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1. Introduction
The development of a talented workforce and trustful collaborative relationships with stakeholders, as well as a
powerful technological and industrial base, are essential to address the challenges ahead and achieve high levels of
employment and social cohesion, boosting at the same time innovativeness and competitiveness (So Smart, D4.2,
2015). The population in the western countries is growing older and living longer and the profound effect this will
have on societal development. The careers are expected to be longer and more versatile. The re-learning cycle has
become shorter and shorter. Meanwhile, the EU’s workforce is forecast to become smaller and older, but better
qualified. The younger generation is the most highly qualified in Europe’s history (Cedefop, 2015). Globally a surplus
of low-skilled workers and a potential shortage of high-skilled ones is expected in near future (Eurostat, employment,
2017). The share of labour force with high-level qualifications should rise from 31.2% in 2013 to around 38% in 2025.
People with medium-level qualifications will also increase slightly from 47.3% in 2013 to around 48% in 2025. The
share of those with low-level qualifications will fall from 21.5% in 2013, to below 14 % by 2025 (Cedefop, 2015,
European Commission, 2014).
In recent years, analysis on employees’ wellbeing highlights that increasingly individual have to deal with different
objectives, desires, expectations and responsibilities, which can be clustered in two main categories of work and life.
The rapidly advancing technological landscape in the European workplaces is challenging adults’ problem-solving
skills. Workers with vocational education and training need flexible abilities to solve problems in technology-rich
work settings (Hämäläinen et al, 2015). Similarly, OECD policy frameworks’ cornerstones for developing a suitably
skilled workforce are defined such as 1) broad availability of good-quality education as a foundation for future training,
2) a close matching of skills supply to the needs of enterprises and labour markets, 3) enabling workers and enterprises
to adjust to changes in technology and markets, and 4) and anticipating and preparing for the needs of the future skills
(International Labour Office, 2011).
Recently, circular economy has received increasing attention worldwide with the intention to overcome the current
production and consumption model based on continuous growth and increasing resource throughput (Ghisellini et al,
2016). Based on the review by Ghisellini et al (2016) there exist different definitions for circular economy tracing
back to the 60’s. From the economic viewpoint the circular economy can be defined as the economy based on a spiralloop system that minimizes matter, energy-flow and environmental deterioration without restricting economic growth
or social and technical progress” (Stahel, 1982). Within these new value-chains, the manufacturer plays the central
role re-designing products for multiple uses and proposing new consumption patterns to customers through innovative
services covering the whole life-cycle of the product. This approach makes it possible for manufacturers to gather
value and materials from post-use products, increase resource efficiency, reduce energy consumption and emissions,
also reducing manufacturing costs and providing more affordable products to a large set of customers in emerging
countries.
The emergence of circular economy paradigm is demanding the companies to change and take broader role in the
value chain. This also puts a pressure to the education system, which traditionally are highly focused on own priority
areas. In order to provide solutions for the future skills requirement, a versatile learning environment is required. It
provides a platform for teaching demanding engineering skills to university level students. The main educational
challenge is to combine the theoretical knowledge with industrial practices (Toivonen et al, 2018). The paper will
present an approach to speed uptake of circular economy business opportunities by introducing a new study module
of circular economy created in collaboration with industry and academia to support the creation of new talents in the
field of manufacturing industry. The focus of the paper is to introduce two courses from the study module focusing on
product and production development.
2. Underlying assumptions, Research Methods and Material
Akkerman & Bakker (2011) introduced the elements for learning, these elements considered boundary crossing,
problem solving, reflection and coordination. Wallin et al (2018) focused on expert learning by defining four key
dimensions. These elements consisted four dimensions 1) problem solving, 2) reflection, 3) learning from errors, and
4) boundary crossing. On the center of these dimensions are knowledge transformation and integration. Lanz et al
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(2018) modified the underlying assumptions further to consider especially technology rich environments. On this
paper the key dimensions with their contents are defined as following:
- Problem-solving: Introducing non-routine and practical problems, challenging to solve problems
collaboratively, encouraging learners to acknowledge and solve professional identity issues,
- Self-Reflection: stimulating critical reflection on learning and experiences, encouraging reconstruction of
the meaning of experiences, promoting responsive guidance through mentoring, learning to value experience
(even negative ones)
- Learning from errors: helping learners to resolve tensions and develop flexible imaging to overcome the
challenge, promoting critical thinking help to identify flaws in mental models, promoting critical dialogue
through collaboration and mentoring, coming to realize and explicate differences between practices and thus
to learn something new about their own and others’ practices
- Boundary crossing: developing learner identity (where we are) and adaptation (what we can become),
creating multiple opportunities for participatory learning, targeted interaction between different disciplines,
legitimating coexistence, explicating cyclical expertise development process between work and academic
contexts,
3. Approach to circular economy teaching

Fig. 1. Organization of study module of circular economy (modified from MacArthur, 2017).

