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Abstract  
In this paper, the author describes how he challenges his senior level undergraduate design students 
to integrate the use of biomaterials in their projects. One of the biomaterials suggested is the root 
structure of mushrooms named mycelium, a material that grows and can be shaped in different forms 
inside a mould. The other material is PLA (Polylactic Acid) a biodegradable thermoplastic derived from 
renewable sources such as corn starch, that can be used to print 3D objects. The assigned project 
was to design a lamp that is both innovative and sustainable i.e. minimal impact on the environment, 
from its birth to its end of life. Other objectives were to explore innovative technologies (3D printing, 
3D scanning, leds, sensors). Students were free to define the type of lamp that they wished to design 
(table lamp, floor lamp, wall lamp, suspension) according to their specific needs and/or interests. The 
prototype had to be fully functional and ready for “market”/small production; this means they had to 
plan a coherent sustainable strategy for packaging and transport. 

Another challenge involved the development of a communication strategy to inform the user about the 
sustainable dimensions behind the concept (for repair, disassembly, re-use, recycling, use of 
biodegradable elements), through a document, web site or video. Based on the principles of Jonathan 
Chapman’s Emotionally Durable Design, Ed Van Hinte’s Eternally Yours: Visions on Product Design, 
and Don Norman’s Emotional Design: Why we Love (or Hate) Everyday Things, the objective was to 
focus on sustainable design and address the complexity of the task. Through this paper, the author 
will present the innovative solutions that were developed in this studio and the importance of 
introducing those new materials in design education.  

Keywords: Design education, Biomimicry, Design Thinking, Biomaterials, Sustainable Design, 
Sustainability. 

1 INTRODUCTION  
An innovative design education program was first introduced in the beginning of the 1920’s at the 
Bauhaus in Germany, under the influential role of architect Walter Gropius. Gropius envisioned a new 
education model, where the arts and the crafts would be reunited, without any hierarchy or distinction 
between them [1]. Influenced by a socialist perspective, the instigators of the Bauhaus also considered 
the industrial production as a means to create quality furniture and products accessible to the masses, 
hence the elimination of ornaments in the designs, a principle aimed at eliminating all signs of 
ostentation or class distinction in the aesthetics of domestic goods.   In its initial stage, the school put 
the emphasis on teaching fundamental artistic and design principles (colour theory, painting and 
drawing, photography, form and sculpture studies, even dance and choreography).  Once this initial 
foundations course was completed, the training evolved towards the acquisition of craft and design 
skills while experimenting with a variety of materials (wood, metal, glass, ceramics, textiles, etc.). This 
unique curriculum’s ambitions were to train multidisciplinary designers who would tackle industrial, 
graphic, textiles or interior design and ultimately architecture and urban design. Through its relatively 
short lifespan (the school opened in 1919 and was shut down by the Nazi regime in 1933), the 
curriculum evolved from a craft based education emphasizing aesthetic and formal aspects towards 
the integration of a wider humanist, scientific and technological training as the needs for a more in 
depth design education rapidly grew through the years.  

Inspired by the Bauhaus model, design schools were created throughout the twentieth century and 
have spread around the world in a great number of higher education institutions and universities, as 
design became a discipline gaining greater importance.  In developed societies, design is indeed 
responsible for shaping the public and domestic landscape, defining the formal and functional 
dimensions of furniture and products, transportation vehicules, sports equipment, medical devices, 
computers, electrical appliances and electronic devices, etc. As such, it plays an important cultural, 
social, and economic role. 
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In the past thirty years, design education has faced many challenges as it needed to adapt to the 
development on new materials and the evolution of technologies, more specifically digital technologies 
such as Computer Aided Design (cad), 3D modeling and rendering, and more recently 3D printing.  
Most design schools have well integrated the knowledge and skills related to digital technologies in 
their curriculum. But the most fundamental issue at stake challenging the field is definitely the 
ecological impact of the production, consumption and disposal of objects.  Hence, this paper describes 
a project focusing on sustainable design and calls for a better integration of biomimicry and 
biomaterials in design education in order to fully address urgent environmental issues. 

2 A BRIEF HISTORY OF ECOLOGICAL DESIGN 
As early as the 1960’s, a number of designers such as Buckminster Fuller [2] and Victor Papanek [3] 
raised deep concerns about the impacts of design on the environment and promoted ecological 
strategies. Seeing the depletion of natural resources and growth of pollution, Fuller believed human 
societies should rely mainly on renewable sources of energy, such as solar and wind-derived 
electricity. In 1987, the Brundtland report defined the notion of sustainable development: a kind of 
development that meets the needs of the present without compromising the ability of future 
generations to meet their own needs [4]. Following the Rio Earth Summit, a positive step was made in 
1992 when IDSA – the  Industrial Designers Society of America – published a catalogue of 12 Facts of 
Ecological Design [5]. These were formulated as instructions for resource reduction and recycling 
opportunities for industrial design and redesign (IDSA 1992): 1- Make it durable, 2-Make it easy to 
repair, 3-Design it so it can be remanufactured, 4- Design it so it can be reused, 5- Use recycled 
materials, 6- Use commonly recyclable materials, 7- Make it simple to separate the recyclable 
components of a product from the non-recyclable components, 8- Eliminate the toxic/problematic 
components of a product or make them easy to replace or remove before disposal, 9- Make products 
more energy/resource efficient, 10- Use product design to educate on the environment, 11- Work 
toward designing source reduction-inducing products (i.e. products that eliminate the need for 
subsequent waste), 12- Adjust product design to reduce packaging.   

