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2. Introduction - For decades human activities such as 
burning fossil fuels, the clearing of vegetation, and cat-
tle and rice production (methane) have increased the con-
centrations of carbon dioxide, methane and nitrous oxide 
in the atmosphere, which results in a change of climate. 
(Singer 2010) It is widely recognized that anthropogenic 
climate change will have harmful effects on many human 
beings and is therefore one of the most significant global 
challenges that we will have to face in future. The change 
in climate is projected to result in severe weather events 
like flooding, heat stress, drought and deductive food inse-
curity (Caney, 2010). Nevertheless the predicted growing 
population, which is expected to reach 8 billion people in 
the spring of 2024 and even count 9.5 Billion inhabitants 
by 2050, implicates a rapid increase in consumption that 
causes greater greenhouse gas emissions and resource de-
pletion (United Nations population division, 1999) (Hick-
man, 2011). 

Future predictions estimate that by 2100 the CO2 con-
centration will be about 90-250 percent higher than in the 
preindustrial era and that the surface temperature increas-
es from between 1,4°C to 5,8°C, comparable with a 4°C 

temperature difference between now and the last ice age. 
(IPCC, 2001) These predictions cannot be ignored any 
longer, therefore this report on the one hand deals with 
the challenge to provide adequate food for the growing 
world population and on the other hand with the challenge 
to fight climate change by stabilizing or reducing CO2 pol-
lution caused by the materials used in the building sector.  
This paper combines possible solutions for both problems 
in one project. First seaweed farming in the Netherlands 
is researched as a solution for food scarcity and forms the 
programme of the architectural project. Second locally 
available natural raw building materials are investigated 
as materialization for the architecture of the seaweed-pro-
cessing farm, in matter of minimizing the negative envi-
ronmental impact of the construction. 

Concerning the expected food shortage a major problem 
is the current excessive and abundant consumption of the 
wealthy privileged nations (Mackenzie, 2011).
“Worldwide meat production has tripled over the last four 
decades and increased 20 percent in just the last 10 years.” 
(Kumar, 2011, p.1) This resulted in an average meat con-
sumption of 41.90 kg per person per year in 2010.  If we 

RAW NATURAL BUILDING MATERIALS
Building a seaweed - processing farm with local raw natural building material on the coastal area of the Netherlands.

Susanne Hofer
Student number 4246977 – s.hofer@student.tudelft.nl

University of Technology Delft, 11th Architectural Engineering graduation studio 2013/2014
Tutors: Tjalling Homans, Suzanne van Dijk

January 2014

1.Abstract - This report shows the potential of building with raw natural building material as a sustainable solution 
for reducing carbon dioxide (CO2) emission of the building sector. It is an attempt to define basic criteria for materials 
and criteria for the programme, design and climate of a building to allow more convenient choices of materialization, 
which will have a positive impact on the sustainability of a construction. Therefore research on the spatial programme 
of a seaweed - processing farm as well as on the organic design formed relevant ambient, spatial and structural criteria 
for the materialization of the structure. Furthermore the analyzed location and climate of the coastal area of the Neth-
erlands and future climate change predictions gave information about factors that influence the durability of building 
materials. Finally thresholds for the full life cycle during the production/processing, use and disposal of a material de-
fined criteria, on the one hand for the sustainability of materials in general and on the other hand for selecting locally 
available natural raw materials and building methods as an overview. The goal of this paper is to give an overview of 
natural building materials that can easily be compared, considering previous defined criteria of programme, design & 
climate.

Keywords: natural raw building material, sustainability, the Netherlands, seaweed-processing



2

RAW NATURAL BUILDING MATERIALS	 4246977 Susanne Hofer



RAW NATURAL BUILDING MATERIALS	 4246977 Susanne Hofer

3

Illustration 1 - Annual world meat consumption per capita 2009

Illustration 2 - Prediction population growth 2050

keep up consuming this large amount of meat, it will even-
tually be impossible to provide enough food for everyone 
in the future (Kumar, 2011). Since a meat based diet re-
quires 7 times more space than a plant based one, a solu-
tion would be to reduce meat consumption by shifting the 
diet of the population of industrial nations more towards a 
plant based diet. By growing seaweed as food for people, 
a vast agricultural space can be developed in the ocean. 
Hence enough food for everyone could be produced in a 
more sustainable way for a longer period of time.

