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CALIiMERO

IMPROVING BIO-BASED INDUSTRIES LIFE CYCLE SUSTAINABILITY

Industry case studies analysis to improve environmental performance and sustainability of bio-

based industrial processes
I

Main aim and context

Advancing the transition to a sustainable European bio-economy
by enhancing the sustainability of key industrial processes across
five bio-based sectors:

e Construction

*  Woodworking

* Textiles

* Pulp and paper

* Biochemicals
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CALIMERO’s toolbox/ methodological developments
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TOOLBOX/METHODOLOGICAL DEVELOPMENT
FOR THE LCSA OF BIO-BASED SECTORS

of bio-based processes

Emissions to

Net Present Value (NPV)
air/water/soil

S Internal Rate of Return
| (IRR)

Water & energy use,

[Criticalityindicatorsh- -
|

SUSTAINA
BILITY

Time-dependent
GHG emissions

Resource efficienc
& circularity

|
Toxicity | | Job creation /W

D bi,
(3]

Biodiversity | “

Enhancement of existing environmental indicators and
development of new ones to broaden the study's scope

Tailoring the approach to specific bio-based industries
to enhance result quality

Incorporating social and economic dimensions to
enable comprehensive sustainability analysis

Inclusion of criticality aspects for bio-based products in
LCSA
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Introduction

Critical raw materials
- High probability of a disruption of supply
- High vulnerability of a system to such a supply disruption (« importance »)

L
N HREE 2 O 2 3
. .-
Niobium
L]
. Magnesium
Gallium °
B . LREE
oron
L
~ Phosphorus
R
- *
> : o Cobalt ®PGM
s Scandium Strontium
Q e\/anadium
3
n Areenic eNatural gra‘)hiteouthium Antirponbeismuth
Naocal ok wood | .Germanlum < Beryllium e Titanium metal
o Feldsparg Hafnium , ®Silicon metal
elium o R y eManganese Tungstene
Las Baryte oFiuorspar Tantalum Alumlmum/bauxneephesm&k .
A o o
8 "%q%’«'ﬁ" ox in Sileer —— St mbger Morybgenum © Chromium
on OMagnesite Titanium Potash
anium o . [+ Y o]
o qu ite Tellum.s; dm-um Scle",uumo Nickel Iron ore
o £ "g : :g Ag“ * oLead z;°..§”"’""'
(| Roundwood Copper

welcop 4

A\

Economic importance



Introduction

Is raw material criticality less relevant for the bio-based sector?

Or does ‘criticality’' have a different meaning for bio-based materials
compared to metals?

ﬁ& Ancient forests (500-1000+ years old) are non-renewable and at risk of depletion
Q‘ﬁi Deforestation for bio-based materials harms biodiversity and ecosystems

."\.
% Land competition between agriculture, land access, and geopolitical tensions

‘Ml Resource demand conflict (e.g., food vs fuel) with limited supply

(Bach etal. 2017)
welcop s



Laminated Strand Lumber (LSL) - case study

- el Residual
Electricity Sa“deSt biomass
(pine)
Chemicals I
(optional) Adhesive
Green
[ | wood high
quality
Poplar forestry |

. — Silviculture — Logging
(Spain)
Green Debarking Drving and Usea?\L‘:v;:\Od
| wood low and — v g. — Pressing P .
lity . . screening construction
qua chipping sector (EU)

Production of Laminated Strand Lumber (LSL) in the Spanish woodworking sector

Produced from low-quality wood scraps from the poplar forestry sector

Steam used during drying and screening of the chipped wood is provided from incineration of biomass, including both virgin sawdust and

waste biomass




Define the Goal and Select and evaluate Define an aggregation Interpret and
Scope indicators approach communicate results

What materials are

What type of risk is

What is the objective

anticipated evaluated? of the assessment? From the perspective of the producer of
l 1 LSL, these flow may be subject to

r \ [ \ —\ ( D o :

Regional/national Physical accessibility Allraw materials, Make policy disruptions in the supply chain:
economy problems components, and decisions

\ J U J final products used .

