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Abstract

This
imp|emen‘ro’rion of natural,
processed and renewable materials
in a building design and how it
could drosfico”y lower the structure’s
environmental impact while meeting
present-day The
is to renew how these materials are

thesis seeks to examine the

|€SS

standards. intent
viewed within the building industry by
providing fangible examples of their
application and performonce in an
urban context.

the
are

’rhough concepts of
sustainability becoming more
mainstream, emission of greenhouse
excessive

Even

gases, use of
and loss of biodiversity are, among
other Focfors, crucial aspects where
the building industry still

meet the conditions for sustainable

resources,

fails to

development. The energy efficient
buildings of today their
main environmental impact during
construction and by the processing
and production of building materials,
therefore it has become increasingly
clear that buildings that use little
energy during their operational phase
or measures of compensation is not
enough.

cause

The method used is to formulate a
Low Impact Material-strategy for a
Swedish setting and through it develop
a design proposal for a commercial
building in central Gothenburg. This
exomp|e then supports
around how and with what our built

discussions

environment is constructed, how it can
have a more symbiotic relationship with
our |o|onef and  will also demonstrate
the architectural qualities gained from
building with Low Impact Materials.
Through this process the ambition
gain  the understanding
necesary to develop examples of real
applications of these values based on
the prerequisites of a Swedish context
and  building industry. Knowledge
that we will bring with us into the
profession

was fo

It is important to show that it is
possible to rethink our elements of
construction, because it matters how
the sourcing and processing of building
impacts the ecosystems
and biodiversity. I+ matters where
the materials we use come {rom, how
’rhey are fabricated, how ’rhey deve|op
during their use and what happens to
them after the building has outlived
its lifetime.

materials

Materials matter more than we might
have Thoughf.

Keywords: Sustainability, Natural Materials, Lifecycle, Construction Details
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Introduction
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A design strategy that embraces
rather than snubs, low-impact
high-maintenance materials

could not just dramatically cut
construction associated emissions
but help to re frame the conception

of architecture.*

(Smith & Harper, 2019, p.11)

Background

Problem statement & motivation

Concrete buildings with plastic or
mineral wool insulation and bitumen
layers are still the norm in the Swedish
conventional building industry; some
of them are even claiming to be the
result of sustainable design. These
highly  processed materials  and
producfs requires |orge amounts of
energy in monufoc’ruring, have «
severe ecological impact through
their resource extraction and are
rarely recycled or reused, let alone
can They be composfed.

Globally the building industry plays
a big part in the human strain on
the environment and the fact that it
needs to change drastically is clear.
The 2019 Global Status Report for
Buildings and Construction by the
International  Energy Agency and
the United Nations Environment
Program came to the conclusion
that the global building construction

Introduction

sector is still responsible for around
40% of greenhouse gas emissions and
that it keeps Foi|ing in lowering those
numbers as the energy demand in
buildings was still on the rise during
2018. The predictions also point out
that the pace of construction will grow
exponentially with a global building
stock that is set to double by 2050.

It is clear that the building sector
is not where it needs to be in terms
of climate action, to achieve set goo|s
from the Paris agreement in limiting
the g|ob0| warming to 2°C even
though it is more pressing than ever.

Swedish studies show that, when
more Thorough|y mapping the
emissions from  upstream processes
of extraction and production, building
materials count for around 84% of the
buildings initial climate footprint (IVA,
2014).




Alongside the emissions of greenhouse
gases, the extraction and production
stage is also where many building
materials have an irreversible impact
on ecosysftems, land and water. If we
look at the exomp|e of concrete, the
most widely used construction material
in the world, efforts are being made to
develop concrete containing cement
with lower levels of COQ emissions
from its production, providing an
arguably “green” product. However,
the use of concrete has many other
less obvious implications. Jonathan
Watts  writes ‘the most severe,
but least understood impact of
concrete is that it destroys natural
infrastructure without replacing the
ecological functions that humanity
depends on.” (The Guardian,
‘Concrete:  the  most  destructive
material on earth”, Feb 2019, para.
13) and mentions the acquisition of
sand and the excessive use of water
as examples.

Following understandings like this
while considering the fact that systems
to lower opero‘riono| energy demand
have been deve|opeo|, there seems to

Aim

The aim of this project is to show, by an
exemph{ying design, that employing
natural materials with a minimal level
of processing is a way to not only lower
the initial amount of energy or fossil
based components needed, but also
to enhance architectural qualities.. By
designing mainly with wood, clay and
straw the proposo| will demonstrate
a low impact opprooch based on the
preconditions of a Swedish setting.

The choice of site and program for
the proposal aims to actualize the use
of this strategy for an urban project of
a larger scale.

Introduction

be an increasing cohesion that focus
now needs to shift from operational
energy demand to the choice of
building materials

(Miljs- och klimatnamnden, 2018).
This in an explicit strategy mentioned
in the city of Gothenburgs plan to
become fossil free by 2030. (Fossilfritt
Goteborg 2030 - Vad kravs?)

To conclude, the situation we find
ourselves in  requires immediate
attention, the indus‘rry needs to
re-think its modes and means of
construction to alleviate its impact
on the environment. The insights
mentioned as to what strategies that
are deemed most constructive cou|d,
and should, work as fuel to flames such
as the one sparked by Smith & Harper
in their call for a building material re-
evaluation and strategies utilizing low
impact materials in construction.

This will then be complemented by
discussions on potential obstacles and
hinders a strategy like this might face
and what could be done to overcome
them. The building industry is strong
in defending their business as usual,
the task is therefore to acquire solid
know|eo|ge and present the fcmgib|e
exomp|es needed to argue for the use
of low impact materials.

11



12

Research questions

o Why are low impact materials not used commercially today?

o How can low impact materials be incorporated in the design of a
commercial building within contemporary architecture?

Impact

Outcome

The outcome of this thesisis a thorough
research on Low Impact Materials like
wood, clay and straw and examples
of their application in an urban scale
design project. It aims to fill the gap
in the literature that we perceive
between speculation and application
in this particular field.

The design project is a proposal
for a multi-story, mixed-use building
in central Gothenburg. Mixed-use,
to demonstrate that the use of Low
Impact Materials is suitable for «a
variety of functions and programs.
Central Gothenburg  because it is
important to show that projects like
this have a place within an urban
settings and scale as well.

Audience

The intention is that this thesis will
reach and inspire other architects and
students to dare to use unconvenfiono|,
less processed materials  and to
provide a source of know|edge on how
to do so.

It is an effort made to collect
and present the research behind,
and provide examples of, minimal
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This thesis is thought to broaden the
spectrum for Low Impact Material
strategies from smaller scale “Eco-
dwellings” to urban, multi-storey
buildings in o Swedish context. By
focusing on the choice of construction
materials and strategies, this thesis
will propose a possible strategy to
minimize the buildings impact on the
environment. This work shall motivate
people to demand building concepts
with these type of materials. It will
work as a reference and support the
argumentation for the use of Low
Impact Materials when demanding
for the building industry to change
their ways.

impact construction. [+ is written
to benefit proFessiono|s, within  the
building industry and beyond, who
wants to learn more about building
with and fully utilizing Low Impact
Materials like c|oy, wood and straw
and how that can provide heloy and
environmen‘ro”y sound structures.




Method

Properties & Functions Low-Impact Materials

Ariaiysis s Programing Research s Palette

Performance &

Application Qualities & Expression
Qualities s Limitations Details = Whole

Figure 1. Diagram depicting methodology and process

This thesis is based on a research by
design opproocn. The initial pnose
consisted of organizing the program
and evo|ugﬂng the pencormoiive
needs for the designi
Criteria were then formulated that
guided our definition of low impact
materials, and subsequen‘r|y, fhrougn
research  on possib|e materials
extraction, processing and producfion,
dictated our material po|eHe. This
po|eHe and the materials inherent
performonces and limitations informed
skeicnes, models and systems that
acted as a framework for the design.
The process of designing the exomp|e
project started eor|y in order for it to
provide a structure for the continued
research and make it possib|e fo opp|y
the research outcomes direcﬂy.
During the continuation of the process,
the design and research were both
kepi ongoing in poro||e|, iniorming
each other and both parts driving
the project forward. Investigations

Introduction

on vernacular bui|ding methods were
made fhrougn historical  references
and meetings with experts. Material
properties and possib|e opp|icofions
was exp|ored ‘rnrough the s‘rudy of
literature and reference projects,
meetings with relevant actors and
experts as well as the participation in
a c|oy p|gs+ering project to e><|o|ore
the material hands on.

To be able to propose a holistic low
impact opproocn, evaluative tools
were used to consider the designs'
initial energy useage by moking
estimates, simulations and life cyc|e
analyses.

The project and the arguments
presen‘red are then discussed  with
reference to current discourse on
sustainable design and in relation to
the conventional bui|ding indusfry as
well as other established sustainable
bui|ding concepts.

13



Delimitations

This thesis will:

+ be based on a Swedish context

+ discuss today’s building
industry in regards to building
materials and sustainability

+ explore solutions to substitute
environmentally heavy building
materials in the main construction

+ focus on wood, clay and straw as
possible low impact materials
based on design criteria

+ be informed by research on
vernacular building techniques
in relation to today’s building
practice

+ propose a design project which
demonstrates the implementation
of low impact materials in a
realistic project

+ compare the design proposal
with a corresponding conventional

building based on a LCA

+ discuss the possibilities and
problems in today’s building
practice when implementing
low impact materials and discuss
solutions

14 Introduction

This thesis will not:

work with reused materials
work with social sustainability

present detailed accounts
regarding economic aspects or
calculations for building costs

focus on the LCA stages beyond
A5, the possibility of material
recovery is considered

calculate the beqring structure, the
construction is developed through
research and input from experts

calculate the operqﬂon0| energy
demand, principles for energy
efficient constructions are taken
info account

elaborate strategies concerning
the technical systems such as
HVAC and sewage, material
based and low-tech strategies are
considered

perform a thorough LCA for the
whole design project, the analysis
is based materials and
components seporq’re|y

go into detail about the
construction techniques for the
design proposal
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“..whyis i, that in a lime when
sustainability is on evervone'’s
agenda, we’re building houses
with shorter lifespans than
ever, in materials fatal to the
environmenté”

(Hejdelind, V, 2018, para.s)

Pathway to 1.5°C given
cumulative emissions
through 2000

1980 2000 2020 2100

Figure 2. Historical CO2 emissions from the Global Carbon Project. 1.5C carbon budgets based on the IPCC
SRI15 report. Original figure from Robbie Andrews. Chart by Carbon Brief using Highcharts



Urgency

The graph on the opposing side is
based on UNEP’s annual Emissions
Gap Report and their latest prediction
on what time there is left to lower the
levels of greenhouse gas emissions in
order to achieve the goals defined
within the Paris Agreement and avoid
irreversible consequences brought on
by climate change.

The data shows that a drastic and
immediate cut of greenhouse gas
emissions is required as every year we
fail to do so dramatically omp|i1cies
the efforts needed to keep us out of
harm'’s way and, consequenﬂy, the
costs of doing so.

One could argue, given the data
available, that we need to be radical
and conceive buildings that initially
emit far less greenhouse gases during
their fobricoﬂon, even if They are
efficient over time or that it is hard
to achieve without re-thinking and
|ooking beyond the most common|y
used materials and methods of ‘roo|oyA

The choice of materials with which
we construct now stands out as the
focal point with the most potential to
curb green house gas emissions caused
by construction and the abolishment of
fossil based matter seems unavoidable.

Embodied Energy

An important factor within assessing
a building’s ecological impact is the
concept of Embodied Energy, often
called grey energy. It is defined as
the amount of energy a component
demands throughout its life cycle, from
extraction, monufoc’rure, fransporf,
installation and disposal (Ece, 2018).

The Embodied Energy of materials
is responsible for 84% of the buildings
initial climate footprint (IVA, 2014).
As an example, by using Low impact
materials  like straw instead of
mineral wool, the embodied energy in

Theoretical Context

conventional building insulation can be
reduced by 85-90% (LCA calculation
based on IBO database, see appendix).
The embodied energy for building
materials is specified in MJ/m3 or MJ/kg.

Global Warming Potential

The  Global  warming potential
(GWP) or CO2 Equivalent measures
the contribution of the emissions
of greenhouse gases fo the g|obo|
warming relative to CO2 and is
specified in kg CO2 eq/kg (IBO, nd).
The amount of embodied energy,
through e.g. processing and transports
directly effect the materials GWP.

