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ABSTRACT

For several years, a mandatory bachelor-level course at the University of Agder (UIA) has been
educating engineering students on a range of topics and ideas related to system thinking, ethics, and
sustainability including circular economy. This paper investigates the learning outcomes of engineering
students in this course by evaluating their knowledge of circular economy before and after attending this
course to determine if current methods for teaching circular economy are effective for educating future
engineers. Active learning and problem-based learning are the two primary learning techniques used in
this course and students are evaluated based on their overall application of circular economy principles
in group projects. The learning outcomes of the course have been evaluated based on a set of surveys
given to students before and after the course to determine to what extent they have had prior knowledge
of circular economy principles and how these students believe that knowledge gained in the course can
be used to support regenerative and sustainable transformations in their future working life. The survey
results show that engineering students have weak prior knowledge of circular economy concepts but
that engineers are both enthusiastic towards sustainability issues and understand their importance. The
results of this paper show that there is a need to improve circular economy education for engineers.
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1 INTRODUCTION

The need for circular economy teaching in education follows in line with the increased societal focus on
circular economy as an international response to environmental damage. Circular economy has three
main overarching goals: slowing resource loops (by extending product lifetime and introducing
comprehensive systems for managing materials), eliminating waste and pollution in production, and
regenerating nature [1]. Achieving a circular economy has thus far involved setting out strategies for
change and developing policies that push society towards a consensus on a circular economy framework
[2]. The European Green Deal and the series of the European Circular Economy Action plans [3, 4] have
shown that the push for circular economy is well rooted in European policy. The challenge for educators
is to translate important circular economy concepts and policies into the classroom so that future
generations can contribute toward a circular society.

Circular economy concepts have been implemented in education using games in the classroom [5, 6, 7],
through eco-design and sustainable product design [8, 9, 10], through project-based learning [9, 11, 12],
and through active learning approaches [13,14]. Large emphasis has been placed on life cycle thinking
and systems thinking [5, 12] and multidisciplinary approaches towards circular economy are emphasized
in existing course structures [15]. However, the teaching of circular economy concepts is neither
extensive nor informative enough to create transformational societal change [6] and that previous
knowledge on circular economy topics is not widespread among engineering students [16, 17].

For the past several years, the mandatory third-year bachelor-level course ING200 at the University of
Agder has been educating engineering students on a range of topics and ideas related to system thinking,
sustainability and ethics. The curriculum has been updated in 2021 to teach about the important yet
sometimes diffuse concept of circular economy as part of a broader approach towards teaching
sustainability to our engineering students. Circular economy is a term that is increasingly used in a
sustainability context but is often misunderstood as there are few concrete definitions or guidelines for
engineers. The ING200 course has approximately 400 students per year from all engineering
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disciplinesl at the University of Agder who learn about basic sustainability and circular economy
principles as part of the general course curriculum. It is important to understand to what extent these
engineering students have prior knowledge of circular economy concepts to understand better what
needs to be taught and how these concepts can be practically applied for future engineers. This paper
thus investigates the learning outcomes of students by evaluating their knowledge of circular economy
before and after attending ING200 and to determine if current methods for teaching circular economy
are effective at educating future engineers towards a circular future.

2 METHODS

2.1 ING200 course content

The course ING200 presents circular economy to engineers with three main principles: system thinking,
material loops, and circular design principles. The course covers sustainability and circular economy
topics over four separate two-hour lectures by addressing the “why, what and how” of sustainability.
The first two-hour lecture covers global environmental trends and foundational knowledge on
sustainability (Topic: “Why sustainability is important”). Trends such as climate change, biodiversity
loss, plastic pollution, and environmental impacts on human life. Foundational knowledge such as the
history of the sustainability movement, definitions on sustainability, and frameworks for sustainable
development are presented to the students (Topic: “What it means to be sustainable”). The second two-
hour lecture introduces students to the concept of complex systems thinking, life cycle thinking, and
general industrial ecology approaches to sustainability such as eco-efficiency, industrial symbiosis,
material flow analysis, and green product design (Topic: “Technical solutions for sustainability”). The
third two-hour lecture covers life cycle assessment and how to evaluate the environmental impact of
systems (Topic: “Environmental foot printing”). Finally, the fourth two-hour lecture focuses on circular
economy and the green shift. The circular economy topics covered include the basic principles of
circular economy from the Ellen Macarthur Foundation [1], the 9Rs of circular economy and material
loops [18], and basic circular design principles for engineers [19] before finishing with a critique on
circular economy. The overall emphasis is on practical examples of circular economy in action (Topic:
“Circular economy for engineers”).

