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* Why do we use plastic?
* Why do we use packaging?

 Options for sustainable polymers
 Recycling
* Bioplastics

 Recycling or bioplastics? — what is better?
* Circularity

» Material & value flows

 Case study approach



SUSTAINABILITY



SUSTAIN ‘ ABILITY

Sustainable Development =
“Development that meets the needs of
the present without compromising the

ability of future generations to meet their
own needs.”

- Brundtland report, 1987













WHY DO WE USE PLASTIC?

« Convenience: light-weight, fast to manufacture
* Attractive: transparant, many shapes
* Cheap

Can we go without
plastic?



DILEMMA: PLASTIC SLEEVE AROUND CUCUMBER?

PRODUCT <> PACKAGING

Waterverbruik
Verbruik

voor kweken [fabriceren,
wassen, transport,
afvalbeheer, enz.

CO:-uitstoot

uitstoot met betrekking
tot kweken [fabriceren,
wassen, transport,
afvalbeheer, enz.

Packaging is 10% of
environmental impact,

cucumber is
remaining 90%

0,02 10g
_ liter &, CO2
Plastic- Plastic-
komkommer verpakking verpakking




PACKAGING?

FUNCTIONS OF PACKAGING

1. To protect & preserve
2. To distribute

3. Toinform



WHY DO WE USE PACKAGING?

SUSTAINABLE OPTION DEPENDS ON:
* Product

 Context

e Use BUT: There is not one
most sustainable

packaging solution




DILEMMA: PLASTIC SLEEVE AROUND CUCUMBER?

CHOOSING PLASTIC SLEEVE:

« Substantiate choices as company
* ‘Recyclable’ packaging

» State disposal options on label




WHY DO WE USE PLASTIC?

But also:

: Can we go without
* Hygiene

 Safety




SUSTAINABLE POLYMERS - WHICH OPTIONS?
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SUSTAINABLE POLYMERS - WHICH OPTIONS?
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SUSTAINABLE POLYMERS - WHICH OPTIONS?

RECYCLING

O B kb & W

MECHANICAL CHEMICAL INDUSTRIAL POST-CONSUMER DESIGN FOR
RECYCLING RECYCLING RECYCLED RECYCLED RECYCLING
MATERIALS MATERIALS



PLASTIC RECYCLING

REJECTS PVC,

MULTI-LAYERS,
REMOVE REMOVE  SEPARATE  REMOVE CARBON BLACK, Only PET-bottles from
BIG PIECES SMALL PIECES FLEXIBLES  METALS WRONG LABELS the deposit-return
system can be reused

for food applications
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REMOVE REMOVE
CONTAMINATIONS RESIDUALS
& OTHER PLASTICS & WASTE



PLASTIC RECYCLING

The term recyclable does not
necessarily mean that the material
is also recycled in industry. It must
also be correctly collected, sorted
and reprocessed.
« A seperate stream is needed
Not recyclable: 1% (enough volume)

Correct sorting should be

Limited recyclability possible (technologies)

(contaminations): 24% PLASTIC WASTE There should be application

possibilities (market)
There must be an economic
value (good quality).

- e | Low quality (mix
Poor sortability Limited recyclability plastics): 17%
(design) :13% (technologies): 19%



PLASTIC RECYCLING

RECYCLING

DOWNCYCLING

UPCYCLING




EXAMPLE: LOW-QUALITY MATERIALS (SAVE PLASTICS)
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Low quality mix Reliable stream High
plastics & lower prices contaminations




PLASTIC RECYCLING -

« Barcode scanning
« Chemical recycling
* Plastic scanner

» Material passport




PLASTIC RECYCLING - MATERIAL RECOVERY
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PLASTIC RECYCLING = INCREASING UPTAKE IN INDUSTRY



METHOD: 1) FOCUS GROUPS

8 focus 81 74

groups people organisations




METHOD: 2) MAPPING FACTORS
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3) CATEGORISATION

1. Barrier, enabler or both
2. Position in value chain
3. Regulatory, technical, systemic, organisational, cultural

Category Barrier/enabler Position in supply chain
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1) BARRIERS & ENABLERS