( 1 [ ) by the system at risk [ i ) Low-quality green wood
Sector/technology Price fluctuations at all stages of the Inform on required

. ) 9 value chain ) L mitigation strategies ) Virgin sawdust (pine and beech wood)

Waste biomass (discarded chips, dust,

N
Manufactured ( Conduct a screening

Company Reputation damage components used by for a more in-depth trimmings, and board waste)

\. J \ J the system at risk stud

p 4 \. v J 0 v J Adhesive material
4 : \ ( )

Product system Raw materials used Identify hotspots in

L ) by the sys.te.zm atrisk ] the value chain ]
L at the refining stage y
4 )

Metals/ Biotic
materials used by
the system atrisk at
\_ the extraction stage )

Source: (Helbig et al. 2021) welcop 7



Define the Goal and Select and evaluate Define an aggregation Interpret and
Scope indicators approach communicate results

Supply is dominated

— There is competing
in a few countries

use of the productin
high-margin or high-
Supplying country is priority applications
subject to an
unstable investment

climate
One of the suppliers
isnota o deliver A compan; o a0
Supniyingcountry’s | | | " lr produot ana y ot e https://www.irtc-decision-tool.weloop.org/tools
ere are accesstoa
unrest alte::ativa suf:::.iers product
Supplying country is
subject to natural |
disasters

Supplying country is

subject to trade The material is mainly produced

as a by-product of another

. rers;;i::irzr;si _ product. If the demand of the
- v main product decreases, the There is a mismatch
: = supply of the by-product — between supply and . .
‘ decreases as well demand in the market A product may Ind icator selectlon based on the

. \ J
‘ ' L tential t suddenly . e . . ege
Y9 bushose Lo ot o poterito T — wetotamloty anticipated risks identified/selected

change
mines due to its use in emerging technologies, in price
High share of High share of - and/or efnerging economies, while by method d eve I.o pers
(current) production (current) prod SURPlY might not be able to catch up
I RTC fra m ewo rk capacity used in capacity used in
mining and refining mining and refining Supply is not compliant
with (future) policy
Demand is expected Demand is expected regulations
to strongly increase to strongly increase .
Production is
Additional costs may be dependent on the
T W of expected due to availability of energy
Pr:dsl:"c':':;::b: The product is potentially T environmental/social at areasonable price
associatsdwitn | o S Impact pathways that link commonly
axes
[ pi Supply is dominated
A product can be by a few companies, og e . - . .
The supply ofa —
roduereanbe || | cssociatedwith social A company's eputation which maymisuse used criticality indicators with the
associated with " o may be affected by the use
ptable by e o . .
conflct social norms of aproduct anticipated risks is done by the
The supply ofa
duct b A product can be H (13 H »
Doteawin ] | ‘associatedwitn ‘ creation of “storylines
conflict environmental impacts that —— Connector specific for a “A company may not have access to a
The supply ofa are deemed unacceptable product”

by social norms —— Connector specific for a “A company may change suddenly

]
:
]
— ) substantially in price”
]
]
]
]

product can be
associated with
child labour

—— Connector specific for a “A company’s reputation may be affected

by the use of a product”
______________________________________________________ welcop 8



Define the Goal and Select and evaluate

Scope indicators

Dimension Categories
B C].imatechangc __________________-i
Acidificati TTTTTTTTTTTTTTTTT
4 cdibeaton | 1
Ell‘;::;m:al Buophicaton | ]
Ozone depletion |
__________________ 4
Smeg | JI
s S ———
Food security o
IT| * No cause-and-effect mechanisms are
| T developed within the framework
Abiotic
constraints | | . - | T 1

Natural disasters |

el ] Criticality indicators are only categorized based

BIRD framework

Overall avialbility of biotic materials

i — on their indicator type, but not on the type of
harvesting . .
S risk they may pose on the company conducting
Socio. Occurence as co-product th e study
Bcunoq]ic Price fluetuations
constraints Trade barriers
Political instability
Demand growth
Company concentration
_ Biotic resource
Physical depletion availabilil
consiraints Replenishment rate |

| | | | — (Bach etal. 2017)

Nature Cultivation and P ingof  Productionof  Production of
harvest material (into intermediate (intermediate)
intermediate product 7, produet i,

poodct £ welcop




Select and evaluate
indicators

Define the Goal and Define an aggregation

approach

Interpret and
communicate results

Scope

Supply is dominated
in a few countries
Supplying countryis
subject to political

instability
Supplying country is
subject to societal Qnenf(hesuppt?:;s A company may not . H H H

—— ek productans v accets 03 Indicator evaluation based on combination of two

subject to an suex:::v:r:::;m Pt

unstable investment SR ene .

clmate Fah ko oesae o criticality frameworks:

value chain

Material is difficult to
store

1

Thereis competing use of the

UPPIYING country1s
subject to natural

IRTC framework (Schrijvers et al. 2023)

disasters There is competing product in high-margin or high-
use of the productin priority applications
SUPFIWHSCBUHIW is high-margin or high- . . .
et priory applications Cause-and-effect mechanisms of indicators
nationalism
. o .
S and anticipated risks
eded
cultm:‘:iﬂne - The material is mainly produced as
a by-productof another product. If
Tow potentalto the demandof the manproduct. [—— Focus on metals
increase supply from |—— decreases, the supply of the by-
mines product decreases as well
T amaantal BIRD framework (Bach et al. 2017)
resources extracted o
Thereis a mismatch between | | Aprod
from Bu;z;n:s\r;r;mem supply and demand in themarket | L ch;:;e ::;:‘":nyly B H H
Low potential t
replaniahment rata | e 8 inprica Indicators for bio-based materials
and therefore
- Demand is expected to strongly
decreases the High share of B
resource stock (current) production inerease due o its use in emerging