Five laboratories at Tampere University of Technology formed a new study module of circular economy. These
laboratories formed a wide interdisciplinary wholeness with technical and commercial viewpoints to the teaching of
circular economy. The overview of the study module is presented in Figure 1. The courses serve several disciplines
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of research and branches of industry and offer many possibilities for the students to choose. The education module
development is steered by industrial board that comprises experts from different fields of technology, thus contributing
to the boundary crossing. The teaching is based on current research topics in the university as well as on many research
projects that cover the aspects of circular economy. Therefore, the study module offers latest findings from the
research and the findings are transferred into the knowledge of the students. The knowledge is then transferred into
the industrial companies, where most of the students will work often already during their studies. This serves the main
reason for the new study module i.e. the need of new know-how in the area of circular economy to collaborate with
business life. Once finished, the developed circular economy module will be offered for industry as non-formal
education module for life-long learning purposes.
The courses are organized by the laboratories of Mechanical Engineering and Industrial Systems, Chemistry and
Bioengineering, Civil Engineering, Industrial and Information Management as well as Materials Science, totally
contributing to 50 credit units of Master of Science (MSc) level education. Students can freely choose a combination
that suits their interests. In this paper two of the courses, which are organized by the laboratory of Mechanical
Engineering and Industrial Systems, are presented in the following cases. These have been organized first time at the
spring of 2018 with the topic of circular economy included into the courses.
3.1. Case 1: Integrated product and production development
Integrated product and production development course (IPPD) teaches students Japanese approach, where product
development, supply chain management and manufacturing are managed as one integral and organically linked entity.
The main principles of Lean-approach and Toyota Production Systems are taught, but the focus is on the information
flow. According the ideas of Fujimoto (1999, 2007) creation of the product starts with intention and there should be
continuous information flow from concepts, designs, material procurement, manufacturing and assembly to perfect
product delivered to customer. The education development combines theories of dispositional mechanisms (Olesen,
1992) of value creation in design and production.
The original IPPD-course did not include ideas of circular economy. The principles of circular economy could be
built on the information flow model with surprising ease. Lean thinking is in many cases naturally directing the
development towards sustainable solutions. The aim of circular economy to keep products, components and materials
at their highest utility and value at all times is in line with Lean thinking. Modelling the information flow and
dispositional value creating mechanisms in design, manufacturing and product life cycle, is capable of explaining the
working of circular economics in product specific and very detailed level that is required to support the design
decisions made in early phase in the product development.
After discovering the good balance between the old approach and new possibilities circular economy technical
cycles, a pedagogical decision was made, that instead of giving the students a ready-made circular economy business
model, they were challenged to design and innovate their own version of circular economy business models presented
earlier in scientific papers. In this approach the students are given two scientific papers. First of these papers is research
of the opportunities in re-using materials, components, assemblies (modules) in refrigerators done by Umeda (2000).
The second paper is similar research of smartphones by Schissche et al, (2016). Both papers consider their topics from
product design viewpoint. Those contributions propose similar circular business models. The students are then asked
to define their specific business model, which suits best to theirs exercise topic. During the course the students are
asked to consider, how difficult it would for a company to change their new business model and do they expect that
the company would face resistance from their customers and from the society. It was pointed out to the students, that
first paper has been published over 18 years ago. This gives a good starting point for discussion how scientific
knowledge is often developing much faster than human societies are able to absorb or utilize it.
During the course, the students will make a detailed information flow model of the real product. Exercise is made
in small groups and the students are assessed according the quality of their exercise work. The exercise is based on
real business case of building new buses, with recycled axles, gearboxes and engines. The bus manufacturing company
in this case is an old partner of our university and we are able to give students very detailed, authentic engineering
data. The exercise is however not a real case as the production facility the students are expected to use, is bus a body
factory owned by Volvo and located in Sweden. The business case, the product and the factory are all real, but their
combination exists only in the exercise performed in the course.
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The exercise aims to train especially the problem-solving, self-reflection and learning from errors perspectives.
The problem-solving arises, as the students need to design a new business model with minimal constraints set in
advance. The students learn from their errors based on the feedback they get during the course as well as learning
from other groups by evaluating their solutions. The evaluation of the solutions of the other groups serves also for the
self-reflection.
The student feedback from this course shows that this course is challenging and very rewarding. Students who pass
this course are often given very good grades and their feedback is normally very positive. During the last learning
session students were asked how they perceived their learning regarding the opportunities of circular economy for
product development. On scale 1-5, 5 being the highest score, one student self-assessed score 3 and 43 students score
4. The course is however demanding.
3.2. Case 2: Sustainable Production
The course sustainable production focuses on sustainable development from the viewpoint of Finnish mechanical
engineering industry. This is typically discrete part manufacturing including their part manufacturing and product
assemblies. The core content of the course consists of the following:
•
•
•
•