REGULATORY SYS.TEI\./I.IC |
Lack of clear policies Availability and reliable

A stream of recyclate
and (stimulating) (from sufficient quality)

regulations

ECONOMIC

Price differences ORGANISATIONAL
between virgin & Lack of short-term goals
recycled

TECHNICAL CULTURAL

Lack of consumer
demand/willingness
& lack of knowledge

Lower material quality &
uncertainties about quality
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Over 40% Communicate  Take recycled Use
recycled about use materials into imperfections
materials account from start  (include or hide)



PLASTIC RECYCLING = INCREASING UPTAKE IN INDUSTRY

raw
material
input

equal/cheaper

[ ]

1

[] =

. prices
1

! MATERIAL

SOURCING

improved
material

reliable quality

stream

REPROCESSING

SHIUNLOVANNYIN "L

PRODUCTION

landfill/
incineration/
litter

T

SORTING

more
acceptation
within sector

higher quality
= endproducts -

COLLECTION

bigger demand

flexibility from
customers

3. WASTE MANAGEMENT
SHIWNSNOD 2 SHIWOLSND T

4. OVERARCHING

- value chain step

oo needs of businesses

- requirements from industry
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SUSTAINABLE POLYMERS - WHICH OPTIONS?

BIOPLASTICS



SUSTAINABLE POLYMERS - WHICH OPTIONS?

BIOPLASTICS

Y ¢

BIOBASED BIODEGRADABLE BIOBASED
PLASTIC PLASTIC COMPOSITES



BIOPLASTICS - BIOBASED VS. BIODEGRADABLE

Non
biodegradable

Biobased

Bioplasti
Bioplastics ialalis
e.g. PLA, PHA,

e.g. biobased PE, PBS, Starch blends

PET, PA, PTT

Conventional Bioplastics
plastics :
e.g. PBAT, PCL
e.g. PE, PP, PET
Fossil-based

Biobased: the material is obtained
from biomass (plants, e.g. sugar cane,
maize, starch). This is about the
origin of the material.

Biodegradable: the material breaks
down under specific conditions. This
is about what happens to the
material at end-of-life.

Biobased # Biodegradable

European Bioplastics



BIOPLASTICS

Bioplastics are also considered plastic
in the EU. That is why, just like
conventional plastic, these are

prohibited in products under the SUP
directive (including cutlery, plates,
cotton swabs, etc.)

let’s talk about bio-baged plastic

WHEN WE

TALK ABOUT
“PLASTICS”, THE
MAIN CONCEPTS
TO TAKE INTO
ACCOUNT ARE....

VS. bio-

the material or prod
from biomass, rene
that comes from pla
sugarcane, cellulose, §

fossil-based plastics

the material or product is (partly) derived from
petrochemicals, and it is commonly thought of
as “traditional” plastic.

non biodegradable

the material cannot be decomposed or degra-
ded by natural agents.

biodegradable

Biodegradation is a chemical process during
which micro- and other organisms that are

available in the environment convert materials
into natural substances such as water, carbon
dioxide, and compost (artificial additives are
not needed). It depends on the environmental
conditions (e.g. location or temperature), on the
material and on the application.

BUT THOSE KEY POINTS ARE
IMPORTANT AS WELL...

PLASTIC is defined as “COMPOSTABLE"
when it undergoes degradation by
biological processes during composting
to yield CO? water, inorganic compounds,
and biomass at a rate consistent with
other known compostable materials and
that leaves no visible, distinguishable, or
toxic residue.

a PLASTIC MATERIAL is defined as a
BIOPLASTIC if it is either bio-based,
biodegradable, or features both
properties.

"BIODEGRADABLE" does not necessarily mean “COMPOSTABLE".
Biodegradable and compostable plastic products comply with
the EN 13432: 2002 standard (packaging products) or with the EN
14995: 2007 standard (other products).