Do not consider cause-and-effect mechanisms

technologies and/or emerging
economies, while supply might not
be able to catch up

capacity used in
mining and refining

The resource cannot
easily be extracted
from the
Technosphere

Supplyis not compliantwith
{future) policy i

Demand is expected
to strongly increase

Additional costs may be
expected due to

The supply of product
PPY o7 P The productis

can be associated [ r s
with corruption potentially toxic

— ial

reporting requirement ot

taxes
The supply of product
can be i Aproductcan be iated -
with conflict with social circumstances Production is dependenton

the availability of energy at a
reasonable price

that are deemed
unacceptable by social
norms

The supply of product
can be associated
with the violation of

Supplyis dominated by a few

human rights
countries
The supply of product -
with child labour

N Acompany’s reputation may
A P'“duc.":a” e s be affected by the use ofa
with environmental impacts product

that are deemed

IZI__> Supply-risk aspects relevant for
biobased materials added
unacceptable by social

welcop 10
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Indicator scoring using the developed criticality Excel tool

0 Defining the intermediate

flows consumed by the

system at risk

‘ Intermediate flow consumed by the system at risk | Value-chain step Supplying countries

Low-quality green wood
Electricity

and board waste)

Processed raw material ~ Spain (100%)
Final product NA

Virgin sawdust (pine and beech wood) Processed raw material ~ Spain (100%)
Waste biomass (discarded chips, dust, trimmings, = Processed raw material  Spain (100%)

Adhesive material (in this case a polymeric Final product China (50%), Germany (25%), USA (15%), Brazil
methylene diphenyl diisocyanate glue, in some (7%), Saudi Arabia (3%)
other cases formaldehyde-based adhesive is used)

Gate-to-gate system boundaries of the
producer of Laminated Strand Lumber (LSL)

welcop
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Indicator scoring using the developed criticality Excel tool

Defining the intermediate Intermediate flow consumed by the system atrisk | Value-chain step Supplying countries

Low-quality green wood Processed raw material ~ Spain (100%)
flows consumed by the Electricity Final product NA
system at risk Virgin sawdust (pine and beech wood) Processed raw material ~ Spain (100%)
—_— Waste biomass (discarded chips, dust, trimmings, = Processed raw material  Spain (100%)
and board waste)
Adhesive material (in this case a polymeric Final product China (50%), Germany (25%), USA (15%), Brazil
methylene diphenyl diisocyanate glue, in some (7%), Saudi Arabia (3%)

other cases formaldehyde-based adhesive is used)

Identification of the value-chain step

. Availability of reserves (for minerals/metals) or natural growth (of Supplying countries

biotic resources) Low-quality green wood Processed raw material =~ Spain (100%)
Electricity Final product NA
. Supply from mines (for minerals/metals) or cultivation and Virgin sawdust (pine and beech wood) Processed raw material = Spain (100%)

Waste biomass (discarded chips, dust, trimmings, = Processed raw material Spain (100%)
—— and board waste)
. Production of refined or processed raw materials Adhesive material (in this case a polymeric Final product China (50%), Germany (25%), USA (15%), Brazil
methylene diphenyl diisocyanate glue, in some (7%), Saudi Arabia (3%)
other cases formaldehyde-based adhesive is used)

harvesting (for biotic resources)

. Production of intermediate products

. Production of final products

welcop 12



Indicator scoring using the developed criticality Excel tool

e Identification of the \ Intermediate flow consumed by the system atrisk  Value-chain step Supplying countries
. . Low-quality green wood Processed raw material = Spain (100%)
countries supplying each > Electricity Final product NA
intermediate flow Virgin sawdust (pine and beech wood) Processed raw material = Spain (100%)

Waste biomass (discarded chips, dust, trimmings, Processed raw material | Spain (100%)
and board waste)
Adhesive material (in this case a polymeric Final product China (50%), Germany (25%), USA (15%), Brazil
methylene diphenyl diisocyanate glue, in some (7%), Saudi Arabia (3%)

other cases formaldehyde-based adhesive is used)

o In the Excel tool:
United Saudi

China Germany | States Brazil Arabia
50,0% 25,0% 15,0% 7.0% 3.0%

31,13207626| 7,78302| B,06604( 4,7547171] 232075
13,70192337| 2,76442| 1,94711| 4,44230782| 1,24038
25| 168269 1,875| 3,76923073| 1,15385
23,55769157| 2,16346| 1,73077| 3,63461536] 1,19712
23,55769157| 1,20192| 259615 3,9375| 1,11058
47,58454108| 1,44928| 4,05797( 3,0434782| 2,84058
29,625( 5,14583 4,75| 4,18833333 1,76
27,775 [#VALUE! [ 6,0585 3,6652 [#VALUE!