Social, technological, economic, environmental and political (STEEP) change drivers of sustainability
Efficiency and effectiveness of operations of production systems
Changeability in production systems
Cross cutting theme of circular economy supporting the above

The change drivers explain the main pillars of sustainable development i.e. social, economic and environmental.
Technological and political aspects are included to emphasize the industrial viewpoint of the change drivers. The
topics of efficiency and effectiveness are gone through mainly introducing principles of lean manufacturing. This
viewpoint focuses on improving the current manufacturing activities while the perspective of changeability is more
concerned of the future of the production system. The learning events focusing on circular economy include the
following:
•
•
•
•
•

Introductory lecture of circular economy
Workshop on challenges and opportunities of circular economy
Lecture of energy efficiency on production systems
Several lectures of closed-loop material flow and remanufacturing
Simulation exercises including an exercise of closed-loop material flow

The lectures start with an introduction to circular economy as no prerequisites are required on the subject. The
workshop is arranged after the introductory lecture and it serves to gather what the students know about and understand
with the term circular economy. As the course focus is on mechanical engineering industry, other lectures focus on
manufacturing related topics of circular economy. Some of the sub-topics of these lectures are based on the workshop
on circular economy to bring out issues that the students know least.
The simulation exercise was built on discrete-event simulation software. It presents a closed-loop material flow of
technical materials, see Figure 2. The exercise demonstrates the end-of-life options i.e. maintaining and reusing
products as well as remanufacturing of products and manufacturing of needed spare parts. The input variables for
different scenarios are the flow between the three options of maintenance, reuse, and remanufacturing. These are
defined with percentage values of the probability of the three options. Other input variables are how many cycles a
product can have before the product is disposed. In addition, the demand of remanufactured products can be set from
zero to 100. The demand has an effect on how many new products are produced. The simulation model behaves in the
way that the demand of remanufactured products reduces the need to produce products from virgin materials.
The simulation exercise is a simplified from a real situation as it is intended to be completed within a two-hour
session. Figure 2 presents two example results from the simulation exercise. In the first example, the number of
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manufactured parts is divided into parts for new products and replacement parts for remanufactured products when
the original part cannot be used. The variation of the number of replacement parts demonstrates that some type of
parts are replaced more often than others. The second example illustrates the number of new products manufactured
in two situations. The situations differ in the percentage of products that are remanufactured, that is 20% and 80%.
The higher percentage of remanufacturing reduces the need to manufacture new products.

Fig. 2. The principle of the closed-loop material flow simulation exercise and example results.

