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v Introductie
v Circulariteit meetbaar maken
v Model ontwikkeling
v Volwassenheid van circulaire prestaties
v Onderzoeksagenda



Circulair denken in de logistiek….

Logistiek is de motor van de circulaire economie

Logistiek en Circulariteit zijn welhaast synoniem



Logistiek
Jomini (1830), Christopher (1992) of Topsector Logistiek (2011)

n Jomini (1830, p. 74) ... de kunst om de marsen van een 
leger te ordenen, om de volgorde van de troepen in de 
kolommen, de tijd van hun vertrek, hun route, de 
communicatiemiddelen die nodig zijn om hun aankomst 
op genoemd punt te verzekeren ..

n Christopher (2011): Logistiek is het proces van 
strategisch beheer van de inkoop, verplaatsing en opslag 
van materialen, onderdelen en afgewerkte voorraad (en 
de gerelateerde informatiestromen) door middel van de 
organisatie en haar marketingkanalen zodanig dat de 
huidige en toekomstige winstgevendheid wordt 
gemaximaliseerd door de kosteneffectieve uitvoering van 
bestellingen. 

n Topsector Logistiek (2009): De kunst van het slim 
organiseren
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En als we de kunst van het slim organiseren 
verstaan…

Is er geen verspilling…
Is er geen sprake van waardelekken…



En als er geen verspilling is…, 
we kunnen alles weer kunnen hergebruiken

Zijn we dan 
met elkaar 
niet geweldig 
circulair 
bezig.

En is logistiek daarmee dan 
niet bij uitstek de motor van 
de circulaire economie?



Mijn promotieonderzoek
How can organizations use Digital Technology 
strategies to increase Circular Economy 
performance?

Broken down into:

1. How do we measure CE performance on a 
micro level?

2. How to determine DT strategies?
3. Impact of DT strategies on CE performance



Measuring circularity



SER: Make Raw Materials transition a priority

September 16, 2022:

SER (social economic board) exploration: Climate targets 
will not be achieved without accelerating the 
raw materials transition

“High-quality reuse of raw materials and materials, high-quality use of bio-based raw materials and 
making international chains more sustainable are necessary conditions for both transitions. Cohesive 
policy is therefore crucial.”
Ed Nijpels, chairman SER-commission Sustainable Development

v Energy transition and Raw materials transition are at odds;
v With CO2 we can make the energy transition measurable. What about the raw

materials transition / circularity?



The 5th List of Critical Raw Materials
From 14 in 2011 to 30 in 2020 and 34 in 2023

Source: EU Science hub, Raw Materials Information System



Source: https://rmis.jrc.ec.europa.eu/uploads/CRMs_for_Strategic_Technologies_and_Sectors_in_the_EU_2020.pdf

https://rmis.jrc.ec.europa.eu/uploads/CRMs_for_Strategic_Technologies_and_Sectors_in_the_EU_2020.pdf


Where we are?

Governments worldwide are 
announcing that they want to be
100% circular by 2050 (EC, 2011).

Euhh, that is 27 (!!) years from now.



To get an idea
source: Circularity Gap Report Initiative (https://www.circularity-gap.world/)

§ World
§ EU
§ Denmark
§ Italy
§ Netherlands
§ Poland
§ Switzerland
§ UK

§ 7,2%
§ 12%
§ 4%
§ 18.4%
§ 24,5%
§ 10,2%
§ 6,9%
§ 7,5%



https://www.circularity-gap.world/2023

The Naked Truth……



How circular 
are you / is 
your 
organization?

q 0-5%
q 5-10%
q 10-15%
q 15-25%
q 25-50%
q 25-75%
q 75-100%



Een circulaire economie is een economie die 
herstellend en regeneratief is van opzet en 
tot doel heeft producten, componenten en 

materialen te allen tijde op hun hoogste nut 
en waarde te houden, waarbij onderscheid 

wordt gemaakt tussen technische en 
biologische cycli (EMF, 2013)

> 115 definitions 
(Kirchher et al.,2017)



Strategies
R-strategies / narrowing, slowing, closing
o.a. Potting et al. (2017) and Bocken et al. (2016)

Bocken et al. (2016)Kirchherr & Piscicelli (2019)



Publication explosion..
751 and counting

Source: constructed by authors (Dec. 2022) 



A co-evolutionary perspective on 
the Circular Economy

Source: Allen, P. M., & Varga, L. (2006)



Findings
Wierikx et al., 2022

q 11 meta studies
q Reference set of 731 papers

q 125(!) models to make CE 
measurable

q 365 (!) micro level parameters 

https://www.slimcirculair.info/publicaties


Snapshot (semi) commercially available tools

Existing tools for the assessment of the circular economy (Valls-Val et al., 2022)



Interviews confirm the picture

v “We use CO2 because other units of measurement are not 
clear”;

v “Circular turnover is reported annually, based on four 
indicators that we measure company-wide”;

v ”I have no idea how to measure, I had hoped that you would 
come and tell me”;

v “We really want to measure circular performance, but we 
feel enormously hampered by regulations, laws and OEMs”;

v “If my customers want this, I will pay attention to it”;
v “For a small part of the business, we use a simplified version 

of the CTI Tool”;
v  “We separate waste”….



