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Hoe digitale technologie gaat helpen om
circulair beter te presteren.

Business Software Event — 31 mei 2022 — Arjen Wierikx
Disclaimer: research in progress
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Agenda

> Waar staan u en ik?

> Wat s circulariteit

- Circulaire prestatie

- Digitale technologie en circulaire prestatie

- Het Physical Internet helpt
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In welke regio zit uw organisatie




\Wat voor type bedrijf vertegenwoordigt u? tentmers
£ .’
Maak industrie (GB) Maak industrie (MKB) Proces industrie Industrie overig

@

stverlening Overig
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Logistieke dienstverlening Zakelijke
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\Wat is uw functie binnen het bedrijf? e
% 2 os
Directeur / eigenaar MT-Lid /ﬁunuger teamleider
uduieur endersteunoende dienst un;ers
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Hoe circulair is uw organisatie

3@%; 1%
. Geenidee 0-10% 10-20%

20-30% 30-50% >50%
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Waar staan we”?

Governments around the world announce the ambition to
be 100% circular by 2050 (ec,2011);

20% in 2050

What is the point in time company X, Y, Z could say: "now
I'm 100% circular™?
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Netherlands

ETHERLANDS IS

24.5% CIRCULAR.

Major overhauls to the framework of
the national economy - including
jobs - will be necessary to achieve the
government’'s ambitions of a fully
circular economy by 2050.

o v M
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Linear economy

Natural resources

Non-
renewable
resources

Renewable

resource

Landhll
and incinerate

Circular economy

Natural resources

Non-
renewable
resource

Renewable
resource

Landhll
and incinerate

Transition towards a circular economy

Source: PBL 2016

www.pbl.nl

\Van Lineair naar circulair
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N " Wat is een
circulaire

economie?

114 definities
(Kirchherr et al.,
2017)

LR e

EXTRACTION OF
BIOCHEMICAL
FEEDSTOCK*

1 Hunting and fishing
2 Can take both post-harvest and post-consumer waste as an input

SOURCE \J

Ellen MacArthur Foundation

Circular economy systems diagram (February 2019) MINIMISE SYSTEMATIC
www.ellenmacarthurfoundation.org LEAKAGE AND NEGATIVE

Drawing based on Braungart & McDonough, EXTERNALITIES
Cradle to Cradle (C2C) :
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A circular economy is one that is restorative and regenerative by design
and aims to keep products, components, and materials at their highest
utility and value at all times, distinguishing between technical ano
piological cycles

— Ellen MacArthur Foundation (2013)
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De R strategie
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Circular economy

_before
use

after
use

Linear economy

product
use and

its parts

Useful
hcation
matenals

Strategies

Ro Refuse

R1 Rethink

R2 Reduce

R3 Re-use

Rq Repair

Rs Refurbish

Remanu-
R6 facture

R8 Recycle

Rg Recover

Make product redundant by
abandoning its function or by
offering the same function with a
radically different product

Make product use more intensive

(e.g. through sharing products, or §

by putting multi-functional
products on the market)

Increase efficiency in product
manufacture or use by
consuming fewer natural
resources and matenals

Re-use by another consumer of
discarded product which is still in

condition and fulfils its
original function

ir and maintenance of
e product so it can be
used with its original function

Restore an old product and bring
it up to date

Use parts of discarded product in
a new product with the same
function

Use discarded product or its parts
in a new product with a different
function

Process materials to obtain the
same (high grade) or lower (low
grade) quality

Incineration of materials with
energy recovery

pbl.nl
<
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SR

Wat kan ik
met die
circulaire
economie?¢

Circular strateaies within
the production chain, in

order of priority
Potting, J., et. al. (2017)



Naar welk denken gaat uw voorkeur uit?

o Society as a whole, e.g.
political, economic, social
factors

Parts of the society, e.g.
groups, organizations

— Actions of individuals

Macro, meso and micro level overview (Javaid, Javed & Kohda, 2019)
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A Mentimeter