Beside the attempt of offering alternative solutions for 
sustainable food production in form of a seaweed farm 
another ambition is to use raw natural building materials 
for the materialization of the building to reduce pollution, 
waste and CO2 emissions. In fact Global CO2 emissions 
reached a historic high of 34,5 billion tones in 2012 and 
are constantly increasing (Oliverie et al. 2013). The Inter-
national Energy Agency (IEA) states that residential and 

commercial buildings account for roughly 32% of global 
energy use, and over 30% of total end use energy-related 
CO2 emissions (International Energy Agency IEA, 2012).

The structures materialization has big influence on the 
sustainability of an architecture, due to factors like it´s 
embodied energy and energy efficiency during use. As a 
matter of fact a major amount of CO2 pollution and energy 
waste of the building sector is already induced during the 
material processing, manufacturing and long transporta-
tion of building materials. On top of that some materials 
are hard to maintain and regularly even not disposable in 
a safe way.

To make a long story short, if we can somehow reduce pol-
lution and the energy required to manufacture and dispose 
building materials we could well be on our way towards 
reaching a truly sustainable society (WILLMOTT DIX-
ON, 2010).
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Illustration 3 - Research method

3. Research question - The research question emerges out 
of previous acknowledgements of sustainable solutions. 
Hence the main considerations of this paper are the ar-
chitecture of a seaweed farm combined with raw natural 
building materials in the Netherlands.

Which local raw natural materials are suitable for sustain-
ably manufacturing permanent and temporary, organic ar-
chitectural structures of a seaweed-processing farm in the 
coastal area of the Netherlands?

4. Background - Raw natural materials are defined as low 
processed materials that use less energy and produce less 
waste during manufacturing and are therefore considered 
as more sustainable. They are vastly available by local re-
sources that are renewable and can be reused or recycled 
easily.

The design brief of a Dutch seaweed-processing farm pro-
vides the programme of diverse permanent and temporary 
spaces and defines the design and further the appropriate 
choice of materialization of the structure.
Using local low processed materials adjusted to its pur-
pose could make a major positive impact on the emissions 
of CO2. Therefore the main focus of this paper and the 
graduation project for Architectural Engineering is put on 
planning a seaweed-processing farm with locally available 
raw natural materials in the most sustainable way.

4.1 Objective and Methodology - The intention of this 
paper is to define criteria of the programme, context and 
design to be able to select a suitable materialization. Fur-
ther it sets basic criteria to define sustainable materials and 
gives an overview of the different low processed natural 
building materials that are locally available and suitable 
for building on the coastal area of the Netherlands. 

First, the method section analyzes the process of seaweed 
farming and the spatial programme of a seaweed-process-
ing farm including specific required indoor conditions. 
The various processes will set constraints and define nec-
essary qualities of the architectural space and hence of the 
design and its materialization. Furthermore, the organic 
architectural design is considered and will set demands for 
the materialization such as high flexibility.
Moreover criteria for sustainable materials are defined 
through references and literature research and conclude 
in accordance a selection of different raw natural building 
materials. 
Then, the result chapter presents the materials that were 
selected and the material properties and characteristics, 
which were analyzed in the technical research. The suit-
ability of the listed different sustainable materials is an-
alyzed relating to the criteria of programme, climate and 
design.
A following discussion will critically point out the major 
points of the research and future prospects of material re-
search. Finally the paper is completed with the conclusion. 

5. Method - The starting point of the research was to de-
fine criteria that are relevant for picking sustainable ma-
terialization, which are the design, the programme of the 
architecture and the climate. 

First, the conformance of the material with its functional 
purpose is of importance in matter of providing necessary 
ambient qualities as energy efficient as possible; therefore 
an analysis of the diverse functions of a seaweed-process-
ing farm was necessary. Second, through research by de-
sign the appearance of the architecture and the aesthetical 
and structural requirements of the materials were worked 
out. Third, the necessary durability of the materialization 
according to the specific local climate of the coastal area of 
the Netherlands was investigated through intense research 
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of climate predictions. Fourth, general constraints that de-
fine sustainable materials were researched and used to de-
termine a list of raw building materials. Basic requirements 
for all materials are little processing and local availability, 
in terms of having their origin in the Netherlands. Finally, 
the raw building materials were reviewed for accordance 
and suitability to the various criteria of programme, design 
and climate.