Life Cycle Assessments

In recent years efforts have been
made to more eﬂ(ec‘rive|y map and
c|ossi1(y the environmental effects of
construction. This can be done by
measuring the aggregated impact of
both comp|e’re structures as well as
separate elements in the form of Life
Cycle Analyses (LCA). The life cycle
is divided in multiple phases where
stages Al-A5 represents the processes
from the extraction of raw material to
the completion of construction.

These initial steps is where the
Embodied Energy is accumulated
and the eco|ogico| effects of resource
extraction are genero‘red, therefore
they are important in order to
differentiate and compare the impact
or resource eﬁ(iciency of building
materials (Boverket, 2015).

In the Netherlands and Switzerland
is enforced by law to account for an
LCA in Sweden no legislation have
yet come in |o|c1ce to enforce the use
of it, loough some directives is said
to be implemented in 2022. Until then
it is mainly a criteria environmental
certifications take it into account when
evaluating projects.

19
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Culture of construction

The construction
industry in Sweden

The commercial building industry in
Sweden utilizes almost exclusively heavily
processed, industrially manufactured
materials and components with high
demands on eﬂciciency, predictability
and Qﬁordobihfy but with little attention
to their ecological implications. Concrete
still constitutes the most common load
beoring structures  while steel, g|oss,
plastics, mineral wool and synthetic
sealants make up the building envelopes.

Much of the conventional building
materials as well as the linear economic
framework that dictate our current
construction industry were born during
early and mid 1900's. The first AMA,
the Swedish guiding document for
material demands and execution was
AMA 1950, (Carlson, 1950). This was
a time of completely different values,
flavoured by the emerging consumerist
society, an industrial  over reliance
and environmental negligence. In the
US plant-based renewable resources
constituted around 50% of all materials
used during 1900, by 1990 it was less
than 8% (Geiser, K. 2001).

Buildings are conceived as assembled
products, providing expressions of global
supply chain logistics and  product
catalogs rather than place or identity.
Industrial pre{obricoﬂon of elements
that are assembled on site is customary
in order to minimize manual labour
and thereby costs (Golden, EM. 2018).
This o|eve|opmen’r has to a |orge extent
been fueled by the economic gains of
standardization and mass producﬂon,
which made it possible to provide the
broader public with higher building
standards  while keeping construction
economically viable.

Theoretical Context

Handcraft vs
industrialization

In connection to less processed low
impact materials, the role of manual
labour and handcraft is often broughf
up. Most low impact materials bare
a history of construction from pre-
industrial ~ times when handmade
structures of |oc:o||y occurring natural
materials were the norm.

According to the Cambridge
dictionary Handcraft is a “skilled
activity in which something is made
in a traditional way with the hands
rather than being produced by
machines in a factory” considering
that definition it is easily understood
that the role of handcraft has been
superseded by industrial processes in
conventional building production.

Industrial means of producfion,
standardization and mass production
can be viewed as a way to eliminate
or replace the ‘skill" associated with
handcraft. It is a way to streamline
and replace traditional, empirical
knowledge with easily attainable,
applicable universal norms (Golden,
EM. 2018). The industrial process
aims to enhance precision, eﬁ(iciency,
predictability and reliability but most
importantly it reduces the cost. In
an economic framework were labour
is expensive and productivity top
priority, also removing the “hands’
from the process becomes rational
and enables big savings.




Standardisation &
building regulations

For a material to become validated
and accepted as building material it is
crucial to attain reliable performcmce
certification which correlate to norms
and building regulations. The material
needs to enter the system on a
bureaucratic and legal level to give
engineers, architects and building
officials the tools to guarantee
the so{e‘ry of a construction. The
criteria for  classification  stretch
from the load bearing capacity, to
the obi|ify to withstand fire, to the
thermal and acoustic performance
to almost any thinkable aspect of the
construction(Golden, E.M. 2018).

This is Frequenﬂy seen as an obstacle
for Low Impact Materials which can
have varying qualities due to their
low level of processing, as opposed
to Fl steel which, trough its variable
and controlled composition, provides
exact and predic’rob|e performomce
Low Impact Materials often lack the
testing and research needed to cer’rify
them according to existing standards.

This becomes obvious when
talking to the wood craftsman Ulrik

o
1
[
[
[
[
[
[

MJ/Kg Steel Glass Mineral
Wool

Hjort Lassen who emphasizes the
quality differences in natural timber
compared to industrially processed
glulam beams. Timber's characteristics
as a living” material with swelling,
shrinkage and deformations makes it
more comp|e>< to asses and calculate
structurally.  This  problematic  has
further on led to the increased use of
steel instead of timber (Berge, 2009).

The diving forces to standardize
naturally occurring materials have
previously been weak since these
classification systems became
operational at a time when process-
heavy industrial  materials  were
uncritically accepted.

However, during the nineties the
German government funded research
to develop guidelines and standards
for earth and c|oy construction, this
led to an ancient, natural bui|o|ing
material obtaining more insight and
understanding within the last twenty
years than in the previous thousand.
The new thoughts on how to optimize
and make better use of the material
radically enhanced the performance
through new developed applications
(Golden, EM. 2018).

This serves as a good example of
that  “rudimentary” materials may
not need refinement as much as our
undersfonding of them does.

Brick Lumber  Concrete  Straw
Bale

Figure 3. Embodied Energy of Building Materials (I'Yvengar, 2015) Adapted Illustration
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Figure 4. Environmental Consequences of a Bui|o|ing component over time.



Concepts for sustainable construction

Passive House

The passive house concept aims
to minimize te operational energy
demand through passive measures.
The most relevant goo| is to reduce
the annual heat demand to 15 kWh/
m2. The main strategies are using
high levels of thermal insulation
and air tightness, reducing thermal
bridges, efficient windows that
receive solar gains and ventilation
with heat recovery (Passive House
Institute,  2018).  Passive  houses
succeed to minimise the energy
demand during use, which was a
revolutionary achievement when the
concept entered the market in the 80s
However, conventional passive houses
are not responsive to either nature
or humans and rely on mechanically
controlled systems and fossil based
materials that ultimately will land on

a landfill (Harper, 2019).

Zero Energy

Zero-Energy-Buildings aim to reach
a zero balance when it comes to the
energy demand during operation. The
annual primary energy demand of
Net-Zero-Energy buildings may not
exceed the energy produced on site by
renewable resources (Lenz, Schreiber,

Stark & Schreiber, 2013).

Theoretical Context

Low Impact

A Low Impact Building is described
by Simon Dale o building that is
constructed in harmony with nature
by being non-toxic, energy efficient
and ecological (Dale, 2007). These
types of buildings are typically
found in ecovillages, where they are
designed and  constructed by the
users themselves. Materials origin
mos‘r|y from local, natural resources
or are recycled. This alternative way
of constructing makes the buildings
not just low impact but also low-cost
(lammas.org.uk, 2020). According to
Anders Nyquist, huge potential lies
in se|1(—bui|ding and se|f—suﬁiciency
when it comes to the supp|y of energy,
materials, water and food in order to
develop sustainable cities. Buildings
need to function in symbiosis with
nature during the whole |ifecyc|e and
strive for holistic low-tech solutions
based on natures ecocycles (Engblad,

2018).

Zero Emission

The Zero Emission Concept doesn't
just concentrate on the operation
phase but aims to reduce emissions
during the whole |ife—cyc|e of the
building by working with a life cycle
analysis. According to the level of
ambition, the emissions from producf
and construction stage (Al-5), use
stage (BI1-5), end-of-life stage (C1-4)
and the benefits and loads be\/ond the
system boundary (D) are included in
the calculations. These emissions are
compensofed over time by renewable
energy production (Kristjansdottir et
al, 2014).
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Alternative modes for
sustainable construction

The Circular Economy

The Circular Economy proposes
an alternative to our current linear
industrial system which is based on
extracting resources and creating
waste. It is based on three principles:
eliminate waste and pollution, keep
materials and products in circular
|oops and to regenerate natural
systems  (Ellen and  MacArthur
Foundation, 2017).

Cradle to Cradle differentiates
between technical and biological
nutrients which operate in separate
cycles. Biological nutrients can be
reintegrated in natural systems, like
wood that can compost fo soil and
thereby regenerate living systems.
Technical cycles recover and restore
producfs, components and materials
by reuse, repair, re-manufactured or
(in the last resort) recyc|ing (Ellen

and MacArthur Foundation, 2017).

The building industries impact

The building industry is responsible
for a significon‘r amount of waste
production. In a typical European
city, 10-15% of building material is
wasted during construction and 54%
of demolition materials are |ono|1(i||ed,
(Ellen and MacArthur Foundation,
2017).

This makes it obvious that it is crucial
to implement the methods of circular
economy into architecture in order to
minimise the environmental impact of
the building industry.

Theoretical Context

Circular strategies in
architecture

A prerequisite to implement the circular
economy in architecture is that, if the
structure don't allow enough F|e><ibi|ify forits
functions to change over time, the building
and its components can be dismantled.
This ensures that building materials and
valuable substances can be recovered and
recycled in separate material cycles. It is
crucial to use raw materials eﬁ(icienﬂy and
avoid and reduce waste by making repairs,
ensuring durability, material recovery and
recycling. To achieve this, it will also be
necessary to change users behaviours
and practices when it comes to building
materials  (Hillebrandt,  Riegler-Floors,
Rosen, & Seggewies, 2019, p. 6).

The extraction, producfion and
fransportation of materials emits waste
in form of Co2 Therefore it is essential
to choose materials that have a low
Embodied Energy and a low Globadl
Warming Potential. Materials from the
biosphere have a lower potential of
polluting the air than fossil based materials
and are pre{erobh/ used (Hillebrandt et. al,
2019, p. 30).

In order to ensure a continuous
reuse without loss of quality, constructions
must be designed for material recovery
from the beginning. This doesnt only
demand seporob|e structures but also the
use of non-toxic materials and a consistent
responsibility for products (Hillebrandt et.
al, 2019, p. 10).

To reach a circular economy in the
construction sector, it will be necessary to
create a new political framework as well as
to set the closed loop potential as a design
parameter (Hillebrandt et. al, 2019, p.108).
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Regenerative Design

To regenerate means to grow again
or to improve a p|c1ce or system.
Regenerative Design can be seen
as the foundation of the Circular
Economy (Ellen and MacArthur
Foundation, 2017). The term
Regenerative Design was introduced
by John T. Lyle as a strategy for
designing urban landscapes  that
should regenerate lost ecosystems.
Meaning that in order to reach a
sustainable development, supplies for
energy and materials must be able
fo con‘rinuo”y renew themselves. The
way human activity operates today
is not aligned with nature’s cycles
because resources are exploited
without regarding the impact on the
environment. Regenerative  design
on the other hand, sees humans as
integrated in nature’s ecosystem that
can take but also give services and
even have a positive impact on it (Hes

and Du Plessis, 2015).

Regenerative Design in the
building industry

Today, the |h(e—cyc|e of building
materials  from  extraction  over
processing, {obricoﬂon, transport,
installation to the building use and
the eventual disposal, pollute air
and water, des’rroy habitats and
exp|oi+ natural resources (|yengor,
2015). Concrete, for example, has
alarming impacts on the environment.
The extraction of sand is extremely
disruptive to the local ecosystem,
the production of cement is energy
intensive and the recovery of concrete
after  demolition s problematic
(Delestrac, 2013). Even renewable
and supposedly sustainable materials
like wood have to be considered
with care because intensive foresfry
can cause biodiversity losses (Sing,
Metzger, Paterson and Ray, 2017).

Theoretical Context

Regenerative strategies in
architecture

Following the guiding principle of
Cradle to Cradle, “less bad is not good
enough’, it is not enough to reduce
the ecological footprint, become CO2
neutral and centre the sustainability
discourse around energy eﬁiciency
like it has been done for decades.
A regenerative paradigm shift in
architecture towards positive impact
design is crucial in order to actively
improve biodiversity, the quality of
air and water, promote health as well
as being energy positive (Michael
Braungart; Attia, 2018, pxii; p.xi).

Sustainability issues need to
be included into the design process
right from the beginning (Attia, 2018,
p.3). The three main design strategies
for regenerative  design include
“Selection of a Construction System’,
‘Defining of Design Elements and
Their Performance” and “Choice of
Regenerative Materials” (Attia, 2018,
0.26-30).

Building materials should be
chosen in order to follow regenerative
principles (Attia, 2018, p.24-25).
Preferob|y biosphere materials like
clay, wood, straw, bamboo or hemp
should be used. For some construction
components like Foundcﬁrion, windows,
special equipment or sofe‘ry devices it
might not be possible to avoid materials
from the Technosphere However fhey
should be designed for disassembly,
not contain toxic substances and
not pollute the environment during

production. (Attia, 2018, p.30).