. X o
. . . BIQ »r
BIO-BASED" does not necessarily . "BIOPLASTIC" and “BIO-BASED PLASTIC" CLASTICS
mean “BIODEGRADABLE"! _~. are notinterchangeable terms. FLUR®MO

/ bioplasticseurope.eu

Bioplastics Europe




BIOPLASTICS There are options for using biodegradable

plastics if the packaging still contains organic
material (e.g. coffee capsules, tea bags,

Problems with biodegradable packagi

organic waste bags) or, for example, on a
product (sticker on banana peel). Other

« Degradation under specific condition] JeilEiEriCni ey sERee i Ciyeel el il
i i meals, where the packaging can be thrown
» No solution for polutlon away together with the food residues.

e Converted into CO2, water en methane
 Little biomass
« Material disappears from the value chain

» Recycling or incineration yields more energy

 Degradation time is too long for composters (3-4 weeks vs. 12 weeks)
 Labels confuse consumers

Misunderstandings regarding plastic, biobased, biodegradable

* Problems for plastic recycling process
 Possible rejection of whole batch




BIOPLASTICS - BIOCOMPOSITES

Only ‘recyclable’ if:
» Separate stream
e Or large enough volumes

o Biocomposite: composite of two

‘ materials, often plastic is mixed with a

fiber (e.g. wood, hemp), of which one or
both are biobased.




EXAMPLE: BIOBASED MATERIALS

Bio-PE is recyclable
with fossil-based PE.

0il /Natural Gas Sugarcane

e (®) Green PE can be recycled
’ in the same stream
. already established for
Petrochemical PE

(@®) Green PE regrind can also
be incorporated in
coverter's production

ponr. _~

GREENG

member of the Pont Europe Group

Green PE
Petrochemical PE



BUSINESS




SUSTAINABLE POLYMERS - WHICH OPTIONS?

m Which option
c 3 is better?

RECYCLING BIOPLASTICS




DILEMMA: BOTTLING OF WATER

A

1

Nestle
Pure Lufe




LINEAR ECONOMY




BUT: Still single-use




THE ISSUE

Earth Overshoot Day 2021 fell on July 29.




SUSTAINABLE POLYMERS - WHICH OPTIONS?

Lo

RECYCLING BIOPLASTICS




SUSTAINABLE POLYMERS - WHICH OPTIONS?

AN
O

CIRCULARITY



CIRCULARITY - CIRCULAR ECONOMY

WASTE




LINEAR VS

LINEAR
ECONOMY

Take

|

Make

. RECYCLING VS.

RECYCLING
ECONOMY

Take

l
/, Make

Recycle l

\ Use

CIRCULAR ECONOMY

CIRCULAR
ECONOMY

Take

l
s Make \

Recyc'li l ;eturn
s

Repair €<— Reuse




CIRCULARITY - VALUE HILL

PRE-USE USE POST-USE

LINEAR ECONOMY

.7?1_. "/

e (@DIIC/MAINLAIN

ADD m RETAIN
VALUE

e [RUSR /T RTIStriDULE

PRE-USE USE POST-USE

CIRCULAR ECONOMY



CIRCULARITY - CIRCULAR STRATEGIES

Prioriteitsvolgorde van circulairiteitsstrategieén en rol van innovatie in productketen

Circulaire economie Strategieén
Ro Refuse
Product
slimmer i Rethink
Tovenemende gebruiken 1 Rethin
circulariteit en maken
R2 Reduce
Vuistregel:
Meer circulariteit =
minder grondstoffen R3 Re-use
en minder milieudruk
Rq Repair
Levensduur
verlengen
van product Rs Refurbish
en
onderdelen
re Remanu-
facture

R7 Repurpose

Nuttig R8 Recycle
toepassen

van
materialen Rg Recover

Lineaire economie

Bron: RLI 2015; bewerking PBL

Product overbodig maken door van
z'n functie af te zien, of die met een
radicaal ander product te leveren

Productgebruik intensiveren :
(bijvoorbeeld door producten te inkern-
delen, of multifunctionele producten) EELEIEHE

Product efficiénter fabriceren door
minder grondstoffen en materialen in
het product, of in het gebruik ervan

Innovatie

Hergebruik van afgedankt, nog goed
product in dezelfde functie door een
andere gebruiker

Reparatie en onderhoud van kapot
g:odyct voor gebruik in zijn oude
nctie

Opknappen moderniseren van oud
product

Onderdelen van afgedankt product
gebruiken in nieuw product met
dezelfde functie

Afgedankt product of onderdelen
daarvan gebruiken in nieuw product
met andere functie

Materialen verwerken tot dezelfde
(hoogwaardige) of mindere
(laagwaardige) kwaliteit