5.1 criteria by function - the programme of a seaweed 
farm - The topic and the process of seaweed farming are 
very innovative and scientific information as well as lit-
erature is rather scarce and hard to find. Nevertheless an 
intense research on the cultivation of seaweed led to a pilot 
project, the “Zeewaar”, that currently takes place in the 
Netherlands. After interviewing involved researchers and 
employees of Rijkswaterstaat a first framework of the spa-
tial programme for a seaweed farm could be formed. The 
main information however was gained through communi-
cating with Rebecca Wiering, one of the partners of the 
Zeewaar project. She started the first sustainable seaweed 
farming in Europe with her colleague Jennifer Breaton in 
January 2013 in the Dutch Oosterschelde, in the South of 
Holland.  In cooperation with Wiering a space-allocation 
plan was developed and a sequence of necessary spaces/
rooms with their required dimensions and specific room 
climates were elaborated.

General information about seaweed farming - Seaweed 
farming in Europe is an innovative attempt of making use 
of the sea as a vast area for agriculture. The relocation of 
the food production offers several benefits over current 
systems. First of all, it is a more sustainable way of food 
production, since nutritious environments, like the Dutch 
seawater, do not need additional fertilizers. Moreover, ad-
ditional seaweed could help to purify our oceans. Second-
ly, drinking water will not be wasted for watering since 

the plants are already growing in the seawater. Thirdly, 
current agricultural areas could be relocated in the ocean, 
what would give great new opportunities of reusing this 
spaces for public needs.

5.1.1. Seaweed cultivation
World wide there are 11.500 different types of seaweed 
known, but only about 100 can be found in the Netherlands. 
About 90 percent of the seven million tons of seaweed pro-
duced worldwide are cultivated in Asia and exported to 
countries around the globe. By cultivating seaweed local-
ly, in the Netherlands, the import and long transportation 
of seaweed is reduced and a sustainable production can be 
guaranteed. 

Seaweed in nature grows attached to objects like rocks 
or reefs, while the cultivated seaweed of Zeewaar is at-
tached to an about 2,5 m long rope that is hanging from 
a substructure in the water. A system of ropes is strained 
between 16 massive steel pillars that form the edge of the 
farm, approximately about 1.400 m2 of area. Since sea-
weed needs as much sunlight as possible, it is a great prior-
ity to minimize the surface of the construction in matter of 
preventing shade. The seaweed gets harvested in summer 
months about every third day by hand from little boats or 
kayaks, which are stored with other harvest equipment in 
the boathouse. 
A boat stage connects the cultivation structure on water 
with processing facilities on land. 

5.1.2. Seaweed processing
After the harvest the seaweed needs to run through sever-
al processing steps before being ready for consumption or 
distribution. The primary goal of all processes is to avoid 
rotting of the product during processing and after distri-
bution. 
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Illustration 7 - Seaweed processing spaces

Processing step 1: washing and cutting
The whole harvest is first transported on a conveyor belt 
upwards until it drops on a second sloped conveyor belt, 
where it is flushed with salty seawater of about 8°C. A 
constant vibration movement washes the seaweed and re-
moves all unwanted by-catch, like little mussels and crabs. 
After cleaning the seaweed, it runs on a shaking belt to a 
cutting machine, which chops it.
There are three options of preparation for distribution of 
the washed and cut seaweed. It can stay fresh, be frozen 
or be dried. If the seaweed is distributed fresh or frozen 
it will immediately go from the washing and cutting pro-
cess to the packaging process. The fresh packed seaweed 
is immediately ready for distribution, while the seaweed 
for freezing is first packaged in right portions before the 
freezing process commences.

Process step 2: drying
Drying of seaweed, however, follows immediately after 
the washing and cutting. The seaweed will be moved to 
shelves in the DRYING ROOM where the air-drying pro-
cess with temperatures preferably not above 26 °C takes 
place. Seaweed contains a lot of water and will shrink 
during the drying process to 1/10 of its original wet mass. 
It will then be stored in the DRY STORAGE ROOM until 
packaging is possible.

Process step 3: packaging
All the fresh seaweed that does not go in the drying room 
will run to the PACKAGING ROOM. The seaweed pack-
ages will be put on pallets and moved either to a storage 
space for immediate distribution or moved further in the 
processing step, into the walk-in FREEZER ROOM. 
During the process (4) of freezing the packages are placed 
on shelves and left there until distribution. If fresh sea-
weed is packed the room climate should be around 12 °C 
to avoid bacteria. For packaging dry seaweed it is crucial 

to keep the temperature high and provide a dry space, 
since dried seaweed absorbs humidity easily and would 
start rotting faster.
Therefore it is relevant to create a room that is flexible in 
changing the room climate from a humid cold space to a 
dry warm space if needed.