The Eco-Economy

The Ecological Economy, understands
our economic system as a part of
the earth’s ecosystems and seeks to
stabilise  the relationship between
them. Today, ecosystem services like
clean air and water are generally
perceived as free of charge. This
implies that market prices do not
represent the impact of the domoge
caused to the environment and
the actual value of environmental
goods to nature’s ecosystems. The
consequences of exploiting ecosystems
ultimately have a much higher cost in
the long run (Brown and Morishimag,

2002).

Sustainable Place-Making

An approach to combine ecology
and economy is “Sustainable place-
making”. It emphasises the importance
of place in creating holistic solutions
for sustainable deve|opment Place-
making argues for short chains
between producer and consumer and
the use of local knowledge (Marsden

and Farioli, 2015).

The Eco-Economy in
architecture

When  implementing  the  Eco-
Economy in architecture, inspiration
can be taken from traditional and

Theoretical Context

Figure 8. lllustration, principle of Regenerative Design.

vernacular architecture.  Vernacular
design concepts are based on the
local  climate, bioclimatic design,
local renewable mo’rerio|s, low-tech
and low-cost solutions, optimisation,
traditions and culture and thereby
incorporate an economic and
eco|ogico| strategy (Hackel et al,
2019). By empowering self-building
and low-tech solutions in today’s
architecture, a direct connection
between materials, construction and
humans can be established. This
direct link fosters a Feehng of pride
and responsibility  which increases
the willingness for maintenance and
results in a higher valuation of natural
resources and thereby more careful
dealings with them (Engblad, 2018).

Today, the Swedish building
industry only focuses on the initial
investment costs of a building which
leads to the choice of cheap materials
and insufficient solutions. A radical
change in the economic system is
necessary that perceives buildings
as |ong term investments. The ye0r|\/
operational costs, the whole building
|i1(ecyc|e as well as costs for society need
to be taken into account. This paradigm
change can lead to higher quality
constructions, healthier bui|dings for
humans and more responsible dealings
with natural resources (Engblad, 2018).
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Material Definition

For this project, Low impact materials
are defined as materials that occur
in nature, are |oco||y available in
Sweden, are non-toxic and require
a low level of material processing.
They can be reused, are suitable for
cascading and have a low potential to
create waste. Wood, Clay and Straw
are materials that fulfil these criteria.
Wood and straw are renewable
materials. They can simply compost
after use and regrow in nature. C|oy's
hardening and sof’rening process is
reversible and means that the same
material can be continuously reused.

Low Impact Materials have
the potential to follow the principles
of the Circular Economy and
Regenerative Design, since they can
continuously be reused or renewed
and have a minimum impact on the
environment during their whole life-
cycle.

Implementing  Low Impact
Materials in contemporary
construction  will  drastically  lower
the building industries impact on
our |o|cmet It is the measure we
so urgently need to stay within the
Planetary Boundaries, to reach the
Sustainability Goals and to secure a
sustainable future.

Low Impact Materials




Natural Renewable
A material created by and existing in A material that renews itself by «
nature. natural process of regrowfh

Local Low Level of Processing
A material that is available to harvest A material that is mainly unaltered in
or collect within a given distance terms of composition and properties
but shoped or odjusfed fo per{orm
within a structure.

Reusability & Cascading Reversible
A material or component that is kept A material able to regress to its
unaltered and detachable will hold a initial state or form without technical
higher value and potential to be fit for processing.
a new use after its initial application,
either as it is or as raw material for a
lower grade product.

No waste non-toxic
A material that is biologically A material that is free from hazardous
degradable and/or able to be reused.  chemicals and compounds.
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Requirements towards
materials in the construction
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The choice of materials

The construction materials in
conventional buildings

In conventional bui|dings, the
technical requirements towards the
construction are fulfilled by highly
processed and specialised products.
These “product innovations” have
questionable composites and alarming
environmental impacts. The testing
of materials for their suitability and
performonce and their optimisation
Through crof’rsmonship have become

oblivious (Hillebrandt et. al, p. 58).

Low impact materials as
construction materials

A variety of low impact materials
can be applied to fulfil the required
functions in a building.

Wood

Suitable  for load
bearing elements due
fo high resistance
towards  compression
and tensile strength

High durability when
exposed to weather

Good thermal insulation

based on low heat
conductivity,  possible
fabrication to insulation

producfs

Low Impact Materials

Wood, Clay and Straw is a
combination of low impact materials
that manages to fulfil most of the
functions in @ building and are
therefore the focus of this project.

They have a long tradition as
building materials and can even fulfil
the requirements of contfemporary
construction.  These  high  quality
building materials can not only
substitute conventional building
materials but also bring additional
benefits. They contribute to a healthier
and more comfortable indoor climate
as well as minimising the need for
heating, cooling and ventilation. Their
different properties allow a variety
of applications in the building and
’rhey can be formed to a number of
different building materials  which
allows an adaptation to all different
purposes and types of construction.

Airtight when joints are
developed seamless

Good moisfure—buﬂ(ering
qualities due to the
porous  stfructure of
natural fibres
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Clay  materials  can
function as air as well as
vapour tightening layers

Good acoustic properties
due fo the dense mass

Mineral materials are
non-combustible

Good thermal insulation
based on low heat
Conclucﬂvif\/, needs «
minimum of processing

Good mois‘rure—buﬁ(ering
qualities due to the
porous
natural fibres

structure of

Low Impact Materials

Clay minerals can bind
and release water
vapour to the air

Thermal buffer due to
dense mass

Good acoustic insulation

Reed is suitable for
roof thatching and wall
cladding

Other relevant materials

Besides Wood, C|oy and straw there are
other interesting low impact materials
that can be used to comp|imenf the
construction and to fulfil speciﬁc
functions.

Flax and Hemp can be used to
tighten the gaps between window and
wall as well as for footfall insulation.
Lime plaster can be applied as a
weather protection |oyer on the facade.
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Wood

“We got concrele, then came
buildings made of concrete,
concrete buildings,

then came the revival of wood, then
came concrete buildings of wood*
(Mattias Delin, 2019)

About the material

Why wood?

In Scandinavia fimber has a long
history as building material.  This
does not mean that its abilities are
outdated. The characteristics found in
a piece of wood are on the confrary
close to what we could on|y hope
to achieve when developing new
materials for tomorrow.

It captures carbon and has the ability
to cultivate biodiversity during its
producﬂon, it is renewable, produces
no toxic emissions, it can mitigate both
heat and humidity in a single material,
it is easy to model and workable with
simp|e tools and exudes a comforf,
warmth and sensory experience unlike
any other material available.

The use of timber seems like an obvious
choice, yet all natural wood is hardly
ever used in contemporary building

construction (Hudert & Pfeifer, 2019).

Low Impact Materials
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Constructing with wood

Wood tradition in Sweden

Some of the oldest building
components found in Sweden, dating
back over 800 vyears are made
of wood. A testament to both the
materials tradition and longevity. The
use of wood ranged from broad axed
log cabins to more delicate carpentry
and comp|e>< roof structures.

Within  this  tradition immense
amounts of knowledge is embedded,
a complex understanding of wood as
a material developed over hundreds
of years. Much time was spent in the
forest, assessing and singling out trees
that would provide the right properties.
Todoy we favour lumber that is fast
grown with half the age and density of
what was earlier custom as our needs
for its performonce has changed. It is
grown to fit new economical Foresfry
models and to be easier on the
equipment used fo process it.

Despi’re its rich tradition, the use of
wood in construction was for a period
of time reduced to the point where
it was mainly valued as an interior
material. Today the use of wood is
experiencing a global renaissance.
Fueled by the notions of sustainability
wood is presenfed as the answer to
the many questions posed on how
we are to keep building to meet ever
increasing demands without harming
the environment beyond repair.

The production of “Wood”

In spite of the newfound fascination
with “wood” as a building material, it
is hardly ever used in its natural form.
"Wood-based”  products  dominate
entirely,  arguably refining and
optimizing the material beyond its
raw potential.

Low Impact Materials

The wood-based products used
in construction today are mostly
expansions on the invention of wood
plastic composites (Glue laminated
wood) that allowed the produc’rion
of curved beams of any dimension
(Zwerger, 2019). Since then many
alterations of the same principle have
been developed with the ambition to
further eliminate the limitations of the
material.

Kiel Moe writes in Rethinking Wood
(2019) that even the term "wood” is
a dongerous abstraction, that it has
very little to do with the “forest”. He
argues that we cannot claim to work
sustainably by using wood while
disregarding the ecosystem behind it.
Unlike its raw material, wood-based
products require no differentiation in
how the timber is grown or what kind
of forest that yields it. The by-passing
of the natural “defects” in the material
processing enables a demand which
is measured in quantity and volume
with no need for quality. The criteria
is cost eﬂ(iciency and reproducibility to
demand (Zwerger, 2019).

The  Swedish  association
‘Ekoskog” promotes a certification
system for sustainable Foresfry based
on the concept of continuous cover
fores‘rry. This strategy strives for a
sensitive ecosystem based management
of forests that keeps valuable old trees
and local kinds of trees and Thereby
improves biodiversity and ecosystem
services  (Ekoskog, n.d.). Considering
the heavily increased demand for
wood and the current uncritical view
towards excessive resource extraction,
this management strategy is crucial in
order to sustain forests as a recourse
for wood as well as a Funcfioning
ecosystem.




Adhesive free products and
natural glues

The addition of plastic based
adhesives have been deemed
occepfob|e when mofching the
improved structural capacity against
the impairment of other qualities of
the wood itself. Except disrupting the
materials capacity to buffer heat and
moisture, or its obi|i’ry to residue free
return to its natural cyc|e, most of the
adhesive compounds used today are
problematic in the sense that they are

fossil based and toxic(Bokalders &
Block, 2010).

Progress is being made in attempts
to develop lignin or yeast based glues.
Today it has only been tried in veneer
producfs such as p|ywooo| but could
in the future offer a more suitable
alternative to pheno| or Formcﬂdehyde

There are alternatives to the use
adhesives as well, such as nail or
dowel laminated timber elements.
Dowel laminated elements (DLT) is
100% wood and presents the same
structural  capacity and beneficial
production format as CLT without the
use of adhesives. Both DLT and CLT
however could for many applications
be seen as ineffective alternatives
considering the large amount of
material required.

Building with all-natural wood

Traditional  fimber froming is a
resource effective approach utilizing
high quality, slow grown timber.
Because of its labour intensive
process and structural limitations it
is no longer seen as viable option for
commercial building and mainly used
for preservation purposes. It has a rich
history of inventive, complex designs
formed by o deep understanding
of the materials structure and
composition. The development of new
design tools, fabrication processes
as well as research on the material
that has taken |o|oce in recent years

Low Impact Materials

could mo\/be be put to good use in
developing new forms of constructing
with additive free timber. It could
provide a resource efficient way
of building with higher complexity
and precision while encouraging the
grow‘rh of a heloy raw material and
making the most of all the unique
qualities that all natural timber has.

Fire safety, obstacles
& Possibilities, norms
standardisation

The major obstacle to overcome in
order to build in accordance with
all natural wood and its inherent
qualities is  knowledge. Present
doy construction  processes and
competences are deeply programmed
by other material palettes and ftries
to bend wood to fit into it instead of
working the other way around (Delin,
2019). The skill and understanding of
wood within the building industry is
not where it needs to be in order to
present reliable assessments of more
comp|e>< timber structures.

Among others, the organization
Stolpverk Nordern is currently working
on new standardization procedures to
asses and cerfh(y natural timber and
to transfer much of the know|edge
present in the conservation guild to
the commercial building sector.

Regarding fire scnte‘ry, most issues
with wood occur in buildings that are
designed with other structural systems
in mind but then built in wood with
inadequate understanding of the
structure as a whole as a result. The
behaviour of hybrids during fires are
also an issue with “delaminating”
effects in glue laminated products,
which during a fire makes them more
combustible  while weakening the
structure. High density natural timber
on the other hand burns slower and
more predictable which is crucial for
fire safety assessments (Delin, 2019).
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Wood building materials

Overview over wood products/functions

Timber

« Load beoring structures

+ Massive Timber - Rich in heartwood

« High quality achieved through
slow grow‘rh and |ong lived trees.
Ideally 120 + years and a density
of around 750 kg/m3

« Homogeneity utilizes the materials
ability to buffer heat and moisture.

« Properly dried it contains or emits
no toxins or added chemicals

« Heartwood is rich in sap & resin
which impedes rot and mold.

