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Abstract

The following paper present a design proposal for a sustainable building 
community with the focus on environmentally sustainable materials, 
that can be incorporated into a circular process, furthermore a strong 
architectural quality, that take its fundamentals from the Nordic con-
text. This student project is meant to serve as an inspiration and inves-
tigation within the chosen focus areas and the design proposal created 
through an integrated design process, with the result in a cluster of sus-
tainable single-family houses with developed and evaluated parameters 
in relation to functional, technical and aesthetical aspects to reach the 
desired vision of the project. The project site is located in Sorø, Sjælland 
in a newly build area. 



Reading guide

Who are we? The report is divided into 6 chapters.  

This thesis is driven by learning objective of the last se-
mester of the education, Architecture & Design with fo-
cus on sustainability, working with integrated design to 
make high quality architecture, but also the personal in-
terest of the group. Knowledge, skills, and competences of 
the semester within the field of architectural design-engi-
neering on a international standard. The personal interest 
of this thesis is the study of Danish architecture and the 
focus on materials. The objective is to design a theoreti-
cal sustainable street with buildings which provides not 
only shelter and protection but also quality and comfort 
to make it a home.  

The group have diagnosed a problem with the way Danish 
tract houses are build, there lack of conscious for sustain-
able materials and compromised indoor quality. Looking 

back at building traditions, the Danish functional mind-
set had created a connection with nature, which in the last 
decade has been lost due to general building regulations 
and standardized architecture, replicated in different 
projects with little interest in the microclimate. (Poulsen 
and Lauring, 2019). To design an environmental and so-
cial sustainable building it is important that the inhabi-
tants want to live sustainably, people who want to change 
their habits and take alternative choices to save electricity, 
water, and heat. The sustainable lifestyle combined with 
sustainable buildings, not only looking into passive and 
active strategies that reduce the operation emission but 
also looking into the choice of building materials. 

Motivation

Ill. 02. Development

Ill. 01. NIklas & Emil

1.0: The preliminary chapter sets the premise of this re-
port and creates the initial statements about the problem, 
its context, and the methodology that is used throughout 
the report to achieve an integrated process that incorpo-
rates all the relevant parameters to fulfil and gather the 
fundamental knowledge to reach a satisfactory result and 
reflect upon the learning objectives of this master semes-
ter.  

2.0: The theory chapter focuses on and embraces the two 
main topics that investigate the extent of the thesis prob-
lem and conclude on the collected theoretical knowledge, 
to create a basis for design criteria.  

3.0: The analysis chapter includes all relevant contextual 
analytical knowledge that is needed in relation to the fo-
cus areas and encloses the contextual conditions related 
to microclimatic parameters, urban scale and the user 
group.  

4.0: The Recapitulation conclude based on previous chap-
ters and summarizes the problem, which leads to the vi-
sion of this project. The design criteria are formulated to 
start and steer the design process, and with these step-

pingstones shape the framework and foundation of the 
thesis design. 

These chapters together create the program of the report 
and provides the full understanding to start the further 
work into the design process and synthesis which produc-
es the finished thesis design. 

5.0: The presentation chapter consist of the final design 
proposal and is displayed throughout drawings, visual-
izations, text and supplementing diagrams to give the full 
insight of the project's extent.  

6.0: The design process chapter describe and highlight the 
process towards the final design proposal with its differ-
ent phases of integrated aspects. Finally, a conclusion and 
reflection on the thesis and its process. 

Niklas Dahl Petersen and Emil Pøckel Hemmingsen, the authors of this report, are students at Aalborg University, Ar-
chitecture, MSc in engineering. Along with two different backgrounds but a shared passion for architecture and all its 
facets. With a diverse set of skills acquired through BSc and MSc, collaborated in skill and interest to write this master's 
report on materiality and Danish architecture. Introductions are made in the first chapters of this report, specifically 
what the report is about and how the report proceeds to present the accumulated knowledge and work process towards 
the final design proposal of this master thesis. 
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The Brundtland report, also known as Our Common Fu-
ture, was published in 1987 and describes how sustain-
ability can be divided into three pillars: environmental, 
social, and economic. It is implied that there must be a 
balance between these three in order to achieve true sus-
tainability. With the implication of balance among the 
three pillars, the aspects of each pillar are interchange-
able and thus equally important. However, one could ar-
gue that without the environment, there would be no soci-
ety, and without society, there would be no economy. The 
environmental pillar is therefore the load bearing one. 

When comparing sustainable approaches to other, the 
cost is often higher, this makes the client reconsider to 
environmentally friendly solution. The concern for the 
price Is valid however it is also a short-term ideology. 

The cost of inaction is incredibly high, if countries fail 
to meet their desired Nationally Determined Contribution 
(NDCs), the price would be trillions of dollars. Simply 
put, an NDC, is a plan for reducing emissions and adapt-

ing to climate change. Each Party from the Paris Agree-
ment is required to develop and update their NDC every 
five years. In fact, the potential for saving 126-616 trillion 
dollars before 2100 is currently available if the human 
population follow the current emission reduction effort. 
On the contrary, if countries are unsuccessful in imple-
menting their current NDCs, the whole world would lose 
between 149-791 trillion dollars before 2100 (Wei et al., 
2020).

Looking at the relation between economy and sustainable 
approaches it is important to understand that economy is 
not only relying on nature but depends on it. Professor of 
Economics, Sir Partha Dasgupta, has in an independent 
review on Economics of Biodiversity underlined the im-
portance of including natural capital to secure sustainable 
economic development.

"We have collectively failed to engage with Nature sus¬tainably, 
to the extent that our demands far exceed its capacity to supply 

us with the goods and services we all rely on."

(Dasgupta, P. 2021 p. 1). 

Sir Partha Dasgupta states that nature is an asset to our 
life just as important as roads, healthcare, or education. 
He believes that biodiversity makes nature resilient and 
adaptable. 

As humans use the earth as a sink for all our waste prod-
ucts, carbon dioxide and other forms of pollution, the bio-
diversity decreases. By reducing biodiversity, nature and 
humanity suffers. 
“Our economies, livelihoods and well-being all depend on our most 

precious asset:  Nature. “(ibid).

Either we need to get better at demanding a broader and 
more comprehensive economic analysis that does not 
limit the aspect of economic sustainability to a single pro-
ject at a single point in time, or we need to move toward 
a new understanding of sustainability as an acceptance 
of the systems on which we rely. Insisting that nothing 
that is harmful to our planet, or our society can never be 

1.1.1 Our common future

 1.1 Confrontation

Ill. 03. Preserve nature Ill. 04. Environmental pillar

"The solution starts with understanding and accepting a simple 
truth: our economies are embedded within Nature, not external to 

it." (Dasgupta, P. 2021, p. 2). 

called sustainable, no matter how ‘economically sustain-
able’ it may appear. Using economy as a tool to promote 
sustainability, but not to define it.
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“Scientific evidence for warming of the climate system is unequivocal.”
Intergovernmental Panel on Climate Change, 2020.

In 2020, the world had an emission of total 35,962.84 Mt 
CO2 with the data collected from 220 countries in ab-
solute value by country. In this large number Denmark, 
stand for 25.71 Mt, which result in 0.07% of the total 
emission of CO2 globally. However, it can be ambiguous 
to understand the magnitude and what is incorporated in 
the absolute value by country, because seen per capita it 
gives a different perspective on the numbers and under-
standing of it (EDGAR, 2022). 

Without the numbers and not diving too much into this 
topic, take a simple assessment looking at export conse-
quences, consumption and where things are produced. 
Some countries are under a huge manufacturing market 

with greenhouse gas intensive production that supplies 
and maintains certain standard of living in other coun-
tries (Cepos.dk. 2020). 

As a result, the argument progresses toward us having to 
solve global warming entirely and contribute whatever we 
can as a country. This is the starting point for this thesis, 
because how big of a change can Denmark with its 0,07% 
really contribute with? 

To start with, what does Denmark contribute regarding 
to emissions. The number 25.71 Mt CO2 in 2020 comes 
from five main sectors shown in ill 06, which also include 
the total emission per capita over the centuries.  

2019 vs 1990 2019 vs 2005 2019 vs 2018

2019 vs 1990 2019 vs 2005 2019 vs 2018

+27%+68% +1%

-22%-25% -4%

2019 vs 1990 2019 vs 2005 2019 vs 2018

2019 vs 1990 2019 vs 2005 2019 vs 2018

+27%+68% +1%

-22%-25% -4%

Global CO² emissions continue to rise...

... but EU bucks global trend

Ill. 05. EU dedication & rising CO2

However, with a closer look into the Emissions Database 
for Global Atmospheric Research and the Global report-
ing 2021 from the Danish Energy Agency, it gives dif-
ferent numbers at crucial topics, which helps to provide 
the overall understanding of the total emissions. The two 
numbers in questing is the per capita that with EDGAR 
calculations is 4.43 t CO2/cap and for the Global report-
ing 2021 is 11 t CO2/cap. The reason for the different out-
put is on the base of what that threshold is for the calcula-
tions of the emissions or the whole climate footprint (per 
capita) such as production, transport, use and waste/recy-
cling. In total Denmark still have a small contribution to 
the global warming. Nevertheless, to understand, it is not 
so explicit, but knowing that we are common in the fight 
against global warming when it comes to our production 
and consumption (EDGAR, DK, 2022). 

Contributing to CO2 emissions has an impact regardless 
of scale and should be minimized to the greatest extent 

possible for the country, returning to the original ques-
tion. What can Denmark contribute with regarding low-
ering the emission of CO2? 

With such a small impact on the global output of CO2 
emission, it is limited in what effect Denmark can have by 
just focusing solely on reducing its CO2 footprint, there-
fore it is important that Denmark needs to provide and 
invest in knowledge for more sustainable solutions to lead 
in a sustainable path for other countries to tail (KEFM, 
2021). 

(EDGAR, DK, 2022)Ill. 06. Sector CO² emissions
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1.1.2 EU data 1.1.3 Global emission

“Denmark contributes to significant reductions around the world. 
Our companies sell energy technology, and as a country, we provide 
a great deal of climate assistance as well as advice and cooperation, 

which has been shown to lead to very large reductions.”

