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ABSTRACT: Earth, straw, reeds and wood are the main natural building materials in 
many parts of the world. These materials have several positive properties including thermal 
resilience, climatic adaptive performance, and a lower-impact on the environment, which 
have been tested and proven in vernacular architecture over the years. In contemporary 
practice there is still a very limited use of vernacular natural materials. Conventional 
industrial materials dominate, even when traditional materials offer the same quality with 
the same cost and performance, if not sometimes better. This study is part of a semester-
long course in sustainable architecture for students completing masters. It will present 
students’ hands-on experimental work for 8 different wall sections using wood, earth, reeds 
and straw in several combinations. The wall sections are built at a 1:1 scale and tested in a 
living laboratory environment consistent with the Danish climate. Energy performance and 
U-values were mathematically calculated to assure compliance with Danish energy-
efficient building standards. Life cycle costs and a life cycle analysis were calculated as 
they were of prime concern. Thermal performance, time lag and heat coefficient values 
were modeled and simulated as well. Students also had to consider water and fire resistance 
and the formation of moisture in their design proposals. The study proved that using 
traditional materials can provide equivalent thermal performance outcomes as 
contemporary industrial materials while producing better indoor air quality and a lower 
impact on the environment through their minimal carbon footprint (based on cradle-to-
cradle calculations). The paper concludes that there are diverse challenges that still hinder 
the use of vernacular thinking in contemporary practice. 

KEY WORDS: Dare to build, Living labs, Project based learning, Natural materials, C2C, 
Vernacular re-thinking 

 

 



ICOMOS -CIAV&ISCEAH 2019 Joint Annual Meeting & International Conference on  
Vernacular & Earthen Architecture towards Local Development, Pingyao, China 

 242 

 
1 Introduction 
A big percentage of the world’s population 
lives or works in buildings built from natural 
materials—mainly earth and bamboo (Nunan, 
2010). Vernacular buildings around the world 
exemplify the use of diverse types of low-
impact natural materials and construction 
techniques that have managed to survive for 
centuries (Turan, 1990). Evidence-based 
examples of indigenous construction methods 
used in vernacular buildings have also 
demonstrated their resilience to extreme 
weather conditions, fulfilling locals needs 
through their relatively low cost to build and 
low impact on the environment (Piesik et al., 
2017). With today’s climate challenges, there 
is a drive to look at climate-responsive 
building designs and construction. Natural 
materials like earth, reeds and clay have a big 
potential to reduce carbon emissions from the 
building industry, especially if they are 
abundant around the building site (Dabaieh, 
2015). 
 
This paper explains how, through the course of 
a design studio, students can gain practical 
experience in designing and building with 
natural materials for sustainable welfare 
buildings for the Danish climate. The study 
shows a prime example of how a pilot 
education program can apply project-based 
learning for “dare-to-build” concepts. 
Challenges and lessons learned from this 
design studio are discussed together with an 
evaluation of the whole experience of building 
on campus.  

1.1  Project background  
Sustainable welfare buildings were the main 
theme for the second semester in the master’s-
level program, ‘Integrated Design for 
Sustainable Architecture and Tectonic 
Architecture’. The main project over the 
course of the semester was meant to introduce 

students to the concept of welfare architecture 
with focus on healing architecture. The 
location of the project was chosen on Egholm 
Island in Aalborg City in Denmark which is 
expected to sink in less than 50 years due to 
sea-level rise (SLR). The Island is inhabited by 
less than 60 residents and the main activities 
include farming and tourism, especially in 
summer. Because of the farming that takes 
place on the Island, there is an abundance of 
agricultural waste, like straw, available for use 
as bio-based materials in building. There is 
also an abundance of reeds available along the 
Island’s shore, in addition to seaweed, 
seashells, clay and timber.  
 
The students’ task was to design a 700 m2 
healthcare center for trauma patients. The 
building needed to be designed with a low 
environmental impact to the island, and needed 
to be able to sustain imminent climate 
challenges due to SLR. The building was 
meant to be designed with disassembly in mind 
as in 50 years it is intended to be relocated 
before the Island sinks. If not suitable for 
disassembly, the building would need to 
withstand flooding.  
 
Another design criteria was to look at the 
existing vernacular buildings on the island to 
better understand how to integrate vernacular 
methods into their building’s construction. 
This would also serve as a source of inspiration 
for their contemporary designs overall. They 
were taught to calculate life cycle costs (LCC) 
and conduct a life cycle assessment (LCA) 
together with other calculations and modeling 
for building thermal performance and energy 
efficiency. Students were also taught about the 
other challenges of using natural materials that 
they would need to consider in their designs 
like protection from humidity and fire. Other 
design considerations, like using passive 
heating, passive cooling, natural ventilation 
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and daylight strategies and other off grid 
energy production systems, were major foci of 
the course but will be not covered in this paper.  
 