In the early 1990’s, only a few design schools started to promote similar objectives in their curriculum 
and required that their students apply such principles in their projects. Since the early 2000, other 
important concepts have been influencing the development of sustainable design, namely McDonough 
and Braungarts’s Cradle to Cradle approach [6] and Benyus’s Biomimicry principles [7]. In Cradle to 
Cradle: Remaking the Way We Make Things, the authors express their critical perspective concerning 
the limitations of recycling and call for a radical change in industry: a switch from cradle-to-grave 
pattern to a cradle-to-cradle model, proposing a circular political economy to replace the linear logic of 
“cradle-to-grave”. It suggests that the reduce-reuse-recycle methods perpetuate this cradle-to-grave 
strategy, and that this is not enough in the long run. The manifesto book discourages downcycling, but 
rather encourages the manufacture of products with the goal of upcycling in mind, a vision based on a 
system of “lifecycle development”: after products have reached the end of their useful life, they 
become either "biological nutrients" or "technical nutrients". Biological nutrients are materials that can 
re-enter the environment. Technical nutrients are materials that remain within closed-loop industrial 
cycles.  

In this perspective, the ultimate model is Nature, an ideal ecosystem where there is no waste. For 
example, the leaves that fall on the ground in Autumn are not polluting the forest, they are nutrients 
that enrich the soil and contribute to the regeneration of environment - this is the concept defined by 
“upcycling”. Biomimicry – ie., imitating nature, is the basic objective: 

Biomimicry is an approach to innovation that seeks sustainable solutions to human challenges by 
emulating nature’s time-tested patterns and strategies. The goal is to create products, processes, and 
policies—new ways of living—that are well adapted to life on earth over the long haul. The core idea is 
that nature has already solved many of the problems we are grappling with. Animals, plants, and 
microbes are the consummate engineers. After billions of years of research and development, failures 
are fossils, and what surrounds us is the secret to survival [8]. 

In other words, we should be developing and fabricating products on the model of nature, in order to 
drastically reduce or even better eliminate all the environmental impacts created by industrial 
production. It is with the Cradle-to-Cradle and Biomimicry approaches that the following project has 
been initiated. 
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3 SUSTAINABLE DESIGN EDUCATION AND PROJECT 
Since more than fifteen years, the sustainability notions and more specifically biomimicry principles 
are well integrated in the program of the Department of Design and Computation Arts at Concordia 
University, Montreal. Students are introduced to these principles in their first year and all the assigned 
projects integrate environmental, and also social responsibility. In the case illustrated here, senior 
level undergraduate design students were assigned the project to design a lighting device that is both 
innovative and sustainable i.e. following the principles of Cradle to Cradle and Biomimicry. Other 
objectives were to explore and discover innovative technologies (3D printing, 3D scanning, leds, 
sensors). Students were free to define the type of lamp that they wished to design (table lamp, floor 
lamp, wall lamp, suspension) according to their specific personal needs and/or interests, but they were 
challenged to make it durable and to plan the end of life of the object, ie., to apply “cradle-to-cradle” 
principles. The prototype had to be functional and ready for “market”/small production; this means they 
had to plan a strategy for packaging and transport. Another challenge involved the development of a 
communication strategy to inform the users about the sustainable dimensions behind the concept (for 
repair, disassembly, re-use, recycling, use of biodegradable elements), through a document, web site 
or video. Based on the principles of Jonathan Chapman’s Emotionally Durable Design [9], Ed Van 
Hinte’s Eternally Yours: Visions on Product Design [10] and Don Norman’s Emotional Design: Why we 
Love (or Hate) Everyday Things [11], the objective was to focus on sustainable design and address 
the complexity of the task at the psychological, social, technological and environmental levels. 

3.1 Additional sustainable design criteria that student needed to follow: 
• light source: had to be of low voltage, using minimal amount of energy, or no energy at all 

(solar, wind) 

• materials: students could not buy new materials for this project, they had to design the object 
only with recuperated materials or parts – except for the light source and electrical/electronic 
components; 

• biomaterials: it was mandatory to integrate Mycelium in the concept, whether for the fabrication 
of the lamp or for the packaging. 

• fabrication: it was required that at least one element of the lamp integrates a part  made in 3D 
printing, using PLA as it is a biodegradable resin;  

3.2 Mycelium, a biomaterial that grows 
Mycelium is the vegetative part of fungus, ie. a material that grows like a mushroom. In nature, 
mycelium is vital in terrestrial and aquatic ecosystems for their role in the decomposition of plant 
material. A company named Ecovative, founded in 2007, has been developing different applications 
for the mycelium, including replacing toxic plastics such as polystyrene foam by this mushroom-based 
material. Students were introduced to this material and a workshop was organized in class to allow the 
students to better understand the potential of the material, and also how to process it in order to grow 
the desired shape in a mould. 