+ Thicker dimensions makes for
longevity

Cross Laminated Timber (CLT)

« Structural g|u|om pone|s

« Similar properties to Glulam

« Adhesives problematic

+ Reusable as elements

+ Resource heavy compared to
frame structures”

Lumber

+ Load or non load bearing
structures - Carpentry - F|ooring -
Cladding Roofing

+ Mixed quality - Heart and softwood

« Standardized dimensions, well

known and classification systems
and structural behaviour

+ Younger fast grown frees in used
to ensure undemanding processing

« Thinner dimensions, more sensitive
tfo moisture

« No additives (except if chemically
preserved)

Dowel Laminated Timber (DLT)

« Similar properties to CLT

+ Bearing or non load bearing
elements Slabs, Roofs or Walls

« All Wood - No additives

« Fast grown raw material

+ Smaller manufactures

« Resource heavy



Glulam

+ Load beoring structures

. Siruciuro”y siob|e, less deformations

+ Variable size/shope/dimensions

« Lower quo|i‘ry softwood

« <10% glue

« Adhesives are prob|emofic,
(formalaldehydes or polyurethane)
emits toxins & have higner energy
content

Fibre Boards

Dry Processed: LDF MDF HDF OSB

« Wall boards,Sub flooring, carpentry

+ 5-10% Urea Formaldehyde glue.

Wet Processed: Hard medium or porous

« Insulation (sound, fhermo|), wind breaker

« Wood fibre diluted with water.

+  Contains less sugars of interest to
fungus and mould.

+ Lignin as binding agent, <2% Glue

Birch Bark

+ Protects from rain or ground moisture

« Used as “in-between” material with
wood and materials with different
moisture and/or thermal properties

« Contains Suberin, makes it resistant
to bacteria & icungi

Cellulose Insulation

+ Recycled paper fibres

. }\: 0,04W/m|<

- Additives: Boric acid, Borax,
Sodium silicate or ammonium
po|ypnospnofe (fire retardant,
insect and fungi repe”enf)

« <14-25% of weight = Additives

Veneer Products

. P|ywood etfc. sneeiing boards
+ Softwood and hardwood

+ Glue content: 5-10% of weight
« Air tight if sealed seams
Adhesive and conserving

freatments prob|emo+ic.

Wood fibre Insulation
« Wood cnips, ground, diluted with

water and then compressed under heat.

e A 0,037W/mK

« Lignin acts as binding agent

« Ammonium po|yphospno+e added
as fire retardant

+ Wood fibre insulation boards with
adhesives should be avoided.
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Contains fossil based adhei-
sives that can produce toxic
emissions and residues in
waste material

Resource intensive, the
relation of amount of material
used as to desired function
requires assessment.

Environmentally heavier
production line due to use of
adheisives and transports.

Wood products in general
have a high potential for
cascading. Joints and mount-
ings should be designed to
allow this
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Structural wood

Low impact assesment of

loadbearing wood systems

Non Toxic & Waste free
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Figure 11. Low-Impact assesment of structural wood systems.
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no higher demands on fimber |

Utilizes fast grown trees with

density and quality. Enforces
a ecologically inadequate |

forestry. )

Swedish production capacity is |
increasing for structural wood,
but few suppliers specialize in |
high quality Timber which |
today is scarse and might

require longer transports. )

|

Timberframed structures
currently require more [
attention and skill to ensure
correct assesment & structural |

capacity in larger scales. )
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Figure 12. Assembly of CNC milled timberframe, Barnyard 2016
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Figure 14. Drawing of Rheinbriicke, Killer 1985 Figure 15. Image of German Timber frame house, no author
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Clay

“The envelope that surrounds

us should be able to breathe and
diffuse in the same way as our
bodies. My buildings are therefore
deliberately not encapsulated,
sealed, or made smooth with
synthetic or high-density, energy-
intensive materials; rather, they
are assembled and finished in raw
form, like sushi — left uncooked!”
Martin Rauch, clay expert

(Sauer, 2015, p. 9)

About the material
Why clay?

C|oy is a natural material that
originates from the weofhering of rock
and occurs in the topmost |oyer of the
|i+hosphere. It is a mixture sand with
different grain sizes and contains c|oy
minerals which function as adhesives
and  bind  the rougher porfic|es
(Schreckenbach, 2014).

C|oy is |occ1||y available, needs
very little energy tfo be processed
and doesn’t emit toxins. Due to the
material’s obi|i+y to buffer moisture,
it can improve the indoor climate.

Low Impact Materials

Thanks to the dense mass, c|oy
possesses  very good acoustic and
thermal quo|ifies. C|oy is even suitable
for creating ﬂghfening |oyers in the
bui|o|ing enve|ope. It is a material that
can be used in many different ways.
As a loose fi||ing, as mortar or p|os+er,
formed to stones and boards and even
for load beoring constructions. C|oy
can be con‘rinuous|y reused in circular
systems.
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Constructing with clay

Constructing with clay in
Sweden and internationally

Clay has a long building tradition.
Worldwide, one third of humonify lives
in clay buildings, mostly in southern
countries. Even Europe has a tradition
of building with clay but due to
industrialisation and the emergence
of other bui|o|ing materials, it has
lost relevance over the past century
(Schreckenbach, 2014).

In Sweden, traditional clay
buildings are mostly found in the
southern parts. There, c|oy was
predominantly used for Fi||ing timber
framed structures but also as an air
tightening layer on the inside of log
cabins (Grey, 2013).

In Sweden today, clay is
mosH\/ used for renovation purposes
and small scale projects. It is usually
self builders and people interested in
natural materials that chose to build
with clay. There is growing interest
in the material out of « suitability
perspective but there seems to be a
gap when it comes to implementing
clay on a bigger scale. This can
be based on a lack of knowledge,
prejudices against the material,
lacking regulations or a lack of interest
from the building industry.

Handcraft vs industrialisation

Traditionally, clay building is closely
linked to manual work. Even in
Sweden, this building practice s
s’rrong|y based on handcraft. Mixtures
are often produced directly on site
and the application is usually labour
intensive and can demand long drying
periods. On the other hand allows this
way of construction the use of |oco||y
available material and participation
of untrained workers, for example
the future residents, in the bui|o|ing

Low Impact Materials

process.

There is a trend for
prefobrico‘rion in order to adapt
clay building to an industrial way
of construction. C|oy boards can
be prefobrico’red and  substitute
gypsum boards in dry construction.
Thereby they only require a thin
top layer of plaster that is applied
on site. Traditionally rammed earth
walls are constructed on site using a
sliding formwork. The walls can be
prefobrico‘red ina focfory, transported
in smaller parts and assembled on
site. Furthermore, there are a variety
of machines that can be used to ram
earth or opp|y C|oy p|osfer.

Norms & regulations

Sweden’s  clay building  practice
today is greatly relying on empirical
knowledge. The fact that Swedish
building regulations are based on
meeting specific functions, opens up
the possibility to implement alternative
materials like clay more easily. The
Swedish research institute RISE s
currently performing fire resistance
tests on clay to bring out Swedish
standards.

Other  countries have «a
quite different approach and have
gone much further when it comes to
regulations and norms. Germany for
example has come up with building
codes for standardised <:|oy produds:
DIN 18945 for clay stones, DIN 18946
for clay mortar and DIN 18947 for
c|0y |o|os’rer. If non standardised
mixtures are used, the framework
of regulations for clay constructions
"Lehmbauregeln” published by the
organisation ‘Dachverband Lehm eV’
can be used as a guideline for material
tests and properties (Schreckenbach,
2014).




Qualities, possibilities & obstacles

Clay material dries at air and can be
made plastic again through adding
water. This process requires a minimum
of energy, is completely reversible and
can be repeated an infinite amount
of times as opposed to materials like
concrete and gypsum. The water-
solubility makes the material easy
to process and allows easy repair
and maintenance. However this also
means that clay material is sensitive
to weather and moisture. Therefore
weather protection during the
construction process is required and
extra care needs to be given towards
c|c1y elements that are exposed fo
moisture.

Surfaces consisting of clay material
can be sensitive towards mechanical
strain  and  might require extra
protection ‘rhrough surface treatment.
When choosing a surface finish «a
balance needs to be considered
between creating a durable surface
and not diminishing the moisture-
buﬁ(ering capacities.

The high density of clay material gives
high thermal inertia and can reduce
high frequency radiation.

Nowodqys there is a o|eve|opmenf
towards an ever air and vapour tighter
building envelope. While air tightness
is essential for energy eﬁiciency,
constructions open to some degree of
vapour tfransmittance can be beneficial.
Clay materials form an air and vapour
tight layer but still allow moisture
diffusion between the construction and
the interior which minimises the risk for
condense water in the construction.
C|oy material has o lower structural
strength compared to other building
materials. Bearing constructions are
possib|e but less relevant for |orge
scale projects.

Low Impact Materials

Building with clay materials can
demand long drying periods. These
can be minimised by working with
prefobrico‘red elements.

Clay has outstanding  aesthetic
qualities. A broad spectrum of
natural colours is available and due
to different mixtures and surface
treatments, it is possib|e to achieve a
variety of looks and create different
atmospheres (Schreckenbach, 2014).

Indoor climate

Materials not responsive to moisture
can create problematic indoor climates
with low levels of relative humidity and
a greater concentration of airborne
po||u’ronJrsA Through the use of natural,
climate-responsive materials like clay
but also wood and Fibres, the indoor
climate can be balanced. Clay has
moisfure—buﬁ(ering qualities that are
three times higher than gypsum. It can
regulate the indoor climate by binding
and re|eosing water vapour from the
air as well as airborne pollutants. This
natural regu|o‘rion can reduce the need
for mechanical ventilation and create
a more comfortable indoor climate for

humans (Klinge, 2016).

Thermal inertia

Dense c|oy elements have a great
thermal mass and by that the ability
to store heat. Thereby They can
harmonise the variations in indoor air
tfemperature that occur between the
changes from day to night. This is
especially relevant for buildings with a
light construction, for example timber
frame structures. Through the de|oy of
tfemperature chonges and the balance
of indoor air temperatures, the need
for mechanical heating and cooling
can be minimised as well as it creates
a more stable and comfortable indoor

climate (Schreckenbach, 2014).
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Clay building materials

Overview over clay products/functions

Rammed Earth

1700-4700 kg/m3

beoring and non beqring walls,
earth b|ocks, Hooring
lean-fat compressib|e mixtures

mineral or organic fibres (<10cm)

Cob

1400-1700 kg/m3

beqring and non beoring walls
all types of mixtures, not too fof,
not too stony

long straw fibres (30-40cm)

Fibre Clay

1200-1700 kg/m3

non beoring Wo||s, intermediate
floors, blocks, boards

lean to very lean mixtures

soft short organic fibres

Clay Filling

300-2200 kg/m3

Intermediate Hoors, cavities

all types of mixtures

mineral material or organic fibres

Li

ght Clay

300-1200 kg/m3

non beoring w0||s, intermediate
floors, Focing shells, blocks, boards
lean-fat mixtures

mineral material or organic fibres

Clay Plaster & Mortar

<1200 kg/m3

p|O|sfer for inside use, mortar for
masonry, Fi||ing, focing shells

not too lean mixtures, fine grain sizes
fine mineral or organic fibres



Earth Block

+ light (<1200 kg/m3) - heavy blocks

. beoring and non Wo||s, intermediate
ﬂoors, c|ry construction

. different types of c|oy mixtures

. different types of aggregates

Tyy
Y Yiw

Burnt bricks

. beoring and non beqring walls,

intermediate ﬂoor, clry construction

. high sfobih’ry and durc:bi|i’ry, reusable

* energy intensive and non reversible
firing process

Light Expanded Clay Aggregate

« 260-400 kg/m3

« foundation, droinoge |oyer

. good insulation, sfobihfy, |igh+ weighf

* energy intensive and non reversible
firing process

Clay Boards

+ light (<1200 kg/m3) - heavy boards

* non beoring walls, o|ry construction

- different types of mixtures

. different aggregates; often reed,
wood or bamboo reinforcement

Burnt Tiles

+ wall and floor surface cover

. durobihfy, reusable

* energy intensive and non reversible
firing process

Bentonite

. nofuro”y occurring c|oy mineral,
originates from Weofhering of
volcanic ash

« swells when in contact with water

. foundofion, ground water barrier
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Stabilised Clay is a Clay - |
Cement mixture. Cement |

often contains problematic P
additives like Epoxy whichis |
carcinogenic and allergenic

|

Betonite doesn't occur in the |
Nordic countries predomi-

nantely Southern. Cement for ‘7
stabilised clay is importet,

Processing Burnt and ‘
Expanded Clay products as

well as Stabilised Clay is very |
energy intensive.