Verbranden van materialen met
energieterugwinning

www.pbl.nl

RECYCLED

MATERIALS

BIOBASEp
N\ATERIA[_S

DESIGN FOR

CIRCULARITY

SER R

isn3d
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EXAMPLE: BOTTLING OF WATER




SUSTAINABLE POLYMERS - WHICH OPTIONS?
CIRCULARITY

W am W oo U

PRODUCT DESIGN FOR
AS-A-SERVICE CIRCULARITY

RESOURCE PRODUCT REUSE
RECOVERY TAKE-BACK



CIRCULARITY - RESOURCE RECOVERY
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CIRCULARITY -




CIRCULARITY - REUSE

ARK

REUSABLES




CIRCULARITY - PRODUCT AS-A-SERVICE (ACCESS)

WIRELESS

.«,\
e
29 Miele Wassen Classic

Geen toeters en bellen!

|
’,a
toeren
‘\/‘° , [ '.. . 5
& B
} Meer info
Nieuw - jong gebruikt i,
jong g I m
€13.95 per maand ,,/////'I.
+ Stapeltarief per wasje ® /,,” '”. ‘”“““‘\\“
)+ mnmmu”’
. ® \‘\\n
Ouder - refurbished . BOSS 7 \\‘\‘\g\mmnmmﬁ”
€11.95 per maand Kies \ “‘“".".".'”
+ Stapeltarief per wasje () wy s g (ech eyt Nid) \\\\“‘
€19 €12,50 jus A
199 12,50 josatn ””“””M



CIRCULARITY -

 Design for disassembly

 Design for recycling

* Design for durability and performance
* Design for standardisation

| ess material usage

NIR detectablemasterbatch series




Improving one
aspect should not

make things worse
for another

HOW DO YOU MAKE
SUSTAINABILITY CHOICES?



MATERIAL & VALUE FLOW MAP -

RAW MATERIAL

SORTERS & SUPPLIERS
RECYCLERS
MANUFACTURERS
GOVERNMENTS
MUNICIPALITIES @

CONSUMERS :

RETAILERS/
WHOLESALERS

&2

BRANDOWNERS



MATERIAL & VALUE FLOW MAP

RESOURCE WHOLESALER/
SUPPLIER MANSEARINEES RETAILER m

——> linear material flow
value flow



CIRCULAR MATERIAL & VALUE FLOW MAP

MANUFACTURER
INDUSTRIAL
SYMBIOSIS AT EFURBISH
REMANUFACTURE
BIOBASED MATERIAL DESIGN FOR REPAIR
MATERIALS RECOVERY CIRCULARITYl MAINTENANCE
v

RESOURCE WHOLESALER/

RETAILER
ACCESS

MANUFACTURER END USER

SUPPLIER

REUSE

RESOURCE

RECYCLED PRODUCT TAKE-BACK RECOVERY

MATERIALS

RECYCLER SORTER COLLECTOR

= circular material flow

value flow



EXAMPLE: OFFICE CHAIR

@@ _ O PN
N

Coil Metal parts
/ Assembly Wholesale Office/Home
I_=H

Plastic Plastic parts
granulate

Fabric
/!




EXAMPLE: CIRCULAR (?) OFFICE CHAIR

@—|[]— Y8 2 B

Coil Metal parts
/ Assembly Wholesale Office/Home
I_=H

0 I
granulate / —— ‘\"\? i /




EXAMPLE: HAVAL

circulware

responsibles

Products designed with as Circular reusable containers,
little material as possible designed to last long



EXAMPLE: HAVAL

DESIGN FOR PRODUCT TAKE-BACK
CIRCULARITY .
(Components) | Caterers,
manufacturer < ACCESS restaurants, , -USE
5 coffee operators, — J
amusement ¢ = Consumer
parks, company
Raw material ™ ——>  Wholesaler ¢— canteens,
manufacturer <« m festivals, retail
RESOURCE
MATERIAL RECOVERY
m RECOVERY
Collector
] (commercial
Manufacturer Recycler Sorter % and
Recycler consumer waste)

Inceration
~——3  Circular material flow

~——> Value flow w

haval




MATERIAL & VALUE FLOW MAPPING — WHY?

