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Antropocen

__Antropocsr

Production of Concrete, metal, plastic, bricks ang asphalt greater
than magg ofliving Matter op Planet, Paper says

The giant human footprint Stamped acrogg the world ip 2020 is greater than
the impact op the planet of all other living things, re earch Suggests.

The dmount of plastic alone js greater in masg than a]j land animals and

marine Creatures com bined, the study estimates.

.theguardian.com/environment/2020/dec/09/
materials-now—outwe

https://www
human-mad

entire—biomass—study

igh-earths
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» production 23%

end-of-life 6%

......

transport 11%

materials 60%
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Vilken &r din grupptillhérighet? (vélj 1)

4 Hallbarhets-ndtv. 8  Produktutv-ndtv. 5 Ovriga

Vilken faktor styr oftast materialvalet i era projekt? (max 3]

1 COze/ 12  Teknisk 9 Kostnad 6 Regel-
klimatavtryck prestanda & efterlevnad
livslangd (tex.
REACH/RoHS)
N oo
6  Leveransrisk/ 11 Kundkrav/ 0 Ovrigt

tillgang marknad

+» T

1| Segment
Vilken @r din grupptillhérighet? (vélj 1)
@ Hdllbarhets-natv.

® Produktutv-natv.
@ Ovriga

Vilken I6sning vdljer ni oftast nér ni vill 5ka cirkularitet? (max 3)

7  Design fér 9  Modulér design 6  Design for 3  Monomaterial
demontering (bytbara reparation (enklare
(skruv/snapp) moduler) (servicedtkomst) atervinning)

Aterbrukade 1 Annat
komponenter

12 Atervinningsbara 3
material

| Segment
Vilken @r din grupptillhérighet? (vélj 1)
@ Hallbarhets-natv.

@ Produktutv-ndatv.
® Ovriga

Vilka data anvénder ni fér att jmféra material ur hdllbarhetsperspektiv idag? (Flera val)

8 EPD (Environmental
Product Declaration)

7  Atervinningsgrad/
atervunnet innehall

LCA (egeneller
extern)

Kemikalieinnehall
(SVHC, etc)

Leverantérsdata (tex.
PCF)

4  \Vetej/visaknar

tillréickliga data

«il Segment
Vilken &r din grupptillhérighet? (valj 1)
@ Hdllbarhets-natv.

) Produktutv-ndatv.
® Ovriga

Vad ser du som det storsta hindret med att byta material? (max 3)

1 Pris

11 Osdkerhet kring
egenskaper/prestanda

6

5

Osdaker tillgang/ leverans

Osdkerheter kring
tillverkning/bearbetning

10  Hitta material/ leverantér

4 Osdkerheter kring hur
konstruera/ dimensionera

il Segment
Vilken @r din grupptillhérighet? (valj 1)
@ Hdllbarhets-natv.

Produktutv-nétv.

@ Ovriga
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EN KOMPLETT PARTNER

AVFALLSHANTERING &
ATERVINNING

AVFALLSLOGISTIK

AVLOPPSUNDERHALL MILJOTJANSTER
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Y‘ Miljohantering

VAR BRANCHS SYN PA
CIRKULARITET

AN I
\ ]
]

Avfallstrappan ar en beprovad strategi for att optimera
resurshantering och minimera miljopaverkan. Genom att
prioritera forebyggande, ateranvandning och
materialatervinning éver férbranning och deponering, guidar
@ avfallstrappan organisationer mot en mer cirkuldr och hallbar

FOREBYGGA

ATERANVANDA

avfallshantering.

MATERIAL

ATERVINNA
)
ENERGI
ATERVINNA é i

C—=>

DEPONER




F{ Miljohantering

VARDEKEDJAN

Varje enskild kund har inte resurser (plats, tillstand, utrustning, kunskap)
att hantera sitt avfall fran kallan till sluthantering

Var roll ar att vara lanken mellan kund och sluthantering genom att samla

\ in, sortera, bearbeta och lagra material, utan att forsamra kvalitén, och
avsatta den med - fokus pa hallbarhet.