5.1.3. Seaweed development
The consumption of seaweed as food has a very long tra-
dition in Asia whereas it is almost unknown in Europe. 
Nevertheless seaweed is nowadays known as the ´super 
food´ of the future since it is very high in protein, vitamins 
and minerals. Since seaweed is a healthy sustainable solu-
tion for providing enough food, it is of highest importance 
to find ways to integrate the new diet in the Dutch cuisine. 
Recipes need to be developed that meet the eating habits 
and taste of the population. It is essential to plan a profes-
sional kitchen for this purpose, where the product develop-
ment as well as workshops for the public will take place. 
The kitchen will be linked with a bar/ eating area that will 
be flexible in size. 

5.1.4. Seaweed farm
All administrative purposes take place in the office area 
that is linked with the processing farm and hosts spaces 
for the staff. Due to hygienic reasons it is compulsory that 
there is an extra space or room between the wet cells and 
the packaging room. Staff changing rooms as well as toi-
lets and shower facilities will be located between the office 
area and the processing farm. The entrance area is dedicat-
ed as a showroom and hosts an exhibition about seaweed.

The entire project involves three programmes; process-
ing, office and development, on about 900 m2, excluding 
flexible outdoor spaces, and about 2ha cultivation space 
on water. The programme also sets functional and spatial 
thresholds for the design. 
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5.2 criteria by the design of the architecture
The design of the architecture and its materialization are 
highly interrelated. On the one hand certain materials are 
chosen by their qualities, which make it possible to con-
struct desired shapes and forms. On the other hand the ma-
terial properties have strong influence on the design pro-
cess itself and need to be considered, in matter of building 
more sustainably. 

The concept of the design of the architecture was explored 
through research by design and aims to combine the form 
(composition), function (programme), the technical layer 
(structure and detail), the physical context and the histori-
cal context in a harmonic way. A literature research on the 
topic of ´biomimicry´ and ´architecture inspired by nature´ 
inspired the first design attempts. The reference project of 
Casar de Cáceres of Justo Garcia Rubio in Spain gave the 
final impulse that lead to the design. (Bahamón & Pérez, 
2007) While the bus station of Rubio in Extremadura, 

Spain is inspired by the form of seashells the seaweed farm 
is inspired by the analogy of brown seaweed, in particular 
of the species of laminaria. 
The basic idea of the concept is to create an architecture 
that should evoke the imagination of a seaweed ribbon 
reaching from the coast into the sea. Several form models 
of clay and cork were developed and evolved in a prelim-
inary form model. 

This architecture, based on the continuous structure of 
laminaria, is configuring the architectural elements of the 
roof and the facade with a single form (Bahamón & Pérez, 
2007). The particular shape as well as the double function 
of the shell as roof and walls require conformance of the 
material to the shape of the structure. 

Illustration 11 - Casar de Cáceres in Spain, by Justo Gracia Rubio Illustration 12 - structure of seaweed laminaria

Illustration 13 - formmodells of clay and cork
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5.3 criteria by climate - the Netherlands
The materialization of architecture also needs to withstand 
the climate and predominant weather conditions on the 
building site. The Netherlands has a temperate maritime 
climate influenced by the North Sea and Atlantic Ocean, 
with cool summers and moderate winters. Daytime tem-
peratures vary from 2°C-6°C in winter and 17°C-20°C in 
the summer. The average minimum temperature through-
out the year in the Netherlands is above 0°C. However, 
there is still high risk of frost in wintertime and during ex-
treme conditions air temperature can drop even below -20 
as recorded in 1944 (Birznieks, 2013). The Netherlands is 
a flat country and has frequently breezy conditions espe-
cially among the coastal areas. 

In future the weather conditions will be highly influenced 
by the predicted climate change. Effects of climate change, 
such as high temperatures, increased precipitation, (local-
ly) increased ground water table and increased salt con-
centration of ground water will play a major role in the 
durability of materials in the building envelope (Nijland et 
al. 2009). The Royal Netherlands Meteorological Institute, 
KNMI, has developed four possible scenarios of climate 
change for the Netherlands in 2050, relative to 1990 (Van 
den Hurk et al. 2006).

