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Resource and Impact Decoupling
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International Resource Panel (2019). Global Resources Outlook 2019: Natural 
Resources for the Future We Want.

“Resource decoupling means using 
less resources per unit of economic 

output”
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What is the circular economy ?

Butterfly diagramme
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An EU action plan for the circular economy
Transition from a 

to a Circular Economy

Linear-vs-Circular-Economy.jpg (Image JPEG, 1560 × 950 pixels)... https://www.instarmac.co.uk/wp-content/uploads/2018/11/Linear-...
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French law on energy transition
Section on circular economy



7

Structure of the Circular Economy 
Roadmap of the New Aquitaine region

A total of 20 proposals structured in several 
cross-cutting areas of work and the following 
three thematic axes:

• Waste and recycling
• Industrial ecology and territorial ecology
• Eco design and economy of functionality
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Intended learning outcomes 
of an introduction course on CE

redesigned (Alwi et al., 2014; Rosano and Biswas, 2015). Accordingly,
students were first tasked with disassembling old products they had
previously been asked to bring to the class, such as old remote controls
and digital cameras (Fig. 3). Second, students discussed how the pro-
ducts, once taken apart, could be redesigned to increase their circularity
based on the 9R framework (Fig. 2). The circular product ideas devel-
oped ranged from an app that would function as a remote control to a
product-as-a-service digital camera company. We also specifically dis-
cussed how start-ups with a circular business model may contribute to
CE (Kirchherr et al., 2014). It was observed that students with a more
technical disciplinary background helped those with a background in
the social sciences during the teardown labs. This helped to enhance the
learning experience of social sciences students and may thus be con-
sidered a case in point for recruiting students with multiple back-
grounds to CE courses. Overall, students liked the teardown lab (Fig. 5),
but they asked for more lecturing, which would have been on en-
gineering for sustainability (Hein et al., 2015), prior to the exercises in
order to obtain additional theoretical grounding.

This feedback was incorporated in the third module, which in-
troduced students to the idea of eco-industrial parks (EIPs). EIPs can be
defined as a set of businesses that share resources in order to increase
profitability and reduce environmental impacts (Jackson et al., 2014;
Sakr et al., 2011). First, a lecture on the topic was given by a recognized
scholarly authority on the topic with the scholar explaining the concept
of EIPs, its relation to the CE (e.g., the focus of both concepts on reusing
and recycling), as well as drivers and barriers that firms are facing
within EIPs, with one notable barrier being the coordination costs that
firms face in an EIP (Chertow, 2000).

To reach ILO 3 (Table 1), these drivers and barriers were further
explored via an eco-industrial park (EIP) simulation performed with
students in the second half of this module. Students were divided into
10 groups with distinct organization profiles for this exercise, and then
they had to form two EIPs, which were both supposed to maximize
employment, the annual revenue, and the number of material ex-
changes—a reflection of the triple bottom line. Overall, the students
liked the module, whereas they said that explanation of the EIP simu-
lation could have been more straightforward.

The aim of the fourth module was to introduce students to the likely
macroeconomic impacts of the CE and to outline policy instruments
that could be adopted to further amplify CE’s macro benefits (i.e. ILO 4,
Table 1). The module started with a lecture on the macroeconomic
impacts of CE. The di!culties of undertaking such impact calculations
and the subsequent uncertainties associated with them were discussed
in-depth as part of this lecture. For instance, the rebound e"ect concept
was introduced as part of this module (DoF, 2017) (with the rebound
e"ect also appearing as a core challenge to CE in the CE teaching by
Kopnina (2017)). In the second part of the module, students were asked
to develop policy instruments to further enhance CE’s alleged positive
impacts. These were rated based on the weighted scoring method,
which was criticized by students as being too complex for the limited
amount of time (15min) given for the exercise.

The fifth module and the sixth module consisted of excursions. First,
an excursion was made to Interface, a global carpet company founded
in the Netherlands that produces new carpets by recycling old ones and
runs only on renewable energy at Scherpenzeel, its largest manu-
facturing site in the Netherlands (Interface, 2017). The first excursion
highlighted to students the potential trade-o"s between social inclu-
siveness and environmental resilience as two aims of the CE (ILO 2,
Table 1); Interface sta" shared that a newly purchased carpet cutting
machine (developed by NASA) would significantly reduce carpet waste
produced by Interface, but it would also induce the layo"s of sta"
members who currently perform this cutting. Second, an excursion was
made to Blue City Rotterdam, which sees itself as a co-working space
for circular start-ups that enables them to exchange ideas with the in-
tention of accelerating the transition towards the CE (Blue City
Rotterdam, 2017). The second excursion, in particular, contributed to
the achievement of ILO 3 (Table 1) by demonstrating to students that
the CE’s aim of economic prosperity can also stop (or at least slow
down) the CE when the sta" from Blue City Rotterdam revealed that the

Fig. 1. Course structure for the course ‘The Circular Economy: An Introduction’.
Source: Adapted from Potting et al. (2017, p. 5).