Vatten fororenat med olja ar det avfall vi bearbetar mest.
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FOREBYGGA

ATERANVANDA

VART HALLBARHETSARBETE

SR

MATERIAL

ATERVINNA
)

Flytta volym fran energiatervinning till materialatervinning

ENERGI
ATERVINNA

)
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UTMANINGAR MED

MATERIALATERVINNING
(- N )

SEPARERA FORORENINGAR ENERGIATGANG FORSAMRAD
MATERIAL KVALITE
-Sammansatta - Ej tomda / helt - Insamling - Varje gang ett
material forbrukade /Transport material hanteras
riskerar kvalitén
- Hantering vid - Hantering vid - Sortering/ forsamras

uppkomst (skapar
sammansatta
avfall)

®

uppkomst O

(kontaminering)

N J

bearbetning infor
atervinning

= y

©
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UTMANING SEPARERA MATERIAL
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UTMANING FORORENINGAR
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UTMANING FORSAMRAD KVALITE

AR RS LA LAAL)

l"llv'\l|'-|l' \v--|‘ "

1@PO 11 142 13 14

" ""I"Ul' "..”!vl! |.l»»1|| ih ‘

"N 135200000
9 2@ 0 2
11100 st lananiang




UTMANING ENERGIATGANG
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SEPARERA MATERIAL

-Sammansatta
material

- Hantering vid
uppkomst (skapar
sammansatta avfall)

FORORENINGAR

- Ej tomda / helt
forbrukade

- Hantering vid
uppkomst
(kontaminering)

\

UTMANINGAR MED

MATERIALATERVINNING

/

\

ENERGIATGANG

- Insamling/Transport

- Sortering/
bearbetning infor
atervinning

FORSAMRAD KVALITE
“downcycling”
- Varje gang ett
material hanteras

riskerar kvalitén
forsamras

Trots utmaningarna ar det fordelaktigt med
materialatervinning men....

...konkurrens med jungfrulig ravara gallande pris och
tillgang pa ratt kvalité och volym
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MATERIALATERVINNING
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Andel materialétervinning Mot energiater-
vinning

Antal artiklar for materialdtervinning, av plast
och papper
Vi 3tervinner sven fler Materizltyper.

2024

40%

19

2022

3196

16

2021

29%



MOJLIGHETER MED

MATERIALATERVINNING
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Tidningar och kartonger

N>

i
. mmm

Processas till isoleringsmaterial Blir isolering i hus (Upcycling)

NJ

Anvanda plasttrag

A 4
A 4

N

Krossas och ersatter granulat Blir plasttrag med 80% atervunnet
vid nyproduktion material (Recycling)
“closed loop”
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Kartlagg avfallet

HUR KAN NI BIDRA?

Anvandning xv"

Miljéhantering

‘ Distribution Tillverkning




Y‘ Miljohantering

Hitta satt att mata
cirkularitet!

Anvandning

» Atertagsprocess

» | easing
» Livslangd

Distribution

» Andel atervunna
forpackningar

» Ateranvanda
forpackningar

Ramaterial

» Andel atervunnet

» Andel
atervinningsbart

Design

- * Demonterbarhet

J - = e
. . ﬁtewmmngﬂm ojlighet
Miljohantering

Tillverkning

* Andel Processpill

* Demontenngsgrad av
defekter
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FOREBYGGA

Ramaterial

Anvandning Design

Distribution Tillverkning

HUR KAN NI BIDRA?

Skapa hallbara produkter

Designa for minimalt process spill

Ifragasatt emballage in och ut

Jobba med att minska defekter, 6verproduktion,
etc (LEAN sloserier)

Designa for demontering
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O

ATERANVANDA

Ramaterial

Anvandning Design

Distribution Tillverkning

HUR KAN NI BIDRA?

Ateranvinda (alternativanvinda) defekter,
overproduktion, etc

Ateranvinda / cirkulera emballage

Kan process spill ses som biprodukt, som nagon behover,
istdllet for avfall? (flera intressanta projekt kring industriell
symbios)
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MATERIAL
ATERVINNA

Ramaterial

Anvandning Design

Distribution Tillverkning

HUR KAN NI BIDRA?

Designa i atervunna material for att skapa efterfragan

Om inte vi har atervunnet material i vara produkter vem ska da
efterfraga vart avfall?

Bygg in atervinning i produktionsprocessen for att
minimera sammansattning/kontaminering
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\ N / Ju hogre upp i trappan vi angriper ett avfall ju mer
J utslapp sparar vi!