From the elements for learning, discussed earlier, the main learning experiences of the course focus on problemsolving, learning from errors, and self-reflection. The simulation exercises include an initial state and several goals to
be completed. They are by nature problem-solving cases that are solved as trial-and-error, where learning from errors
advances the exercises. The students need to understand why the goals are not achieved and find alternative solutions
to progress with the exercises. The exercises include also short written reports that are returned when the exercises
are completed. The self-reflection comes up, as the students are required to return written reports of the exercises. The
reports include, not only describing the results, but also how the results were achieved and what kind of decisions
were made. The boundary crossing is still somewhat in the side but will be considered more in future.
This course covers a wide area of topics in the area of sustainable production. Based on the feedback, most of the
students assumed beforehand that the course would cover mostly environmental issues. After the course, they have an
understanding that sustainability in the area of production covers also many other topics. Circular economy, on the
other hand, was a new term to most of the students. As many topics of circular economy have been existing before,
the students found both familiar and new topics presented in the course. The students felt the atmosphere on the course
very positive, which increased their motivation to learn the topics.
4. Conclusions
The courses presented in the case studies included topics of circular economy in the presented scope for the first
time. The general feedback from both courses was positive and the knowledge of the students in the area of circular
economy broadened. The feedback included also constructive comments that will help to develop the courses. The
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course Sustainable Production is intended to bachelor level students while the participants of the Integrated Product
and Production Development course are mainly master level students. Therefore, how the courses complement each
other, cannot be comprehensively evaluated based on their first implementations.
Some of the courses in the new study module of circular economy have not been piloted yet. Consequently, the
evaluation of how the two courses presented in this paper fit to the study module can only be assessed after all of the
courses have been piloted. This requires also feedback from students that have been attending several of the available
courses. Industrial collaboration has insured the long-term relevancy of the learning methods. This support is
important for both the development of the technical side and the focus areas of the exercises. The latest development
opens new ways of leveraging the existing learning modules and system in education and in industrial use.
The future work of the courses will be based on the student feedback already mentioned. In addition, the future
work includes normal enhancement of the study material as well as the reflections of the teachers of the courses. From
the viewpoint of the whole study module, possible overlapping issues between the courses will be investigated. At
this point, it is unknown, how much the number of participating students of the courses will increase. This issue may
also affect to the future implementations of the courses.
Acknowledgements
The authors wish to thank SITRA, the Finnish Innovation Fund, for funding the new study module of circular
economy.
References
[1] Akkerman, S.F., Bakker, A.,Boundary Crossing and Boundary Objects, Review of Educational Research, Volume: 81 issue: 2, page(s): 132169, June 1, 2011; https://doi.org/10.3102/0034654311404435
[2] Cedefop, Briefing note - Europe’s uneven return to job growth, Forecasts up to 2025 point to major differences in skills supply and demand
across Member States (2015)
[3] Ellen MacArthur Foundation, Circular Economy System Diagram, URL: https://www.ellenmacarthurfoundation.org/circulareconomy/interactive-diagram (Last visited, 14.5.2018)
[4] Europe 2020 indicators – employment, URL (vieved 13.1.2018) http://ec.europa.eu/eurostat/statisticsexplained/index.php/Europe_2020_indicators_-_employment
[5] Fujimoto, T., The evolution of a manufacturing system at Toyota, Oxford University Press, 1999, ISBN 0-19-512320-4.
[6] Fujimoto T. Competing to be really, really good - The behind-the-scenes drama of capability building competition in the automobile industry.
Tokyo: International House of Japan; 2007.
[7] Ghisellini, P., Cialani, C., Ulgiati, S., A review on circular economy: the expected transition to a balanced interplay of environmental and
economic systems, Journal of Cleaner Production 114 (2016) pp. 11-3
[8] Hämäläinen, R., Wever, B., Malin, A., & Cincinnato, S., Education and working life: VET adults' problem-solving skills in technology-rich
environments. Computers and Education, 88 October, (2015), pp. 38-47
[9] International Labour Office, A Skilled Workforce for Strong, Sustainable and Balanced Growth: A G20 Training Strategy, (2010), ISBN 97892-2-124278-9 (Web pdf)
[10] Lanz, M, Lobov, A, Katajisto, K, Mäkelä, P., Concept and local implementation for industry-academy collaboration and life-long learning,
8th CIRP Conference on Learning Factories - Advanced Engineering Education & Training for Manufacturing Innovation, p. 6
[11] Olesen, J, “Concurrent Development in Manufacturing – based on dispositional mechanisms”, Ph.D. thesis, Institute for Engineering Design,
Technical University of Denmark, 1992.
[12] Schissche, K., Proske, M., Nissen, N. F., Lang, K-D., Modular Products: Smartphone Design from a Circular Economy Perspective,
Proceedings Electronics Goes Green, 2016, Fraunhofer IZM, ISBN 978-3-00-0553763-9
[13] Stahel, W.R., Reday-Mulvey, G., 1981. Jobs for Tomorrow: the Potential for Substituting Manpower for Energy. Vantage Press
[14] So Smart, D4.2 Research and education roadmap, (2015), p. 264
[15] Toivonen, V., Lanz, M., Nylund, H., Nieminen, H., The FMS Training Center - a versatile learning environment for engineering education,
8th CIRP Conference on Learning Factories - Advanced Engineering Education & Training for Manufacturing Innovation, p. 6
[15] Umeda, Y., Nonomura, A., Tomiyama, T., Study on life-cycle design for the post mass production paradigm, Artificial Intelligence for
Engineering Design, Analysis and Manufacturing, 14, 2000, pp.149-161
[16] Wallin, A., Nokelainen, P., & Mikkonen, S.. How competent professionals develop their expertise in work-based higher education: A
literature review. (2018), Manuscript submitted for review.