Minister of Climate Dan Jørgensen, 2021.



12 13

There has been, in the the last decade, a focus on lower-
ing operating energy consumption, which has been ac-
complished in party through material performance by 
reducing transmission loss trough added insulation and 
improved windows. This resulting to increase embedded 
CO2 in building construction. 

Hereby the problem changes direction and with emerg-
ing environmental issues that require a strong focus, the 
embedded energy consumption must be a visible and un-
derstandable part of the total CO2 emission. However, a 
part of the building process, many experts recommend 

using life cycle assessment (LCA) as a tool to assess the 
entire environmental impact of the materials. (Andersen, 
U., 2017) 

One of the reasons major factors of climate change is 
built-up of greenhouse gasses. Damage has undergone 
and it is now not possible to avoid temperature changes, 
but if the earth is a planet the human population want to 
continue inhabiting, the need for change is now (United 
Nations Environment Programme 2020). Look Ill. 08 for 
yearly surface temperatures. 

With the government, taking some steps towards the 
transition over to a more sustainable context. Private 
companies such as Innovationsfonden and Realdania 
have come together to support research and development 
projects within the promotion of circular adaptation in 
the construction industry, with 40 million DDK. 

The focus within this segment is that the construction 
sector accounts for 40% of the total CO2 emissions glob-
ally and out of the 40%, 11% makes up for the building 
materials. Looking at Denmark, its construction indus-
try stands for 20% of Denmark's total CO2 emissions. 
Yet, that figure only covers the energy consumption for 
heating and operation of the buildings. Here the value be-
comes unclear, because to this must be added embedded 
energy to produce materials, transport to the construc-

tion site and the construction on site to get the full out-
line of what the construction industry is contributing to 
regarding CO2 emissions. Here, the development of cir-
cular solutions based on reuse and recycling are central 
(Innovationsfonden, 2020). 

On these vaguely numbers the State Building Institute 
(SBi) in 2017, also known as the Institute for buildings, 
city, and environment (BUILD) today, investigated the 
actual environmental impact of construction and opera-
tion of buildings. They concluded that the energy use of 
operation in newly constructed buildings after the build-
ing regulations 2015 (BR15) was similar or lower than the 
construction part when included production, assembly, 
demolition, and waste management as seen Ill. 07. 

Ill. 07. Material load (BUILD, 2022)

Ill. 08. Yearly surface temperature- Temperature + Temperature
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The National Building Research Institute calculated the environmental impact and energy consumption for the operational phase as 
well as the other phases (building material production, construction, demolition, and material treatment) in six different building types. 
All the examples demonstrated that the materials weighed as much as, if not more than, the operating consumption seen over building 
lifetime.

1.1.4 Construction emission 1.1.5 Rising temperatures

Yearly surface temperature compared to the 20th-century average from 1880–2020. Grey bars indicate cool-
er-than-average years; black bars show warmer-than-average years. NOAA Climate.gov graph, based on da ta 
from the National Centers for Environmental Information. 
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The main, focus set on building materials concerning 
the environmental impact and the related emissions un-
dertaking the building lifespan. Parallel to this a second 
topic will be added as another important focus area that 
will be explored; the second focus area originates in the 
interest and motivation of the group. The architectural as-
pect and the overall quality of Danish architecture and its 
history, and more in depth the important coherence in the 
detail of the materials and the architectural quality. 

Birthe Iuel, chairperson of Building Culture Denmark, 
have a critical view upon the state of Danish tract housing 
today and explains why it is needed to reclaim respect 
and understanding for the average family home. Birthe 
Iuel states:
“Our Danish building tradition, where simplicity, harmony and solid 
materials were paramount, no longer exists, and I therefore believe it 
is time that we focus on the inferior quality in much of the tract house 
construction. This applies to both the aesthetics of the houses and the 
choice of materials.” 

As the interview goes on the journalist, inquire into the 
critical opinion with a series of questions. The reason for 

this critical stand is due mainly to the development of 
this housing typology since the 1960 ś where there has 
been a decline in quality. The lack in quality shows in 
replicated designs and poor material choices, what should 
be focused on is durable and long-lasting materials and 
the importance of architectural policy from the munici-
pality. Better Building Practices movement was a tool to 
guide the architectural quality and Birthe Iuel believes 
Denmark should not build on the principles established in 
1915 but construct out from new interpretations of these 
principles to today's Denmark” (Henriksen, 2015). 

It is within this scale and housing typology the thesis will 
address the architectural issues in the popular tract hous-
es being built in Denmark. To set the context and address 
the state of the architectural quality in the ordinary fam-
ily houses, a fictive client will be established consisting 
of a building community that will build houses for each 
family.

1.2 Project direction
With this focus on sustainable materials, circularity and 
traditional Nordic architecture based on a context with a 
building community that will build several houses with a 
strong focus on sustainability around environmental and 
social aspects. The expectations of the design in this thesis 
will be a sustainable construction that has an awareness 
of its context and time, while at the same time also having 
a focus on the contemporary climate issues. To achieve 
the desired result, the process will be guided by a meth-
odology that works with tools and helps to strengthen an 
integrated design that incorporates aspects of the design 
and its focus areas, as described in the introduction. 

1.2.1 Pre vision

“Approximately 50,000 houses were built according to the 
principles of the movement, as well as 75,000 master mason villas 
that were directly inspired by the principles. Today, there are more 
than 50 type house companies, which together sell approximately 

2,700 type houses a year". - (Henriksen 2015)
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1.3 Approach

A methodology is a systematic of methods used in a spe-
cific area, these methods can be a way of explaining and 
present the thesis thoughts and ideas. Models and partic-
ular perceptions of 'reality' based on a set of theoretical 
exemplifications are reflected in methodologies. A meth-
odology should inform not only what actions to take, in 
what sequence, and how to perform those steps, but also 
why those steps should be completed in that order (Ar-
chitecture Methodologies and Frameworks – IasaGlobal, 
2022). 

Architecture design is a delicate process, and having a 
systematic set of methods, procedures, and techniques 
aids in making justified judgments, reflecting on, and 
discussing constructed design decisions that address sus-
tainable, social, or contextual factors. 

The Integrated Design Process (IDP) has been favored 
above other techniques at Aalborg University because of 
its adaptability to combine diverse segments of architec-
ture such as engineering and sustainability from the start 
of the design process, guiding a holistic design. 

Through five phases: problem, analysis, sketching, syn-
thesis, and presentation, it promotes a focus on design, 
construction, building operations, and occupancy. 

The IDP is described as an iterative process in which dif-
ferent tools are used at different stages to gain a better 
understanding of the thesis (Knudstrup, M. 2004). 

To achieve a balanced depth in the design, a comprehen-
sive awareness of the value of all components, including 
social, cultural, functional, and technical are required. 
As a result, a basic grasp of the value and role of each 
instrument, as well as their connection, is beneficial and 
is described on the following pages. Research articles, 
photography, and mapping are utilized to obtain relevant 
knowledge, particularly in the early stages of the thesis, 
but not exclusively. 

They can include architectural and technical information, 
as well as serve as a foundation for the thesis. Simula-
tion tools can be used for in-depth evaluations to con-
firm choices made during the design process. The tools 
for such investigations are widely available, and any 
area of the thesis can be examined. The tools' limitations 
are their inability to stay up with the latest research and 
trends, as well as the fact that there is only one tool for 
each analysis. 

In addition, numerous sketching and presentation tools 
can be utilized to communicate the thesis, however this 
adds another layer of tools to be employed.  

1.3.1 Methodology

Ill. 09. IDP

Problem
Project idea

Analysis phase

Sketching phase

Synthesis phase

Presentation phase
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Gathering knowledge
Aims to develop theory from methodical application of research

Litterature studies

Literature studies are used in the early stages of the integrated de-
sign process to better achieve an In-depth understanding of a specific 
topic. This method is used to create an architectural platform for the 
generation of ideas and decision-making. The study of literature is 
done primarily in the early stages, but it is used throughout the IDP 
to gather inspiration, relevant knowledge, and critical perspectives 
on a topic.

Tools: Research articles, databases, books, general knowledge, rules 
of thumb 

Case study

Studies of built or unbuilt projects with the goal of learning about 
effective and ineffective solutions in order to put the groundwork for 
the sketching and synthesis phase. 

This strategy relies heavily on the careful framing of the study and 
the omission of extraneous data. This method is frequently combined 
with literature reviews. Tools: Literature, general knowledge, con-
tacts, field trips, architectural magazines, databases 

Tools: Literature, general knowledge, contacts, field trips, architec-
tural magazines, databases 

On and of site studies
Intends to gather usefull information of the site context 

Mapping

Mapping provides critical information about the site and its sur-
roundings at various dimensions of the design, addressing features 
and obstacles and providing strategies for future blockage or usage. 
During the analysis phase, data such as infrastructure, geography, 
topography, functions, and so on are provided through mapping, pro-
viding insight into the context's environment.  

Tools: digital programs (QGis, klimatilpasning. dk), Google maps

Site visit

Visiting the site is very important in order to get an understanding of 
the site and its sorroundings. Information and impression of a site is 
lost through a computer screen. Visiting the site gives local down to 
earth understanding of scale, distances, neighbours, views, potential 
risk etc.  

Tools: photographs, note taking, observations

1.3.2 Methodologies

Methodology for technical aspects
 Generates results by means of technical data 

Simulations

Simulations are typically used during the analysis, sketching, and 
synthesis phases. This provides detailed information about the micro-
climate and structure, as well as an understanding of overall building 
performance. The simulation method is divided into two parts: sin-
gle-parameter and multiple parameter simulations. 

Tools: BSim, Velux Visualizer, Rhino plug-ins (grasshopper, lady-
bug, honeybee) 

Calculations

Calculations must be used from the start of the design process to re-
inforce the IDP. It is critical to include quick calculations in the ear-
ly stages of the design process to determine whether the layout can 
meet a variety of critical requirements in terms of energy use, indoor 
comfort, and power demand. The calculation tools available can han-
dle everything from simple hand calculations to complex validating 
calculations. 

Tools: BE18, Microsoft excel, calculations by hand , LCA byg.