The outcome of the healthcare center project 
was presented at the end of the semester in the 
form of architectural drawings, working details 
for walls, roofs and floors. Together with 
rendered shots and other sketches which show 
the whole design process from its conceptual 
phases to the final design decisions. 
Additionally, students presented 1:200 models 
and the 1:1 wall section model for the design 
they proposed using natural local materials on 
the Island. Solutions presented were diverse 
and outcomes were evaluated with the help of 
jury members during the final semester 
examination.  

2 Methodology 

2.1 Project-based learning and 
integrated design 

Project-based learning (PBL) and integrated 
design were the main methodological 
approaches in this design studio. PBL is a 
teaching method in which students gain 
knowledge and acquire skills by working for 
an extended period of time (ideally a semester) 
to investigate and respond to an authentic, 
engaging and complex real-world problem, or 
answer a complex question or challenge 
(Dunkin, 1983; Barron et al., 2007; Nakada et 
al., 2018). PBL also prepares students to rise to 
the upcoming challenges in the world they will 
inherit (Bell, 2010). More specifically in the 
case of this project, students were charged with 
the task of responding to issues related to 
climate change (particularly, rapid SLR), the 
mounting increase in carbon emissions and 
scarcity of resources.  
 
An integrated design process was a 
complementary component to the PBL. The 
integrated design process is an approach to 
building design that seeks to achieve high 

performance outcomes based on a wide variety 
of well-defined environmental and social goals 
(Hansen and Knudstrup, 2005). In this project, 
architectural design considerations were 
informed by modeling technical designs and 
verifying calculations. Students developed 
their designs several times showing different 
iterations based on the outcome of technical 
design support tools. Integrated design was 
meant to help students integrate knowledge 
from engineering and architecture to try to 
solve challenges associated with the design of 
sustainable buildings for a changing climate.  
 
Through theory lectures in the first phase, 
students were introduced to different possible 
materials and techniques. Lectures also served 
as a source of inspiration through the 
discussion of case studies which used natural 
materials in similar climatic contexts. In the 
second phase, a hands-on workshop was 
conducted to teach students low-tech building 
techniques for using natural materials like 
straw, reed, clay, seaweed, etc. As part of the 
integrated design process, students were taught 
how to calculate LCA and LCC for the building 
materials they proposed in their design using 
LCCbyg and LCAbyg, which are Danish 
software. These tools helped them make 
informed decisions relatively early on—during 
the design-sketching phase. During the design 
process, students also had to calculate: the U-
value of the wall sample they were to design 
and build, thermal conductivity and moisture 
formation. Their designs needed to consider 
fire-proofing and resistance to water. Moreover, 
aesthetics and acoustics were also design 
criteria considered in their final evaluations. 
All calculations needed to comply with Danish 
building regulations. 

2.2 The experimental living lab’s 
1:1 model  

Despite the often daunting new environmental, 
social and economic conflicts that are arising, 
there is a parallel growing trend in architecture 
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education which teaches responsibility 
towards society to help develop innovative and 
holistic environmental solutions (Hagy et al., 
2017; Keyson et al., 2016). Living labs and  
dare-to-build concepts are used as new tools 
for developing integrated and holistic 
education programs in sustainable architecture 
( Hagy et al., 2017; Masseck, 2017). 
Experimental living labs are an opportunity for 
students to gain practice-based knowledge 
through innovative green design processes 
(Dabaieh et al., 2018).  
 
Based on students’ design solutions, 8 groups 
of students (4-5 students per group) were 
challenged over the course of 4 working days 
on campus to build 8 wall samples in full scale 
(1:1) models. The idea was to try different wall 
compositions using only natural materials and 
a focus on resources locally available on 
Egholm island. These resources included 
materials like straw, reed, earth, seaweed, 
seashells and wood. The students were 
instructed on how to thatch reeds and straw on 
walls with the help of an expert craftsmen. The 
involvement of multidisciplinary experts in a 
hands-on building experience, was an 
additional component of the design process.  

3 Results and discussion 
Integrated design within the architecture living 
lab fostered synergies between teaching, 
research and innovation for sustainable welfare 
buildings.  Students presented their resilient 
designs for disassembly building solutions for 
the healthcare center. Figure 1 & 2 show the 
final outcomes with a focus on the 1:1 model 
and Figure 3 shows part of the calculation and 
simulation outcome.   
 
 
 
 
 
 
 

𝐅𝐢𝐠𝐮𝐫𝐞	𝟏. Students building part of the 1:1 wall 
model during the living lab experiment 

	𝐅𝐢𝐠𝐮𝐫𝐞	𝟐. 8 wall sections outcomes of the 1:1 wall 
model 

Figure	3.	Example of carbon emission calculations 
for one of wall compositions 
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3.1 Design decisions and material 
use 

Students showed in their designs that using 
plant-based materials such as reed, straw, 
seaweed and wood can help reduce a building’s 
total carbon emissions. They proved through 
their calculations that materials like straw and 
reed capture carbon due to their sequestration 
properties in earlier life stages as plants. In 
many cases, their calculations also revealed 
negative carbon emissions in the life cycle of 
their buildings. The most successful proposals 
were designed as diffusion-open constructions, 
which not only improved the indoor air quality, 
but also resulted in a breathable construction 
without the need to use an airtight vapor barrier. 
Some students used seaweed as an external 
cladding or insulation, while others used straw 
and reeds as cladding or straw as insulation, 
which helped in the overall thermal 
performance of the walls and roofs alike. Some 
designs used a mixed composition of rammed 
earth and Adobe together with straw as 
insulation which also enhanced the buildings’ 
thermal performance both in summer and 
winter as earth naturally has heat-regulating 
properties. Other proposals used shells as a 
ground cover or capillary break layer since 
shells are hard, water resistant and light weight. 
 