Table 1
Intended learning outcomes (ILOs) of the course ‘The Circular Economy: An
Introduction’.
After completion of this course, students will be able to:

1 Understand the guiding principles of the circular economy and relate it to
neighboring concepts

2 Investigate what it takes to create products that are easy to repair, refurbish,
remanufacture, repurpose, recycle or recover

3 Explain drivers and barriers for businesses to cooperate towards a circular
economy

4 Gauge the macro-systemic e"ects of the transition towards a circular economy
5 Critically reflect upon the circular economy concept

J. Kirchherr and L. Piscicelli 5HVRXUFHV��&RQVHUYDWLRQ�	�5HF\FOLQJ������������������
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Source: Kirchherr & Piscicelli, 2019

For students from different disciplines:
• Human Geography and Planning
• Earth Sciences
• Environmental Sciences
• Science and Innovation Management
• Miscellaneous programs
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Source: Potting et al, 2017

Course was taught over eight modules with 90 min each. 

Source: Fang et al, 2007

Micro-level: CE will ensure 
that materials and products 
are designed adequately in 
individual enterprises and 
used effectively throughout 
their life cycle.
Meso-level: CE emphasizes
applying industrial ecology 
concepts 
Macro-level: Development 
of a CE focuses on adjusting 
industrial composition and 
structure.
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Haas, W., Krausmann, F., Wiedenhofer, D., & Heinz, M. (2015). How Circular is the Global Economy?: An Assessment of Material 
Flows, Waste Production, and Recycling in the European Union and the World in 2015. Journal of Industrial Ecology.

Macro level: How circular is the economy? 
Situation in Europe (2015)

1,0 Gt / 7,5 Gt par an

= 13%



Business Administration and Science and Innovation Management: 
Establishing circular business models - the transition challenge

The value hill
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Source: Balkenende & van Dam, 2019



Natural Sciences and Engineering: 
CE solutions with critical raw materials – the complexity challenge
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Source: Peck, van Ellen, Goddin, 2019

Solutions?   Metrics?



13

Disciplines to cover in student 
education and training for CE

Examples of Utrecht University, Leiden Univeristy, TU Delft, KEDGE, 
University of Bordeaux, TU Darmstadt, UPM:
• Human Geography and Planning
• Earth Sciences
• Environmental Sciences
• Science and Innovation Management
• Industrial Ecology
• Governance
• Industrial Design
• Architecture
• Business Administration
• Natural Sciences: Chemistry, Physics, Materials Sciences
• Engineering
• ¡

Not included for instance legal training & sciences to understand human behaviour

à Lot of disciplines to mobilse in higher education and 
initial vocational education and training
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Barriers
Barriers are attitudinal, financial, operational, and 
structural. Here some key points:

• Interdisciplinarity
• Inertia
• Inflexibility of existing disciplinary courses to 

integrate CE
• Investment in new training infrastructure in a time 

of shrinking budgets
• Long programming cycles
• Limited renovation of teaching staff
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Opportunities
Opportunities are given by key actors in the change 
management of an organisation like change practitioners,  
project managers, decision-makers and financing entities. 
They include:

• Interdisciplinarity
• Innovation
• Willingness to be leader of the transition
• Project-based and participatory approaches
• Collaborating with employers to build impactful programs
• External funding o make change happen at regional, national 

and EU level like that provided by EIT RawMaterials
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6 Leading European universities

Strong involvement of industrial and research partners

Master1: Lisbon

Master1: Bordeaux
Master2: Madrid

Master2: Miskolc
Master2: Darmstadt
Master2: Liege

Fees

Annual programme fees for the 2019-2021 edition
are 2000€/year for EU students and 4000€/year
for non-EU international students

Scholarships & incentives are available

EIT label scholarships for all students of 13500 €
for living costs for the duration of the programme

Additional 'FIDEX' scholarships** based on merit
from the University of Bordeaux for the best
students spending their 1st year at Bordeaux

Funded by:

EIT labeled AMIR Master: 
An example of a new 
Higher Education course 
for Materials scientists and 
engineers contributing to 
a Circular Economy

Mobility in EU:
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Thank you for your attention!

http://www.ism.u-bordeaux1.fr/spip.php?rubrique1130