Six categories:

1. Economic

Drivers related to the market and financial

2. Environmental

Drivers related to the environment

3. Knowledge & Information

Drivers related to knowledge and information sharing
4. Policy

Drivers related to policy, guidelines and regulations

5. Social

Drivers related to motivation, awareness and pressure
6. Technology & Infrastructure

Drivers related to technologies and physical infrastructure

Circular Business Model Drivers - Pieroni et al., 2019
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Waar zit u? e

EC:I

"opwerker" Inzamelaar
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En waar bevindt uw onderneming zich hier?
(Suzanne et al., 2020)

"
1
I
I
[
I
i From product

" to raw mate-
1 . .
rial recycling
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In welk vak zit uw onderneming nu?

Towards the ...
Maker Economy Sharing Economy Circular Economy
A
2 4 INn een
O 4;. =
1.!: L -
: circulaire
Maker-platform operator Sharing-platform operator e C O n O m ie.ku n

: | -@

[ @ - je bedrijven
"0?1 ® -® niet meer in

—1n

Co-creating manufacturer Ca-:reatingavi:e provider Recycling alliance | is o | e m e n -I-
0 9 .
pbekiken

9 —
® @ :%ﬂ {e j Kortmann & Piller

Transaction-oriented . (20 ] 6)
manufacturer . zing@®nufacturer Rebound manufacturer |

Production™ Consumption Circulation

Openness of Business Models
Alliances

Firms

b
Forward-value chain Closed-loop value chain

Integration along the Product Life-Cycle

be B



Partners Activities
. Cooperative . Optinusing performance
networks e  Product Design
e Twpesof ¢ [Lobbymg
collaboration B Remanufacturing.
recveling
. Technology exchange
Key Resources
e  Better-performung
materials
e  Regeneration and
restoring of natural
capital
e  Vutualization of
matenals
> Retmeved Resources
(products, components.
materials)
Cost Structure

3 Evaluation cntena

B Value of mncentives for customers
. Gindelines to account the costs of matenal tlow

Falue Proposition

- PSS

e  Cucular Product
. Virtual service
e Incentives for

CuUsStomers 1n
Take-Back
System

Customer Relations

e  Produce on order

e  (Customer vote (design)

¢  Social-marketing strategies and
relationships with commumnity
partners m Recveling 2.0

Channels

|
. 1 el ATLIVLL

Take-Back System

. Take-back management
¢  Channels

. Customer rclations

Revenue Streams

e  Input-based
Availability-based
Usage-based
Pertormance-based

Value of retrieved resources

A Mentimeter

Customer

Segments

Customer
Vpes

« Political
e Economical

Adoption Factors

e  (Orgamizational capabilities
e PEST factors ===

« Social

* Technological

Circular Business Model Canvas (Lewandowski, 2015 / Osterwalder & Pigneur, 20710)
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Source Material flow Destination

Materiaal stromen gaan van bron naar bestemming
¥ ?2 & 9 ¥



Wat zijn EIGENSCHAPPEN van de MATERIAAL “™™
STROOM?

transformeren  9eenidee

soortgelijk gewicht Q
g teveel plastic Le.

O R o O

O

L

distributie
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Eigenschappen van een materiaalstroom
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\Welk belang kent u toe aan de eigenschap van de i Mentimeter
materiaalstroom (in relatie tot circulariteit)?

Gewicht (kg)
Afmetingen / Volume 'TIJ)

Waarde (€) a

AQQ regctie:fgwestc nd (vast, vioeibaar, gas)

Totaal niet van belang
Heel belangrijk

Snelheid .

be B
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Material flows are t_r_l_gg__e_l_'_ed_. by information & |'U
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Digital Technology is the application of a
systematic technigue, method, or approach,
iNvolving the recording or storing of data as @

series of the numbers 1 and O in order to solve a
oroblem

— The author
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Lenzen van digitale technologie

> Ondersteunen van business functies (Belik et al., 2019)
> Historische lens (Visser & van Goor, 2019);

> Digitale technologie element lens (Nambisan, 2017);

> Front & Base technologie lens (Frank et al., 2019);

> Architectonische lagen lens (Pagoropoulos et al., 2017);
> Digitale functie lens (Liu et al., 2022).

