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Abstract

Sustainable Design Engineering (SDE) is an emerging research field and the development of
programmes aiming at educating sustainable design engineers is very limited. One example is the
SDE program at the Aalborg University in Copenhagen, which is based on a Problem Based
Learning (PBL) model. In this article we aim to address the following three research questions: i)
why Sustainable Design Engineering? ii) what is Sustainable Design Engineering? iii) How can
Sustainable Design Engineering be implemented? By means of two examples from master thesis
projects in the building and food sectors.

Keywords: design education, sustainable design, engineering design, problem-based learning,
science and technology studies

1. Introduction

The characteristics of traditional learning are content, lecturer and student, which in a Problem Based
Learning (PBL) are substituted by problem, coach and problem solver, respectively. Key
characteristics of PBL are (Kolmos et al., 2008):

e Activity-based learning, which is a central part of the PBL learning process, requiring
activities involving research methods, decision-making, planning and writing;

e Inter-disciplinary learning, related to problem orientation and participant-directed processes, so
solution of the problem can extend beyond traditional subject-related boundaries and methods;

e Group-based learning, since the majority of the learning process takes place in groups or
teams. Personal competencies are thereby developed, so that students learn to handle the
process of group co-operation in all its stages.

Since its inception in the 1980s, PBL has developed in diverse ways worldwide, with relatively little
mapping of its theories, practice, or disciplinary differences. PBL is an approach to learning that is
affected by the structural and pedagogical environment into which it is placed (that is, the discipline or
subject, the instructors, and the organization) (Savin-Badin, 2014).

The discipline where PBL has been mainly adopted is medical study, but there are many examples of
educational programmes based on PBL in the Design field, less in the more traditional Engineering
field (Kolmos et al., 2008). Sustainable Design Engineering (SDE) is an emerging research field and
the development of programmes aiming at educating sustainable design engineers is very limited
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(Mulder, 2019). One example is the Bachelor and Master Programme in SDE at the Aalborg
University in Copenhagen (AAU-CPH). The focus of this article is on the Master programme,
meanwhile for a description of the Bachelor programme see Pineda and Jgrgensen (2018).

In the present article we aim to discuss the following three research questions: i) why Sustainable
Design Engineering? ii) what is Sustainable Design Engineering? iii) How can Sustainable Design
Engineering be implemented?

We will first briefly describe what the AAU-PBL model is (section 1.1), then we will explain why
Sustainable Design Engineering is needed and the limitation of traditional disciplinary approaches
(section 2). In section 3 we will describe how SDE is implemented in the master programme in SDE at
AAU-CPH and finally in section 4 we will illustrate how SDE can be implemented in practice,
drawing on two examples from recent master thesis projects successfully defended at AAU-CPH
during the 2019 spring semester, in the building (section 4.1) and food (section 4.2) sectors,
respectively. A short conclusion is then presented (section 5).

1.1. Problem based learning at Aalborg University (AAU-PBL model)

“All educational activities at Aalborg University involve Problem-Based project
work, which takes as its point of departure a set of principles that constitute the
Aalborg model of Problem-Based Learning (PBL).” (Askehave et al., 2015, p. 3)

In the Aalborg model of PBL (hereafter, AAU-PBL model) the assumption is that students learn best
when applying theory and research based knowledge in their work with an authentic problem. At the
same time, in the AAU-PBL model, which is based on 6 principles described in Table 1, students are
supported in the development of their communication and cooperation competences, and in acquiring
the skills required when taking an analytical and result-oriented approach (Askehave et al., 2015).

Table 1. List and description of the 6 principles of Aalborg University problem based learning
model (AAU-PBL model) (Askehave et al., 2015)

Principle Name Description
n.
1 The problem | A problem can be both theoretical and practical. It must also be authentic (i.e. of

as point of | relevance outside of academia) and scientifically based (i.e. comprehensible, can be
departure analysed and solved, taking an interdisciplinary approach)

2 Projects A project represents a time-limited and targeted process in which a problem may be
organized in | phrased, analysed and solved, resulting in a tangible product, e.g. a project report. The
groups target of the project is determined in the problem formulation, which will be developed
continually during the course of the project, like the project methods.
3 The project is | In order to ensure that students become familiar with a wide range of theories and
supported by | methods which they can use in their project work, they will participate in both
courses obligatory and optional courses, which include different student activities, e.g. lectures,
workshops, seminars and exercises.
4 Collaboration: | A group of students work closely together in managing and completing a project over
groups, an extended period of time, taking a problem as the point of departure for their work.
supervisor, | The group work includes aspects such as knowledge sharing, collective decision-
external making, academic discussions, action coordination and mutual critical feedback.

partners Student groups also engage in close cooperation with their supervisor(s) and with
external partners, e.g. businesses.