The shares of supplying countries are multiplied with
country-specific indicator values in the novel Excel
template, to calculate a weighted average of country-

specific indicator scores P e
31,35 57 4,605 3,416 1,68

#FVALUE! FVALUE! [#VALUE! 0,378 [#VALUE!

14,575 3,0875| 4,90125 2,47275| 1,08225

T 5 4,95 4,34 141

11,95 1,325 111 1,645 0,438

oo T T T T T T T EEEEEEEEEEEEEEEEEEE

ILow-q green wood  Residual biomass  Virgin sawdust ~ Adhesive :—> Criticality indicator scoring is calculated per intermediary flow

LR B R N R _§ N R _§ N _BR_§ N _R_B_§ R B _§ _§ B _§ N _R_§ _§_BR_B_§_ N _BR_§ N B 4

welcop 13



Define the Goal and Select and evaluate Interpret and
Scope indicators communicate results

Residual

| upply is dominated in afew countries (bottleneck) |

Key observations:

WGI - Government effectiveness (2020)

WGI - Regulatory Quality (2020)

WGI - Rule of law (2020)

WGI - Control of corruption (2020)

WGI - Voice and Accountability (2020)

Fragile State Index (2022)

Policy Perception Index (2021)

Enabling trade index (2016)

Environmental Performance Index (2024)

Child labour (% ages 5-17) (2010-2019)

Global Peace Index (2022)

Corruption Perceptions Index CPI (2021)

Human Development Index HDI (2019)

Natural disaster Index (NDI) (2013)

Economic Vulnerability Index (2024)

Economic Vulnerability Index - Share of agriculture, forestry and fisheries (2024)
Economic Vulnerability Index - Remoteness and landlockedness (2024)
Economic Vulnerability Index - Export concentration (2024)

Economic Vulnerability Index - Export instability (2024)

Economic Vulnerability Index - Share of population living in low elevated coastal zones (2024)
Economic Vulnerability Index - Share of population living in drylands (2024)
Economic Vulnerability Index - Agricultural instability (2024)

Economic Vulnerability Index - Victims of disasters (%) (2024)

Water Depletion Index (WDI) (2018)

EPI Species Habitat Index (2024)

EPI Protected Area Representativeness Index (2024)

Total subjected to export restrictions

Potential to recycle

IAmount of phosphorous applied (kg) in a product system

Amount of land used (h/year) in a product system

Cradle-to-gate LCA (single score)

Climate change

Acidification

Eutrophication

Ozone Depletion

Photochemical ozone formation

Cumulative energy demand

Mreatened Species Index (TS1) Biobased materials are compared to

Primary material use (%) . . .

Biotic resource depletion lithium and cobalt to facilitate the
interpretation of results

Replenishment rate (man-made biotic materials)

Substance of very high concern for Authorisation (REACH framework)
% supply as by-product

6 expected demand growth

welcop 14



Define the Goal and

Select and evaluate
Scope indicators

Interpret and

communicate results

Normalized values

Supply is dominated in a few countries (bottleneck)

WGI - Political stability & absence of Violence/terrorism (2020)

WGI - Government effectiveness (2020)

WGI - Regulatory Quality (2020)

WGI - Rule of law (2020)

WGI - Control of corruption (2020)

WGI - Voice and Accountability (2020)

Fragile State Index (2022)

Policy Perception Index (2021)

Enabling trade index (2016)

Residual
Low-quality green woodVirgin sawdust |iomass Adhesive
| 0%
| 77

52% 52%

Environmental Performance Index (2024)

64%

(Child labour (% ages 5-17) (2010-2019)

Global Peace Index (2022)

39%

Corruption Perceptions Index CPI (2021)

Human Development Index HDI (2019)

Natural disaster Index (NDI) (2013)

Economic Vulnerability Index (2024)

56%

Economic Vulnerability Index - Share of agriculture, forestry and fisheries (2024)

Economic Vulnerability Index - Remoteness and landlockedness (2024)

Economic Vulnerability Index - Export concentration (2024)

Economic Vulnerability Index - Export instability (2024)

Economic Vulnerability Index - Share of population living in low elevated coastal zones (2024)