All four scenarios show similar general tendencies:
• Temperatures will increase, resulting in a higher 
frequency of more temperate winters and warm summers. 

• Winters will, on average, become more wet, and extreme 
amounts of precipitation will increase. 
• Intensity of severe rain in the summer will increase, but, 
in contrast, the number of rain days in summers will de-
crease.
• Changes in wind regime will be small compared to 
current natural variation.
• Sea levels will continue to rise (Nijland et al. 2009, p. 
38).

Further there are several other effects relevant to the dura-
bility of building materials like
• Specific and relative humidity; the first is likely to in-
crease, but relative humidity may decrease, especially in 
the summer. 
• The amount of solar radiation is likely to increase. 
• Soil moisture content is expected to fall (Nijland et al. 
2009, p. 39)

The durability of building envelopes, in particular their 
materialization will be strongly influenced by the chang-
ing circumstances. Higher temperatures will lead to faster 
biocolonization as more periods of convenient tempera-
ture will occur. Species typical for the Mediterranean area 
will eventually develop in the West-European maritime 
climate, causing accelerated biodeterioration. Concluding, 
the flexibility of the materialization to the changing cli-
mate circumstances is of relevance and needs to be consid-
ered during the buildings lifespan of about 35 years.

Illustration 14 - Building site in the Jacobahaven at the Oosterschelde in Zeeland, South Holland, The Netherlands
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5.4 criteria of defining sustainable materials
Construction is one of the industrial sectors in which most 
resources and materials are used. Reduction of CO2 emis-
sions by optimizing the material used in construction is 
important because construction and use of buildings in 
Western Europe is responsible for almost 30 % emissions 
(Goverse, 2003). 
The sustainability of a building system is determined by 
the full life cycle and CO2 emissions during material 
production, processing, use and disposal (Dam & Oever; 
2012). There are some general factors of sustainability that 
always need to be considered before going more into detail 
of the specific material benefits and disadvantages for the 
various purposes.

Less is more - As soon as the materials are chosen accord-
ing to the purpose of the architecture, it is important to 
design while considering the material properties. Dimen-
sions and size of building constructions can be adjusted 
to the available dimensions of materials and save a lot of 
waste, for instance of timber or frameworks. Another good 
example of how to save materials is the timber grid shell 
method. Grid shell construction enables very efficient use 
of small amounts of timber, yet can create very large span 
structures (Hall, 2008).

Local materials - Building with locally available materials 
helps to avoid long transport distances. It is of major im-
portance to pay attention to the origin of a material and its 
processing. In this way it is possible to assess the whole 
chain of production and to make sure that the material has 
not been shipped/transported around the continent for dif-
ferent procedures of production.
As an example:  Straw bales are a byproduct of agricul-
ture and therefore plentiful and locally available almost 
everywhere. Straw is a 100 percent organic material and 
the construction method is easy and fast.

Raw natural material - Materials close to their original nat-
ural state are usually less processed and therefore have less 
embodied energy and cause less waste and less pollution. 
Rammed earth is a form of unbaked earthen construction. 
The building technique uses the raw materials of sand, 
gravel, silt and clay to construct long-lasting walls. The 
natural aggregates are mixed and compacted into a frame-
work creating monolith-building structures. 

Various forms of earthen materials have the lowest envi-
ronmental cost according to classifications of NIBE. Com-
paring rammed earth to alternative building materials such 
as concrete and brick masonry, its embodied energy is sig-
nificantly lower (Birznieks, 2013).

Durability and maintenance - The durability of a material 
is a main criterion while choosing the appropriate materi-
alization for a building. It is relevant to consider the need-
ed maintenance of a building material and therefore judge 
its life span and make wise choices.
Traditional thatching experiences a revival in Holland and 
thousands new thatched dwellings are built. With a main-
tenance programme approximately every 15 years a well-
thatched property, using long straw/ Devon reed material, 
can be expected to have a lifespan of between 30 and 45 
years. Water reed and heather thatched properties can last 
up to 70 years. 