5 Exemplarity | The curriculum framework, supported by the supervisor, aims at ensuring that students’
project work is exemplary as regards both content and approach. Exemplarity implies
that learning outcomes achieved during concrete project work are transferable to similar
situations encountered by students in their professional careers.

6 Student Within the framework and objectives of the curriculum, the students are largely free to
responsibility | choose the content of their own projects, and thus to determine key elements of their
for learning | study programme. At the same time, students are responsible for a considerable part of
their own ongoing academic self-reflection. The group is supported by one or more
supervisors serving to ensure that the work undertaken by the group meets the
requirements stipulated in the curriculum.
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2. Why sustainable design engineering?

Sustainable Design Engineering is a combination of three existing knowledge areas that have
different traditions. Knowledge on sustainability can be traced way back for centuries. However,
the focus on working definitions and applicable methods to assess and give direction to
sustainable solutions starts formally with the Brundtland report in 1987 (Brundtland et al., 1987).
Since then the discussion has been intense at the level of fundamental definitions (Kuhlman and
Farrington, 2010), and focus areas with some robust approaches to physical aspects (Rockstrém et
al., 2009) and others to social aspects (Leach et al., 2013). Zooming out it is necessary to
acknowledge that we are in the middle ages of sustainability, still caught in the old modern
paradigm of resource exploitation and economic growth at all costs, and that in this context, a
serious systematic approach to a reorganization of global society in a way in which sustainability
is achieved is still not clear, as clearly reflected in the disparate and unsystematic presentation of
the Sustainable Development Goals and the different strategies to achieve them (Randers et al.,
2018). Therefore, rather than adopting a working definition or a specific approach to
sustainability, the teachers of the program acknowledge that there is a knowledge development in
the making in terms of what sustainability is in specific projects.

Industrial Design and Design Engineering have traditionally been disciplines committed to the
creation of new products. Since the advent of green design and eco-design, the field has expanded
to engulf product service systems, social innovation, and transition design. However, the majority
of projects and research efforts are still focused on product and physical components of existing
systems. This focus alone has limited potential. However it is important to acknowledge that this
focus renders the bulk of research and knowledge production on sustainable design of products
and physical components limited. Those design projects and approaches that assume the challenge
of supporting radical systemic changes to the main sociotechnical systems in societies have a
higher transformative potential, but currently are the ones that deserve less attention in research in
design and engineering design communities (Ceschin and Gaziulusoy, 2016; Pineda and
Jagrgensen, 2018).

Finally engineering has traditionally been a huge array of subdisciplines, each concentrated in
specific technical challenges of existing and emerging technological systems. This has make
engineering knowledge fragmented and tightly coupled to existing systems. A side effect of this
substantial feature of the profession and the way engineers are educated discourages radical
innovation. Therefore it is naive to think that existing engineering knowledge can be used to
achieve sustainability. A more honest approach, the one we adopt in the program, is that existing
engineering knowledge has to be evaluated and either improved or radically changed to support
projects and developments towards sustainability (Dym et al., 2005).

The field of Science and Technology Studies (STS) has produced a number of conceptual
approaches that support the critical analysis of existing knowledge in science, technology and
social sciences; identify ways of improving them for a given purpose; and supporting the
adaptation and development of tools and methods that can support the staging and development of
radical transformative processes towards sustainability (Clausen and Yosinaka, 2007; Storni,
2015; Pineda and Jgrgensen, 2018).

Figure 1 shows schematically the areas that need to be integrated in Sustainable Design
Engineering. Sustainability needs to transcend the unsystematic approaches reflected most
recently in the disparate Sustainable Development Goals (SDGs) approach. Design requires the
further development of initiatives that transcend product design and assume a systemic and
transitions perspective. Engineering needs also to transcend the current fragmentation into
technical systems whose optimization is not going to deliver on sustainability. The approach we
offer uses the theoretical body of Science and Technology Studies as the integrative backbone
because they allow to analyse knowledge and technologies as collective creations that can be
improved.
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Figure 1. Sustainable design engineering (SDE) discipline sketch.