The students then apply what they have learned through problem-based learning methods to evaluate
circular economy, sustainability, and ethics issues on a technology of their choice, preferably a
technology that they work with regularly, in a semester project. The semester project challenges students
to think about technology in terms of systems, ethics, sustainability, and circular economy. The students
are also given access to advisors once per week to discuss their work through active learning methods.
The overall learning outcome of the ING200 course is that students learn how to evaluate the
sustainability and ethical aspects of technologies as future engineers.

2.2 Survey design

Two surveys were carried out to test the effectiveness and importance of circular economy topics for
ING200 students. The first survey was intended to determine their opinions and prior knowledge of
circular economy and sustainability topics while the second survey was intended to understand how the
students evaluated the importance and application of circular economy topics within their disciplines.
The first survey had questions focusing on students’ prior knowledge of basic aspects of circular
economy (such as material loops and circular design principles) while also evaluating the importance of
sustainability for them personally and how they felt that their study programme prioritized sustainability
issues. The second survey built on the findings of the first survey and integrated some of the topics
covered in the lectures on circular economy to evaluate their importance for the students within each
study programme. The questions focused on how the students felt that circular economy and circular
design principles were applicable to their respective disciplines and to try to determine their opinions
on how society can transition to a circular economy.

2.3 Data collection and analysis
The two surveys were made with the survey tool SurveyXact and were distributed on two different
occasions on the Canvas learning platform used in the course. The first survey was distributed to the

1 Mechatronics, renewable energy, civil constructions, electronics, and ICT/IT
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students after the first three two-hour lectures on sustainability but before their lecture on circular
economy started. The students had one day to complete the survey, but the lecturer also gave the students
time in the classroom before lecture to finish the survey. The first survey had 16 questions in total, with
two additional questions given if the students answered “yes” on two qualifying questions. The second
survey was distributed two weeks after circular economy topics were covered in lecture. The second
survey had 11 questions. Most of the questions were multiple choice questions, while some questions
required answers to be given as a free text. The two surveys were compared to see the change between
the students” knowledge, opinions and attitudes before and after the lecture on circular economy.

3 RESULTS AND DISCUSSION
Table 1 gives an overview of when the surveys were distributed and closed, and the response rate for
each survey.

Table 1. Survey response rates

Distributed Closed Response rate
Survey 1 10-Feb-22 11-Feb-22 25%
Survey 2 25-Feb-22 27-Feb-22 23%

The distribution in gender on the surveys was 73% male and 27% female on Survey 1 and 68% male
and 30% female on Survey 2 (2% did not want to answer). The distribution on the students’ field of
study is shown in Figure 1. This shows that engineering students from all disciplines replied to the
surveys.

40%

30%

Civil engineering Mechatronics Electronics ICT/IT Renewable energy
@ Survey 1 OSurvey 2

Figure 1. Response rates according to field of study

One of the first questions in the first survey was “Have you heard of the terms ‘linear economy’ and
‘circular economy’ before?”’, where 52% answered that they had heard the terms previously. This
indicates that only half of third-year engineering students have heard of the terms linear and circular
economy. This was also made clear when asked “What do you think the term ‘circular economy’
means?” as shown in Figure 2. This question required a free-text answer and many of the engineering
students answered that circular economy is associated with “money”. This changed when students were
asked the same question in the survey 2 after receiving lectures on the subject where “reuse” and “waste”
were the most common associations. This indicates that many students were not familiar with the term
before the circular economy lecture was given but more familiar afterwards.
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Figure 2. (Left): Word cloud from Survey 1 and (Right) Word cloud from Survey 2
“What do you think the term “circular economy” means?”
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When students where asked the question “How important is sustainability for engineers in your
discipline?” in the first survey, 83% rated it as very important or somewhat important. On the second
survey this had a slight increase to 88%. When asked “How do you feel that sustainability topics are
considered in your study programme?” 70% responded it was somewhat or very much considered on
the first survey. On the second survey they were asked how important circular economy topics are in
their discipline, where 94% rated it as very important or somewhat important.