“ Mentimeter
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ARRANGED

-""1 f-ﬁ'u..

PRESENTED
VISUALLY

EXPLAINED

WITH A STORY

Ongestructureerde Data

Extern

Gestructureerde Data

A Mentimeter

connectedness

data

/" understanding

wsdom

f’ understanding
principles
lmnwhdge

/ understanding
/ patterns
wdormation

relations

- nncderstanding

Figure

P Transition  through

nnderctandino

Informatie wordt afgeleid van data
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Data Information Knowledge Insight Wisdom

O O @ O
0 0 T
O
O O
O O
O O
O O
O
O O
O o O
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In 2020, the world will produce 64 zettabyte u
of dlgltal data (1021 (1 sextlllon) bytes)

S

* B Byte

* KB Kilobyte

* MB Megabyte
* GB Gigabyte

* TB Terabyte

* PB Petabyte
 EB Exabyte
7B Zetabyte

* YB Yottabyte

|
[

|

« By 2025, 75 bilion devices will be interconnected (Statista, 2016)
« 1.5 trillion photos are taken every day (van Beek, 2020)
 Only 1% of the data is used, 25%-37% is potentially valuable (van Beek, 2020)



Data volume in zetabytes

Volume of data/information created, captured, copied, and
consumed worlawide from 2010 to 2025 (in zettabytes)

Amount of data created, consumed, and stored 2010-2025

2010 2011 2012 2013 2014 2015 2016 27  Z018* 20719% 2020% - 2020% 200% 2023

MNote(s): Worldwide; 2010 to 2020

Further information regarding this statistic can be found on page 8.
Source(s): IDC; Seagate; Statista estimates; |D 871513

2024*

2025%

o v M
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Auto-plan
Auto-control
Sort and classify

Optimize
Innovate
Forecast
Connect
ASSess

Detect

Track & Trace
Monitor

Share
Collect

Analytics and the
Digital function cat
gital function categories knowledge hierarchy

Digitale functie categorieén (Kristoffersen et. al. ,2020, Siow et al.,, 2018 en Liu et al., 2022)
¥ ? & 9 ¥



Slowing resource flows

A Mentimeter

&TU/e |}V
Circulariteit gaat over

I S— Materiaalstromen:
m @ - Verkleinen
- Vertragen
Life extension - linear Life extension - circular e SIUIten
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Digital
functions

Recover Repurpose  Refurbish Reuse

Repair

e s R S G T R T

Recycle Remanufacture

e T T

Circular economy strategy

Mechanismen||(Liu et al., 2022)

¥ 9 ¥ & ?
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M1 M2 M3 Ma M5 M6 M7
*
.
Auto-control:
Sort & claasifyjl
Optimize
Innﬂuntejl
Forecast ‘
Connect, ]
Asses 55 ]
Detect,
Track & tmce’: 1
Monitor .
''''''''''''''''' Share ‘
Collect, o
* >
No
link

Circular economy strategy

Mechanismen||(Liu et al., 2022)
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Bressanelli et al., 202

Table 3. Application of the framework to the seven contributions of the Sustainability special issue ‘Circular Economy in the Digital Age’.