Renewable and recyclable - Reusable and renewable mate-
rials can be reused easily and therefore produce less waste. 
It is important to consider the reuse already in the design 
and building process by for instance fixing materials me-
chanically. In this way materials can be easily disassem-
bled and reused or recycled (K.Hall, 2008).
Flax is a renewable resource since the plant regenerates 
relatively fast in substantial quantities. In the context of 
sustainable building, the use of building materials from 

Illustration 15 - Basic criteria for sustainable materials
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EMBODIED ENERGY OF A MATERIAL
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operation - good energy efficiency
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renewable raw materials is interesting, because they have 
low energy content. There is little environmental burden 
in production line and there are also good opportunities for 
local production, which can minimize transportation and 
the related pollution.
Further it is important to distinguish between biodegrad-
able materials and bio renewable materials. The first cat-
egory is obtained in a natural way and is naturally com-
postable. The second category concerns materials of 
biological origin which can be chemically produced in bio 
refinery. Some of these materials will not compost in na-
ture, but are nevertheless considered as renewable. (Prin-
sen, 2013)

This research focus is put on the category of biodegradable 
and recyclable materials such as wood and different crops 
like hemp, flax and straw as well as on resources of the 
ground like sand, clay, lime and stone that confirm with the 
analyzed criteria.The Netherlands so far mainly encourag-
es the use of sustainably produced wood in construction. 
However there is still a huge potential of sustainable con-
structing with more unconventional raw materials.

6. Result 

6.1 Criteria of sustainable materials
The overview table in Appendix A lists basic raw building 
materials that can be sourced in the Netherlands. These 
basic natural raw elements in the categories of earth mate-
rials, crops and plants, farming and forestry are the main 
ingredients of the building methods explained in Appendix 
B, which confirm with the criteria of sustainable materi-
als. Appendix C displays the materials and their possible 
application and in Appendix D each building method is 
analyzed and the properties listed for easy comparison. 

Appendix A shows that in term of availability sand can 

be found across the entire area of the Netherlands, while 
gravel is limited available.
Straw, hemp and flax are plentiful available in the Neth-
erlands. 

The comparison of building methods indicates that straw 
bale construction has the lowest embodied energy of all 
listed materials. Straw bale and hemp crete constructions 
have good insulation values and show equal thermal con-
ductivity values as flax insulation and wool insulation. 
Timber construction, cordwood and baked stones have 
good water resistance, while straw bale constructions are 
not resistant to water and need plaster finish to be suffi-
cient resistance. 

6.2. Criteria of programme
The table in Appendix E summarizes the earlier described 
different spaces of a seaweed-processing farm and their 
specific requirements. By comparing these criteria with 
the information gained from the tables in Appendix C & 
D, raw materials were evaluated and suitable as well as not 
preferable materials displayed in Appendix F. The results 
in Appendix F are explained below. 

Moisture resistant
Earth constructions are relatively moisture resistant while 
earth-crops mixture constructions, such as cob and light 
earth building are less resistant. All earth constructions 
need to be protected from excessive wetting. Hempcrete is 
preferable over straw bale construction, which needs to be 
protected against moisture with a detailed finishing.

Flexible & water-resistant
Timber is commonly used in the Netherlands for construc-
tions that are exposed to water. The pillars of the Zeewaar 
seaweed farm are made of Round Steel; a timber construc-
tion however is a sustainable alternative.

Illustration 16 - Basic raw materials straw, reed, sand and timber 
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Permanent & low temperature ( 12°C)
Natural materials balance indoor and outdoor conditions; 
therefore it is difficult to regulate the temperatures. A solu-
tion is to insulate the construction sufficiently with insula-
tion materials such as flax, hemp or wool.

low (12°C) versus high temperature
The research shows that natural building materials are not 
preferred if manual control of temperature is necessary. 
Sufficient insulation and technical installations for cooling 
and heating however provide the potential to change tem-
peratures in a space. 

Dry and high temperature above + 20°C
Earth constructions have great thermal capacity, while 
straw bale constructions have excellent thermal insulation, 
both however tend to regulate room climates and humidity.

Low temperatures from -5°C to -25°C
The suitability of the material for low temperature is not 
necessary, since a cooling/freezing unit, in the form of a 
walk-in freezer will be installed, which will provide the 
necessary temperature. 

Ambient temperature of 18°C to 22 °C
All considered building methods are suitable for creating 
thermal comfort and a good working/living environment. 
Earth constructions however have high thermal mass and 
allow passive cooling. Furthermore rammed Earth walls 
and timber constructions score with their natural and beau-
tiful aesthetic. 

6.3 criteria by design

Grid shell structures allow large spans and are flexible in 
shape and therefore suitable for the wavy shell roof struc-
ture. A precise structural calculation before constructing is 
necessary. 

Also reed thatching is suitable for organic architecture, it 
sets however the restraints of a minimal roof steepness of 
about 45°.