Methodology for generating ideas
Creates a structured approach towards a mostly intuitive process 

Presentation methodology
Summarizes and advertises the final design to a third party

Inspiration boards

The design boosting feature is used throughout the process, but es-
pecially during the analysis and sketching phases, where it initiates 
design flow, inspiration, architectural position, and defines the de-
sign direction. To generate ideas for the process, moods, perceptions, 
feelings, expectations, cases, and materials are all used. The goal of 
this strategy is to determine the style and direction of the project; 
inspiration is essential. 

Tools: sketching, photographs, Pinterest 

Sketching  

Sketches are created by generating ideas based on prior analysis, 
which is done in collaboration with other methods such as brain-
storming, mood boarding, and mind mapping. The sketches are vi-
sion-based and consider a variety of constraints and criteria. This 
method is an iterative process that is an essential component of in-
tegrated design. 

Tools: analogue sketching, digital sketching, Revit, Sketch-up  

Volumetric studies

The process of converting a 2D drawing into a 3D model reveals po-
tentials and challenges with a proposed design. Creating this constant 
shift between 2D and 3D is beneficial because it allows one to grasp 
various unresolved issues. A digital model is a useful tool throughout 
the entire process because it allows for the consideration of details 
separately and in relation to one another, resulting in a more compre-
hensive perception of the proposed spaces. 

Tools: analogue model making, CAD tools, Revit, Sketch-up 

Infographics 

Infographics can graphically convey a set of data to quickly and pre-
cisely present information. Graphs can help find patterns and trends, 
which can improve data insight. 

Tools: Illustrator, Excel, Photoshop, analogue hand drawings 

Renders 

Renders are used to create photorealistic illustrations from 2D or 3D 
models using digital tools. Renders enable the project to be visual-
ized by presenting both interior and exterior spaces, communicating 
intended atmospheres and functions, and establishing relations with 
other spaces. 

Tools: Twinmotion, Enscape 

Illustrations  

Illustrations are intended to visualize a concept, process, or expla-
nation, and are frequently communicated in a specific style in con-
junction with composition. It aims to communicate what cannot be 
expressed in words and can be carried out at all stages of the process. 

Tools: Illustrator, Revit, Photoshop, CAD tools 

Report

Creating a systematic report that covers all aspects of the IDP pro-
vides a good synthesis of the design process, from the initial problem 
to the analysis, sketching, and synthesis phase, to the project's final 
presentation. The report provides insight into the various thoughts 
and challenges encountered along the way, as well as a deeper empa-
thy for the final design. 

Tools: InDesign, Word 



20 21

1.3.3 The integrated design process
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Ill. 10. IDP
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2.1 Architecture theory

Ill. 11. Architecture is many things

This topic will begin with an examination of the Nordic 
style in architecture before moving on to a Danish con-
text. Danish architecture history, detailing, material use, 
and Danish building customs will be covered. As archi-
tecture has become a global profession, working across 
borders in interdisciplinary teams, local traditions and 
materials do not dictate the agenda. The question is, how 
is it possible to maintain the unique tendencies and val-
ues that define Nordic architecture and contribute to our 
international leadership in architecture? Furthermore, 
what are the distinct place-specific traditions on which 
we build in the Nordic region? 

For many years, Scandinavian buildings have been de-
signed in their simplicity to meet the necessary climatic 
demands. Where most of the population had to survive, 
possessions were simple, few, and functional. Scandi-
navian nations have historically been poor in compari-
son to other countries in Europe, where countries such 
as England, Germany, and France have been central to 
prosperity, development, and culture. Where the Scan-
dinavian countries borrowed and took inspiration from 
major style periods up to 1900s, the industrialisation of 
Europe created prosperity for the citizens and nations in 
Scandinavia (Englund, 2005). 

But what is it that creates the distinctive Nordic style, 
which has become a symbol of high quality architecture 
throughout the twentieth century, having focus on con-
text, materiality and detail for building technique. The 
Nordic countries have vast distances of coastline, lakes 
scattered inland, and forested areas, where winters are 
cold and dark, but summers are warm and bright. If the 
proximity of nature is emphasized in the architecture's 
design and materials, the buildings frequently use the 
surrounding context in a parallel extension of the build-
ing that forms a natural symposium between the two el-
ements, it is also seen that the building can be used as 
a contrast to create a different expression. What all the 
buildings have in common, both calm and dramatic, is 
that they use the same basic principles; respecting tradi-
tions, updated building technology, materials and trends 
(Ibler, 2017). 

Where the means may include the design of rooms, sur-
faces, and construction, as well as how cut-outs in these 
elements form the frame of the window, the importance 
of the window was placement in the room and the func-
tion of the room must be included to get full use of day-
light. These elements together consist of materials that 
are an essential part of the Nordic building tradition, 
where the materials address the context and can be used 
in a multitude of contexts and variants within housing 
construction. What can be described as the classic build-
ing materials are bricks, wood and glass which are used 

differently according to the material's properties. The dis-
tinction is ultimately found in the composition and design 
of the tools and materials, which results in what is recog-
nized as good Nordic architecture. With this as a start-
ing point, history will be unfolded and investigated to a 
greater extent in order to summarize the current quality 
of the detached house.  

In Denmark there was a renewal of house construction at 
the end of the nineteenth century, and with "Better build-
ing practice" beginning in 1915, an association formed 
by professionals, architects, and other relevant people in 
construction and culture who would map principles and 
methods to increase and manage the architectural quality 
of single-family homes. The book described the build-
ing's design, having equal and classic proportions, some 
details, and an honesty in the material choice to help cre-
ate a homely environment with practical and up-to-date 
decor. (Bedre Byggeskik - Historiske Huse, 2022). 

The individual house building can be described as a de-
tached house, a house with an associated garden on a 
plot which is dedicated to the residence of one family. 
Within this category of detached houses, there are many 
examples of design and quality that through the 20th 
century represent a development of construction meth-
od, construction, choice of materials and craftsmanship. 
Influenced by war, industrial development in materials 
and technology, in addition style periods and other trends 
within the current time. With the start-up in the “Stat-
slånshuse” in the 1930s, which made the detached house 
accessible to a broader number of the Danish population 
and thus changed geographical and social aspects for 
most of the citizens within the social class. In the early 
1950s and therefore after the war, there were completely 
new and untraditional house types that appeared in Den-
mark. Namely the "modernist house" with a completely 
flat roof, large glass sections and open floorplans. This 
was primarily due to a favourable period for the detached 
house in Denmark and the fact that architects sought in-
spiration abroad, which provided opportunities for new 
building materials and techniques for the country. In 
the 1960s, there was economic recovery and prosperity 
among the population, ushering in a new era for Danish 
detached house construction. The detached house is be-
coming more standardized and a "shelf item," with type 
house buildings and new detached house neighbourhoods 
springing up all over the place, radically altering the Dan-
ish cultural landscape and thus becoming a tract house. 
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Since 20th century modernism, glass has been used more, 
where modernism referred to individual houses with 
large glass sections, which with the free space plan using 
constructive columns created an overview through the 
house, which many found attractive. However, the glass 
as a material can be more than just a window. It creates 
a framework, a connection between interior and exterior 
which gives and smooth transition from inside to outside 
opening the room and invites nature. Inside and outside 
becomes completely transparent using consistent mate-
rials that also help to give a building a coherent holistic 
understanding that lays a foundation for good and under-
standable architecture. 

With today's construction dimensions, it allows for dif-
ferent locations of the window that create different poten-

tials in the architectural expression and function, which 
can be assessed based on what one would like to achieve. 
Using the thickness of the wall and placement of the win-
dow on the outside, therefore having a smooth exterior 
façade, the window frame is then able to be inhabited and 
used for contemplation. Oppose to this a placement fur-
ther in the wall, which create a different expression and 
screens for the direct sunlight hitting the glass surface, 
which can help to influence the indoor climate. The glass 
in its simplicity is timeless and helps to give the archi-
tecture character and the location in its context (Glass - 
Ibler, 2017). 

2.1.1 Nordic architecture - Glass

Villa Överby

Architect:  John Robert Nilsson Architects

Size: 250 m² 

Location: Stockholm, Sweden

Built year: 2009

Villa Överby has very clear connections to modernism 
and the international design elements. Simplicity and 
light weight are consistent throughout the construction 
and with a degree of detail that create great architectural 
quality.  

A location consisting of a varied nature with water, rock, 
and forest, where the building arises from a plateau as a 
quiet monument in its natural surroundings. What is con-
cluded on this project is that through the villa is a clean 
processing of material choice, how it proven creates a 
connection of the home's interior space and its exterior 
surroundings. The facades relate to the surroundings by 

clarifying the function through the transparency of glass 
and its solid wood. On arrival at the home, one is greet-
ed by a sharp design and with its minimalist and simple, 
large facade, gives an understanding of the entrance.  

The entrance façade wall is kept dense and closed, which 
creates a mystique atmosphere, which is hidden behind 
the wall. The rest of the house elevations consist of floor 
to ceiling windows which invites all the rrounding nature 
into the living spaces (Villa Överby, 2009). 

With the start-up and through the 1970s, the progress did 
not stop for the tract house concept, although there was 
criticism of the life in the detached house. The criticism 
was towards the need for better urban planning, as the ar-
eas and houses were perceived without identity and alien-
ating. After a long period of progress, new construction 
numbers decreased; however, this did not halt develop-
ment, and the postmodern detached house has its origins 
in the 1980s, wherein the 1970s socialism was replaced by 
individualism. Postmodernism created confusion about 
the concept of architectural quality in Denmark, as many 
thought it was dishonest, superficial and did not demand 
real quality of the materials and visible constructions. In-
stead, masonry walls and plaster walls were treated to 
look the same, and constructions were hidden behind lay-
ers of cheap plaster. 

With many of the same materials and techniques that 
were used in the 1990s, where the main features were a 
roof that connected the entire house with a built-in car-
port, this is still one of the primary main features seen in 
what is built in Denmark today. (Andersen and Jensen, 
2019). 