The question “Which of the following sustainable product design principles do you think can be applied
in your discipline (mark all that apply)?” was asked in both surveys with several options for the students
to mark. The results from this question are shown in Figure 3 and indicate a consistent decline in all the
options from survey 1 to survey 2. This means that the students had a different view on the possibilities
within circular economy in their discipline after receiving lectures on this subject. The students have
likely learned more about the limitations and challenges regarding circular economy and could have a
more cautious view on circular economy based on their answers from the second survey. This could
indicate that the understanding of the subject also informed the students about the difficulties or
limitations of implementing circular economy in their disciplines.

Renewable (use of renewable materials and renewable
energy in products/production)

Recycle (taking used products and reusing the materials)

Re-purpose (taking used products and using reusing
them for another purpose)

Re-manufacture (taking used products and using them
in the manufacturing of new products)

Refurbish (taking used products and restoring them into
the original condition)

Repair (fixing products for longer use)

Re-use (reusing products again/"2nd hand")

)

0% 20% 40% 60% 80% 100%

OSurvey 1 M Survey 2

Figure 3. “Which of the following sustainable product design principles do you think can be applied in
your discipline (mark all that apply)?”

To get an overview of the students’ knowledge on circular economy survey 1 contained questions
regarding different circular economy terms. Figure 4 shows the result from these questions, where 73%
had never heard of the concepts “products as services” and “dematerialization”, and only 40% had heard
of the concept “regeneration”. On survey 2 these concepts were included, as possible options on the
question “Which of the following sustainable design principles do you think are most relevant in your
discipline (mark all that apply)?". As Figure 5 indicates, many students saw these concepts as
sustainable design principles that could be relevant in their discipline. Hence, the students had a better
understanding of circular economy and its relevance to their field of study after receiving lectures on
this topic. Since 48% had never heard of the terms “linear economy” and “circular economy” before,
there is a clear need for teaching these topics in the curriculum for engineers.
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Have you heard of the concept "regeneration" as a

sustainability concept? s
Have you heard of the concept "dematerialization" as a |
sustainability concept?
Have you heard of the concept "products as services" as a | |
sustainability concept?
0% 20% 40% 60% 80% 100%
EYes ONo

Figure 4. Questions from Survey 1 regarding background knowledge of different terms

Extended lifetime (designing for longer life of products,
infrastructure, etc.)

Eco-efficiency (reduction of material use and/or energy use by e

making systems more efficient)

Dematerialization (i.e. online banking, media streaming,
digitalization)

Products as services (i.e. rent instead of own, sharing economy, ]
selling light as a service in airports, etc.)

0% 20% 40% 60% 80% 100%

Figure 5. Results from "Which of the following sustainable design principles do you think are most
relevant in your discipline (mark all that apply)?" in Survey 2

The results of this study indicate a need for more circular economy teaching in engineering programmes
and is consistent with other findings in literature where engineering students are shown to have a low
understanding of circular economy topics [6, 17]. This is especially important as results from this survey
and previous literature shows that engineering students feel that sustainability is very important to them
[5, 13]. Hence it recommended that circular economy topics are taught to engineers in other courses
throughout their education. This may be difficult to achieve without training educators and support from
educational institutions [16]. It is also important to note that the approach in ING200 is to present
foundational knowledge in sustainability before presenting circular economy topics. This is because we
consider circular economy and sustainability to be complementary topics to each other as supported by
other educators [10]. We also feel that is important to present the transformational nature of circular
economy to our engineering students, but that critique of the circular economy concept is necessary in
order to not apply the same ideas on existing systems where circular economy will not work [9, 11]. In
general, we recommend that engineers are given a discipline focused, practical education in
sustainability and circular design topics so that they can use their skills to find transformative circular
solutions in the future.

4 CONCLUSIONS

The results of this study show that engineering students do not receive enough training on circular
economy topics despite the growing interest in sustainability among engineering students. The results
of this paper should be used to show the need for more circular economy curriculum throughout an
engineering education if circular economy strategies are to be implemented in wider society. The results
of this survey indicate that this need is consistent across different engineering disciplines and that
transformational change towards a circular economy will be difficult without greater knowledge of
circular economy topics among engineers.

REFERENCES

[1] Ellen MacArthur Foundation, Growth within: a circular economy vision for a competitive
Europe, McKinsey Center for Business and Environment, 2015.

[2] Prieto-Sandoval V., Jaca C. and Ormazabal M. Towards a consensus on the circular economy,
Journal of Cleaner Production, vol. 179, pp. 605-615, 2018.