Clay Materials

Low impact assesment

for clay materials

Natural & Non-toxic

@ Rammed @® Clay Boards
Earth @ Burnt Bricks

@ Cob @ Burnt Tiles

@ Fibre Clay @ Expanded

® Light Clay Clay

® Clay Filling @ Betonite

® Clay Mortar @ Stabilised
® Clay Stones Clay

Local availability in Sweden

@® Rammed @ Clay Boards
Earth @ Burnt Bricks

@ Cob @ Burnt Tiles

@ Fibre Clay @ Expanded

® Light Clay Clay

® Clay Filling @ Betonite

@ Clay Mortar @ Stabilised
® Clay Stones Clay

Low Level of Processing

® Rammed ® Clay Boards
Earth @ Burnt Bricks

@ Cob @ Burnt Tiles

@ Fibre Clay @ Expanded

® Light Clay Clay

® Clay Filling ® Betonite

® Clay Mortar @ Stabilised

® Clay Stones Clay

Reversible

@® Rammed @ Clay Boards
Earth ® Burnt Bricks

@ Cob ® Burnt Tiles

@ Fibre Clay @ Expanded

® Light Clay Clay

® Clay Filling @ Betonite

® Clay Mortar @ Stabilised
® Clay Stones Clay

Reusability & Cascading

@® Rammed ® Clay Boards

Earth @ Burnt Bricks
® Cob @ Burnt Tiles
@ Fibre Clay @ Expanded
@ Light Clay Clay

® Clay Filling @ Betonite
@ Clay Mortar @ Stabilised
® Clay Stones Clay

No Waste

@® Rammed @ Clay Boards
Earth ® Burnt Bricks

@® Cob ® Burnt Tiles

@ Fibre Clay ® Expanded

@ Light Clay Clay

® Clay Filling @ Betonite
® Clay Mortar @ Stabilised
@ Clay Stones Clay

Rammed Earth
Cob

Fibre Clay
Light Clay
Clay Filling
Clay Mortar
Clay Stones
Clay Boards
Burnt Bricks
Burnt Tiles
Expanded Clay

Betonite

Stabilised Clay

Figure 17. Low-Impact assesment of Clay materials.

Firing clay and adding
cement changes the material
properties and makes it

impossible for the material to

return to its initial state

Products from clay materials

can be reused as components

or on a material niveau

Higher processed are not
reversible and may contain

tocic components. Therefore
they are more likely to

become waste

)

|
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|
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Figure 18. Rammed Earth, Schlins (Bihler, 2020) Reprinted with permission.
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Straw

“It is beller, ecologically speaking,
lo grow wheat and re-thalch a roof
every vear than it is to cast it from
concrete every century.”

(Harper, 2019, p. 23)

About the material

Why straw?

Straw is an umbrella term for the dry
stems of cereal p|on‘rs like Wheof, oaft,
bor|ey, rye and millet or of fibrous
p|onfs like flax, hemp and rice (Minke
& Mahlke, 2015). Straw is a local
material in Sweden and an abundant
renewable resource, which means
that it is a waste produd from the
ogricuHure indusfry. Most bui|o|ing
materials derived from straw require
a very low level of processing since
the material can be and no addition
of g|ues or other additives. The raw
material can be imp|emen+ed almost
direcﬂy in the construction which
results in very low embodied energy
levels. The bui|o|ing material can be
used as insulation or roof c|oc|o|ing

Low Impact Materials

and fibres can be added to c|oy
bui|c|ing materials. Straw constructions
are genero”y easy tfo dismantle. The
material is non-toxic and can compost
after use and is therefore suitable for
a circular material flow. A|fernc1five|y,
the material can be burnt for energy
producfions.

Reed is included here because
it can comp|emen+ straw materials.
Reed is a term for several +o||, grass-
like p|omfs that grow in wetlands.
This material is suitable for roof
c|oc|o|ing since it is more durable and
fire resistant than straw. Addiﬁono”y
reed can be used as a base and
reinforcement for p|osfer4
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Constructing with straw

Constructing with straw in
Sweden and internationally

Building with straw bales became first
popular in the US due to the lack
of other suitable building materials.
Initially, buildings were constructed with
load beoring straw bale constructions,
also known as Nebraska style. In the
late 20th century, straw bale building
increased in popularity and spread
to Europe and other continents. The
building techniques developed and
Todoy there can be found straw-wood
hybrid  constructions, prefobrico‘red
elements, blown-in straw insulation
and straw panels (Minke & Mahlke,
2015). In the Nordic countries, straw
bale buildings are most common in
Norway and Denmark but even in
Sweden and Finland there are several
built examples. In Sweden today,
straw materials are predominantly
used for smaller scale bui|o|ings, often
constructed by self-builders. In other
countries like Germany, USA and
Australia, even commercial straw bale
buildings can be found. In Sweden,
the use of straw as a roof c|0dding
can be traced back to 500 bc. Up
until 1800 it was the most common
roof cladding, especially in Ské&ne
where wood was rare. From then on,
reed was predominonﬂy used. Straw
has even a long tradition as a fibre in
clay mixtures (Grey, 2013).

Norms & Regulations

Today's  building regulations are
based on common building materials
used in the 20th century like concrete,
brick and wood. However it can be

Low Impact Materials

proven that straw constructions also
fulfil  the requirements concerning
insulation, fire resistance, structure
and durability. Straw bale insulation
has been allowed by European
building law since 2017. Therefore, the
bales have to be certified and show
a certain raw density and a maximal
moisture content. In some countries
like the UK and Switzerland, there are
specific building laws for load bearing
construction while other countries like
Germany require an extra allowance
(Liedl & Ruhm, 2019). Due to the
low heat conducfivify, straw materials
can fulfil high thermal requirements
and are suitable for passive houses.
Depending on the construction, straw
bale walls can reach a fire resistance

of 90 minutes (Minke & Mabhlke,
2005).

Handcraft vs industrialisation

Traditionally, load bearing straw bale
buildings as well as infill constructions
have been constructed monuo“y The
construction is labour intensive but
demands little energy, is relatively easy
and can be performed by untrained
workers. Therefore this technique is
even popular among self-builders
‘rodoy. In recent years prefobrico‘red
elements have been developed for
example by the firms Modcell or
Ecococon. They consist of wood
frames filled with straw insulation.
Due to the pre{obricqﬂon and the
quick assembly on site, this type of
construction fits the requirements of
today’'s commercial building industry.




Qualities, possibilities & obstacles

Straw has a low thermal conductivity
and therefore excellent insulation
qualities.  The insulation  quality
depends onthe densi’ry of the bales, the
direction of the thermal flow parallel
or perpendicular to the direction of the
s’ro|ks, as well as the moisture content.
In comparison to mineral building
materials, the moisture content of
straw has signiﬁconﬂy less impact on
the thermal conductivity.

Straw bales have a low
thermal mass and therefore a low
heat storage capacity. Therefore a
layer of earth material on the inside
can be important to balance light-
weight straw constructions.

The good sorption
qualities of loose straw have less
relevance  when the material s
densified and rendered in the
construction. A |oyer of c|o\/ |o|osfer on
the inside can take over the moisture
buﬁ(ering abilities.

It is important to protect straw
from moisture since mould and Fungi
can't develop on dry straw. Therefore,
a correct construction is necessary that
ensures the straw’s moisture confent
doesn't exceed 15% for a longer
period of time. The material has to
either be protected from moisture
by a vapour barrier on the inside
or needs to be vapour permeable
towards the outside in order to allow
the construction to o|r\/. The sd value
on the inside of the straw insulation
should be 10 times the value of the
exterior |o1yer but should not exceed
5m. This way, the moisture can partly
diffuse to the inside as well. Straw
needs to be pro‘recfed from weather
and splash water. Thermal bridges,
cavities and gaps af junctions fo

Low Impact Materials

openings need to be avoided since
they increase the risk for condensate.
There is an  important
distinction fto make between hay
and straw. Hay is used as feed for
livestock. Straw on the other hand
doesn’t contain any nutrition and is
therefore not attractive for insects and
rodents. Pressed straw with a density
of 90 kg/m3 and more especially
when profecfed with p|os‘rer doesn't
allow rodents to nest in it either.
While loose straw catches
fire eosi|y, this is not the case for
compacted straw. The high silicate
percentage in straw makes it even less
flammable than wood and the high
compression doesnt leave enough
oxygen for the combustion. Tests
from Austria and Germany state that
pressed bales with a density of 120
kg/m3 reach the fire classification B2
‘Normal inflammability”.  Plastered
with 10mm clay or lime they even
reach B1 “difficult to ignite” and a fire
resistance of F9O. Test results from
the USA even show a fire resistance

of 120 minutes (Liedl & Rihm, 2019)
(Minke & Mahlke, 2005).
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Straw building materials

Overview over straw and reed products/functions

Load Bearing Infill (Post & Beam)

+ straw bales as load beoring « straw bales as infill insulation
element between load beoring construction

« up to 2-3 stories + manual construction

« manual construction

" {
; -
L f
| ST F
‘ 7 !
«f o f
y o
Prefabricated Elements Loose insulation
. prefobricoﬁred elements made of « insulation for walls and intermediate
straw bales pressed info wooden floors
frames + blown in, compressed

+ load beoring up to 3 stories, above
that in combination with additional
load beoring construuction



Facade & Roof Cladding

roof or facade c|odding made
from reed or straw
adds thermal insulation

Fibres for clay mixtures

fibres in c|c1y mixtures for better
sfobi|ify and thermal insulation
30-40 c¢m long for cob

shorter fibres for |igh‘r c|oy and
fibre c|oy

Boards

* non beoring walls, dry construction

. produced under high temperatures
and compression, |ignin as binding
agent, 2% glue, card board surface

Straw or reed mat

+ mats made from |ong straw or
reed sfo|ks, connected with wire

+ as underground for plaster or
reinforcement in c|c1y boards
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Straw is @ nautral, renewable |
material and local in Sweden. =

D
Processing Straw Boards )

| requires much energy

compared to other straw |
‘ . materials since they are — ]
| fabricated under high |

temeratures and preassure.
U Mats contain metal )

Co-ordinating the time of \
| harvest with the construction
process can be difficult |
Trends in the agriculture
industry go towards large -
scale bales which are not
‘ suitable for construction. ‘
Prefab elements and Boards
N __ are not fabricated in Sweden. )

| Load bearing constructions

are suitable max 2 stories.

Load bearing, Infill and straw
cladding require labour |
| infensive construction

N )
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Straw Materials

Low impact assesment for

clay and reed materials

Natural, Local & Renewable

® Load @® Loose
Bearing Insulation

@ Infll @ Fibres

@ Prefab @ Cladding
Elements @ Mat

@ Boards

Low Level of Processing

® Load @® Loose
Bearing Insulation

@ Infll @ Fibres

@ Prefab @ Cladding
Elements ® Mat

® Boards

Availability & Logistics

® Load ® Loose
Bearing Insulation

® Infll ® Fibres

® Prefab ® Cladding
Elements ® Mat

@ Boards

Conventional large-scale Construction

® Load @® Loose
Bearing Insulation

o Infll @ Fibres

@ Prefab ® Cladding
Elements ® Mat

@ Boards

Reusability & Cascading

® Load @ Loose
Bearing Insulation

@ Infll @ Fibres

@ Prefab ® Cladding
Elements ® Mat

@ Boards

Non toxic

® Load @® Loose
Bearing Insulation

@ Infll @ Fibres

@ Prefab ® Cladding
Elements ® Mat

® Boards

No waste

® Load @® Loose
Bearing Insulation

@ Infll @ Fibres

@ Prefab ® Cladding
Elements ® Mat

® Boards

Load Bearing
[nfll

Prefab Elements
Boards

Loose Insulation
Fibres

Facade & Roof
Cladding
Straw/Reed Mat

Straw materials can be
reused as fibres or elements
since the material
composts slowly. Cladding
material needs to be
maintained and renewed

Straw is non toxic. Ecological
straw has positive impacts on
biodiversity. Some straw
boards contain gule. Facade
& roof cladding might require
the use fire retardants

Glues and fire retardants can
be hazardous towards the
environment and therefore
impact the materials
suitability to comopost.

Figure 20. Low-Impact assesment of Straw & Reed Components.
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Figure 21. Straw-Clay, Deitingen © www.swebfoto.ch (Weber, 2011)
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Situation
Site

The chosen |o|01L is part of the new
zoning—p|on for Mosfhuggskojen,
‘Jarnet” just north of Jarntorget in
central Gothenburg.

According tothe municipo|ifyfneoreo
is ’rodoy characterized by its diversify,

contrasts and o||owing ofmosphere.
The intent with the new deve|opmen+
is to enforce these notions while
moking the area a |eoo|ing exomp|e in
sustainable city p|onning, construction
and circular economy.