An otherwise proud nation around its building tradition 
with a focus on simple, aesthetics, practical and contem-
porary housing has turned into a mass production that 
mostly deals with economic and time parameters for 
customers and the tract house companies. However, the 
newly built houses consider the emerging problems that 
are seen in the older tract houses concerning too little 
daylight, poorly insulated envelope and a plan layout that 
don’t benefits modern functionality (Kiersgaard Espers-
en, 2021). 

But in most of the newly built type houses, there has not 
been much development when it comes to the choice of 
material and design, which primarily consists of brick, 
aerated concrete, gypsum interior walls and individual 
wooden elements throughout the building. The lack of fo-
cus on material selection and design provides a look back 
at the start-up of the uniform tract house in the 60s and 
the critical outcomes of this catalogue item. 

With a great tradition in the design of the right propor-
tions and quality in the materials, glass, wood and brick 
are explored through three case studies, which thereby 
analyse where tradition, context, design and materials 
work in a way not seen in the general tract house. 

Ill. 12. Villa Överby front Ill. 13. Villa Överby side
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2.1.2 Nordic architecture- Wood
Wood, a natural resource that has always been used over 
time, from very small objects, to ships and buildings. 
With wood, characteristic architecture can be created 
and the possibilities can be unimaginable, wood can be 
used for most parts of the house from the construction 
and the facade to the ceiling, floor, and window frames. 
Whether a sharp geometry is created or softer designs, 
wood can be used, but it requires a knowledge of the in-
dividual wood species' properties, advantages, and lim-
itations to get the most out of the material. With old and 
new techniques, wood can be cut, reshaped, and pro-
cessed to an extent that it can adapt to most useful possi-
bilities. Wood is a versatile material, which parameters or 
properties must be considered to choose the right type of 
wood and achieve an optimal result. The placement of the 

wood is vital knowledge, is it located inside or outside, it 
is protecting or to be protected. 

In addition, all relevant aspects can be considered, where 
the type of wood is probably the most basic and affects 
the rest of the aspects. A piece of wood is unique and can 
give different expressions, but to keep it natural or treat 
it with oil, the amount of expression the wood can give is 
many. It also comes down to how to assemble the selected 
piece of wood with scrubs or nails that can help create a 
pattern or have some technical advantages. Finally, wood 
provides warmth and softness to the design and can be 
combined with other materials that may be better to use 
in certain elements to achieve optimal material utiliza-
tion (Wood - Ibler, 2017). 

Holiday home

Architect:  Mette Lange Architects

Size: 120 m² 

Location: Lysingur, iceland

Built year: 2015

This cottage is in southern Iceland with a view of a large 
natural grass landscape, in addition, the house is located 
on a small hill in a cluster of trees that creates a bit of 
shelter and hides the house in the otherwise open con-
text. The design shows a clear respect for the area and 
produces a traditional Nordic design with a focus on na-
ture and building materials. The open floor plan and the 
space organization provide minimal corridor areas and 
an optimal utilization of space in each individual room; 
surfaces are processed through an understanding of the 
material in question and its technical and aesthetic prop-
erties. With a combination of cold and warm materials 
and a central fireplace, where the ceiling, doors and some 
of the walls are made of wood, while the floors and the 

other walls are in-situ cast concrete marked with wood 
grains. The fireplace is the heart of the home and have 
a large window area that spectacular views and indoor 
light, while the outside wood façade panelling and the 
green roof blend together with the surroundings and its 
nature (Vacation house, 2015). 

This brick villa is in a natural area on a sloping plot, the 
residence stands out clearly with two building volumes 
with balanced proportions and heights. The two build-
ing volumes are parallel to the plot and open to nature. 
A simple saddle roof and masonry in cross-connection 
with a brick sole bench that emphasizes the location of 
the windows and the connection to the surroundings to-
gether give the house character that can seem completely 
monumental and like a detached monolith from a near-
by mountain. What is interesting in this construction is 
the processing of the brick detailing the placement of the 
window, and the sharp contrast between the heavy ma-
sonry wall and the big see-through glass area, that corre-
sponds to the internal functions. 

With a screened and otherwise closed meeting with the 
entrance facade, a balance is created using three propor-
tional functions; garage, entrance area and the window 
where with the design, shades and material begins to 
create a detail in the solid brick wall. By this minimalist 
processing of the meeting with the house one gets an un-
derstanding of the building and its architectural quality. 
At the back one is welcomed by an open facade with large 
windows that relate to the natural area and provide light, 
views and joy to the interior features (LUNDBERG, 2015). 

2.1.3 Nordic architecture  - Brick
Brick, like wood has a long history of use through time 
and in Denmark it is a popular facade material that is also 
tied up in a long Danish building tradition within tech-
nology and aesthetics, which is behind good craftsman-
ship. Most of the single-family houses are built in brick 
and the material does not stand out in the landscape or on 
the residential road. With a brick house, you have a time-
less material in good quality that patinates a bit through 
the long life of the material, it can withstand the Danish 
climate and does not require much maintenance. The use 
of brick contribute with many architectural possibilities 
of use both inside and out. 

Compared to the brick use, it can provide many different 
qualities to the home. Whether it is used constructively 
outdoors to be resistant to climatic conditions, there can 
still be aesthetic considerations by considering the colour, 
shades and which joint one is laying the brick in. On the 
other hand, it can be used indoors to provide warmth, 
texture and in interplay with other materials create an ex-
citing space (Brick - Ibler, 2017). 

Villa Juniskær 

Architect: Hermansson Hiller Lundberg

Size: 210 m² 

Location: Sundsvall, Sweden, 

Built year: 2015

Ill. 14. Vacation house hearth Ill. 16. Villa Juniskær entranceIll. 15. Vacation house entrance Ill. 17. Villa Juniskær backside
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2.2 Material potential
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Ill. 18. The skin of of a building

2.2.2 Material thoughts
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(Guldager Jensen, K. & Sommer, J. 2019, p. 25).
Ill. 19. Circular economy

You are sustainable right? But wait a minute - you care about 
the environment. In fact, when you went shopping for a carpet 

recently, you deliberately chose one made from recycled polyester 
soda bottles. Recycled? Perhaps it would be more accurate to say 

downcycled. Good intentions aside, your rug is made of things that 
were never designed with this further use in mind, and wrestling 

them into this form has required as much energy - and generated as 
much waste - as producing a new carpet. And all that effort has only 
succeeded in postponing the usual fate of products by a life cycle or 
two. The rug is still on its way to a landfill: it’s just stopping off in 

your house en route.
- (McDonough and Braungart, 2010) 

An alternative model based on cradle to cradle, challeng-
es the linear approach, where products must be produced 
so a specific material can be isolated and repurposed. This 
approach can be divided into a technical and biological 
model (Guldager Jensen and Sommer, 2019).  

The technical aspect consists of materials that after end-
use can be isolated and reused in new buildings and 
structures without losing value and quality. Materials like 
steel, concrete, and brick are often in this category.  

The biological consists of materials that can be considered 
a part of the ecosystem and thereby function as poten-
tial nutrients for natures production of organic resources. 
Timber is an example of a material that is biodegradable, 
where the material can reinter nature and thereby return 
borrowed nutrients for the ecosystem. Wood products are 
frequently treated or mixed with non-biodegradable el-
ements, exposing the material to toxicity and chemicals  
which prevents the wood from returning the borrowed 
nutrients back to nature (Ibid).  

Ill. 20. The biological and technical material cycles.

(Guldager Jensen, K. & Sommer, J. 2019, p. 179).

2.2.3 Circular materials

The building industry is responsible for up to 40% of the 
materials being used and about 35% of the world’s waste. 
In 2018 the US had fifty million metric tons of material 
debris generated by construction and demolition, 67,5% 
of this comes from the use of concrete (Share of U.S. 
C&D waste by material | Statista, 2022). Switching from 
a linear economy to a circular economy is one solution 
with huge potential to this environmental challenge. To-
day the building industry stick to a model based on cradle 
to grave, which means that the products generated during 
extraction and production is lost at the end of a buildings 
lifecycle. 

It is the goal, to keep materials within the clossest 
loops possible.

2.2.1 Design for disassembly 

The building sector in Denmark knows the cradle to cra-
dle very well and is one of the frontrunners in the world 
in terms of circular economy and garbage reuse disposal. 
However, there is still a lot of potential in the building 
industry in terms of circular economy.  

As part of the circular economy the building materials 
used in the construction needs to be extracted without 
much loss or damage to the material. For this to hap-
pen the future buildings need to be designed as material 
banks, one way to do this is by design for disassembly.  

Design for disassembly is a holistic approach to design, 
where the goal is to make it easy to disassemble the dif-
ferent layers of the building. This strategy might be the 
foundation for future sustainable buildings, since it es-
tablishes a way for the various components in which they 
can be reused, reassembled, and recycled.  

According to Stewart Brand in his book "How buildings 
learn", we can capture the essence of a building con-
struction by understanding its different layers. For him, 
a building is composed of different layers that are de-
scribed as the "6S": Site, structure, skin, service, space, 
plan and stuff (Brand, 1994). The structural layer can 
have a lifespan of 60-200 years depending on the quality 
and protection. The skin can last between 30-60 years, it 
is important to choose the right material to have the opti-
mal lifespan for the specific project. 

The individual components should be assembled accord-
ing to lifetime of the specific material in the specific layer 
of the building. This should be done in a way so repara-
tions and replacement can happen without damaging the 
surrounding materials (Gaisset, 2011).  

(Brand, 1994)
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This chapter investigates the material potential, to utilize 
the properties of state-of-the-art materials. To understand 
these materials, it is critical to investigate the environ-
mental impact of using life cycle assessment.  

The use of Lcabyg leads to an understanding of material 
emissions, having the thesis focus on lowering the em-
bedded CO2, a material investigation should be made. 

As the actual amount of each construction material is not 
yet known, equal amounts of each material category are 
analyzed. The results (appendix 01) show that the reused 
bricks have a high global warming potential even though 
they are reused, this is caused by the high energy process 
the brick must go through to be cleaned before use. The 
wood products have a negative GWP because they are 
recycled and not incinerated, wood stores CO2 by grow-
ing and releases it again incinerated or laid out to decay 
(Cesprini et al. 2019). 