Some raw building techniques allow a greater freedom of 
shape and form of wall structure than others. Cob or straw 
bale are perfect for creating organically shaped structures, 
while rammed earth requires straight vertical walls for sta-
bility and only allows the freedom in horizontal forming.  

6.4 criteria of climate

The combined effect of higher temperature and higher pre-
cipitation is likely to speed up biocolonization and increase 
effects of biodeterioration and biodegration, for stony ma-
terials, (organic) coatings and timber. New genera and par-
asites are a big threat to building materials; in particular 
constructions consisting of organic materials such as reed 
or crops as well as timber are in risk of bio colonization.

Further, the high and more extreme precipitation impli-
cates a higher risk of moisture in a building structure. 
Higher relative humidity and wet building materials con-
sequently result in more intense damage upon frost. Espe-
cially light earth and straw bale constructions need to be 
protected against excessive wetting which is a risk to the 
durability of the material. What is more a thatched roof for 
instance should have a minimum pitch of 45°, to guarantee 
that water will run off from the roof surface with minimum 
penetration into the thatch. At a pitch of less than 45° the 
thatch will decay and leak much sooner.

A higher solar radiation increases the degradation of paint-
ed timber construction elements. The main risk of lower 
soil moisture content is the possibility of shrinkage and re-
sulting subsidence of foundations and walls causing cracks 
in solid earth constructions. 

Illustration 17 - Raw building methods- Rammed earth - straw bale - grid shell - reed thatching
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7. Discussion & Recommendations
The purpose of this study is to find and adjust the right nat-
ural raw materialization to the architecture of a seaweed 
processing farm in the Netherlands. The research looked 
at criteria of the programme, the design and the climate 
separately and therefore resulted in a number of possible 
materials that confirm with the individual requirements. 
Architectural spaces however usually combine all this as-
pects in one building element, which means that there are 
different material possibilities for the same structural ele-
ment.
That is to say that final decisions have to be made in favor 
of one previously explained aspect, such as programme, 
design or climate or out of a different motive, such as 
availability or financial reasons. 
For instance: if more than one building method is suitable 
for a building element it is, from a financial point of view, 
logical to select the more economical material whereas 
from a design point of view, the more aesthetic material 
would be preferred. 
What is more straw as an example is so plentiful, that the 
farmers, which have no use for it, often burn it. This cre-
ates a big amount of smoke, which is a threat for the envi-
ronment. Therefore the government of the Netherlands is 
concerned with the problem and promotes solutions for the 
use of the extra straw in building construction. 
Considering this problematic the use of 
the straw bale method should be in favor.  
Clearly it must be discussed whether the criteria of pro-
gramme, design or climate or other motives are more rele-
vant for the specific material choice. 

As mentioned earlier the findings of the research show that 
most of the programme spaces allowed a wide selection 
of possible building methods, for instance rammed earth 
construction is suitable for most spaces. Nevertheless it is 
recognized that it was not always possible to assess the 

right raw building method to certain spatial requirements 
or ambient temperatures. The main reason is that natural 
materials tend to balance indoor and outdoor humidity & 
temperatures and make it therefore difficult to regulate 
specific climates within a building. It needs to be investi-
gated whether temperature regulation is easier by adding 
sufficient insulation or stabilizers to the building materials.

The findings of the research cover a range of necessary 
building components such as the roof; walls and floors but 
don´t cover any research on transparent surfaces. Glass 
will be an important element that needs special attention 
and further research, in matter of finding a sustainable op-
tion. 

Further research could also include processed building 
materials consisting of raw material, such as papercrete or 
corkboard. 

8. Conclusion 

The broad research investigates sustainable local raw 
building materials and methods that can be adjusted to the 
organic architecture of a Dutch seaweed-processing farm. 
Sustainable raw building materials, that are available in 
the Netherlands were listed and put in relation to criteria 
defined by the climate, organic design and spatial plan of 
the architectural project. 

In conclusion the results of this study show that in the ma-
jority of cases it is possible and preferable to adjust natural 
raw building methods with suitable properties to spatial, 
thermal and design requirements. Natural raw building 
materials have lower embodied energy than conventional 
building methods and hence support the sustainability of a 
building structure.
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 FUNCTION USE Dimensions Design 
Lifespan 

( Material ) 
Requirements 

Ambient 
Temperature 

C
U

LT
IV

A
TI

O
N

 

 
Boat stage 

 
To connect the sea farm 
with the land and enable 

excess for harvesting. 
 