We zien maar l/5¢
van onze I mpact

Eutrophication

Poverty Water crisis
Biodiversity loss Health
Ecotoxicity Education
;\\) Carbon
(3 g emissions
N
i
Resource
Air pollutants scarcity
Affordable goods s
& services Inequality
1
4/5e is Overconsumption

Uerbor’en

uonisuesy Ajijiqeuieisns



MATERIAL & VALUE FLOW MAPPING -

* Provides an overview of the complete value chain
« Not just a focus on ‘visible impact’: materials, or usage

* A way to explore opportunities for circularity with other

stakeholders
 Not just focus on circularity within company

« Shows where in the chain problems may arise
« To check whether a certain change also (negatively) affects other parts
of the chain



CASE STUDY METHOD CIRCULAR BUSINESS MODELS

Circularity of Circularity Circularity of
the business in the operational
model chain process




CASE STUDY METHOD
1) CIRCULARITY OF BUSINESS MODEL

Key Partners
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CASE STUDY METHOD
1) CIRCULARITY OF BUSINESS MODEL

» Focus on circularity
ffffffffffffffffffffffffff " - Includes return flows

& CUSTOMERS & USERS
* Not only customers, but
also end-users

» End-of-life of products
J — » Context: regulations

\

éCOSTS&REVENUES & trends
» Positive & negative
, 4 - < Impacts on environment

and society

NEGATIVE
IMPACTS

e

D —




CASE STUDY METHOD
2) CIRCULARITY IN THE CHAIN

REPAIRMAN

MANUFACTURER
INDUSTRIAL
SYMBIOSIS
REMANUFACTURE
BIOBASED MATERIAL DESIGN FOR
MATERIALS RECOVERY CIRCULARITY l MAINTENANCE
v

RESOURCE MANUFACTURER

SUPPLIER

WHOLESALER/
RETAILER

ACCESS REUSE
RECYCLED PRODUCT TAKE-BACK
MATERIALS
RECYCLER SORTER COLLECTOR

= circular material flow

value flow

REFURBISH

REPAIR

END USER

RESOURCE
RECOVERY




CASE STUDY METHOD
3) CIRCULARITY OF OPERATIONAL PROCESS

Quality
ccccc
Material
sourcing J,
Packaging
products
Raw material
ufacturi



CASE STUDY METHOD

3) CIRCULARITY OF OPERATIONAL PROCESS

Product
manufacturer
A
Test run of
production line INDUSTRIAL
DESIGN FOR SYMBIOSIS
CIRCULARITY
| MATERIAL
RECOVERY
Product design -| *]: I
I:l Melting plastic
RECYCLED Material
MATERIALS sourcing MATERIAL
RECOVERY
: RESOURCE
RECOVERY
A

Raw material
manufacturing

~——> Circular material flow
——> Linear flow

Product Quality

assembly - control
Packaging

products

l

Product sale



Fresh Containers are
Distributed to Partners

Ozarka Washes and
Sanitizes Containers

Food is Served to Customer
Using Ozarka Products

(o) (o)

Ozarka Collects Used
Containers from Business

Checked In & Credited

EXAMPLE: OZARKA

el

Customer Enjoys
an Eco Friendly Meal

Container is Returned by or
Retrieved from Customer




EXAMPLE: OZARKA - CIRCULAR BUSINESS MODEL

+ Mo concrete regulations for SUP takeaway + Covid-19: no catered events, increase in
disposables takeaway

s Mot looking for top down approach & Increasing market of restaurant and takeaways