The analysis shows that rockwool performs well consid-
ering the alternatives, sheep wool also performs well in 

the GWP category but are the worst or medium in the 
rest. The analysis shows that not all traditional building 
materials performs bad in term of emissions. It is tak-
en into consideration that not all these materials perform 
equally insulation wise.  

The exterior cladding analysis scores wild stone and steel 
material as the worst performers, which is not surprising 
because of the high energy needed for the extraction. It 
is however important to consider the lifespan of the ma-
terials, wood is not always able to endure 50-60 years 
of service, and still be used directly in another building 
afterwards. The stone and steel need little processing be-
fore being able to be reused without much quality loss, 
because of its durability, once manufactured these mate-
rials last long 

The next pages show an illustration of four criteria that 
will help pick materials for later use. The analysis is a 
start for a bigger In-depth library that investigates avail-
able materials and compares them to each other.  

2.2.4 Material selection

Ill. 22. Material properties

Ill. 21. LCA parameters
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Our everyday life is connected to energy use which is pri-
mary used in and around the house. All the task that re-
quires energy like cooking, heating of the house, turn on 
the light, taking baths, watch TV, wash cloths and so on 
Is done within the household. The energy, water and heat-
ing demand are derived effect of these practices which 
basically involves the interaction between the occupant 
and the material dimensions in this case the architecture, 
design of the dwelling and technologies.

This means that our interaction with the physical frame-
work is the basis of resource use and the understanding 
of the inhabitants behavior in relation to the building is 
primary when talking about sustainable building.

There is an indication of a gap between the energy certi-
fication of the house and the actual energy use. The dif-
ference between G and A energy certified houses is in the 
theory large, but when people use the house, the actual 
difference is not that big. People who live in an A certi-
fied houses tend to have less sustainable behavior, they 
walk barefoot and when they get too hot, they open win-
dows, where often the house responds with more heat-
ing. Whereas people who live in G houses, is familiar to 
the cold surfaces and put on more clothing, they often 
use blankets rather than turning up the heat. A study 
from neatherland shows the theoretical and actual heat 
demand for building rated from A to G (van den Brom, 
Meijer and Visscher, 2017).

Ill. 23. Actual & theoretical consumption of energy rated houses

2.3  Sustainable house design

2.3.1 Performance gap 2.3.2 Case study: kvotehuset

Kvotehuset/MiniCO² husene - Realdania By & Byg

Architect: Pluskontoret arkitekter

Buildyear: 2013

Building type: One family house

Area: 138 m²

The Kvotehus focus on inhabitant behaviour and con-
sumption pattern to investigate much CO2 emission can 
be reduced by supporting the resident in a sustainable be-
haviour. The kvotehus is one house of 12 in a larger proj-
ect called Mini-CO2 husene (Mini-CO2 husene, 2022).  

The house works with three tools to reduce the carbon 
emission. One is to use the way architecture is formed, 
where functions are located correct in terms of daylight 
and sun orientation, also in correct in terms of room pri-
vacy and social level. Two is inbuilt technology which 
monitors and give feedback on the electricity, heat, hot 
and cold-water use. Third is that the inhabitant voluntari-
ly puts a quota on the max amount of carbon emission 
allowed per month. 

The house covers a variety of active and passive systems to 
reduce it to a low energy house, passive and active shad-
ing, mechanical ventilation, high insulation rate, low en-

ergy windows etc. In the plan design is also incorporated 
sheltered exterior drying rack, a pantry and a screen sit-
uated in the middle of the house. This screen is essential 
for the house quota system, it works as a supervisor of 
the house but also as a control system, an emergency but-
ton is on the screen. Pressing this button deactivates all 
systems, so if the family has reached there CO2 limit the 
house shuts down. This is to give the house and the inhab-
itants an understanding of how important their mission 
is, they need to safe electricity so it will be available next 
month.  

The house is a longhouse placed diagonally on the plot, 
with a single tilted roof towards west. The house has the 
placements of the house according to sun and privacy. In 
the southern part of the house is the public and “warm” 
areas like living room and kitchen. The northern part of 
the house is where the “cool” rooms are placed, private 
rooms like bedrooms and a bathroom.

Ill. 24. Kvotehus plan (Kleis, 2014)

-50

50

150

250

350

450

kWh/m2

A B C D E F G

Actual
consumption

Theoretical 
consumption

Energy label

(van den Brom, Meijer and Visscher, 2017)
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2.3.3 Biophillic design

2.3.4 What makes a home
Discussing the topic “what makes a home”, the definition 
of the term is vital. The house is frequently associated 
with something that can be purchased and owned, some-
thing replaceable that does not have emotional or special 
feelings attached to it. The home is what a house isn’t: 
irreplaceable, filled with memories, and a place steeped 
in family history. A home is a psychological element that 
is unique to everyone (Vacher 2010). It is impossible to 
define a house as a home if it does not have residents. 
Transitioning from one house to another necessitates the 
transport of personal belongings and memories.  

Even though the terms house and home are frequently 
used interchangeably, it is not necessary to own a home; 
the definition extends beyond material possessions. A 
home is associated with feelings and emotions, which 
take time to develop and attach. The house is also con-
nected to its surroundings, community, and neighbour-
hood, all of which have an impact. Residents redecorate 
their homes over time to reflect their personalities, and 
the house becomes an extension of their identity. The per-
sonal touches and the sense of belonging have an impact 
on the residents. When elements are disrupted or lost, it 
can appear as if parts of oneself are missing (Lawrence, 
1987). 

It can be difficult to pinpoint the specific features that 
make a house a home. People have different personalities, 
and their priorities, as well as their daily routines, dif-
fer. Some characteristics, on the other hand, can be used 
broadly to get a sense of direction in designing the best 
possible homes. This includes considering the worth of 
one's neighbours or community. It is natural for people 
to want to feel included and a part of a particular group 
of people. Because a sense of belonging is inextricably 
linked to comfort, finding a sense of belonging at home 
is critical. People are drawn to similarities, to things they 
share. 

Factors such as income, education, and personal interests 
all play a role in determining this. While some believe 
that their neighbours and society, are what binds them to 
the house, others believe that personal improvements or 
changes to the house transform it into a home. This sen-
sation is the result of putting in long hours to make the 
house special and unique for the residents. Some people 
spend a long time handcrafting each detail. Others sim-
ply decorate their homes with mementos of themselves 
(Gram-Hanssen & Bech-Danielsen 2004). 

For a house to be sustainable it must be used its entire 
lifespan, one way of doing this is by introducing flexibili-
ty into the design. Architecture is designed by and gener-
ally for people, it is therefore important that the design fit 
the users and their needs. Designing a house for a specific 
family and then expecting that family stays there during 
the lifespan of the house or an identic family takes over, 
is naive. Users of a house will change overtime, either in 
size or by a different family moving in. The term family is 
no longer a short description and comes in a various con-
stellation. Therefore, to be sustainable its entire lifespan, 
the home needs to be flexible or adaptive to the family 
(Lauring 2019).  

As a way of working with variable homes, three terms are 
presented by Kresten Bloch and Per Rasmussen in 1983 
in Fleksibilitetsformer i boligbyggeriet. Principles: utility, 
changeability and extensibility, see ill. 26-28 (Bloch, Ras-
mussen 1983).  

2.3.5 Flexibility over time

The exterior and interior boundaries are static so the flexibility lies 
within the association and dimension of the spaces, as they are made 
usable for different functions and purposes and furniture can be re-
arranged as needed.

The exterior boundaries are static, and the interior boundaries are 
rearrangeable, so the flexibility lies within the possibility of changing 
the interior to allow for more or fewer rooms or for bigger or smaller 
rooms.

The exterior boundaries are extendable, so the flexibility lies within 
either extending or reducing the area of the unit at a pre-defined area 
without it having influence on other units.

The project has a strong emphasis on nature, which re-
lates to the Sorø context, the use of materials, and the 
nature-inspired Nordic architecture. Contact with nature 
benefits human health by reducing stress and improving 
overall well-being, but Danish people spend most of their 
time indoors. The principles of biophilic design aid in 
bringing nature and outdoor feelings into the built envi-
ronment.

Recognizing the importance of human well-being in 
sustainability discussions is the key to creating proper-
ly designed interior and exterior spaces in architecture. 
The term biophilic design refers to the use of natural pat-
terns used in the shaping of the architecture. It is a field 
of study that seeks to investigate the interactions between 
human behaviour and the environment to transform them 
into sustainable practices. Biophilic design can be used as 
one of the tools to make architecture socially sustainable 
(DeGroff, McCall s. d.).

The impact that nature has on human physiological and 
psychological responses can be transferred to architec-
ture to provide similar benefits from the environment and 
to promote positive effects. The incorporation of essential 
natural properties into architecture improves the quality 
of human life. Simple pragmatic architecture is incapable 
of bringing this into the living environment.

The phenomenon “home”, relating to the place one lives 
covers a space which is not interior, but can be extended 
to a private garden or the whole plot. Biophilic design 
emphasizes the importance of the primary goal of archi-
tecture by questioning the reason and method of building 
a house, thereby contributing to improve the quality of 
the life of people as well as being durable. Ensuring the 
sustainability of a society that directly affects the con-
struction of a building.

The architect Juhani Pallasma discusses the phenomenon 
of “home” and how architects can create one, or at least 
set the framework for something that residents can move 
into and make their own. 
 “(...)home cannot be produced at once; it has its time dimension and 
continuum, and it is a gradual product of the dweller’s adaption to the 
world.” (Pallasmaa 1995 p. 133)

The role of the architect is mainly to create the building 
in which the occupants manipulate into their home. As 
described by Peter Zumthor in “Atmospheres”:

”it is not always possible to put your finger on what creates good 
architecture: “Quality in architecture to me is when a building 
manages to move me. What on earth is it that moves me? How 

can I get it into my own work? … One word for it is atmosphere” 
(Zumthor 2006 p. 11).

As a result, the architect relies on their ability to create 
atmospheres in the homes. There is a link between what 
Zumthor describes in his book "Atmospheres" and what 
the 14 biophilic design principles describe. Biophilic de-
sign can be used to create environments that are both ar-
chitecturally pleasing and comfortable for residents. By 
implementing biophilic design principles, it is possible to 
create architecture that is socially sustainable by increas-
ing human comfort and well-being in the home.