 
Minimal 

Floor space 

 
Flexible 

 
Water resistant  

 

 
Boathouse 

 
Storage space for the about 
10 kayaks/boats and harvest 

tools, like buckets. During 
the winter period there will 
be additionally hundreds of 

meters of rope stored. 
 

 
100m2 

 
Flexible 

 
Resistance 

against 
moisture, 

Low humid dry 

 

PR
O

C
ES

SI
N

G
 

 
Wet room 

 
Space for washing and 
cutting of the seaweed 

 
100 m2 

 
Permanent 

 
Cool 

temperature 

 
12 °C 

 
Packaging room 

 
For packaging 

(a.) Fresh seaweed or 
(b.) Dried seaweed 

 
 

(a. & b.) 
100 m2 

 
Permanent 
(Flexible in 
changing 

room 
climate) 

 

 
 

a. High humid 
b. Low humid 

(dry) 

 
 

a. 12°C 
b. 20°C 

 
Drying room 

 
Space for drying the 
seaweed with drying 

machines 
 

 
36 m2 

 
Permanent 

 
Low humidity 

 
>  20 °C 

 
Dry storage 

room 

 
Space for storing dried 

seaweed 

 
40 m2 

 
Permanent 

 
Low humidity 
No windows 

 
>  20 °C 

 
Freezer room 

 
Space for freezing the 

seaweed packages 

 
40 m2 

 
Permanent 

 
Low 

temperature 

 
- 5°C to 
- 25°C 

D
EV

EL
O

PM
EN

T 

 
Developing 

space 

 
Professional kitchen, food 

storage, wash & trash room 

 
100 m2 

 
Permanent 
(kitchen) 
Flexible 
(eating 
area) 

 

 
Restaurant 

ambient climate 

 
20°C to 25°C 

 
Office space 

 
Space for office, staffroom, 

entrance and showroom 

 
150 m2 

  
Office ambient 
Temperature 

 
18°C 

APPENDIX E
TABLE OF SPATIAL PROGRAMME OF A SEAWEED PROCESSING FARM 

including dimensions and requirements for the materialization
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 FUNCTION Design 
Lifespan 

(Material) 
Requirements 

Ambient 
Temperature 

Suitable 
Natural Materials 

Not preferable  
Natural materials 

C
U

LT
IV

A
TI

O
N

 

 
Boat stage 

 
Flexible 

 
Water resistant  

  
Timber construction 

 
Earth constructions, 
Crop constructions 

 
Boathouse 

 
Flexible 

 
Resistance 

against 
moisture, 

Low humid dry 

  
Soil bags, 

Baked clay stone, 
Hemp elements, 

Timber construction 
Cork 

Cordwood 

 
Adobe, 

Cob building, 
Light earth or 

Straw bale 
construction 

PR
O

C
ES

SI
N

G
 

 
Wet room 

 
Permanent 

 
Cool 

temperature 

 
12 °C 

UNDERGROUND! 
Rammed earth 

Soil bags 
Clay stones 

Adobe  
Cork 

Cordwood 

 

 
Packaging 

room 

 
Permanent 
(Flexible in 
changing 

room 
climate) 

 

 
 

a. High humid 
b. Low humid 

(dry) 

 
 

a. 12°C 
b. 20°C 

 
 

 
 

 
Drying room 

 
Permanent 

 
Low humidity 

 
>  20 °C 

 
Rammed earth 

Soil bags 
Baked clay stone 

Adobe 
Straw bale construction 

 
Dry storage 

room 

 
Permanent 

 
Low humidity 
No windows 

 
>  20 °C 

 
Freezer room 

 
Permanent 

 
Low 

temperature 

 
- 5°C to 
- 25°C 

 
 
- 

 
 
- 

D
EV

EL
O

PM
EN

T 

 
Developing 

space 

 
Permanent 
(kitchen) 
Flexible 
(eating 
area) 

 

 
Restaurant 

ambient 
climate 

 
20°C to 25°C 

 
Rammed earth 

Timber construction 
All earth & crops 

constructions 

 
 

 
Office space 

  
Office ambient 
Temperature 

 
18°C 

Rammed earth 
Timber construction 

All earth & crops 
constructions 

 

APPENDIX F
TABLE OF SPATIAL REQUIREMENTS AND POSSIBLE MATERIALIZATION