4 METHODOLOGY - DESIGN PROCESS 
As in every design project, a number of specific phases and tasks needed to be accomplished in order 
to develop a concept into a fully functional prototype, here are the different steps that were 
undertaken:  

4.1 Research phase 
In the initial stage of the project, students defined the type of lamp they wished to design, and then did 
a thorough research about: the purpose (why do you need a lamp?), the space (where will the lamp be 
used?), the users (who will be using the lamp?), the interactions (what will be lit, how and when?). 
Following this study, a research on existing lamps was done, in order for the students to discover the 
different principles, technologies, materials, fabrication methods and also to evaluate the successful 
concepts versus the ones that are flawed and badly designed. An essential aspect of the research 
was to study the environmental impacts of the existing lamps (incandescent lighting vs halogene, 
fluorescent vs led’s) and to envision alternative solutions (renewable sources of energy such as solar 
or wind powered). 
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4.2 Creative phase 
In parallel to the Research Phase, the students were called to sketch and draw a variety of concepts 
and do brainstorm exercises in teams to come up with creative and innovative solutions. The 
objectives here are to generate many ideas, and then narrow them down to select the best concept to 
develop.  

4.3 Applying biomimicry and discovering the use of biomaterials 
How is light accessible in Nature? What are the existing light sources? How do animals or insects find 
their way in the dark? These biomimicry related questions contributed to bring students to realize how 
humans rely on technology for lighting and how they have been cutting themselves from natural light 
and natural energy sources. Following this exercise, a number of students decided to design lighting 
devices using solar energy, other focused on human and wind powered lighting systems. A majority of 
students selected leds (Light emitting diodes) as this type of light source uses only a fraction of the 
energy needed for conventional lighting technologies such as incandescent or halogene lightbulbs, 
while their durability and lifespan surpasses the latter by far. 

5 RESULTS 
This challenging project led to many creative solutions and exciting designs, but it is to be noted that 
this project involved as much energy in the planning of the end of life as it did in the development of 
the concept. In typical design assignments, the project ends with the creation of a prototype. In this 
case, once the prototype was done, an important extra step had to be undertaken as the students had 
to demonstrate the coherence of their cradle-to-cradle strategy and present their communication 
strategy explaining the sustainable dimensions of their concepts.  

5.1 Successful concepts  
A student developed a wind-powered lamp meant to be installed in her back yard, the structure of the 
lamp was made with a recuperated kite, Fig.1. Another designed a lamp using mycelium to form the 
lampshade. Following its useful life, the lampshade could simply be broken down and disposed in the 
compost bin (as a biological nutrient); the led light source and electrical wires could be disassembled 
and be reused (as technical nutrients). Many used mycelium for the packaging, as it is a great material 
to protect the lamp during transport, Fig. 2. A number of students recuperated old bottles to create 
ambient lighting concepts.  All the lamps were designed for disassembly, in order to facilitate the 
repair and reuse of the parts and components, Fig. 3. Students also developed creative 
communication strategies; one of them created a web site focusing on the objective of creating a 
community of users that could exchange parts and showcase their ideas for the reuse of the lamp 
components.  

 
Fig. 1. Wind-powered lamp for exterior use, made with a recuperated kite. Student: Priscila Carvalho. 
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Figure 2. Night lamp, made with recuperated wood, led, 3D printed globe in PLA (a biodegradable plastic), 

mycelium and cardboard packaging. Student: Mairi Watson. 

 
Figure 3. Pinecone Lamp, made with recuperated wood-laser cut. All the pieces can be disassembled  

and laid flat for transport. Student: Kloe Gagnon. 

5.2 Challenges 
This project was definitely seen as quite challenging for the students. In terms of time management, 
insisting on sustainability, introducing the use of biomaterials in the fabrication and asking the students 
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to develop a communication strategy necessitated time and energy that were beyond the usual studio 
course. The students had to work hard to design a lamp in itself and they had to learn the technical 
aspects of such a project, so asking them to integrate additional challenges has been somewhat 
overwhelming, especially for a semester long project (15 weeks). Solutions anticipated are to extend 
the project to two semesters, or to assign a project that involves less technical parameters. 
Nonetheless, students felt they learned a great deal and the course feedback was extremely positive; 
they were convinced of the importance of addressing design projects in a new way and eager to apply 
their knowledge on sustainable design in their professional assignments. 

6 CONCLUSION 
Needless to say, in a time of environmental crisis, strategies for sustainability have to be seriously 
developed and implemented in design education programs. At this stage, biomimicry and the cradle-
to-cradle approaches appear to be part of the most prevailing sustainable design strategies, as they 
go beyond over simplistic solutions and address ecological dimensions in a much more complex 
perspective. It is hoped that a majority of design schools apply such sustainability principles and 
philosophy. Most and foremost, it is also urgent to see these innovative approaches integrated in the 
development of sustainable products in the future. 
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