Ill. 25. Biophillic interior

Ill. 26. Utility

Ill. 27. Changeability.

Ill. 28. Extensability.
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Summarizing and concluding, what essential factors is 
it that embraces the quality of Nordic architecture and 
the importance about materials, detailing and designing 
space according to multiple factors. 

First of all, the architecture should be a convincing re-
sponse to the current task, its place and time. Have an 
understanding with its context and surroundings, to prop-
erly place and blend in with the exciting context to make 
overall improvements to its environment. Then make use 
of existing knowledge and technology that is relevant and 
process the accumulated knowledge properly towards 
a finished design, but the good house respect tradition 
while also challenging it and thus contributing to the ar-
chitectural development. 

The evaluating whether a material is sustainable, multi-
ple factors need to be looked at. How many substances 
does it emit under production, the lifetime of the material, 
frequency of maintenance, aesthetics timeless? Material 
selection is a vivacious part of the architecture, it is used 
as a tool to create atmospheres. People are dissimilar but 
they often share ways of understanding and interpretation 
if they derived from the same culture. Material choice 
can create impressions of density, depth, temperature and 
other. Regularly if a human recognizes a shape or feel-
ing they tend to be satisfied and this leads to architecture 
having traditions. Recognizing a building style, form, 
shape and even material detail allow us humans to ar-
range everything in relation to ourselves. Our surround-
ings influence us through scale, light, shade, colour, etc. 
By exercising our ability to comprehend these emotions 
and their impacts on us, by staying in touch with our sur-
roundings, we get to the nature of architecture.   

The essence must lie in the architecture, the relation be-
tween the houses and the surroundings. Design for the 
human scale, rooms, open or closed, safe or interesting, 
darkness or well-lit and other contrasts. Employ the local 
society, the surrounding history, and the Danish culture. 

The material analysis shows that not all alternative ma-
terials are the better option, even when stamped with 
sustainable labels. The manufacturing of the traditional 
building materials has been optimized a lot more than 
the new alternatives available on the market. Rockwool 
is a material which performs well in both environmen-
tal stats and heat insulation properties. The reused brick 
even when upcycled requires a lot of energy compared 
to wooden construction. The brick has other benefits 
like high heat capacity, structure and cladding all in one, 
reasons for it to still make it a material able to compete. 
This analysis does not cover the entire building material 
market which means there could be other useful materials 
hidden out there. The requirement for the chosen mate-
rials was to be as close to a cradle-to-cradle process as 

2.4 Theory conclusion

Ill. 29. Theory conclusion

possible, which is far from what all EPD have. To make 
materials Cradle to cradle they need to be assembled with 
losing quality. Ways doing this is by implementing guide-
lines from the design for disassembly. Using standard and 
limited palettes of connectors will decrease tool needs, 
and the time and effort to switch between them.m. Use 
bolted and screwed connections.  This allows for easy 
disassembly and easy sorting in the process. Glue and 
other chemically produced adhesives damage the mate-
rials. By using clay and lime mortar, the materials can be 
easily disassembled again. 

The Kvotehus uses a logical placement of the room and 
utilities, having south-oriented public spaces and north 
oriented private rooms. The relation in-between house 
areas and exterior zones like streets and gardens all feed 
into the logic of the plan solution. The architectural fea-
tures like an outside covered drying rack and a cool pan-
try used for food storage help to reduce the use of elec-
trical utilities and virgin material for a bigger fridge and 
dryer. 

Furthermore, looking at biophilic design, simple design 
tools can be withdrawn from theory and be used in the 
project design criteria. As the tools focus on interior at-
mosphere and the connection with nature there is a direct 
link to home design and Nordic architecture. Designing 
a home, two parameters were discovered to be important 
in ensuring that the houses designed can become homes. 
First, a space that can be personalized through styling and 
interior design. Second, creating a community of people 
who share interests strengthens the sense of community 
and belonging.  
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Ill. 30. Sorø placement

3.1 Site & Sorø

3.1.1 Project location
Why Sorø?

Sorø has in the recent years had an increasing number of 
newcomers moving from bigger cities to enjoy the subur-
ban lifestyle. The municipality have a big focus on nature 
and healthy wellbeing as well as local community. Sorø 
shares some key words as this thesis wants to focus on 
and because of this Sorø is a great location to do this pro-
ject in.

“The good everyday life for everyone, in a sustainable municipality 
with nature, culture and history”

Sorø Municipality, are aware of the importance of seek-
ing out sustainable long-term solutions to the current 
challenges in our time concerning social and environ-
mental aspect. They emphasise that when as a part of this 
world and as a municipality, they have the responsibility 
to help and create the offers and solutions that shape the 
citizens' future.

The main structure of the municipality plan 2019-2030 
contains ten sections. The ten sections stems from the 
themes from their Vision and Planning Strategy 2022. 
Through these four categories, they work parallel with 
nine of the UN's World Goals to guide and form a frame-
work to have an ambitious plan, which by 2030 will pave 
the way for a more sustainable context - both within eco-
nomic, social and environmental aspects. 

The selected UN World Goals also help to describe and 
produce the municipality's visions and initiatives to sup-
port these four themes' purposes. The main structure also 
includes a descriptive future plan that includes concrete 
guidelines for area functions and use, focusing on ensur-
ing that new initiatives in the best possible way take place 
in respect of conservation values and protection consid-
erations on the areas of e.g. natural, landscape and cul-
tural-historical character. Ill. 31. Sorø themes

3.1.2 Sorø as host

- Sorø municipality
Ill. 32. sorrounding cities distances

The municipality places great emphasis on having a col-
laboration with its citizens and stakeholders on the devel-
opment of a vibrant and sustainable city and community 
with nature, culture and history - and with a focus on 
responsible consumption and efficient resource utiliza-
tion. Whether it is about developing a local area through 
a comprehensive plan, or it is about promoting responsi-
ble energy consumption or waste management, the good 
solutions must be found together, as a community. 

Sorø Municipality strives to be a good place to live for its 
citizens. A diverse and vibrant municipality with a rich 
nature, culture and history, and with security and prox-
imity. A municipality that is easy and accessible to move 
around in, and with a central geographical location on 
Sjælland with only 45 minutes transport time to Copen-
hagen and Odense. 

To emphasize their values and briefly summarize, it is 
very much based on a sustainable approach to all every 
day and future issues with a strong focus on the city’s 
nature, cultural history and the social involvement with 
its community and locals. In addition, an important fac-
tor for continuing to have a positive municipality is to be 
able to offer attractive building plots and a diverse hous-
ing market that corresponds to the wishes and needs of 
citizens and newcomers. (Municipal plan, 2019)

Odense
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Holbæk Roskilde

Køge

Ringsted

Næstved København
60 min.
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30 min.

15 min.

55min. 30 min.
10 min.
15 min.

50 min.
45 min.

35 min.

25 min.
45 min.35 min.

45 min.

Sorø

3.1.3 Sorø connections

The goal for Sorø is to attract new inhabitants and keep the ones 
already living there, they believe this is possible because of the 
nature surrounding Sorø, the culture, history, and growth. The 

ambition for the city to grow is present in Sorø municipality. 
(Sorø, 2022)

Theme 1. The good everyday life with health and well-
being for everyone 

Theme 2. Living cities and communities with nature, 
culture and history 

Theme 3. Knowledge and growth - work and 
education for all

Theme 4. Business, infrastructure, innovation and 
technology
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Sorø 1:5000Ill. 33. Potential site locations

The project team went on a field trip to Sorø to investi-
gate potential sites. Prior to the trip, four potential sites in 
Sorø and its surrounding areas were marked. The candi-
dates differed in terms of their qualities, context, and size, 
which was assessed on-site. The field trip's interesting 
topics were the context and the microclimate; with low 
energy housing in mind, the group walked through the 
sites and discussed the pros and cons of each individual 
visit. The four locations differed in atmosphere and other 
factors that could influence the choice of project location. 

3.1.5 Potential sites
3.1.6 The project site
The chosen project site where site location 2. The site 
is in a new residential area in the southwestern part of 
Sorø, Frederiksberg. Surrounding the site is new houses 
of mainly one typology, single story houses, but many 
different colors, expression, and heights. Nearby is water 
and nature all in walking distance, great combination 
with the suburban living. 

 In the next couple of pages, the site will be analyzed, 
with a focus on microclimate and mapping the qualities 
of the site and potential problems will be found.  

Site 1 was on the edge of a forest, an open field used for 
recreation. Context were trees, a road, and some garage 
storage. 

The site was not chosen because the field was daylily used 
by a nearby kindergarten. The open area was the only 
nearby grass area in a small radius, the context is more of 
a natural setting and gave more quality to Sorø munici-
pality and the area. The site visit gave insight in the use of 
the field, having people cross over it, potential project had 
to integrate this need of passage.  

Site 2 was part of a big residential area which had an open 
site in the end of the road. 

The site was chosen because the context related to the 
project interest, the microclimate had great potential for 
good use of wind induced natural ventilation, passive so-
lar gain, and minimum shading on site. The site had an 
old oak tree which was saved during a demolishing of an 
old farmhouse, the tree had history which contributed to 
site quality. The grid structure of the area gave interesting 
ideas for the reduction of the car use.  

Site 3 was a small new residential area which had fields 
filled with vegetation and big surrounding hills. 

The site had a charming atmosphere, the field with tall 
brown vegetation and the hills gave play-full urge to run 
and play as a child. The site was not chosen because the 
hills created a shadowing effect on the site which gave 
the site area a problem with shadings. The highway was 
visible from this site and created noise both visually and 
sound wise. 

Site 4 was on a field close to industry and nearby the high-
way. Green location with good views but potential traffic 
noise 

The site had great potential with great views over a nearby 
forest and lake, however the noise from the highway and 
the smell from surrounding fertilized fields made it clear 
that there would be obstacles for successful housing in the 
area.  