The Gordian knot

v Scientific transparency is lacking (Valls-Val et al., 2022) ;

v Varying substantiation (Sacco et al., 2021);

v Focus on in-& outflow / LCA & MFA;
v Inconsistent in purpose, scope and application (Saidani

et al., 2019);

v Lack of standardization (Vinante et al.,2020; Kristensen et al., 
2020);

v Terminology not formalized (Baratsas et al., 2022);

v Confusion and ambiguity (Vinante et al., 2020; Fiksel et al., 2012)



Hypothesis

There is not yet a really good tool for making 
circular performance holistically measurable



Tool development

Complexity science, design science, maturity thinking



The challenge
holistic, dynamic, accessible and longitudinal

q Systemic / Holistic: Circular performance is more than just a 
focus on material flows.

q Dynamic: Domain is in constant motion, capabilities can (will) 
change over time;

q Accessible: Attractive. Feeling invited to participate to increase 
response;

q Longitidunal: Being able to make visible what to do to develop to 
the next level based on a benchmark.

Inspiration: CMM & Prosci



Systemic ambitions
based on R-ladder, Porter & Lean



New initiatives… 
Eliminating leaks.. 
Thinking differently…

Source: Kortmann & Piller  (2016)

C Consumer
F Focal firm
S Supplier

g goods
s value added services
r re-acquired products





New entities in new networks

Source: Suzanne et al. (2020)



Stelling
Een closed loop supply chain bestaat niet, en als ie al zou bestaan, 

zou het niet je ambitie moeten zijn, met uitzondering van één…

Bron: Ellen MacArthur Foundation, 2023

https://www.ellenmacarthurfoundation.org/circular-supply-chains?utm_source=linkedin&utm_medium=organic_social&utm_campaign=_&utm_content=ap_8hs41mwg97


Model creation methodology 
following Moultrie et al. (2007)
DSR as underlying perspective (Cross, 2001; Hevner et al., 2004)

• Balancing rigor & relevance
• Iterative
• Start gathering data

Moultrie et al., 2007



Exploratory study
Minor prioject: Astrid van den Berg, Brent Rietveld, Jop de Winter

Likert, 1932

Uhrenholt et al., 2022

https://www.slimcirculair.info/1170474_prototype-
circular-performance-maturity-model

https://www.slimcirculair.info/1170474_prototype-circular-performance-maturity-model
https://www.slimcirculair.info/1170474_prototype-circular-performance-maturity-model


Deriving dimensions
abductive research approach (Williams et al., 2019)

26 different studies

59 dimensions

25 company interviews



Lead to the creation of ten themes



Item generation
q Generate multiple items for each dimension to ensure reliability 

(Allen & Yen, 1979; Lee et al., 2015; Moore & Benbasat, 1991) 
and internal consistency (Nunnally, 1978);

q Whenever appropriate, items from existing scales which had 
been empirically tested were considered and adapted for the 
newly developed measure (Chang, 2001). 

q The process established a pool of 107 items, which were 
subsequently refined and arranged in a sequence suitable for 
the purpose of content validation and to eliminate redundant or 
ambiguous items.

q Content validation with 3-panels leads to 76 items and 10 
outcome variables



Capabilities (itempool)
Dimension Subdimension Capabilities

People Communication 4

Skills 7

Leadership & Culture 6

Operations Products & Services 16

Innovation & Technology 7

Value Chain Collaboration 5

Financing 4

Internal Business Operations 7

Strategy 8

Environmental 12

An 
organizations 
circular maturity 
is determined by 
76 capabilities.

Hypothese



Conceptual 
model



Instrument creation & pilot application



Instrument creation

• Intuitive
• Time to complete
• Easy to use
• Language
• Typeform
• Klinkende Taal
• Do’s & Don’ts’
• Example <-> Objectivity
• …..



Data Collection

q Data collected from first half of 2023
q E-mail to 2.500 companies (selected by Province of Utrecht)
q Survey invitation distributed via LinkedIN and other social 

media
q Light cases / interviews with 6 organizations.



The Result platform



Advanced analytics using PLS-SEM

Hair et al., 2018

HTMT: hetoratrait-monotrait ratio
AVE: average variance extracted
VIF: Variance Inflation Factor
PLS: Partial Least Square
SEM: Structural Equitional Modeling
CTA: Confirmatory Tetrad Analysis
R2: coefficient of determination
Q2: cross-validated redundancy measure

• To what extent are the items in the circular 
maturity model suitable for measuring the 
underlying latent variables?

• Construct comparisons



SmartPLS reflective model



Improving model performance

q To improve model performance, bad performing items are 
removed based on: 
q Outer loading must be > 0,708
q Items part of earlier validation remain

q 27 items are removed
q Additional check using a control sample (70% of data + 

additional data from new city).
q All criteria are met when 24 items are removed.



Hypothesis

Examining circular performance from a systemic 
perspective, focusing on maturity, not only 

yields a thorough understanding of the present 
situation but also offers guidance on the 

trajectory for future growth. 



Research agenda



Expliciete rol van logistiek in het 
circulaire bedrijfsmodel
Tuinstra et al., 2020

Logistiek als motor / enabler om tot 
circulaire waardeketens te komen1.

Logistiek als functie / activiteit 
binnen een onderneming circulair 

maken
2.

https://www.slimcirculair.info/publicaties


Measuring circularity, untangling a Gordian Knot

Questions?

www.slimcirculair.info
a.a.c.m.wierikx@tue.nl

arjen.wierikx@hu.nl

http://www.slimcirculair.info/
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