Economic Vulnerability Index - Share of population living in drylands (2024)

Economic Vulnerability Index - Agricultural instability (2024)

— — pisasieuesii(@iad

ater Depletion Index (WDI) (2018)

Propacieenana Qe 2022

EPI Protected Area Representativeness Index (2024)

Total subjected to export restrictions

Potential to recycle

IAmount of phosphorous applied (kg) in a product system

Lithium

Amount of land used (h/year) in a product system

Cradle-to-gate LCA (single score)

Climate change

Acidification

Eutrophication

Ozone Depletion

Photochemical ozone formation

Cumulative energy demand

Threatened Species Index (TSI)

Primary material use (%)

Biotic resource depletion

Replenishment rate (man-made biotic materials)

Substance of very high concern for Authorisation (REACH framework)

% supply as by-product

6 expected demand growth

Key observations:

Supply of biotic materials to
LSL (Laminated Strand Lumber)
producer is strongly
concentrated (100% from
Spain)

Sensitive to water scarcity in
Spain

Biobased materials are compared to
lithium and cobalt to facilitate the
interpretation of results

welcop 15



Define the Goal and
indicators

Scope

Select and evaluate

Interpret and

communicate results

Normalized values

Low-quality green wood Virgin sawdust

Supply is dominated in a few countries (bottleneck)

WGI - Political stability & absence of Violence/terrorism (2020)

WGI - Government effectiveness (2020)

WGI - Regulatory Quality (2020)

WGI - Rule of law (2020)

WGI - Control of corruption (2020)

WGI - Voice and Accountability (2020)

Fragile State Index (2022)

Policy Perception Index (2021)

Enabling trade index (2016)

52%

| 81y

52%

Residual

biomass Adhesive Lithium

81%

52 67%

Environmental Performance Index (2024)

64%

64%

64%

(Child labour (% ages 5-17) (2010-2019)

Global Peace Index (2022)

39%

39% 57%

Corruption Perceptions Index CPI (2021)

Human Development Index HDI (2019)

Natural disaster Index (NDI) (2013)

Economic Vulnerability Index (2024)

56%

56% 62%

Economic Vulnerability Index - Share of agriculture, forestry and fisheries (2024)

Economic Vulnerability Index - Remoteness and landlockedness (2024)

Economic Vulnerability Index - Export concentration (2024)

Economic Vulnerability Index - Export instability (2024)

Economic Vulnerability Index - Share of population living in low elevated coastal zones (2024)

Economic Vulnerability Index - Share of population living in drylands (2024)

Economic Vulnerability Index - Agricultural instability (2024)

Economic Vulnerability Index - Victims of disasters (%) (2024)

Water Depletion Index (WDI) (2018)

EPI Species Habitat Index (2024) 51%
EPI Protected Area Representativeness Index (2024) 57%
Total subjected to export restrictions

Potential to recycle 50%

IAmount of phosphorous applied (kg) in a product system

Amount of land used (h/year) in a product system

Cradle-to-gate LCA (single score)

Climate change

Acidification

Eutrophication

Ozone Depletion

Photochemical ozone formation

Cumulative energy demand

Threatened Species Index (TSI)

Primary material use (%)

Biotic resource depletion

Replenishment rate (man-made biotic materials)

% supply as by-product

Key observations:

Supply of biotic materials to
LSL (Laminated Strand Lumber)
producer is strongly
concentrated (100% from
Spain)

Sensitive to water scarcity in
Spain

High dependency on by-
products (biowaste)

Biobased materials are compared to
lithium and cobalt to facilitate the
interpretation of results

welcop 16



Define the Goal and

Scope indicators

Select and evaluate

Interpret and

communicate results

Normalized values

Supply is dominated in a few countries (bottleneck)

WGI - Political stability & absence of Violence/terrorism (2020)

WGI - Government effectiveness (2020)

WGI - Regulatory Quality (2020)

WGI - Rule of law (2020)

WGI - Control of corruption (2020)

WGI - Voice and Accountability (2020)

Fragile State Index (2022)

Residual

Low-quality green woodVirgin sawdust |iomass Adhesive
1%

[ ew
o

Policy Perception Index (2021)
Enabling trade index (2016) 529 529 520  67%

Environmental Performance Index (2024)

64% 64% 64%

(Child labour (% ages 5-17) (2010-2019)

Global Peace Index (2022)

39% 39% 57%

Corruption Perceptions Index CPI (2021)

Human Development Index HDI (2019)

Natural disaster Index (NDI) (2013)

Economic Vulnerability Index (2024)

56% 56% 62%

Economic Vulnerability Index - Share of agriculture, forestry and fisheries (2024)