Ill. 34. Pictures of site 1, compact site with green sorroundngs

Ill. 36. Pictures of site 3, encircled site with distinctive type of wheat

Ill. 35. Pictures of site 2, Open field with trees to the north

Ill. 37. Pictures of site 2, hilled site with sorrounding agriculture and industry
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Forest/nature

3.2 Site analysis

3.2.1 Mapping

Detached houses 1-2 storyes

New detached houses 1-2 storyes

Contour 0,5 m

Low connected houses

Farmsted

Site

Detail

School

Daycare

Daycare

Ill. 38. Mapping 1:1250

To have a deeper understanding of the site and the area it 
lies in, mappings is done. The city of Frederiksberg covers 
the basic facilities for small town living. North of Fred-
eriksberg, there is shopping options in the pedestrian 
street and the academic grounds provide education above 
grounds school level. 

3.2.2 Functions

3.2.3 Access

With an empty building site, it is critical to gain an un-
derstanding of the topography in order to understand the 
movement and natural flow. Topography can be difficult 
to understand and show in complete detail, as it is rather 
complex and may change over time. The site visit gave an 
insight as to how the site was very different, from what is 
seen on the map. When arriving at the site, forest to the 
right and open fields to the left. In the horizon, one could 
see a small hill. As seen on ill. 38 the area has deep valleys 
North east of the site, giving an interesting natural depth. 
Apart from the fields and trees, the nature of this area 
also consists of lakes, forests and even a chalk pit. 

3.2.3 Topography

Despite being close to a major road, the site location is 
relatively free of traffic. It is possible to drive past the site, 
but it is not possible to access by car from the north un-
less a connection is made. The site is linked to a network 
of roads and bicycle paths, allowing for quick and direct 
access to the train station. In general, this part of Fred-
eriksberg has a lot of foot and bicycle paths. 

Everyday destinations

Frederiksberg skole

Groceries

Daycare

Trainstation

Forest

Distance

[km]

0,8

1,4

1,5

2,1

0,8

Time by foot

[min]

9

17

19

25

9

Time by bike

[min]

2

4

5

7

2

Ill. 39. Distances chart
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The sites’ location is in a very new area, where the houses 
are either being build or less than five years old. These 
houses are mostly single level, facades consisting of 
bricks, plaster or wood and roofs that are flat, tilted pitch 
roof or single side tilt. The houses have a large variety in 
color, size and materials. Some of the streets follow a spe-
cific typology and others have multiple ones. 

In the older part of Frederiksberg, a more classic masonry 
type of houses is found. Dominating red bricks but also 
yellow and painted brick houses with tilted pitch roof. 
The houses in this part of the city have large gardens and 
bushes in-between each other.  

East from the school there is a new strictly designed hous-
ing area consisting of single-story long houses and yellow 
bricks. To the west of the site the house typology is farm-
ing houses, big and small sizes with large driveways, a lot 
of privacy with a distance from the road. 

Ill. 40. Nearby typology 1

Ill. 42. Nearby typology 2Ill. 44. Cul-de-sac branches

Ill. 43. Nearby typology 3

Ill. 41. Frederiksberg house

3.2.4 House typology
The site's microclimate must be considered to have good 
conditions for, the backyard, the spaces between the 
houses, effective natural ventilation, access to daylight, 
and passive solar heating. Wind direction, as well as the 
path of the sun and shadow from the context, must be 
examined to identify challenges and opportunities in the 
microclimate. 

The wind analysis is based on the wind rose from Copen-
hagen air, which is not the closest but the most similar 
to the site. The year 2021 wind data from Sorø munici-
pality were used to compare data (Lokationarkiv, 2022). 
Sorø has low medium wind velocities, but high-speed 
winds do happen. The site is in a semi open field, with a 
few trees surrounding the location, an evaluation would 
be that there is a few windbreaking elements. The wind is 
however dominantly from west and southwest where the 
windbreaking elements, the trees, is to the north.  
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Ill. 45. Wind rose Copenhagen (DMI.dk)

3.2.5 Wind

3.2.6 Sun study
According to the site's shadow analysis, the site only has 
shadowing issues along the edges, and only for short pe-
riods of the day. The trees along the site and to the north-
east are deciduous which will shadow less during winter. 
A saved tree on the site has a big crown and could be uti-
lized for its shadowing properties during summer. 

The site has a big potential for providing sunny outdoor 
areas and passive solar heating in the winter. More trees 
are planned to be planted north of the site to improve 
sound barrier from the road. The site has a big potential 
for providing sunny outdoor areas and passive solar heat-
ing in the winter. More trees are planned to be planted 
north of the site to improve sound barrier from the road.

08 am. 08 am. 09 am.

11 am. 11 am. 11 am.

14 pm. 14 pm. 13 pm.

17 pm. 17 pm. 15 pm.

Summer solstice Equinox Winter solstice

Ill. 46. Sun study
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An investigation of the district plan was made to generate 
ideas and not to limit the design. The district plan encom-
passes an area west of Frederiksberg that was previously 
used for farming; the old farm has since been demolished. 
The district plan covers the area of 117.668 m2, of which 
the site occupies an area of 26.300 m2. 

The district plan encourages large plots of the size of 
400-600 m2 with low buildings with a maximum of two 
stories. The municipality wishes to create an area with 
diversity in building types, all with easy access to green 
and recreational areas. The municipal h divided the des-
ignated site into four lessor areas and one of them decided 
to be used for a social purpose, complementing the area. 
The area was previously used for organic farming, and 
no toxic materials have been found in the soil. Although 
a wastewater system will be required, rainwater must be 
handled on-site.

The district is close enough to the city to be connected to 
the city's heating, water, and electricity grids. Heat will 
be provided by Affald Plus, which generates sustainable 
energy from bio waste, primarily garden waste. In Janu-
ary 2022, Affald Plus opened their new local district heat-
ing plant in Sorø, supplying the area with efficient use of 
water temperatures up to 85%.

The district has a road to the north that can cause noise; a 
building line is set up 10 meters from the road to reduce 
traffic noise. The district is in an area with limestone ex-
traction to the northwest, which will not disrupt the area 
in any way but will add to exciting nature exploring and 
viewpoints.

In terms of appearance and materials the district plan pro-
vides with multiple options rather than restrictions. Fa-
cades can consist of blank wall, water washed brick, plas-
tered, coloured concrete or organic material like wood. 
Smaller parts of the façade which extrudes can consist of 
metal, glass, or stone composition material. It is however 
not allowed to build log house. 

Roof can be of flat roof, single sided tilt with 20-degree 
angle or double tilted pitch roof with up to 45-degree 
angle. Roofs can be done with hip roof or half hip roof. 
Material roof can made of slate, clay tile, felt, or green 
roof like sedum. The district plan dictates a use of solar 
power on the roof or the walls of the house, it must be in-
tegrated in the design and must follow a similar principal. 
(Sorø-kortet, 2022)

3.3 Considerations

3.3.1 District plan 3.3.2 PV a discussion
The question of the integration of renewable energy 
sources needs to be asked. Knowing the area and the 
disadvantages of the different types of renewable energy 
sources, the only logical candidate seems to be PV solar 
panels. But is it logical?  

As this project pursues a material choice where the ma-
jority is part of a circular economy, does it then make 
sense to incorporate a Photovoltaic solar panel to design? 
The renewable energy is off course much needed in the 
future. However, the project wonders if PV’s is the right 
choice.  

The district plan, states that every house should incor-
porate solar panels integrated into the roof, it needs to 
be done so it doesn’t ruin the architecture. Ruining the 
architecture can mean many things but ruining the con-
cept is another. The world is facing the problem of using 
too much virgin materials, also the next couple of years 
there will be a lot of photovoltaic panels waste. The main 
photovoltaic panels used are either thin film or silicone, 
depending on the type over 85% of the panel is made of 
glass. Glass is easy to recycle but requires a lot of energy 
to do. Also, the world Is facing a glass shortage which 
makes the price of glass rise. 

Photovoltaics loses 25% of their efficiency after 30 years. 
Depending on the country and the popularity of this re-
newable energy source, the time of replacement is soon. 
The demand for new panels will be sky high in the in-
coming years and the recycling of these are crucial to fol-
low up with new demand. 

The project discusses the use of PV panels and are skep-
tical towards the real potential of them in current context. 
Denmark is a country which in average has less than 4 
hours of sunshine everyday half of the year, other coun-
tries like Egypt has in average more than 7 hours of sun-
shine every day the entire year. Considering the use of 
virgin materials, transport from production and wasted 
potential energy comparing Egypt and Denmark, then it 
doesn’t make sense to add or integrate such panels in this 
project. 

The cul-de-sac is a very popular way of living and has 
been for a long time, the street typology originated in 
1920. Developers discovered that fitting odd shapes 
roads with houses, they could increase profit, utilizing 
areas near rivers and property lines (Hochschild, 2015). 
Homeowners also loved the fact that these streets had less 
traffic, less noise and were save for children. Despite the 
affection from the people, urban architects criticized the 
cul-de-sac, it forced them into using cars more, negating 
the walkable neighbourhoods.  

Three major cities in USA banned the use of cul-de-sac in 
urban planning, Austin, Texas being one of them (Hoch-
schild, 2015).  

However, it is proved that living in a cul-de-sac one would 
have a closer connection with neighbours and a higher 
degree of cohesive living compared to a through street. A 

study of the people living on the three different types of 
streets show that the residents on the bulb cul-de-sac have 
the most positive results of the three. The cul-de-sac with 
its shared social space, lack of “outsiders” and the sense of 
territoriality promotes a stronger neighbourhood. 

Neighbours living on bulb cul-de-sacs experience greater 
attitudinal and behavioural social cohesion than neigh-
bours living on dead-end cul-de-sac and through streets. 

The data shows that the bulb cul-de-sac have the most so-
cial coherent residents, using the bulb as a safe place for 
gatherings and activities. The bulb residents do tend to 
move out when the children reach a certain age, and the 
safe street is no longer a necessity. The study shows that 
the level of social activity among the resident relies on the 
children (Hochschild, 2015).  