3. What is SDE at Aalborg University Copenhagen?

The Master’s programme in Sustainable Design is a 2 year full time engineering education with
special emphasis on design and innovation of sustainable solutions. The programme includes
interdisciplinary components to satisfy the need for combining methods from social science and
technology studies with technical subjects and design practices. The programme aims at providing
students with the ability to understand, stage and carry out innovative processes leading to design and
the implementation of sustainable products, services and socio-material system solutions through
involvement of relevant actors. The programme’s focus on sustainability is reflecting the challenges
that development, production, consumption and dismantling of technologies pose for resource
utilisation and climate. It builds on the broad notion of sustainability including the environmental, the
social and the economical aspect. The realisation of these societal goals implies a focus on sustainable
transitions in a design perspective, which is a core activity in the programme. (https://www.en.aau.dk/
education/master/sustainable-design/academic-content/). This implies that traditional subjects of
product design and engineering are not the focus of the program. The emphasis is on changing
dynamics towards sustainability. An overview of the semester project themes and courses is in Figure
2. For each of the courses and project modules, learning outcomes, specified in terms of knowledge,
skills and competences are defined.
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Figure 2. Academic content of the Master’s programme in sustainable design at Aalborg
University Copenhagen.
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During the first seminar held in February 2019 to kick off the 4th semester of the SDE program, we
asked the students (N=29) to address what challenges and questions we are facing with regard to SDE.
Their replies are exemplified in Figure 3 in terms of the most relevant questions to be addressed.

How to engage organizations? How to adapt knowledge which is product based to more comprehensive one?
How to navigate in different perceptions of what design is? How to steer technological development to be in harmony with the Earth?
What are the boundaries of empowerment? How to challenge the paradigm of economy of scale?
Eng »

55@4’

Sustainable Design Engineers

SU‘S\TA’I N AB) V““\/

How to be less dependent on policies and empower users?

How to measure sustainability?

How to deal with trade-offs with Sustainable Development Goals (SDG)?

Figure 3. Categorization of most relevant questions to be addressed in relation to sustainable
design engineering (SDE). Elaboration from students’ feedback.

Most of the questions that have been discussed refer to the need of including a systematic approach
while dealing with sustainability issues and that sectorial approaches and methods are limited in their
ability to address long term sustainability challenges, so the status-quo needs to be challenged.

“Disciplines where fundamental questions are not asked, are dying”(Pineda A.V.,
Copenhagen, 8.2.2019)

4. How can SDE be implemented? Examples from master theses at
AAU-CPH

In this section we present two examples of how SDE can be implemented in practice to illustrate the
types of problems Sustainable Design Engineers focus on and how they approach them. We refer to
two sectors where the implementation of the circular economy framework is relevant, namely the
building sector and the food sector, being “construction and demolition” and “food waste” two of the
priority sectors identified in the European Circular Economy Action Plan (EC, 2015).

4.1. Building sector

Two students decided to work with stakeholders in the building industry, who are interested in making
the whole industry more sustainable (Cara D’anjo and Tolman, 2019). One strategy to achieve this is
to create convenient and valuable connections with other industries in the country. The selected
connection in this project was to the clothing industry. The initial challenge to approach was what to
do with the current production of clothing waste in Denmark. Can there be a way to transform the
many tons of textile waste that are currently incinerated every year to a resource for the building
industry? What kind of products or services can such a re-purposing of a material feed into? Thus,
they formulated the following research question (RQ): “How can the development of a building
component made from post-consumer waste textiles act to initialise a gradual system reconfiguration
in the socio-technical system that is the building sector?”
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The first part of the project consisted of conducting exploratory activities with stakeholders in order
to determine what kind of uses different components made of recycled clothing waste could have.
Many options were considered, e.g. acoustic panels, movable partitions, floor finishes and
insulation. Through participatory workshops, the students and the stakeholders agreed to focus on
insulation.

The main contribution of their project is both practical and conceptual. With inspiration from
Sustainable Transitions literature the students framed the design of a possible new component as a
contributor to a long term radical systemic change. This meant that the focus of the project could not
be limited to a material substitution approach, which in fact is valuable in itself as the dominant
material in insulation is not sustainable in Denmark. However, the students analysed the context of
operation with a systemic approach, and considered that substituting insulation material would have
limited scope. There was a need to consider inter-systemic relations to systems of indoor climate. And
even reconsider what the definition of a wall is. A summary of the main theories and methods from
Science and Technologies Studies (STS), Design Engineering and Sustainability Science is reported in
Table 2.