Economic Vulnerability Index - Remoteness and landlockedness (2024)

Economic Vulnerability Index - Export concentration (2024)

Economic Vulnerability Index - Export instability (2024)

Economic Vulnerability Index - Share of population living in low elevated coastal zones (2024)

Economic Vulnerability Index - Share of population living in drylands (2024)

Economic Vulnerability Index - Agricultural instability (2024)

Economic Vulnerability Index - Victims of disasters (%) (2024)

Water Depletion Index (WDI) (2018)

EPI Species Habitat Index (2024) 51%
EPI Protected Area Representativeness Index (2024) 57%
Total subjected to export restrictions

Potential to recycle 50%

IAmount of phosphorous applied (kg) in a product system

Lithium

Amount of land used (h/year) in a product system

Cradle-to-gate LCA (single score)

Climate change

Acidification

Eutrophication

Ozone Depletion

Photochemical ozone formation

Cumulative energy demand

Threatened Species Index (TSI)

Primary material use (%)

Biotic resource depletion

Substance of very high concern for Authorisation (REACH framework)

P expected demand growth

Key observations:

Supply of biotic materials to
LSL (Laminated Strand Lumber)
producer is strongly
concentrated (100% from
Spain)

Sensitive to water scarcity in
Spain

High dependency on by-
products (biowaste)

Adhesive material in LSL
potentially restricted / potential
reputation damage due to
toxicity

Biobased materials are compared to
lithium and cobalt to facilitate the
interpretation of results

welcop 17



Interpret and
communicate results

Define the Goal and Select and evaluate

Scope indicators

Supplyis i
in a few countries

Supplying country is
subject to political

Key observations:

instability
Supplying country is — —
subject to societal One of the suppliers
unrest is not able to deliver A company may not
their pr ’ have accessto a

e L menier product Supply of biotic materials to

o e i e T LSL (Laminated Strand Lumber)
producer is strongly

Material is difficult to value chain —|
store

UPPLYINg Countryis - -
subject to natural There is competing use of the

disasters There is competing productin high-margin or high-
use of the productin priority applications 0
Supplying countryis high-margin o high- d (‘I 00 / f
subject to 1 priority applications concentrate 0 Trom
restrictions/ resource

Spain)
T ; Sensitive to water scarcity in

;. The material is mainly produced as
llien a by-productof another product. If

Low potential to the demand of the main product = S p a i n
increase supply from —— decreases, the supply of the by-
mines product decreases as well -
et High dependency on by-
resources extracted There is @ mismatch between A .
product may
remineraronment T supplyanddemand i thomarie products (biowaste)
replenishment rate substantially in price
P Domand i apecte o ronl Adhesive material in LSL
resource stock (current) production \ncrezse T“’; to |ls:,‘se n emgrg\ng
copacty ired cconomes wria sty gt ot otentially restricted / potential
T::;:;:::;::ﬂ"g:‘ mining and refining bai-;hlatn catch up Q Supplyis not compliantwith L— p n I y r rl p n I
— (future) policy
from th H
Demond s expecos reputation damage due to
1o strongly increase

Additional costs may be toXi C ity

The supply of product N e}cpel:led duewr
can be associated  —— The productis — i :
with corruption toxic reporting requirement of
taxes
The supply of product
can be i A productcan be d -
with conflict with social circy Production is dependenton
that are deemed the availability of energyat a
" reasonable price
The supply of product ””ac"em“:lr’::y soclal
can be associated
with the violation of )
human rights Supplyls byafew
countries

The supply of product -
can be associated [

with child labour
The supply of product i Acompany’s reputation may
can beassociated || Aproduct can be > be affected by the use ofa
with forced labour with environmental impacts product
thatare deemed
unacceptable by social
nerms
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Define the Goal and Select and evaluate

Interpret and

communicate results

Scope indicators

Residual

Normalized values Low-quality green woodVirgin sawdust |iomass Adhesive Lithium
Supply is dominated in a few countries (bottleneck)
WGI - Political stability & absence of Violence/terrorism (2020) | 54w A% 54 699
WGI - Government effectiveness (2020)
WGI - Regulatory Quality (2020) | 34W 3% 34 @ 43%
WGI - Rule of law (2020) | 409
WGI - Control of corruption (2020)

WGI - Voice and Accountability (2020)

Discussion

Some indicators are less
relevant for biobased material
than for metals (e.g. Policy
Perception Index)

Policy Perception Index (2021)

Environmental Performance Index (2024)
Child labour (% ages 5-17) (2010-2019)
Global Peace Index (2022)