FOREBYGGA \

ATERANVANDA
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MATERIAL
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RENEWABLES FLOW MANAGEMENT STOCK MANAGEMENT
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PARTS MANUFACTURER

v

PRODUCT MANUFACTURER
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Cheat Sheet ':Q'Geﬂ% better at Circular Design every week*
How to select circular materials...:

> Material Circularity Score ..

criterion

recycled content

description

Measures the percentage of
recycled material in the product

metric

% recycled content by mass

material recovery rate

Assesses the ability to recover
the material at the end of its fife

% of material recoverable

design modularity

reuse o recycling

be separated without
damaging the material

through recycling or reuse 2
. Evaluates the presence of
toxicity hazardous substances that | Presence of restricted substances, Vopwosances Simnamag 104maney
hinder recycling of reuse
durabilit Reflects the materials resistanceto | Estimated product lifespan | Yes a u:" s
y [wear, degradation or fakure during Use (years) o 3.
bility [ 55¢555 whether the materals| % of material derived from ™ Lo Bravn) Acg-omn
resource renewability | ;.. from renewable sources renewable resources ot 4
" Red [Evaluates the energy and resource|  Energy consumed per ton
mcvc""g efficiency efficiency of the recycling process of recycled material
% of components that can
Reflects ease of disassembly for 5.

material complexity

Evaluates the number of material
types or additives n a product that
can complicate recycling

Total number of unique
material types or additives

contamination

Evaluates the purity of the material
focusing on the lack of contaminants

that hinder recycling

% of the material free from
cantaminants that would impair
recycling processes

embodied energy

Measures the total energy required to)
produce the material from cradie 1o
‘gate, encouraging low-energy-
intensity materials

MJ/kg material

Q Tips for Life Cycle Assessments

Impact categories to monitor

R Abiotic Depletion Potential ; s, .,
Tracks the depletion of natural resources, including
metals, minerals, and renewable materials, highlighting  @g | andfill
the benefits of recycled or regenerative inputs

@ Human Toxicity Potential .,
Evaluates the potential health risks associated with
material handling and processing, especially during
recycling or disposal stages

#® Ecotoxicitycr, or Eutrophication ., ¢o4.c,
Reflects the environmental damage caused by
substances leaching during disposal or material
degradation, which can hinder circularity goals

© Standards to keep an eye on

ISO 59020

1ISO 14051

Scenario Analy

How to use it

. Collect data: gather
information for each
criterion from material
datasheets or LCA studies

. Add/remove relevant
metrics: you can adjust the
table by adding or removing
metrics that are specific to

your material or project needs
Evaluate metrics: measure

each criterion
. Score criteria: assign a

score from 0 to 10 for each

criterion, with 10 being the
best.
Total the scores: add up

the scores for all 10 criteria.

The total score should be
out of 100.

. Analyze: identify strengths

and weaknesses in the
material's circularity to
guide decisions.

sis

Model multiple end-of-life scenarios to

capture variability in circl

ularity performance

Quantify methane released from organic
material degradation (e.g. kg CHa/kg waste)

4 Energy recovery

Include incineration emissions like CO,, NOy

and PM in categories

such as global warming

potential and human toxicity potential

(3 Material recovery
Model energy needed for refurbishing the
material (e.g. MJ energy/kg material)

1ISO 15270

1ISO 20400

+/- Key Formulas

Resource Circularity Optimization

This formula evaluates the efficiency of material flows,
balancing benefits from reused/recycled inputs against
penalties from waste and virgin material use.

Rr+Ru_A'Wnr
V + E;

RCO =

Where:

R;: mass of recycled material used

Ry: mass of reused material incorporated

Whr: mass of non-recoverable waste generated

V: mass of virgin materials required

E:: total energy embodied in the system

A: waste penaity factor (emphasizes the impact of unrecoverable waste)
A higher RCO value indicates a more circular material system, with

reduced dependency on virgin materials, lower waste generation, and
efficient energy use.

Systemic Circularity Efficiency

This formula provides a holistic measure of circularity by
integrating material recovery, carbon emissions reduction,
and energy efficiency in a single framework.