EPDE2022/1247



[3] The European Green Deal - 11.12.2019 COM (2019) 640 final. Brussels: European Commission,
2019.

[4] Circular economy action plan, European Union Directorate-General for Environment, 2019.
[Online]. Available: https://ec.europa.eu/environment/strategy/circular-economy-action-plan_en.
[Accessed: 01- Feb- 2022].

[5] Whalen K., Berlin C., Ekberg J., Barletta I. and Hammersberg P. All they do is win: Lessons
learned from use of a serious game for Circular Economy education™, Resources, Conservation
and Recycling, vol. 135, pp. 335-345, 2018.

[6] Kirchherr J. and Piscicelli L. Towards an Education for the Circular Economy (ECE): Five
Teaching Principles and a Case Study, Resources, Conservation and Recycling, vol. 150, p.
104406, 2019.

[7] delaTorre R., Onggo B., Corlu C., Nogal M. and Juan A. The Role of Simulation and Serious
Games in Teaching Concepts on Circular Economy and Sustainable Energy, Energies, vol. 14,
no. 4, p. 1138, 2021.

[8] Lanz M., Nylund H., Lehtonen T., Juuti T. and Rattyad K. Circular Economy in Integrated Product
and Production Development Education, Procedia Manufacturing, vol. 33, pp. 470-476, 2019.

[9] Maruyama U., Sanchez P., Trigo A. and Motta W. Circular Economy in higher education
institutions: lessons learned from Brazil-Colombia network, Brazilian Journal of Operations &
Production Management, vol. 16, no. 1, pp. 88-95, 2019.

[10] Andrews D. The circular economy, design thinking and education for sustainability, Local
Economy: The Journal of the Local Economy Policy Unit, vol. 30, no. 3, pp. 305-315, 2015.

[11] Kopnina H. Circular economy and Cradle to Cradle in educational practice, Journal of
Integrative Environmental Sciences, vol. 15, no. 1, pp. 119-134, 2018.

[12] Cappuyns V. and Stough T. Dealing with societal Challenges of a circular economy in
engineering education, in Proceedings of the 8th International conference on Engineering
Education for Sustainable Development, Bruges, 2016, pp. 212-218.

[13] Sanchez-Romaguera V., Dobson H. and Tomkinson C. Educating engineers for the Circular
Economy, in Proceedings of the 9th International Conference in Engineering Education for
Sustainable Development, 2016.

[14] Sandstrom N., Nevgi A.and Betten T. Excellence in education requires excellence in
collaboration: learning modules in circular economy as platforms for transdisciplinary learning,
in EESD2021: Proceedings of the 10th Engineering Education for Sustainable Development
Conference, Cork, 2021, pp. 1-11.

[15] de la Torre R., Onggo B., Corlu C., Nogal M. and Juan A. The Role of Simulation and Serious
Games in Teaching Concepts on Circular Economy and Sustainable Energy, Energies, vol. 14,
no. 4, p. 1138, 2021.

[16] Gonzélez-Dominguez J., Sdnchez-Barroso G., Zamora-Polo F. and Garcia-Sanz-Calcedo J.
Application of Circular Economy Techniques for Design and Development of Products through
Collaborative Project-Based Learning for Industrial Engineer Teaching, Sustainability, vol. 12,
no. 11, p. 4368, 2020.

[17] Venugopal P. and Kour H. Integrating the circular economy into engineering programmes in
India: A study of students’ familiarity with the concept, Industry and Higher Education, vol. 35,
no. 3, pp. 264-269, 2020.

[18] Potting J., Hekkert M., Worrell E. and Hanemaaijer A. Circular Economy: Measuring innovation
in the product chain, PBL Netherlands Environmental Assessment Agency, The Hague, 2017.

[19] Moreno M., De los Rios C., Rowe Z. and Charnley F. A Conceptual Framework for Circular
Design, Sustainability, vol. 8, no. 9, p. 937, 2016.

EPDE2022/1247



	EXPERIENCES FROM TEACHING CIRCULAR ECONOMY CONCEPTS TO ENGINEERING STUDENTS
	abstract

	1 Introduction
	2 Methods
	2.1 ING200 course content
	2.2 Survey design
	2.3 Data collection and analysis

	3 Results and discussion
	4 CONCLUSIONS
	References