Table 2. Summary of the main theories (T) and methods (M) from Science and Technologies
Studies (STS), design, design engineering and sustainability science used by Cara D’Anjo and
Tolman (2019) to perform their analysis.

Element Theory(T)/Method(M) Contribution
STS Actor-Network To map and analyse human & non-human actors, controversies and
Theory (T) to assess the reconfiguration of responsibilities for new solutions.

STS Multi-Level To conceptualize the transition value of solutions not only as part of
Perspective (T) the current system but mainly as part of a transition to a sustainable

building system.

Design Design Games (M) To identify and determine different actors knowledges, preferences
and limitations in relation to the solution space.

Design Material Driven To map and define the potentials and limitations in the selected
Engineering Design (M) materials.
Design Material Prototyping To produce working examples of new materials and testing them in
Engineering and Testing (M) expected situations and systems.
Sustainability Multi-level To frame the design task not as a conventional component
Science Perspective (T) and substitution, but as a component design to increase the potential of
Systems supporting further a transition to sustainability in the building

Reconfiguration (T) industry.

Figure 4 shows schematically the argument. On the ground floor to the left are the current actors and
materials for building. Proposing a new material without altering this context would be a
substitution approach, represented by the elevator between the basement and the ground floor in
which textile based insulation replaces current materials without altering the rest of the
configuration. However the students propose a gradual approach in which textile insulation is
coupled to hygroscopic wall design to allow for temperature insulation, without creating an air
barrier. Put in another way, textile insulation with hygroscopic wall materials could allow for a
design of walls can breathe, solving many issues of differentiated moisture levels between indoors
and outdoors and unwanted water condensation indoors and even inside the insulation material or
the buildings structure.

Designing the insulation does not deliver on all objectives, but having a sustainable transition
approach to the problem encourages designers to think and outline what is the role a new component
design could play in a desired transition in the building industry. Therefore, the scope is not to solve
for a narrow technical frame, but to solve for an open long term systemic approach projecting how the
proposed solution could enable future transformations of the building industry in sustainable
directions.
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Figure 4. Representation of the current and suggested configuration of wall construction
system (Cara D’Anjo and Tolman, 2019, p. 44)

Figure 5 shows that framing design in a sustainable transitions perspective requires opening up and
considering the determinants of indoor climate -like ventilation- and considering the properties of the
materials that constitute a wall. This in turn might also require further research into what makes an
indoor climate healthy and characterizing what is it that makes current indoor climate technologies
unhealthy and unsustainable.
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Figure 5. Representation of the current conventional building (on the left) and a concept for
how “healthier” building (on the right) (Cara D’Anjo and Tolman, 2019, p. 62)

As a conclusion we could claim that the students build on Smith and Raven (2012) conceptualized
contrast between innovations that adopt a fit and conform approach vs those that attempt a stretch and
transform one. Fit and conform innovations attempt at substituting a component of an existing system
with a sustainable one without expecting the whole system to change. The transformative potential of
this approach is therefore limited, although it might be quite safe in terms of not upsetting current
dominant actors and structures. However, the students propose that new building components should
be designed in a way in which they both can deliver on the function within the existing system and
facilitate future stretch and transform strategies. Put it in other words, the component should be
designed in a way in which it can also perform in a systemic transformation and even support it.
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4.2. Food sector

The second example deals with the food sector and refers to the report developed by three students
(Rodriguez Pariza et al., 2019). In their thesis they aimed to understand the creation of conscious
consumer practices in the Danish canteen context and introduced a ‘design thing’ to facilitate a
dialogue among consumers and canteen staff to realise steps towards more local food consumption as
example issue for sustainably conscious consumption.

According to the AAU-PBL model they investigated the research field and found that information on
environmental impact and origin of food can be an important factor in bringing back the connection
between food production and the consumer. Transparent communication on food processes from the
suppliers and food producers towards the consumer is needed and this information might lead to the
creation of awareness on the environmental impact of consumption and therefore, encourage consumers
to choose or evaluate food with a less environmental impact. They adopted a reductionist perspective,
narrowing to studies of consumption, behaviour and food provisioning, to deal with the complexity that
the food system entails. The context of the research was Denmark’s capital Copenhagen, being one of
the leading gastronomic destinations in the world, with a particular focus on the public catering sector
which can affect the choices of consumers (Goggins and Rau, 2016).