Rcirc : (1 - Crer)
Etot * Wioss

SCE =

Where:

Reire: circular recovery rate (ratio of recycled/reused material to total input)
Crei: relative carbon emissions reduction compared to baseline material

Etor: total energy consumption across the lifecycle (production, usage, recovery)
Wioss: waste loss as a fraction of total material processed

A higher SCE value indicates a material or system that maximizes
recovery, reduces emissions, and minimizes energy and waste
inefficiencies.

aste-to-Output Ratio wor

This formula quantifies the amount of non-recoverable waste
generated relative to the usable product mass

It provides a framework for
evaluating circularity
performance across various
levels, from product to
regional systems. It includes
metrics for resource inflows
and outflows, enabling
organizations to assess
sustainability impacts and
track progress over time.

It provides a methodology
to analyze material and
energy flows within
production systems.

This helps organizations
identify inefficiencies,
reduce waste, and
optimize resource use,
directly supporting circular
material strategies.

It offers guidance for the
recovery and recycling of
plastics, emphasizing
compatibility with recycling
technologies and systems.
This is particularly relevant
for assessing the circular
potential of polymer
materials.

It encourages integrating
sustainability into
procurement practices,
including selecting
materials with recycled
content, low carbon
footprints, and
compliance with circular
economy principles.

WOR= ﬂ
Where: u
W,,: mass of non-recoverable waste generated

M,: mass of the final product output

If a high proportion of raw material inputs is lost as waste, it signals an opportunity

to optimize processes or switch to more circular materials that generate less
waste.

. . . I am Gianluca and | unlock the potential of activit
Want to know more? Write me at gianlucamanago@gmail.com sustainability for businesses aclivity

3
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{_ Material Circularity Score ;.

Measures the percentage of

m description metric score

11{}'4--5\'-:' 2i§1-10"€l 3\'|1'*~-2(|H 4|21'-‘r'--1ﬁ‘-'-l

recycled content | .. cicqmaterialin the product | % recycled content by mass. | Sis-son Suers-son Zisis-s00 Brors 70w
(ME-90%) (915%-100%)
. Assesses the ab|]|t‘)r to recover % of material recoverable Tiox-10% 2r11%-20%) Jiz1x-30%) Hizrx-40%)
material recovery rate ; e b . S(ars-som Bisix-s0% Tisrs-7o% Birrs-som)
enairec ry the material at the end of its life through recycling or reuse 9s1x-00%) 101015 100%)
. Evaluates the presence of
toxicity hazardous substances that | Presence of restricted substances Vipresence) Sminiman 10none)
hinder recycling or reuse
oge Reflects the materials resistance to Estimated product lifespan V(<6 manths) 2(6 months - 1 yean) 301-2) Bz-5)
durablllty : : Sis-10) Bi10-15) 7115-200 Bi20-30)
wear, degradation or falure during use (years) 910000 101500,
bili Assesses whether the material is| % of material derived from 51'9*‘-5‘” 2651-101" 3*;%?@ 4'231-*--1“'
resource renewabllity | e/ from renewable sources renewable resources HTRAORIg 1SR g eon) BTR

B inx-00%) 10i915-100%)

recycling efficiency

Evaluates the energy and resource
efficiency of the recycling process

Energy consumed per ton
of recycled material

Tis1o makay 37-10 Marka)

5“- 7 Mdfkg) 1?II 2-& MNkg) (=2 Mikg)

design modularity

Reflects ease of disassembly for
reuse or recycling

% of components that can
be separated without
LETNEL RGN EICE]

Tiox-10% 2inx-20%) F21x-30%) Yi31%-20%)
5(‘-1'\'.-'.!“""-" 6"'_111".45[:‘5\'-] ?l.ﬁ"l'-"\'.-fa"'ﬁ'
D|‘31"-1GD‘iI

al.J"I'ﬁ'.-I!I:I'J'.'I

glﬂl'L-LH}"-:I L

material complexity

Evaluates the number of material
types or additives in a product that
can complicate recycling

Total number of unique
material types or additives

1I3-l{}t5-|:lesf' 3['-‘ 10 types)
Sis-7types) T12-5types) 1001 type)

contamination

Evaluates the purity of the material,
focusing on the lack of contaminants
that hinder recycling