. ' s . Circular Economy 4R Circular Economy s 2 snn
Article Digital Technology Lifecycle Phase Strategy Pénciion Sustainability Performance
G 1 tion: Th Reduce the pace of emissions to a
anrt?z:n; athnjlﬂ??;:irc:hr Internet of Things Design Eco-design value lower than the rate at
, 8! Big Data and Analytics Manufacturing Reduce New business models based which natural systems can
Economy Evidenced from a : v
S sz (based on Usage Recycling on servitization absorb them.
ystematic Literature . : .
: quantum computing) End of use Value chain reconfiguration Recycle resources at a pace
Review [66] hi .
igher than waste generation.
Reduce the consumption of
natural resources by optimizing
product design based on
Design SO Cetin Reduce f:r?stti T::::;ﬁnn b
i 3 . . Manufacturing Reuse Servitized business models : 3 5 NS
Digital Twins for the Circular e . -AEE ; : increasing remanufacturing and
Digital Twins Distribution Remanufacturing (sharing) g ;
Economy [67] : . . recycling, thanks to improved
Usage Recycling Circular value chain G :
3 i decision-making enabled by
End of Use coordination b :
digital twins.
Economic benefits from the
optimization of resources during
the product life cycle.
Savings in holding and
transportation costs due to the
Omni-Chanel Network optimization of inventory
Design towards Circular . p——— . NPTy share policies.
Economy under Inventory Internet of Things Distribution Reduce Value chain optimization Reduce CO, over-production
Share Policies [68] and transportation emissions due
to the optimization of inventory
share policies.
Circularity for Electric and
Electronic Equipment (EEE), Manufacturing R el Reduce waste generation,
the Edge and Distributed Blockchain Distribution Em;:;;in rng Value chain especially for electrical and
Ledger (Edge and DL) End of use & electronic equipment (WEEE).
Model [69]

¥ ? & M ¥
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Article Digital Technology Lifecycle Phase Cir:ul;:;:rlitil::;my o Clrcu;::ft;:::nmy Sustainability Performance
Desi Regenerate resources (using
Internet of Things Nan ufaci‘ring Design for green buildings renewable resources).
Circular Digital Built B; : _ Reduce (long life, reversibility, Narrow resource flows
Environment: An Emergi ig Lata anfl {mal}r e (construction and Reuse improvements in efficiency) (resource efficiency).
61N 3D Printing assembly) . pin . A
Framework [70] e | - Recycling Circular value chain Slow resource loops (intensify
End nfguse collaboration usage and extend service life).
Close the loop.
Prevent electronic
waste generation.
Prevent adverse environmental
and human health effects due to
Using Internet of Things and inappropriate disposal and
Te[:}z'lh:lt:] ute?ﬂt.e[t)iigg;l Internet of Things Distribution Rl::uie Servitized business models reiictl;‘ﬁgﬂ?: ﬁEeEE:EE;c:!thEd
Ci &Y 5! Blockchain Usage . Value chain management L .
ircular Economy . : Remanufacturing G e-waste to developing countries
Enablement: The Case of e S N 0T, Recycling penen that use child labor and whose
Electronic Equipment [71] dismantling practices create
hazardous pollution).
Increase compliance with
legislative requirements, such as
the WEEE directive.
Industry 4.0 and Smart Data Reduce the environmental
as Enablers of the Circular g B s Design impact of the product (ceramic
Economy in Manufacturing: B Thta il As algsﬁcs Manufacturing Reduce Eco-design tiles), thanks to eco-design
Product Re-engineering with & y Distribution informed by the loT and Big

Circular Eco-design [72]

Data Analytics.

Bressanelli et al., 2022
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Alle beetjes helpen

2> 90% van alle bedrijven zijn MKB
bedrijven (Dey et al, 2022);

-> MKB bedrijven veroorzaken 60-
/0% van de industriéle vervuiling

(Dey et al, 2022).

-> Adoptie digitale technologie in
MKB blijkt lastig (evofenedex)

¥ ? & M ¥
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Dank voor uw
aandacht en input

Arjen Wierikx

arjen.wierikx@hu.nl

Il HOGESCHOOL HIER KOMT
1™ UTRECHT ALLES SAMEN

https://www.slimcirculairinfo/
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