Corruption Perceptions Index CPI (2021)
Human Development Index HDI (2019)
Natural disaster Index (NDI) (2013)
Economic Vulnerability Index (2024)
Economic Vulnerability Index - Share of agriculture, forestry and fisheries (2024)
Economic Vulnerability Index - Remoteness and landlockedness (2024)
Economic Vulnerability Index - Export concentration (2024)

Economic Vulnerability Index - Export instability (2024)

Economic Vulnerability Index - Share of population living in low elevated coastal zones (2024)
Economic Vulnerability Index - Share of population living in drylands (2024)

Economic Vulnerability Index - Agricultural instability (2024)

Economic Vulnerability Index - Victims of disasters (%) (2024)

Water Depletion Index (WDI) (2018)

EPI Species Habitat Index (2024) 51%
EPI Protected Area Representativeness Index (2024) 57%
Total subjected to export restrictions

Potential to recycle 50%

IAmount of phosphorous applied (kg) in a product system
Amount of land used (h/year) in a product system
Cradle-to-gate LCA (single score)

Climate change

Acidification

Eutrophication

Ozone Depletion

Photochemical ozone formation

Cumulative energy demand

Mreatened Species Index (TS1) Biobased materials are compared to

Primary material use (%) . . .

Biotic resource depletion lithium and cobalt to facilitate the
interpretation of results

Replenishment rate (man-made biotic materials)

Substance of very high concern for Authorisation (REACH framework)
% supply as by-product

6 expected demand growth
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Interpret and

Define the Goal and Select and evaluate
communicate results

Scope indicators

Residual

Normalized values Low-quality green woodVirgin sawdust |iomass Adhesive Lithium
Supply is dominated in a few countries (bottleneck) 81%

WGI - Political stability & absence of Violence/terrorism (2020) | 54% 544 544 699

WGI - Government effectiveness (2020)

WGI - Regulatory Quality (2020) | a4 00 344 00 34 439
| 409

WGI - Rule of law (2020)
WGI - Control of corruption (2020)
WGI - Voice and Accountability (2020)

Fragile State Index (2022)

Discussion

Some indicators are less
relevant for biobased material

Policy Perception Index (2021) th an fO rm eta lS (e. g PO l| Cy
Enabling trade index (2016) 529 529 520  67%

Perception Index)
Spain does not have a score on
Economic Vulnerability Indices.

Environmental Performance Index (2024) 64% 64% 64%
Child labour (% ages 5-17) (2010-2019)
Global Peace Index (2022) 39% 39% 57%
Corruption Perceptions Index CPI (2021) 56% 56% 62%

Human Development Index HDI (2019)

The results of adhesives can
therefore not be putin
perspective

Economic Vulnerability Index (2024)

Economic Vulnerability Index - Share of agriculture, forestry and fisheries (2024)

Economic Vulnerability Index - Remoteness and landlockedness (2024)

Economic Vulnerability Index - Export concentration (2024)

Economic Vulnerability Index - Export instability (2024)

Economic Vulnerability Index - Share of population living in low elevated coastal zones (2024)
Economic Vulnerability Index - Share of population living in drylands (2024)

Economic Vulnerability Index - Agricultural instability (2024)

Economic Vulnerability Index - Victims of disasters (%) (2024)

e il
EPI Species Habitat Index (2024) 51%
EPI Protected Area Representativeness Index (2024) 57%
Total subjected to export restrictions
Potential to recycle 50%

IAmount of phosphorous applied (kg) in a product system
Amount of land used (h/year) in a product system
Cradle-to-gate LCA (single score)

Climate change

Acidification

Eutrophication

Ozone Depletion

Photochemical ozone formation

Cumulative energy demand

Mreatened Species Index (TS1) Biobased materials are compared to

Primary material use (%) . . .

Biotic resource depletion lithium and cobalt to facilitate the
interpretation of results

Replenishment rate (man-made biotic materials)

Substance of very high concern for Authorisation (REACH framework)
% supply as by-product

6 expected demand growth
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Interpret and

Define the Goal and Select and evaluate
communicate results

Scope indicators

Residual
Normalized values Low-quality green woodVirgin sawdust |iomass Adhesive obalt Lithium . .
Supply is dominated in a few countries (bottleneck) w
WGI - Political stability & absence of Violence/terrorism (2020) | 54% 544 544 699

WGI - Government effectiveness (2020)
WGI - Regulatory Quality (2020)

WGI - Rule of law (2020)

WGI - Control of corruption (2020)

, Some indicators are less

relevant for biobased material
than for metals (e.g. Policy
Perception Index)

Spain does not have a score on
Economic Vulnerability Indices.
The results of adhesives can
therefore not be putin
perspective

Not all material-specific
indicators are quantified, this
study applied only basic
assumptions for illustrative
purposes.