% of the material free from
contaminants that would impair
recycling processes

1-:?*.-0'“ 3|-11'1--5D'1-I
5[_1|'.\,-40'.-,| 7[211-]0'«; 1010'.\-2{!'&3

embodied energy

Measures the total energy required to
produce the material from cradle to
gate, encouraging low-energy-
intensity materials

MJ/kg material

1r-:2|:| Mk 3r15-'m Miikg)
5-210-1F-M|.'I-g| ?I5-10M.J.'hg:| 10---¢-r.1.n'ac-3:

How to use it

1. Collect data: gather
information for each
criterion from material
datasheets or LCA studies

2. Add/remove relevant
metrics: you can adjust the
table by adding or removing
metrics that are specific to
your material or project needs

3. Evaluate metrics: measure
each criterion

4. Score criteria: assign a
score from 0 to 10 for each
criterion, with 10 being the
best.

5. Total the scores: add up
the scores for all 10 criteria.
The total score should be
out of 100.

6. Analyze: identify strengths
and weaknesses in the
material’s circularity to
guide decisions.
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o Material is toxic / non- Can this be avoided by choosing a
marketable waste. different material?

What'’s stopping this material from
being useful? (toxicity, legislation /
policy?)

Material going to
waste.

v
Can this be avoided by choosing
different materials?

v

And who will pay for the processing of :
this material?

\

Material adds value to

the biosphere as How can you make sure that the

biological nutrient. material is returned to biosphere
safely?
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\4

Material is brought back . )
to my business and What is the business model /

cycled. - collection system?

v
Will the material be upcycled or
downcycled?
v

Material could be used by
another organisation to Who uses the material and how do

creata valie they benefi? ellenmacarthurfoundation.org/
gl smart-material-choices

Will the material be upcycled
or downcycled?
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THE
CIRCULAR
DESIGN
GUIDE
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o Material is toxic / non-
marketable waste.

i no
v

0 Material going to
waste.

Where

do each of your

materials go after the current
use cycle?

Can this be avoided by choosing a
different material?

What's stopping this material from
» being useful? (toxicity, legislation /
policy?)

v

Can this be avoided by choosing
different materials?

= Material is not fit for the
circular economy

= Material is fit for the circular
economy




Copy

www.circulardesignguide.com

Material goingto Y
waste.
no
v
Material adds value to
yes

the biosphere as
biological nutrient.

: nho
v

Matarial iec khrsiiahbht Bacle

What’s stopping this material from
being useful? (toxicity, legislation /

policy?)

v

Can this be avoided by choosing
different materials?

v

And who will pay for the processing of

this material?

How can you make sure that the
material is returned to biosphere
safely?



IDEO

ELLEN MACARTHUR
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v

Material is brought back
to my business and
cycled.

§no

v

Material could be used by
another organisation to
create value.

What is the business model /
collection system?

v

Will the material be upcycled or
downcycled?

Who uses the material and how do
they benefit?

v

Will the material be upcycled
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Hi, Demonstrator

mx Q  Search materials, products, brands and more R IDENES SHEUEmABIETR., * Learn More

Insights Database Suppliers Workspace About

Products

2 Filters All Polymers €D Naturals €ID Process @D Metals € Glass €D Ceramics €D Cement-Based > 88 It

Seal of Excellence

New New

Country v
Availability %
Processing e
Sustainability e
Pili AdheSeal Inc. ANAN (CHINA) CO. LTD. ANAN (CHINA) CO. LTD. Clayworks ANAN (CHINA) CO. LTD.
. Pili Seal® MEGALITH MAXOXY Exterior Clay Plasters MIROKO
Impact Resistance .
Applications v New New New ;i' New
- - -
Customization N SN
Feel A A
Stiffness v ! AL
B TN
LA BN
Structure 24 —
Fiscatech S.p.A. BMT Research Group Faculty ... Clayworks ANAN (CHINA) CO. LTD. Type Hope New Material Ltd
Surface/Texture v riceSKIN HyperClean Pad: Oven and Stove ... Tadelakt Plaster MYCOSKIN FUL-TEK PU
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Insights Database Suppliers Workspace About
Products
Naturals €@ Polymers @ Process @ gs 1T

Seal of Excellence

Country ¥
Availability v
Processing .
Sustainability e
PersiSKIN SL
. PersiSKIN Vegan Leather

Impact Resistance W,
Applications v
Customization N

Color 12

Composition 2

Finish 4

Pattern 7 Microlite Industrial Co. LTD.