Design Project

The area is a cultural focal point
of the city with Jérntorgets venues
and bars close by and Fri|ogre+, a
municipo| house of cu|fure, located in
the neighbouring Logernusef.

The p|o+ is exposed to the sun towards
east and south but rather profecfed
from the low evening sun and western
winds by neignbouring bui|c|ings.

New p|ozos direcﬂy to the north
and south makes for a pedesfrion axis
fnrough the bui|ding.
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Designing with
Low Impact Materials

Meeting commercial standards & regulations

Fire safety

To reach the fire so{e‘ry requirements,
constructive possibilities instead of
problematic chemical fire retardants
and high  impact
materials are explored.

fire  resistant

Straw insulation was recently tested
in Austria where it is now allowed for
buildings up to 5-6 stories. Cellulose
based materials are covered when
needed and C|oy is used to create
fire-retardant surfaces. Since Swedish
fire classifications for clay are under
deve|opmenf, the established German
regulations are used as a reference.

Soundproofing

Heavy clay materials are used in
infermediate floors to improve the
acoustic per{ormonce within the light
construction. Hemp and flax fibres are
well suited to acoustically decouple
elements and floors are designed with
a ﬂoo’ring construction.

Energy efficiency .«
Fire safety .
Soundproofing -
Daylight -

Indoor climate -
Durability -

Aesthetic quality -
Structure - Flexibility -

Design Project

Exposed wooden elements are over-
dimensioned and a sprinkler system
should be investigated. If necessary,
ammonium phosphate can be used

which is biodegradable.

—
[ e ] L

R [

Figure 23. Wood element exposed to fire




Energy efficiency & daylight

For lowering the energy demand
during operation, passive and material
based strategies are e><|o|ored. A well
insulated building envelope and «
smart facade strategy reduce the
need for heating and cooling.

In contrast to conventional commercial
projects, the use of climate heavy
glass is minimised and windows are
deliberately  positioned to provide
optimal daylight. This also reduces
thermal losses. The shoding strategy
provides solar gains in winter by
allowing the low standing sun to warm
the interior spaces while keeping the
high summer sun out and fhereby
preventing overheating.

Heavy c|oy materials exposed to the
interior minimise fluctuations in room
temperature through thermal inertia.
Clay and natural fibres also balance
indoor humidity levels hence, they
have the po’ren‘rio| to reduce the need
for mechanical ventilation.

Indoor climate

To achieve a |f1e<:1|‘rh\/ indoor climate,
clay is exposed to the inferior and
regulates humidity and temperature
as well as it absorbs smell and air
po||u‘ron‘rsA Materials that can cause
health hazards are excluded from the
construction.

Durability

A public building requires materials
which can withstand the wear and
tear of daily use. Materials are
implemented sensitively and treated
with surface finishes if necessary. |he
concept of maintenance is emphasised
when employing low impact materials.

Design Project

Figure 24. Sun declination Summer & Winter

Figure 25. C\oy as thermal mass within floor slabs

..'. 2 .'_]‘ ... = _J. [
af 4 A qe0 s Eees
[N Ta =y T (e
- . v . v .

] b .
"t‘ o :a.
L] & L]

Figure 26. Humidity regulating capabilities of clay

Aesthetic quality

Materials like clay and wood have
rich textures and provide a multitude
of sensory experiences through their
visual appearance, smell and touch.
The materials are exposed in various
dppearances to create a variety of
ofmospheres
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Figure 27. Load Bea
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Figure 29. Key Beam
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Structure

Input from structural engineers and
experts on traditional comp|ex wood
constructions instilled confidence that
there are ways to meet commercial
structural requirements  using all
natural fimber.

« Grid & Spans

Emp|oying the constructional
princip|es tfo a grid opﬂmized for a
commercio||y viable and flexible |O|you1L
o|ong with the geometry of the p|o1L
poses a cho“enge. The diogono| grid
enables longer spanned mechanically
laminated key—beoms while the spans
for secondory beams are kepf within
the material capacity without need for
lamination. This construction provides
Hexibih‘ry in |c1you1L and fenestration.

+ Intermediate Floors

Regording thickness of intermediate
Hoors, it is hard for wood to compete
with steel or concrete. Therefore,
primary beams are left exposed which
turns a disodvonfoge info a spocio|
feature by creating ofmosphere as well
as perceived cei|ing heigh‘r & volume.

+ Reflections

A wood—g|ue hybrid construction
would sure|y be more predic‘rob|e,
easier to asses and calculate by
minimizing the risks of deformation
or shrinkoge while also providing a
reody tfo go monufocfuring, de|ivery
and construction process. |t did not
however meet our criteria because of
its fossil based additives.

The |ingering notion after comparing
alternatives  was also  that the
optimization of all natural wood found
in e.g. the complexity of Hans Ulrich
Grubenmanns  18th-century  bridge
constructions combined with modern
fechno|ogy and methods, like the work
of Herman Kaufman architects, is a
way to push the enve|ope towards new
more frue-to-wood bui|ding systems.
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Employing qualities & possibilities

h i
X

The Massive timber framing utilizes

i
A

natural wood in thick dimensions to
optimize the materials capacity to
regulate humidity and compressive
s’rrengfh in homogeneous elements
with  no additives or excessive
processing. It requires high quality
timber that stems from o|d, slow
grown trees which in turn demand «
more dense and diverse habitat. This
fosters a healthier fores’r, cu|HvoHng
biodiversity. Compared to massive
lominated wood elements (DLT or
CLT) its frame construction also allows
a more effective use of resources

(Hudert, M. Pfeiffer, S (Eds.) 2019).
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Birch bark will act as a low impact
Wo‘rerproofing of the structure’s roof.
This use of Birch Bark has a long
tradition in Scandinavian construction.
Its harvest does not kill the birches
and it has, through examining old
structures, proven itself to be a very
long-lived material if properly applied

Design Project

Wet processed wood fiberboards
insulates and makes the enve|ope
Windproof while allowing moisture to
diffuse and not get trapped within the
structure. The adhesive is mostly its
own lignin (Bokalders & Block 2010).
This makes for good Weqfherproofing
without the use of plastics.

Ol&

Rammed Earth is used as Hooring
on street level. This enables a high
density, heat regulating floor with
high aesthetic values to be build
mainly from material found on site.

L

MOl
©®

plaster  fulfill  numerous
functions in the design. Plastered
surfaces provide  thermal and
moisture buﬁ(ering abilities, providing
a high-class indoor climate. It is also
used to air tighten the interior and as
fireproofing. (Verbraucherhandbuch)




Clay Boards are used instead of
p|05‘rerboonrc|s as inferior sheefing
material where fhey clad walls and
cei|ings. The joints are covered with
c|oy p|os‘rer before a second |oyer is
opp|ied to give the desired finish.

&

Unfired Clay Stones make up the
core of interior walls where there is less
need for f|e><ibi|i‘ry. The high densify of
the stones (1900 kg/m?) stores heat
and cold which lessens the fluctuations
of interior temperature. A requirement
to achieve a minimal energy demand
for heofing and coo|ing.

Blow-in Straw Insulation is used
to insulate the outer walls and roof.
Low heat conducﬁvify and a fast
regrowfh—cyde makes it a goool low
impact insulator. It is also suitable in
construction open for diffusion.

Straw fibers is mixed into some of the

c|oy mixtures fo provide reinforcement
and to make the mixture less fhermo”y

conductive, hence giving it s|ighf|y
better insulation copobih‘ries.

Clay Fillings of various mixtures
are used in the intermediate floors.
Lighfer mixtures serve as underfloor
screed while more compocfed
mixtures provide Weighf, thermal mass
and sound insulation to the timber
frame structure. The c|oy also he|ps
to protfect and preserve the timber
within the construction (Sauer, 2015).

Design Project

Blue Mussel Shells are used to insulate
the foundation. Once compocfed the
shells constitute a copi||c1ry breoking,
water repe||en+ |oyer with decent load
beoring conpobihﬂes and  thermal
insulation. In  Limfjorden, Denmark
around 100 OO0 metric tonnes
of shells are generated annually.
(Byggnadsvardsféreningen, 2017)
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Birch Bark

Woodfibre Boards

©o®

Clay Filling

n <
OEG®

Rammed Earth
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Blue Mussel Shells




The heavier high density clay is

[}
’/7777% ot
T s
/ > “

protected from the cold exterior by ?ﬂ/
the lighter, less conductive straw. g /,5 il
. . . ~
The structure is open for diffusion ; ;//// I
allowing moisture fluctuations to self el i oo

regulate without getting trapped.

The Clay filled slab construction
provide good conditions for desireble
sound insulation since the various
densities have the potential to both

dampen and absorb impact noise.

Light clay mix

Compacted clay mix

The exterior shading grid is thought to
block the warmest midday sun during
the summer months while allowing the
low winter sun to heat the rooms. The
clay within the intermediate floors

Design Project

Figure 32. Insulation and Thermal mass

Figure 33. Acoustic behaviour of slabs

store and release heat and moisture
to counteract fluctuations providing
a stable and comfortable indoor
climate while minimizing the need for

mechanical assistance.
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Construction details

Roof
Turf covered Birch Bark with
Blow-in  Straw insulation and

Clay boards

U - value: 0.109

Outer Wall
Timber cladded elements with
Blow-in  Straw insulation and

Clay boards

U - value: 0.114

Foundation:

Compacted earth with a Granite
block wall and plinths and Blue
mussel shell {i”ing

U - value: 0.141




Birch Bark folded against

"Mulas” to protect from runoff

‘Mulas” from resin permeated
pine - bottom surface jogged

for droinoge

Concealed gutter

Drip guards —

Exterior Wooden shading grid
Fitted with 20mm gaps fof

water runoff

Flax se

%LA/

a

AN

/

m >k 120 Turf
//////;/,
/////j;//' 4 Layers Birch Bark (~16-20mm)
J e
/;;j//?;/ : 23 Tounge and Groove
¥ ,
s .
/;;;///? 2x23 Battens + Air gap
VR
7 //;;//; 1 25 Woodfibre board
s '
//;//j;;// 400 Straw loose insulation
/7 7/
;;;f//?// | 29 Clay Board
/////
/;;/////; ,‘ 3 Clay Plaster w. flax mesh
VIR
Sl 2-3 Clay plaster fine
Wall - Roof 1:20
YRR
I
///////
///////
AR
////////:ﬁ
////// |
/7
/ o/h
/A

34
2x 23
60
300
29

2-3

Cladding

Battens & Counter Battens
Woodfibre board

Straw Insulation + Light Beams
Clay board

Clay Plaster w. flax mesh

Clay Plaster Fine

Wall - Window 1:20
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Cavity for cabling -+

il )

Mechoni.o”y laminated ey

Beam

Less compact c|0\/ mixture as

screeed

34 Spfuce Floorbgérd
30 Lighter Cleg mix + Joists
4 Comppéssed clay mix + Beams

26 Wodden Planks

29 ir Gap
Clay Board
3 Clay Plaster w. flax mesh

2 Clay Plaster Finish

Wall - Intermediate Floor 1:20

Flexible Lightweight wall system

N N R R SN

NN NN NN NN
\\\\\\\111\ NAN NAN NN\

Clay Plaster Finish

Clay Plaster w. flax mesh
Clay Board

Straw Insulation + Studs
Clay Board

Clay Plaster

Clay Plaster Finish

Heavy wall system

Clay Plaster Finish

Clay Plaster w. flax mesh
Clay Board

Unfired clay stones +
studs & horizontal joists
Clay Board

Clay Plaster

Clay Plaster Finish

Inner Wall - Intermediate floor 1:20



Massive wood window sill, resin permeo‘red pine

////
/
AN :
/////// Insulated wo||-pro‘rrudmg ke\/ beams
//////// /

/

Y
A A ?//
S 7 >
AR v A
vrs07 A SIS
7 / ///// s
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Wood fibre board t

Interior cladding

Cladding

Flax sea

- Cantilever 1:.20

Clay is plastered on inside

of phmh and wall to ensure

Wall - Intermediate floor

air-tight foundation

Birch Bark - To protect Sill plate from
nd & condensatioh moisture LH_LTT
[

gr

)

2 Layer Wax finish on

Casein Primer
Compacted Earth
Blue Mussel Shells
Compacted Gravel

Geo Textile

Granite plinth

Foamglass 100mm to reduce

thermal bridges of the stone

p\in‘rh

P
Drainage

Foundation 1:20
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Life Cycle Analysis

Calculations per 1 m2 building component. For details see appendix.