WGI - Voice and Accountability (2020)
Fragile State Index (2022) | 4%  45% 45  60%

Policy Perception Index (2021)
Enabling trade index (2016) 529 529 520  67%
Environmental Performance Index (2024) 64% 64% 64%

Child labour (% ages 5-17) (2010-2019)
Global Peace Index (2022) 39% 39% 39% 57%
Corruption Perceptions Index CPI (2021) 56% 56% 56% 62%
Human Development Index HDI (2019)
Natural disaster Index (NDI) (2013)

Economic Vulnerability Index (2024)

Economic Vulnerability Index - Share of agriculture, forestry and fisheries (2024)

Economic Vulnerability Index - Remoteness and landlockedness (2024)

Economic Vulnerability Index - Export concentration (2024)

Economic Vulnerability Index - Export instability (2024)

Economic Vulnerability Index - Share of population living in low elevated coastal zones (2024)
Economic Vulnerability Index - Share of population living in drylands (2024)

Economic Vulnerability Index - Agricultural instability (2024)

Economic Vulnerability Index - Victims of disasters (%) (2024)

Water Depletion Index (WDI) (2018)

EPI Species Habitat Index (2024) 51%
EPI Protected Area Representativeness Index (2024) 57%
Total subjected to export restrictions
POLENUdUTO TECYCIE U7
IAmount of phosphorous applied (kg) in a product system
Amount of land used (h/year) in a product system
Cradle-to-gate LCA (single score)

Climate change

Acidification

Eutrophication

0zone Depletion | |
Photochemical ozone formation

Cumulative energy demand

Threatened Species Index (TSI)

Primary material use (%)

Biotic resource depletion

Replenishment rate (man-made biotic materials)

Substance of very high concern for Authorisation (REACH framework)
% supply as by-product

6 expected demand growth

Biobased materials are compared to
lithium and cobalt to facilitate the
interpretation of results
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Define the Goal and
indicators

Scope

Select and evaluate

Interpret and

communicate results

Normalized values

Residual

Low-quality green woodVirgin sawdust |iomass Adhesive

Supply is dominated in a few countries (bottleneck)

81%

WGI - Political stability & absence of Violence/terrorism (2020)

| 81y

WGI - Government effectiveness (2020)

WGI - Regulatory Quality (2020)

WGI - Rule of law (2020)

WGI - Control of corruption (2020)

WGI - Voice and Accountability (2020)

Fragile State Index (2022)

Policy Perception Index (2021)
Enabling trade index (2016) 529 529 520  67%

Environmental Performance Index (2024)

64% 64% 64%

(Child labour (% ages 5-17) (2010-2019)

Global Peace Index (2022)

39% 39% 57%

Corruption Perceptions Index CPI (2021)

56% 56% 62%

Human Development Index HDI (2019)

Natural disaster Index (NDI) (2013)

Economic Vulnerability Index (2024)

Economic Vulnerability Index - Share of agriculture, forestry and fisheries (2024)

Economic Vulnerability Index - Remoteness and landlockedness (2024)

Economic Vulnerability Index - Export concentration (2024)

Economic Vulnerability Index - Export instability (2024)

Economic Vulnerability Index - Share of population living in low elevated coastal zones (2024)

Economic Vulnerability Index - Share of population living in drylands (2024)

Economic Vulnerability Index - Agricultural instability (2024)

Economic Vulnerability Index - Victims of disasters (%) (2024)

Water Depletion Index (WDI) (2018)

EPI Species Habitat Index (2024) 51%
EPI Protected Area Representativeness Index (2024) 57%
Total subjected to export restrictions

Potential to recycle 50%

IAmount of phosphorous applied (kg) in a product system

Lithium

Amount of land used (h/year) in a product system

Cradle-to-gate LCA (single score)

Climate change

Acidification

Eutrophication

Ozone Depletion

Photochemical ozone formation

Cumulative energy demand

Threatened Species Index (TSI)

Primary material use (%)

Biotic resource depletion

Replenishment rate (man-made biotic materials)

Substance of very high concern for Authorisation (REACH framework)

% supply as by-product

6 expected demand growth

Discussion

The assessment of intermediate
flows based on a few data points
(including the supplying countries)
already provides information on
relevant criticality hotspots.

Awareness of data gaps and/or
excluded indicators is important to
be conscious of potential supply
risks that are not quantified.

welcop 22



Conclusions and recommendations

This new criticality assessment framework and tool for biobased
materials can be applied as:

« an initial checklist of value-chain attributes that may affect the stability
of the “system at risk”

 a contextualization of indicator scoring, in which different material flows
can be compared with each other

 an interpretation tool to understand the relevance of indicators

* a guidance framework to formulate mitigation strategies
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