Based on the analysis of the state of the art, they formulated two RQs: i) How can information on the
origin of the food trigger a dialogue between consumers on local food consumption? and ii) How can
we create new opportunities towards more sustainably conscious practices in Danish canteens?

First, they studied the main issues around food consumption and gained an overview of its complexity.
Many previous studies agreed that local food consumption would support the local economy and create a
social reconnection between producer and consumer and for certain products reduces environmental
impact. The European Union and the United Nations also demand food organisations to be transparent
with information about food for consumers to make more conscious choices, especially the EU with new
regulation demanding to explicitly point out the origin of main ingredients of products (EC, 2011).
Second, they created an overview of the practice of ‘lunching at the canteen’ by means of 5 semi-structured
interviews with relevant catering professionals, observations and questionnaires distributed in three
canteens. This investigation provided an understanding of the multiple viewpoints and opportunities for
change in a restricted context of a Danish canteen. They used Practice Theory to know what influences
people’s choices in canteens and Actor-Network Theory (ANT) to map the interconnections of the
different actors in the system to facilitate the negotiations among them. A few interviews are accepted as
valid empirical material as long as they comply with the principle of saturation (Yin, 2016).

Third, they initiated a design process, through the development of an iterative design object (named
“design thing”), which was used as a means for sharing knowledge in the network. This object used
information on the origin of food as main subject for a dialogue on the concerns of locality between
consumers and client in the context of one representative canteen. The quantification of the potential
environmental impacts on the climate change (carbon footprint) during the production stage was used
to exemplify the environmental impacts of different ingredients.

Table 3 summarizes the theories and methods from the Design Engineering and Sustainability Science
research fields used in the study and their contribution to answer the research gquestions.

Table 3. Summary of the main theories (T) and methods (M) from Design, Design Engineering
and Science and Technology Studies (STS) used by Rodriguez Pariza et al. (2019) to perform
their analysis.

Element Theory/Method Contribution
Design Design game | A means for sharing knowledge in the network
(M)

STS Practice To know what influences people’s choices in canteens and knowing the
Theory (T) context where they could act

STS Actor Network | To map the interconnections of the different actors in the system to
Theory (T) facilitate the negotiations among them

Design Carbon To quantify the potential environmental impacts on climate change of the

Engineering Footprint (M) | production stage of different ingredients
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In total 11 sessions of design game workshop were conducted and facilitated by the three students. In
each session, individuals or groups of 2 or 3 participants, were invited. The workshop took place
during the lunchtime, thus allowing consumers to have a scenario where they could reflect on the
impact of their experience while performing the regular practice, lunching (Scott et al., 2012). The
design game was developed step-by-step over multiple phases. Each session started with presentation
of information on the mechanism of the game, with explanation of rules and restrictions in order to
create a meaningful new recipe. Once the participants were familiar with the design game and how to
create a recipe, they were then introduced to environmental impacts of each ingredient. A template
was then provided to the canteen staff and pictures of the final recipe. Participants could write down
their (group) name, the name of the recipe and the qualities of the recipe in whatever way the deemed
fit on the recipe template. In the same way, discussions around personal preferences, concerns and
values were encouraged and concluded during the same phases and manner.

The main contribution of this project is also both practical and conceptual. The construction of the
“design thing: create a Recipe”, shown in Figure 6, allowed to establish a dialogue and interaction with
consumers on what they like to eat at the canteen and the related environmental concerns of their
lunches. The creation of a bottom-up approach was successful, focusing on the engagement of key actors
that can push the market or make the practical changes, such as consumers and the canteen staff.
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Local food
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Identity:
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Figure 6. Representation of the design thing: create a recipe
(Rodriguez Pariza et al., 2019, p. 35)

5. Conclusions

Sustainable Design Engineering (SDE) is an emerging research field which builds on knowledge from
other research fields with their own traditions: Sustainability, Design and Design Engineering under
the umbrella of Science and Technologies Studies. University programmes need to be open to
experiment unconventional ways of teaching that are able to provide knowledge, skills and
competences both on a practical and theoretical level. The AAU-PBL model allows for such flexibility
and the SDE programme at AAU-CPH is an example of how design engineers can combine
knowledge from different disciplines and sectors, such as the building and textile sectors (Cara
D’Anjo and Tolman, 2019) and among different actors, such as consumers and canteen staff
(Rodriguez Pariza et al., 2019).
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