Conventional building

Roof

Concrete, EPS Insulation,
Waterproof Membrane
Gypsum Plaster
Foundation

Concrete, XPS Insulation,

Screed, Parquet,
Waterproof Membrane

Outer Wall

Concrete, EPS Insulation,
Silicate & Gypsum Plaster

Inner Wall

Glasswool, Aluminium

Profile, Gypsum Plaster
Board

Intermediate Floor

Concrete, Glasswool, Parquet
Aluminium Profile, Gypsum

Plaster, Wood Chipboard,

Load Bearing Beam
Comparison of 2 beams
with the same load
bearing capacity.
Calculated for 6m span: kgCo2/m?2

91 kgCo2/m2 14

N2 kgCo2/m2 36

65 kgCo2/m2 13

19 kgCo2/m2 7

82 kgCo2/m2 23

56.078

Design Project

370

L.ILM Approach

Roof

Turf, Birch Bark, Straw,
Wood Structure, Clay
Board & Plaster

Foundation

Compacted Earth,
Blue Mussel Shells

Outer Wall

Wood Cladding, Woodfibre
Board, Straw, Wood Structure,
Clay Board & Plaster

Inner Wall

Straw insulation, Wood
structure, Clay Board &
Plaster

Intermediate Floor

Wood Floor, Clay Filling,
Wood Structure, Clay
Board & Plaster

Steel - HEB22
29 x 22 cm

Wood - GL32
24 x 44 cm
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flexible inner walls
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Interior Floor 1

Café & Co-working




Interior Floor 4
Exhibition & Event Space

Rough Plaster .\ Smooth Plaster
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Discussion

Materials
Positive outcomes

This project succeeded in predominantly
using low impact materials for the whole
construction supporfed by the low
impact material criteria as a guideline.

Using a fimber frame structure
in a commercial building of this scale
turned out as possible and doesn't just
generate functional spaces but also
aesthetic qualities through the exposed
structure. |mp|emenﬂng |orge amounts
of clay resulted in high thermal inertia
and moisture buﬁtering and thereby
supported the ambition for smart low-
tech systems based on the materials
properties. It was possible to use
untreated straw insulation and to refrain
from chemical additives in the rest of the
construction.

This project can be constructed
with generally conventional methods due
to the use of prefobricofed elements. This
proves that low impact materials can
readily be implemented in conventional
projects today. Additionally, these
materials open up the opportunity for
an alternative way of construction that
follows a more handcraft and people
based approach.

Obstacles, considerations
& decision processes

e Roof

There is a lack of low impact materials
suitable for the water tightening layer
in roof constructions Birch bark was
chosen for this project since it is a local,
traditional material and currently «a
waste product However, it needs to be
considered that traditional birch bark
roofs are material and labour intensive
and require a well planned construction.

Discussion

e Foundation

It proved to be difficult to find a
fossil Free, |ow—impoc‘r solution for
the foundation. Finally the choice fell
on a granite and mussel shell hybrid
instead of e.g. foomg|oss due to the
lower level of processing. However,
the energy and landuse for material
excavation need to be considered.

e Timberframe vs. Glulam

A Timberframe was chosen over
g|u|om due to a lower level of material
processing and the avoidance of
chemical  composites.  This  choice
was also taken in order to promote
sustainable foresfry, high  quality
wood and resource appreciation and
eﬂ(iciency as opposed to current mass
production and the negligence of
material specific properties.  While
g|u|om beams can generate greater
spans and more 1(|e><ibi|ify in planning,
this project shows that timber froming is
a viable alternative with much potential
embedded in ongoing efforts to further
develop construction techniques.

Compromises

When compromises needed to be
made, it was crucial to find solutions
that did not diminish the material
qualities or possibility for material
recovery.

Metal screws are necessary fo mount
clay and wooden boards and metal
reinforcements might be necessary
fo comp|emenf the timber frame
structure. Metallic components can be
reused and ensures the possibility of
disassembly. A foomg|oss insulation
board at the perimeter of the
foundation was used due to the lack
of a suitable low impact option. Glass
has high embodied energy. Therefore,
window areas were reduced in this
project and the reuse of windows is
recommended.




Design project

The design project did turn out to play a
central role in developing this thesis. It set @
framework for our research and forced us o
keep a broad perspective, moving back and
forth Through theoretical context, material
research, regulations and building physics
and thereby generated a holistic thesis.

Learning outcome

This  project taught us valuable
information about the implementation
of wood, clay and straw in a
realistic design project. Our gained
expertise stretches from a theoretical
understanding of the materials in
relation to the building industry and

Conclusion

Why are low impact materials not
used commercially today?

Low impact materials are generally
met with scepticism towards their
funcﬁonoh’ry and reliability while faults
of conventional materials are accepted
without criticism. There is a lack of
knowledge in the conventional building
sector and a lack of positive examples.
The global lobby for building materials
is well established and working hard
to build up their green image. Today's
building regulations are based on
conventional building materials and
modes of construction and the focus
of the industry still lies on the initial
investment costs instead for the whole
lifecycle. To fully embrace Low impact
materials might require a rethinking of
the process in terms of the economic
and legislative system as well as
adapted building system solutions.

Discussion

current deve|opmen’rs in construction,
over alternative construction principles
adapted to low impact materials, to
hands on material experience. We
learned that know|ec|ge and persistence
opens up doors when arguing for low
impact materials. This thesis broadened
our horizon and the gained knowledge
is what we will bring into our profession

Future investigations

Relevant fopics  to be  further
investigated are alternative modes of
construction for commercial projects
that incorporate handcraft and manual
labour, construction possibihﬁes with
unprocessed timber and Finding low
impact solutions for roof and foundation.

How can low impact materials
be incorporated in the design of
a commercial building within
contemporary architecture?

Implementing low impact materials
in  commercial  projects can  be
done Foir|y easily in some cases by
exchanging conventional components
with corresponding products made of
low impact materials. In order to reach
low impact buildings, holistic solutions
and smart alternative systems
that are odopfed to the materials
qualities should be incorporated in
the design right from the beginning.
Positive references and input from
experts should under|oy the design
process. When arguing for low impact
materials, emphosis should be laid on
the whole |i1(ecyc|e costs and overall
positive impacts on human health and
environment.
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Retlections

Culture of
construction

Here follows a few examples identified
on how the processes around
construction could change in order see
a wider use of Low Impact Materials.
Today developers are often allowed
to build without much responsibility
for the finished product in terms
of its initial environmental eﬁ(ec‘rs,
how the building lasts over time or
what hoppens afterwards. Perhops
even selling the project at or before
completion, making the act of building
a business transaction like any other.
Could Jrhey be forced to carry a |ong—
term inferest in their buildings?
Joint building ventures have proven
tfo act more responsib|y as fhey tend
fo opt for more eco|ogico||y sound
materials since they are often building
for themselves without profif being the
main priority. Enabling such initiatives
through planning legislation as well
as better economical conditions could
start to diversify the format of Swedish
construction.

Legislating the implementation
of LCA’s and similar tools could be
a way fo further push the established
stakeholders to educate themselves
and revise their methods.

Pilot projects such as in Orebro
(\/i ger arkitekten makten, Orebro.
se 2016) could help secure ecological
ambitions. Here the land is allocated
to an architect office who, ‘roge‘rher
with the municipality, make up the
framework for what is to be built, and
in a later stage, pick the one out of the
applying contractors depending on
who seems best equipped to deliver
according to the criteria formulated.

In Gothenburg, the city is currently

Discussion

developing o role model for fossil
free preschoo|s, which in its second
instalment will focus on perfecfing
the process from the first instead of
developing it and hopefu“y show
that fossil free building can be as
efficient and economically  sound
as conventional building, showing
how the municipality can encourage
deve|opmenf both by moking demands
but also by leading examples.

A discussion that has permeated
writing this thesis has been the format
in which such a building would be
constructed. These particular materials
inevitably raised the question if it is to
be a result of cronork, or if industrial
fabrication and processing should
somehow to take part.

Handcraft vs
industrialization

Industrialization  has in  general
effectively “rationalized” the need for
manual labour and with it much of the
culture of handcraft, where bespoke
is the standard and impromptu
ingenuity often informs the result.
Industrial production also eliminates
the connections handcraft inevitably
creates. To monuo”y treat and process
a material constitutes a learning
process for the person involved and
an undersfonding of the material, its
limits and capabilities. When removing
the human hand from the process
you also exclude much of what used
to be a corner-stone in creating and
fosfering communities and identity as
well as our bodily comprehension of
the nature of materials.

Even though this discussion have
been present fhroughou’r the |eng+h of




the Work, most of it has been conducted
without taking a clear stand, many
elements in the design could be the
result of both industrial production
or artisanal work, while others c|eor|y
demand labour intensive procedures.

Perhaps the lack of clear positioning
here is a flaw, yet valid arguments exist
for both porhsr To be more radical and
disregard regulations or economic
factors might have resulted in «
more intriguing design proposal but
maintaining some kind of plausibility
in relation to more conventional
building processes made more sense
concerning the urgency of the task at
hand.

The economical implications of
some of the procedures, within the
prevailing rationality of construction,
are understood but the choice was
made not to exclude them because
of it. Perhaps a alternate rationality
is exactly what is needed, in a system
where  energy consumption and
damage to ecological infrastructure
would face the same taxation or higher
than manual |obour, then the act of
building would change Fundomenfo“y
In theory, such a reform would make
the use of Low Impact Materials, and
the procedures associated  with i,
make perfect sense.

Regulations &
building codes

A Low Impact Material strategy is
not entirely easy to implement while
operating within Swedish building
legislation and economy.

Micheal Englund and Carl-Henrik
Barnekow wrote an article on how
planning laws could be changed

Discussion

to promote building of low energy
constructions. Their point was to apply
the Finish legislation where surface
area of the outer walls that exceeds
25 cm thickness is not included in the
calculation that determines the land
price. (SvD, 21/2-2020) This would
end the pursuit of slim exterior walls
and could enable a wider use of well
insulated low impact material wall
constructions.

Shorper ways to regu|0re energy
eﬁciciency than only  normative
u-values could be developed. An earth
construction needs to be about 5
meters thick to achieve the u-value of
0,18 which is the norm (BBR ch.9§2)
while little aftention to thermal
inertia or overall pen(ormonce of the
construction is considered.

Testing and cer’rircying materials and
constructions is also important, right
now clay is being tested to attain
fire classification within the Swedish
systems.

Specifying building heights rather
than number of floors could simply and
somewhat spreod the use of thicker
infermediate floors not requiring it fo
be a steel or concrete construction.

High-Tech vs. Low-Tech

Rather than aiming for high tech
solutions, striving for smart low tech
systems that are based on natural
ecocycles and passive principles is a
way to reach a holistically sustainable
building (Engblad, 2018). The choice
of low impact materials goes in line
with this strategy. Materials should be
used according to their properties and
performance (Hillebrandt et. al, p. 58).
Thereby, qualities like thermal inertia
and moisture buﬁ(ering, can be utilised
and support a low tech concept.
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People

Bertil Bjork
Telephone Conversation 13.01.2020
Head of operations at STPLN Malms

Ulrik Hjort Lassen

Meeting 15.01.2020
Carpenter and specialist in fimber frame constructions, Member of Kvibergsnds
Bygghantverk and Stolpverk Nord

Ulf Henningsson
Clay Workshop 30.1.-02-02-2020
Clay building specialist and craftsman

Alexander Sehlstrém
Meeting 24.02.2020
Wood engineer at WSP and Phd student at Chalmers

Annika Cross

Meeting 27.02.2020
Head of department ‘Ung Kultur” at Lagerhuset for Géteborg Stad

Ylva Sandin
Meeting 27.02.2020
Wood engineer and researcher at Chalmers/RISE

Angélica Karlsson

Meeting 16.03.2020
Projectleader at Loko|f6rv0|fningen Gothenburg for the fossil free primary
school Hoppet

Joakim Kaminsky
Telephone Conversation 16.04.2020
Architect, Kjellgren Kaminsky
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Passive house
Construction U-values

Kilformade byggnadsdelar (isolering med fall pa platta tak) och

Byggnad:{Material Matters Master Thesis luftspalt -> se sekundér berakning till héger

®NOORE N =

Byggnadsdel nr Beskrivning av byggnadsdel

Varmedvergangsmotstand [m?K/W]  inreRsi:i 0,13
ytreRs.:t 0,10

Summa bredd
Sektion 1 LWImK)]  Sektion 2 (frivilligt) AW/mK)  Sektion 3 (frivilligt) A (WImK) Tjocklek [mm]
Cladding 0,130 34
Air gap Battens 0,130
Woodfibre Board 0,050
Insulation iso-stroh
E:lay Plaster Feinputz 0¢ 0,910 i H

Procentandel for sektion 2 Procentandel fér sektion 3 Summa
{10,0% | Proe 0 [ 51,7 om

®NOOR N =

varmedvergangsmotstand [m2K/W]  inre R

yttre Rea

Summa bredd
§eklion 1 AwimK)  Sektion 2 (frivilligt) A wimK)  Sektion 3 (frivilligt) e IWHmK)] B Tjocklek [mm]
Birc! ar. ’
Tounge and Groove 0,130 '
Air Gap Battens 0,130 46 :
Woodfibre Board 0,050 25 ]
Insulation iso-stroh 0,043 :Battens 0,130 400 ;
Clay Board Lemix 0,353 22 !

