese MAUNLEIN BOGE 2re designed Lo |25t 100 LSS BEeording Lo the PEFCR.

System Boundaries from cradie to grave LCS1: Exlraction and preprocessing of v malerists LES2: Manulacturing of comaongnts and
shae cementing. LCS3: Distribution and sale of the product. LCSS: ‘with different alternative scenarics. “Note: The use phase
(LESH) is echuded Tram the sludy du 6 undefined models for calculating produst dursbilly.

Software and Database: Softwere: SimaPro 9.6 Dalabase: Ecoinvent 3.10

Considered Tmpact Categories: The study focuses on the carbon foatprint category to maximize understanding: Climate change Indicator:
Giahizl Werming Patertial (GWP100) Uit: kg C0se Imaact Assessment Method: Bcseline model of 100 years of IPCC (besed e [PCC 2013) |

Considerations: (1) The current end-of-life scenario considered for footwear assumes 10% reuse, 45% landfill, and 42% incineration with =y
energy recovery. Additianzlly in this work, alternalive scenaros heve been evaluated besed an mechanical recycling processes using

sheeders, meqrietic seperstors, end density seperatian far 2 capacty of S0 k/h, develope by Inescon. (2) Furthermore, Ihe current

scenaric af virgin rew materials such as vulcanized rubber and polyurethane (FUR) was emazred o Toatwadr materals & ing in the

corsentional rotte (1) varsus chemical recycling processes through rubber devulcanization and polyurethane glycnlysis. What is mare,

vialogica! recyeling af teather through acrelerated carmpesling wes lse considersd. A prier mechanicel recyeling pracess is necessary before
ehermical and biclogical recycing. Primary dala fram Inescop pilot #ants were used for this purpose.

3. RESULTS AND DISCUSSION

The grealest environmentel impects ocour during the extraction and processing of rew makerials (LCS1), which is Lypical of the linear economy model that entails considerzble
enviranmental efects (LCSS) 2nd a 1085 of highly recyclebie matenials. The currenl and-oi-lfe scenario [or foobwear by defaull reprasents 3.2% of the total analyzed foolwear's
enveironmental impact. Newertheless, when mechanical recycling & considered as end-of-ife scenario @ decrease of S0% is achieved, which could represent approximately 8
resuction of 12,000 L al (0, per year by 2025 consigering glabal productian. I i dus 1o INe SEarabon f polymer [TBCUONS, Jealher, MELals, Wexliles 2nd faams, malenals thal
composed of the shoe, for lurther use a3 Secondary raw malerisls thet cen be reintegraled into new foctwear products or other indusiries such as composites for playgrounds or
es construction insulation matesiels, smong others, thereby cresting industriel symbiosis.

Mareaver, chemical and biclogical recycling of the recovered materizls sfter & mechanicel recycling, despile of increasing the envirconmental impect, maximizes applicaticns and
value of fhe recoverad matenais, Advanced chemical and bisiogical recycling processes can yield materials that enable upcyding or closed-iap matarial cycles, Therefore,
raterials have besn Compansd with convenlionl materiels in rrenl scensrio. Chemical remd.ng has & moderste impact, with polentiel focused an specific materials. In this
case, only ihe soje part made of rubler #nd palyurethane (34% end 6% of Lhe shoe's weight, resgeclively) has been considered. Bilogical recycing alows for materials 1 be
Feiegrated i thel BASogiLa) EyEie of Ehe val Lhein, 1aathar Sompants AEr ANt Tor 213 of lenther i i anatyzed model.
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New racycling techniques offes alfractive siternatives Lo snhance the sustainability of the footwear lifecyrle. Mechanical recycling of footwear. in particular, exhibits the lowest
envirenmenial footpeint compared Lo current meéhods. Chemical and biologieal recycling also shom praising resus by enabikng the recovery of specific ralerials and laciilzting
the creation of new circular conomy models that incorporate low-impact raw materials in

4. CONCLUSIONS
DMechanical recycling of foolwear i one of the Best Aveilable Technigues (BAT) due to ils capeciy, high vields, ead
lew enviranmentl impect. Funded by:
n:nemmel recycling is efficient for certain materizls ke rubber and poiyurethane, but devulcanizetion and ghycolysis require
essing and hGMOGENEdUS CONAINENS, INCreasing their environmental impect. s | S CE - A
DBmIﬂglm\ recyeling throigh composting i< 2 visble optin for specfic foctwear components, inchuding leaiher oifering 2 low
niroamen

Qs study allaws mr the identificalion of ecc-design lechaiques to seiect materials, end-oile resyeling pathways, and the
enviroamental impacts associated with new circular sconormy m

DThese findings are expected 1o inform the industry on best et ife stralegies Lo minimize faclwear's environmental factprint
and promate circular economy solutions Ehrsugh ecodesign and efficient recycling strategies
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1. INTRODUCTION AND OBJETIVE
In the foobwear seclor, with an estimaled world production of 255 billion pairs by 2025, the current lineer econamic model penerstes considerable rescurce loss and high
envirenmental imaects, In this sense, the depleyment of circular ecanomy model aims al sptimizing Ihe use af reseurces and minimize maste peneration through & closed eycle of
production and consumgtion. In response to this, different innovative solutions beased on mechanical, chemical, and biclegical recyding of fostwear and its companents have been
considereil because they rearesent key pracesses for implementing circular econany medzls, in ling with the requiraments of the future ign for Sestainable Products
i ESPR]. Therefore, the objective of this work is to determine the environmental impacts 2t the different stages of the footwear life cycle, as well as analyze
allernatives end-of-fife (EaL) scenarios and hon sdvanced recyding processes allow for the eoquisition of raw materizls with low environmentel impect, Ewaluale current &nd
fulure reryeling strategies, a3 well 25 the rele of eer-desin in adepling faokwear Lo circular ecancmy models.

LCA of a pair of boots Diferent Eol scenarios New models of circular economy

3% Production of virgin rubber +
Eol. conventional footwear

rubber

LCSS

5.65 kg COze/kg

LCS3 Production of devulcanized

1.99 kg G rubber through mechanical +

chemical recycling
Current Mechanical

LCS2 endof- 5.39 kg CO,e/kg fihgsseipeln o forbren

recycling
oy ot + Eol conventional footwear
I 1 2.91kgCO, 0
) 1.20kgCO; 0
-~ 7.24kgCO;e

scenario footwear
Production of dereticulated
LCS1 ° @ —  0.87kgCO,e

polyurethane through mechanical +
—_—— 0.90kg CO; 0

chemical recycling
@ : 3.59kg CO,

31.17kg CO, e

Production of compost from
organic waste + EoL
conventional footwear leather

Production of compost through
mechanical recycling of footwear +

biological recycling of leather

low enviranmental impact. Funded by:
O Chemical recycling is efficient for certain materisls like rubber and polyurethens, bt devulcanizetion and glycolysis require .

preprocessing and homogenesus conditions, increasing their enviranmental impect. z_cn-ﬂuuu' VACE i
0 ol it =

logical recyrling through composting is & visble option for specific footwear components, including leather, offering a low

envircamental impact

DThis study allows foe the identification of eco-design lechniques e select materials, end-of-ife recycling pRways, and the

enviroamental impacts associated with new circular sconomy models

DThese findings are exgected Lo inform the industry on best end-ol-life strategies to minimize faolwears environmental factprint
and promate circular economy solutions Ehrsugh ecodesign and efficient recycling strategies
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