Reflective Faux Leather

Performance Prop... 4

gy 11

PEEL Lab
Pineapple Leather

General Silicones Co. Ltd.

Compo-SilL® Vegan Silicone Leather

LignoPure GbR
Lignin Rubber and Vegan Leather

Chengdu Silike Technology C...

Si-TPV(dynamic vulcanizate ther...

New |

ANAN (CHINA) CO. LTD.
MYCOSKIN

Sommers Plastic Products Co....
Busker (Musket)

Sommers Plastic Products Co....
Lambskin (and Pleasure)

Frumat S.r.l.
Apple Leather




mx Q. vegan leather X P\ ”?C West Sweden AB (Mate... Learn More
Hi, Demonstrator

Insights Database Suppliers Workspace About

Products

Al @® Naturals @ Polymers © g8 I

Texture X

Seal of Excellence

Country v
Availability v
Processing vV PersiSKIN SL LignoPure GbR General Silicones Co. Ltd. Chengdu Silike Technology C... PEEL Lab
PersiSKIN Vegan Leather Lignin Rubber and Vegan Leather Compo-SiL® Vegan Silicone Leather Si-TPV(dynamic vulcanizate ther... Pineapple Leather
Sustainability S P
I g ‘;?,
R

Impact Resistance Vv
Applications v et
Customization [ 1 JR

Color 9
Texture 10

Thickness 6

Help
Weight 1
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Insights Database Suppliers Workspace About

Products

Al @ Naturals ©@ 38 U7

Texture X

Compostable X Clear All

Seal of Excellence

Country ~

Availability h Malai Design & Materials
Malai biocomposite

Processing v

Sustainability L1 JRQ

Biodegradable 1

[ Compostable ] 1

Lightweight 1

Renewable Content 1

Waste Material Con... 1

Impact Resistance g



mx Q_ Search materials, products, brands and more

Insights Database

oA Save

R IDC West Sweden AB (Mate... ~

Hi, Demonstrator

Learn More

Suppliers Workspace About

MALAI DESIGN & MATERIALS

Malai Biocomposite

MC Categories
MC 877401 Naturals
Description

A flexible, leather-like biocomposite sheet based on bacterial cellulose as an alternative
to animal hides and their imitations. The company works alongside coconut farmers in
Southern India and processing units that find themselves with too much coconut waste
water after they have removed the white flesh from inside mature coconuts. Normally,
this waste water would be released into drainage systems, but this can cause water
pollution and the soil to become acidified in surrounding areas. Instead, the company
uses this waste water and places it into vats for sterilization, resulting in an entirely
natural, energy-rich nutrient upon which bacterial culture can feed when combined.
The fermentation period takes between twelve to fourteen days. At the end of this
process, a sheet of cellulose ‘jelly’ is produced. This jelly undergoes another process of
refinement by enriching it with natural fibers, gums, and resins to create a more
durable and flexible material. The end product is sustainable, biodegradable, water
resistant, and vegan. The material is available in 1.09 yd x 1.09 yd (1 m x 1 m) sheets with
a 0.04 in to 0.08 in (1 mm to 2 mm) thickness. It is available in 16 osy to 18 osy (550 gsm
to 600 gsm) weight depending on what is most suitable for the material’s flexibility and
durability; however, weight can be customized upon request. A wide range of colors
are made with natural dyes such as indigo, cutch, myrobalan, brazilwood, madder, and
turmeric. The material can also be sewn, laser cut, 3D molded, and embossed or
printed onto. Applications include fashion, accessories, bags, packaging, stationery,
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Vilken “materialstrategi” vill ni prioritera mest kommande 12 manader? (\Valj 3)

10  Oka andel 2 Fasa ut problematiska 10  Designa for 6
dtervunnet/ kemikalier demontering/
biobaserat innehdll dtervinning

9  Okalivslangd och 4 Byta till Iagre COze- 2  Annat
reparerbarhet material (tex. "grén’
metall/plast)

Minska materialmix/
komplexitet

1l Segment
Vilken ér din grupptillnérighet? (valj1)
@ Hdllbarhets-natv.

Produktutv-natv.
@ Ovriga
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