O NGk LN =

3 {Foundation H

Byggnadsdel skrivning av byggnadsdel

Summa bredd
Sekliont Wikl Setion2(fivitigy ] Rkl Sekton3(friviligh . W Tiocklek d: [mm]
Rammed Earth 1,000
Blue Mussel Shells 0,120

Procentandel for sektion 2 Procentandel for sektion 3 Summa

{ i 98,0 |

Teii

Teii

R



LCA Analysis - Low Impact Materials
Values Based on IBO Database
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Emissions Storage Transp
Foundation {1on €02] fron 2] fron c02)
Area 1kvm
Type Material Thickness  cc Trp km
wax 50,0 0,000 0,000 0,000
primer 50,0 0,000 0,000 0,000
Conerete Clay - massive clay 2,000kg / m* 0,180 10 50,0 0,008 0,000 0.002]
Add.your.own.epd Blue mussel shell (not confirmed values) 0,800 10 50,0 0,024 0,000 0,001
gravel 50,0 0,000 0,000 0,000
geotextile 50,0 0,000 0,000 0,000)
50,0 0,000 0,000 0,000
50,0 0,000 0,000 0,000
50,0 0,000 0,000 0,000
50,0 0,000 0,000 0,000)
Climate emission foundation 0,032 0,000 0,004
ki CO2/m2 35 0.00
Emissions Storage Transp
Roof fron €02] fton €02] fton c02)
Area 1,00 kvm
Type Material Thickness  cc Trp km
wrf  Other plant substrate 1 50 0,001 0,000 0.00
bark  Wood Sawn wood rough, air-dry. 1 50 0,000 0,001 0,00
Wood Sawn wood rough, air-dry. 1 50 0,001 0,019 0,00
Wood Sawn wood rough, air-dry 0.1 50 0,000 0,004 0,00)
Insulation.material straw 0.9 50 0,005 0,059 0.00
Wood Sawn wood rough, air-dry. 0,10 50 0,002 0,033 0,00
Conerete Clay building board 1 50 0,002 0,002 0,00
Mortar. Gypsum.Bo clay plaster 1 50 0,000 0,000 0,00
0,000 0,000 0.00
Climate emission Outer wall 0,012 0,118 0,001
ki CO2/m2 138 11776
Emissions Storage Transp
Intermediate floor fon €02] fon c02] fton €02]
Area 1,00 kvm
Type Material Thickness  cc trp km
Wood Sawn wood rough, air-dry 0,034 1,00 50 0,002 0,028 0.000)
Concrete Clay - light clay 600-800 kg / m* 0,030 0,90 50 0,004 0,005 0,000
Wood Sawn wood rough, air-dry 0,030 0,10 50 0,000 0,002 0,000
Concrete Clay - massive clay 2,000kg / m* 0224 0,90 50 0,009 0,000 0,003
Wood sawn wood rough, air-dry. 0224 0,10 50 0,001 0018 0.000)
Wood sawn wood rough, air-dry. 0,026 1,00 50 0,002 0,021 0.000)
Concrete Clay building board 0,022 1,00 50 0,002 0,002 0,000
Mortar. Gypsum clay plaster 0,005 1,00 50 0,000 0,000 0,000)
0,000 0,000 0,000
0,000 0,000 0,000
Climate emissions intermediate floors 0,020 0,077 0,003
k /m2 7714
Emissions Storage Transp
Load Bearing GENERAL GLULAM GL32 (20x44cm) fron CO2) fron CO2) fton 2]
Area 0,088 kvm
Type Material Thickness  cc trp km
Wood Sawn wood rough, air-dry. 6,000 1,00 50 0,031 0.431 0,002}
- 0,000 0,000 0,000
- 0,000 0,000 0,000
0,000 0,000 0,000
- 0,000 0,000 0,000)
- 0,000 0,000 0,000
- 0,000 0,000 0,000
- 0,000 0,000 0,000
- 0,000 0,000 0,000
Climate emissions windows 0,031 0 0,00
Emissions Storage Transp
Inner Wall fron €02] fton 2] fton cO2)
Area 1 kvm
1light  Type Material Thickness  cc Trp km
0,010 Mortar.Gypsum.Boarc clay plaster 0,010 1,000 50,0 0,000 0,000 0.00010625
0,044 Concrete Clay building board 0,044 10 50,0 0,004 0,005 0,0001375|
0,095 Insulation.material  straw 0,095 09 50,0 0,001 0,014 0,0001539)
0,095 Wood Sawn wood rough, air-dry. 0,095 0.1 50,0 0,001 0,008 32063E-05
2) heavy 0.1 50,0 0,000 0,000 0
0,010 Mortar.Gypsum.Boarc clay plaster 0,010 1.00 50,00 0,000 0,000 0,00010625
0,044 Concrete Clay building board 0,044 10 50,00 0,004 0,005 0,0001375|
0,052 Concrete Mud brick 2000 kg / m* 0,052 09 50,00 0,002 0,000 0.000585,
0,052 Wood Sawn wood rough, air-dry. 0,052 0.10 50,00 0,000 0,004 0.00001755
0,10 50,00 0,000 0,000 0|
Dlight  2)yheavy 1) light2) heavy
Climate emission load bearing and inner walls 0,006 0,027 0,010 1) light: 0,0004
ke CO2/ 7.1 2695 9.525504 2) heav: 00008}
Emissions Storage Transp
Outer Wall fron €02] fton CO2] ron c02)
Area 1,00 kvm
Type Material Thickness  cc Trp km
Wood Sawn wood rough, air-dry. 0,034 1 50 0,002 0,028 0,00
Wood Sawn wood rough, air-dry. 0,046 0.1 50 0,000 0,004 0,00
Wood Fiberboard, porous 270 kg / m* 0,060 0.1 50 0,002 0,002 0,00
Insulation.material  straw 0,300 09 50 0,004 0,044 0,00
Wood Sawn wood rough, air-dry. 0300 0,1 50 0,002 0,025 0,00
Conerete Clay building board 0,022 1 50 0,002 0,002 0,00
Mortar. Gypsum.Boarc clay plaster 0,005 1 50 0,000 0,000 0,00
0,000 0,000 0,00
0,000 0,000 0,00
Climate emission roof 0,012 0,105 0,001

ki CO2/m2 12,9 105.06




LCA Analysis - Conventional Construction

Values Based on IBO

Database

Emissions Storage Transp
Efo01a oberseitig gedimmt, Nassestrich fron c02) fron c02] fon c02]
Area 1kvm
Type Material Thickness  cc Trp km
Flooring and.textile parquet adhesive 0,010 1.0 50,0 0,011 0,000 0,000
Mortar. Gypsum.Bo screed concrete 0,050 10 50,0 0,012 0,000 0,001
Insulation.material Rigid polyurethanc foam 0,010 10 50.0 0,002 0,000 0,000
Insulation.material Polystyrene extruded CO2-foamed (XPS) 0240 10 50.0 0,038 0,000 0,000
Profing films Aluminum bitumen waterproofing membrane 0,004 1.0 50,0 0,008 0,000 0,000
Concrete Normal concrete 0,150 10 50,0 0,033 0,000 0,002]
Profing films Construction paper horziontal 0,0003 10 50,0 0,000 0,000 0,000
Concrete Splitischiittung (slightly cement-bound) 0.150 10 50.0 0,003 0,000 0,002]
Profing.films Fleece (PP) 0,0002 10 50.0 0,000 0,000 0.000)
1.0 50,0 0,000 0,000 0,000
Climate emission foundation 0,108 0,000 0,005
kg CO2/m2 11228 050
Emissions Storage Transp
@ Roof DAm 03 a Stahlbeton-Flachdach als Warmdach fton €02] fton C02] {0 €02)
Area 1,00 kvim
Type Material Thickness  cc Trp km
Concrete Splittschilttung (slightly cement-bound) 0,060 1 50 0,001 0,000 0.00
Profing.films Polymer bitumen waterproofing membrane 0,008 1 50 0,007 0,000 0.00
Profing.films Vapor pressure equalizing layer 0,002 1 50 0,001 0,000 0,00
Insulation.material Polystyrene expanded (EPS) -W20 insulation board 0,360 1 50 0,030 0,000 0,00
Profing.films Aluminum bitumen waterproofing membrane 0,001 1 50 0,003 0,000 0.00
Profing films Vapor pressure equalizing layer 0,002 1 50 0,001 0,000 0.00
Concrete Normal concrete 0200 1 50 0,044 0,000 0,00
Mortar. Gypsum.Bo gypsum areas 0,003 1 50 0,000 0,000 0,00
0,000 0,000 0.00
Climate emission Outer wall 0,088 0,000 0,004
kg CO2/m2 91,34 0,07
Emissions Storage Transp
£l GDm 02 a Stahib {on co2] {on co2] {ton c02]
Area 1,00 kvim
Type Material Thickness  cc trp km
Flooring and.te; parquet adhesive 0,010 1,00 50 0,011 0,000 0,000)
Wood Wood chipboard cement bonded (< 0,032 1,00 50 0,007 0,012 0,000)
Insulation. mater Glass wool MW-WF 0,080 099 50 0,004 0,000 0.000)
Steel.and.metal aluminum sheet 0,080 0,01 50 0,013 0,000 0.000)
Concrete Normal concrete 0,200 1,00 50 0,044 0,000 0,003
Mortar. Gypsum gypsum areas 0,003 1,00 50 0,000 0,000 0,000
1,00 50 0,000 0,000 0,000)
1.00 50 0,000 0,000 0.000)
0,000 0,000 0.000)
0,000 0,000 0,000
ons intermediate floors 0,079 0,012 0,003
kg CO2/m2 81,99 1235
Storage Transp
Load Bearing GENERAL HEB22 fon €02) fton €02]
= 0,0027636/ kvm 0008826
Type Material Thickness  cc tup km
Steel.and.metal Unalloyed steel 6,000 1.00 50 0.154 0,001 0,001
- 0,000 0,000 0.000)
- 0,000 0,000)
0,000 0,000 0,000)
- 0,000 0,000 0.000)
- 0,000 0,000 0.000)
- 0,000 0,000 0,000)
- 0,000 0,000 0,000)
- 0,000 0,000 0,000)
Climate emissions windows 0,154 0 0,00
kg CO2/m2 56078.10
Emissions Storage Transp
Inner Wall IWI 01 a Stiinder-Scheidewand, nichttragend tron €02} {1on c02] {1on €02
Area 1 kvm
Type Mates Thickness  cc Trp km
Mortar.Gypsum.Boarc Plasterboard 0,010 1,0000 50,0 0,002 0,000 0,00005625
Insulation.material ~ Glass wool MW-WF 0,075 0,9900 50,0 0,004 0,000 2,2275E-05
Steel.and.metal aluminum sheet 0075 0,0100 50.0 0,013 0,000 1.3125E-05
Mortar.Gypsum.Boar¢ Plasterboard 0,010 0,1000 50,0 0,000 0.000 5.625E-06)
50,00 0,000 0,000 0|
50,00 0,000 0,000 0|
50,00 0,000 0,000 0|
50,00 0,000 0,000 0|
Climate emission load bearing and inner walls 0,019 0,000 0,0001
kg CO2/m2 18.90 03846
Emissions Storage Transp
Outer Wall AWm 01 a Stahlbeton-AuBenwand, WDVS fton €02] fton CO2] fton CO2]
Area 1,00 kvm
Type Material Thickness  cc Trp km
Mortar.Gypsum.Boarc gypsum areas 0,003 1 50 0,000 0.000 0,00
Concrete Normal concre 0,180 1 50 0,039 0,000 0,00
Insulation.material ~ Polystyrene expanded (EPS) -F fac 1 50 0,021 0,000 0,00
Mortar.Gypsum.Boarc Silicate plaster (without synthetic rc 1 50 0,001 0,000 0,00
1 50 0,000 0.000 0,00
1 50 0,000 0.000 0,00
1 50 0,000 0,000 0,00
0,000 0,000 0,00
0,000 0.000 0,00
Climate emission roof 0,062 0,000 0,003
kg CO2/m2: 64,56 001
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