« Consumer interests in less waste and
responsible packaging

e Competitors have product mind-set

POLICIES &
REGULATIONS

<7 TRENDS

— — —— — ———

Fa KEY RESOURCES |'j KEY ACTIVITIES * 4 CUSTOMERS & USERS
+ Products: » Distribution, ware- » Reusable containers * Prepared food industry
- PP clamshells or housing replacing SUP + Restaurants, takeaways
PP Mepal designs *  Acquisition disposables s Caterers for events
- Silicone containers » Washing & sanitising » Reuse containersin » Hotels, chain
- Glass base, PP lid + Working with partners their originally restaurants
+ Tailored for customers for design, production manufactured state s Large & small
+ One deaning fadility & food order platform » Zero or reduced waste customers
s Food order platform + (further) developing * Three solutions: + Looking for responsible
+ Vehicles for transport concept & BMs - Reusables as a packaging
o AN v, service (B2B) . S
- DeliverZero (B2C) -
* Service concept rather
+ Three independent + Arrangements for drop Y than product offering J| * Reuse dozens of times,
contractors offs & pick ups theoretically up to 1000
+ Different * Amsterdam area . COSTS & REVENUES times
manufacturers or local s Reusables as a service: s Broken or damaged
distributors redistribution of « Investments higher pieces are collected at
+ Collaborations with containers after usage than revenues (start-up) end-of-life
many others and cleaning « Preliminary work comes s Ozarka takes full
with more upfront costs respo_nﬁlblhty for
recycling

+ Zerowaste (or as low as possible)
s Taking responsibility for waste at EOL

¢ Water and energy usage for cleaning

I
s Transportation I @
[
[
' L
[
I

NEGATIVE
IMPACTS

@
2
o
=

w
=
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s
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EXAMPLE: OZARKA - CIRCULARITY IN THE CHAIN

$ ll REUSE

Restaurant/
DeliverZero <> takeaway
ACCESS | proDUCT
TAKE-BACK
DESIGN FOR
CIRCULARITY
Raw material Packaging L "
manufacturer manufacturer -
L Distributor
RESOURCE 4
RECOVERY

W
~—3  Circular material flow —
Product le
—> Value flow manufacturer Recycler



EXAMPLE: OZARKA - CIRCULARITY IN THE CHAIN

Consumer

!

DeliverZero

DESIGN FOR
CIRCULARITY
Packaging 2
manufacturer

L Distributor

Raw material
manufacturer

LY
[

DeliverZero

|1 REUSE

©

—>

RESOURCE

RECOVERY

~—3  Circular material flow —
Product le
—> Value flow manufacturer Recycler

Restaurant/

takeaway

ACCESS

PRODUCT
TAKE-BACK

Reusables as
a service

REUSE
]
Food vendor < Consumer
peeEss | PRODUCT
TAKE-BACK
PRODUCT
TAKE-BACK
Caterers/hotels/ = ARK
REUSE

@2@%@



EXAMPLE: OZARKA - OPERATIONAL CIRCULARITY

DESIGN FOR
CIRCULARITY

Product design —» Productsale —>  Distribution

Reusables as
a service

Product
manufacturing
ACCESS REUSE
A 4
=
Product sale Usage by
at customer consumer
T REUSE
DeliverZero = 5
Washing & Collection of
sanitising products
ARK
reusables
TAKE BACK Product
lossses 4

AN

RESOURCE Storage ‘ z&‘ ‘ z;
~——3 Circular flow RECOVERY oducts tOE'OL
ey w a
~——> Material flow TAKEBAC

TAKE-BACK



RECAP

WHY DO WE USE PACKAGING?

SUSTAINABLE OPTION DEPENDS ON:
* Product
+ Context

» Use BUT: There is not one
most sustainable
packaging solution

BIOPLASTICS - BIOBASED VS. BIODEGRADABLE

Bobased

Bioplustics

g biodaved FE.
PET, PA PIT

maize, starch). This is about the
origin of the material

. Blodegradable: the material breaks
down under specific itions. This

is about what hap the
material at end-of-life.

Biobased # Biodegradable

Improving one
aspect should not
make things worse
for another

HOW DO YOU MAKE
SUSTAINABILITY CHOICES?

Biobased: the material is obtained
from biomass (plants, e.g. sugar cane,

SUSTAINABLE POLYMERS — WHICH OPTIONS?
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RESULTS: 1) BARRIERS & ENABLERS
REGULATORY
Lack of clear policies
and (stimulating)
regulations
ECONOMIC
Price differences
between virgin &
recycled
TECHNICAL
Lower material quality &
uncertainties about quality

®00

SYSTEMIC

Availability and reliable
stream of recyclate
(from sufficient quality)

ORGANISATIONAL
Lack of short-term goals

CULTURAL

Lack of consumer
demand/willingness
& lack of knowledge

CIRCULARITY - CIRCULAR STRATEGIES

.

CASE STUDY METHOD CIRCULAR BUSINESS MODELS

Circularity of Circularity
the business in the
model chain

Circularity of
operational

process
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