Students who integrated materials like straw 
and seaweed as insulation managed to reach a 
better thermal performance as the thermal 
conductivity could reach up to 0.07 W/mK for 
walls and 0.056 W/mK for roofs with adequate 
wall and roof thickness ranges from 40 to 55 
cm. The LCA calculations were varied among 
students. Some were not able to find accurate 
and reliable values for straw, reeds and 
seashells as there are few natural materials 
databases for embodied carbon emissions. This 
resulted sometimes in illogical figures for the 
buildings’ total carbon footprint, revealing one 
of the challenges of proving the benefits of 
using natural materials. The same held true for 
LCC calculations, where students had to do an 

inventory investigation to build their own 
material library in LCCbyg. 
 

3.2 Design and construction 
challenges 

This design studio is based on a ‘real world’ 
challenge for a design-build project. As it 
varies significantly from typical studio-based 
architectural design, the challenges were 
diverse.  Students faced several obstacles 
along the way, from the integrated design 
process to the final hands-on construction 
methods. As part of the second semester of 
their masters, they learned about the existence 
of natural building materials and the 
alternatives to reinforced concrete and 
industrial bricks. Students commented that 
they felt like they were learning architecture 
from the beginning and they were used to wood 
as the only natural material to use. Using 
diverse natural materials, they had to learn how 
to draw and represent their design through 
accurate construction detailing. They 
discovered that there are other precautions to 
consider since natural materials behave 
completely different than industrial ones. 
Moreover, they found it difficult to source 
reference drawings for construction details for 
contemporary architecture using natural 
materials. A lack of accurate updated materials 
databases was another big challenge to finding 
values and mathematical calculations to use in 
their building modeling and simulations and 
for building energy or thermal performance, 
respectively.  
 
Other challenges in planning this integrated 
and experimental living lab include the cost of 
materials. Natural materials in some contexts 
are more expensive than industrial materials. 
In Aalborg City in Denmark, where this design 
studio took place, Portland cement is more 
accessible and cheaper than reeds, straw and 
seaweed. Although this is counter-intuitive 
provided the abundance of reeds, straw and 
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seaweed around the Island’s shore. It was hard 
to find an adequate material supplier for treated 
reed bundles, seaweed-compressed boards or 
straw bales suitable for construction. Getting 
help from skilled craftsmen and laboratory 
assistants who have knowledge in building 
with natural materials using both traditional 
and modern techniques was yet another 
challenge as skilled labor was both hard to find 
and expensive. Finally, 1:1 model work needs 
space both to store the materials and for 
construction. Fire precautions also sometimes 
hinder conducting such experimental living 
labs on campus. The after-design studio work 
needs additional space for showcasing and 
storing students’ work for future exhibitions. 
  
The physical 1:1 experimental model work 
could be taken to another level by using a 
developed step of material lab testing, in order 
to get robust measurements of thermal 
conductivity and thermal transmission and 
accurate U-values for walls. This would help 
verify the simulation and mathematical 
calculations made by students throughout the 
design process. 

4 Conclusions 
This study demonstrates how an experimental, 
project-based learning studio experience, can 
use a hands-on 1:1 living lab model as its main 
pedagogical tool. In this design studio, 
students gained a better understanding of 
vernacular materials and vernacular building 
techniques. They were tasked to design a 
building that could be disassembled due to the 
challenge posed by SLR. In this process, they 
learned about material performance and 
practical issues related to handling and treating 
natural materials. They were in direct contact 
with local craftsmen to learn the essence of 
traditional building methods. The outcomes of 
the design solutions and models proved that 
using natural local materials for contemporary 
designs is feasible. Moreover, the design 

solutions offered by the students comply with 
local standards and proved to be better for the 
environment in terms of emissions and 
environmental impact.  
 
This experimental design studio equipped 
participating students for their future as careers 
as architects with the skills needed to design 
using natural materials. In particular, this 
design studio added the ingredient of tangible 
experience, which is more than just the direct 
physical contact with materials, but also 
exposes students to decision making processes, 
designing, and building in a real place with real 
challenges. They now have both the 
confidence and knowledge to start using low-
impact materials as a norm in building 
professions. And despite the existing 
misunderstandings around the use of 
vernacular methods—especially using natural 
materials—in our contemporary architectural 
practices, this study hopefully contributes to 
the proof that it is possible.  
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