Ill. 47. 1. Bulb cul -de-sac 2. Dead-end cul-de-sac  3. Through street

3.3.3 Cul-de-sac a discussion

Cul-de-sacs create twisted and complex systems of roads 
that does not lead anywhere, it is difficult to make public 
transport available in these areas. Some urban planners 
believe that cul-de-sac is poor urban planning, however 
looking at the context it does work for suburban plan-
ning.  

Croydon in the southwest of London was in 2021 the most 
dangerous and crime haunted area, the most common 
crimes were violence, theft, and vehicle offences (Most 
Dangerous Borough, Areas in London, 2022). Looking 
at the streets of Croydon appendix 02, there are multiple 

cul-de-sac areas. Looking on one of these streets we see 
the car dominating the street. 

Within neighbourhoods, the intended usage of the streets 
varies depending on to facilitate movement within and 
between neighbourhoods, where others are configured to 
facilitate resident access alone. The cul-de-sacs are often 
designed to be the latter. If permeability is associated with 
crime risk, the spatial distribution of crime should vary 
in such a way that it mirrors the connectivity of places 
(Johnson and Bowers, 2009).  

3.3.4 Urban planning and crime
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3.4 The client

Building communities are not a widespread phenomenon 
in Denmark however it has been around for some time. 
Building communities is very known in Germany, called 
a baugemeinschaft or baugruppen, where entire residen-
tial areas and cities are built according to this principle.  

A building community can be described as a "resi-
dent-driven housing project" that arises on private ini-
tiative without a commercial developer. Building com-
munities can cover many different projects with widely 
differing designs, purposes, and housing typologies, it 
is completely dependent on the families and individuals 
who want to build the building together and what their 
wishes and ambitions are for it.  

Once the project has been built, the building community 
will be transformed into an ordinary owners' association, 
cooperative or public housing association. Regardless of 

which form of ownership is chosen, there is a lot of ad-
vantages in the process itself of building together, which 
has created a basis for a special community and owner-
ship of the buildings and one's home. In addition, a good 
process can often help to save around 10-30% on the mar-
ket price of the building cost.  

Furthermore, experience shows that this form of build-
ing contributes to some of the housing policy challenges 
that Denmark faces and that building communities help 
to create variation in the cityscape and architectural qual-
ity with a focus on sustainable construction that gives 
residents an anchorage and belonging to their home and 
neighbour. This helps to promote a socially sustainable 
living environment that creates a framework for the com-
munity that provides varied and long-lasting neighbour-
hoods (Byggefællesskaber, 2019). 

3.4.1 A  building community

Ill. 48. Family

The cooperative society in Hjortshøj was created in 1992 
and they describe themselves as a “living laboratory for a 
sustainable lifestyle” (Andelssamfundet i Hjortshøj 2019 
a).   

The goal was, and still is, to create an ecological com-
munity where several sustainable initiatives are studied, 
a place where one interacts in a close social communi-
ty but with respect and coherence to the added society.  
This project is in a huge scale and are divided into eight 
“bogrupper” which translates to living groups. The focus 
was to create a loving community, green areas between 
the houses, agricultural purposes as well as sustainable 
building practices, as they experiment with building ma-
terials, energy use, shapes, and colours. This is also one 
of the reasons why this living community appears beau-
tiful and calm (Andelssamfundet i Hjortshøj 2019 b). The 
eight living groups, each use different sustainable tech-
niques and materials, but inside the building community 
the overall aesthetics is the same. This results in a diver-
sified area since it includes a variety of housing options, 
including rented housing, shared ownership property, pri-
vately owned homes and homes for people with special 
needs. The residents have varied degrees of control over 
the space in front of the houses, creating a subtle divide 
between public and private space. 

3.4.2 Building community - cases
The task to make a neighborhood where people live near and have close connections within each other is not easy. The 
resident is dependent on the architecture and the space adjacent to the house to feel safe to encourage interactions. There 
are several unique examples of residential areas that create a distinct atmosphere, and a neighborhood where people are 
close collectively, live together and is inclusive. Two examples will be examined, to point out what makes a good quality 
sustainable living community and how a building community can be done.

The building community from Braunschweig was creat-
ed in 2009 and their mission was to live in a sustainable 
new building. The group consisted of different family 
types and sizes, whom all wanted to live in an apartment 
building.  

The mission was to see if it was possible to build without 
a developer and still have a successful project. The archi-
tects Ruth Scheurer & Gerold Perler managed the design, 
and they created the nine apartments and an integrated 
townhouse in the local community. The apartments were 
financed individually because the demands and wishes 
for the layout, size and equipment varied.   

They made safety precautions in case a member decid-
ed to leave. However, this was not the case, the project 
ran without problems and in 2011 the building was put 
into use.  The same year the building was qualified for” 
sustainable housing” and they won the title awarded by 
the Federal Ministry of Construction in Germany. (Siegel 
and 2011, 2022)  

Building community from Braunschweig

Apartments: 9  

Area: 2547 m² 

Area pr. Apartment: 120-160 m² 

The cooperative society in Hjortshøj 

Dwellings: 120 

Living groups: 8  

Area: 65.000 m²  

Area pr. dwelling unit: 541 m²  
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3.4.4 Newcomers remarks

When families start to have children, they often seek out 
from dense urban areas like Copenhagen and Odense, it 
is the typical family with mom, dad and two children who 
is the primary mover. The last couple of years the age 
group twenty to forty and children under ten who moves 
away. One speculation for the increase the last couple of 
years is the lessor need for presence on the workplace. 

 A popular destination for the urban migraters Is Sorø, 
Sorø have seen an increase of newcomers the last couple 
of years. Sorø has a lot to offer for families with children, 
having both school, day cares, and multiple leisure oppor-
tunities locally available. Moving to the suburbs is also 
the need for nature, the site have both good connection 
with suburban facilities and raw nature.  

When determining where to move most families find 
that the biggest factor is the need of the children. The 
one-story house is the most picked type of dwellings for 
the typical families settling in suburban areas. Children 
and their needs keep becoming a bigger part of the family 
priorities and lifestyle. More than 76% of parents believes 

children requires their own bedroom (Dieckmann and 
Dieckmann, 2022). To understand the user group prop-
erly the requirements children, have, needs to be identi-
fied. The space where children can play, investigate and 
be with friends are very important for children.  When 
living far from urban areas with lots of space, friends 
is often wanted, when living in densely populated areas 
common playground areas are needed (Dieckmann and 
Dieckmann, 2022).  

The age-group 25-35, who have finished education, start-
ing to earn money, want to build a safe future for their 
children. This can be interpretated in two ways, physical 
safety by having a good quality home but also by looking 
into sustainable living, to secure save future. The younger 
generation tend to act more sustainable than the previous 
older ones. (Danskerne om bæredygtighed: Det er vores 
ansvar, 2022) 

3.4.3 Future occupants

Ill. 49. Small family

A couple who previously lived in an apartment in Nørre-
bro in Copenhagen, where it was a hectic everyday life, 
each with their own full-time job, children in institution 
and a life in the capital, where cultural and social oppor-
tunities were at the front door every single day.  

The couple has always lived in the big city and had nev-
er imagined having to move outside of Copenhagen. 
However, as so many others have experienced, priori-
ties changed automatically after the couple had their first 
child. They no longer use the city and its eternal possi-
bilities to the same extent. In fact, the daily crowds of 
people, cyclists, and cars began to become an element of 
irritation for the family.  

When child number two was on the way, it was even 
clearer for the couple they were looking for something 
completely different from where they lived in Copenha-
gen and the opportunities it had to offer. The dream was a 
simpler everyday life with nature rather than asphalt and 
most importantly peaceful environment for the family 
life. The idea of moving to Sorø came from friends who 
also moved away from Copenhagen to Sorø, the friends 
also valued nature and quite surroundings which were to 
be found in Sorø. 

Like many others, we sat with a concern about what re-
ally awaited us if we moved so far away. What would 
our everyday life look like, what are the institutions and 
schools like, who lives in Sorø, and are there any job op-
portunities at all, or will we both have to commute to Co-
penhagen?  

Still with worries, but with inspiration from their friends, 
they could not overlook the need for other surroundings 
anymore and decided to buy their dream house and move 
to Sorø. The couple has been very surprised at how well 
things have gone in the new surroundings since they 
moved to Sorø, where job opportunities and good well-be-
ing for the whole family have happened quite naturally.  

However, I must say that it has gone better than expected. 
We just enjoy being so close to both forest and lake, with 
a house directly next to the forest. We like it so much and 
have never regretted moving to Sorø.  

Another family with a comparable history to the family 
in the big city, the choice also ended up moving from Co-
penhagen to Sorø, where nature and quiet surroundings 
were one of the crucial elements to move from the asphalt 
jungle.  

There is beautiful nature in many places in Denmark, but 
there are not many places where you can have nature as 
close to everyday life as in Sorø. For me, there is a huge 
quality of life in being able to use the forests and lakes in 
their everyday life. It provides peace of mind, which is a 
valuable antidote to the busy work life. 

In addition to the good natural surroundings, one of the 
things that surprised the family was the great hospital-
ity they experienced in the municipality and all the so-
cial services in the local community, which consists of a 
lot of newcomers and volunteers, which provides a good 
starting point for creating a local network. In addition, 
the quality and amount of job opportunities there are so 
many and varied for the highly educated in the city. Also, 
very attractive that Sorø is nearby cities with the short 
commute time for cycling, public transport, or car (Sorø - 
det danske smørhul, 2020). 

“Sorø Municipality offers beautiful nature, a rich history 
and a great business environment, which is very success-
ful in attracting and creating new jobs together with the 
local companies. Important elements that provide fantas-
tic opportunities for a good work and family life in the 
municipality”- Sorø municipality 
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Key words: Shared spaces, wild nature, functionality

Key words: Simple, minimalistic, focus on materials

As inspiration for the urban atmosphere and layout, green 
and wild was investigated. The urban layout covers the 
road, the space between the houses and the garden itself. 
The project wants to challenge the detached house garden 
by allowing less controlled elements to roam. Streams 
and plants placed to have a functional purpose but create 
a specific aesthetic.  

The concept of Nordic architecture located in a suburban 
Danish context rather than on a Norwegian cliff side may 
seem odd. But Nordic architecture focuses on materials, 
simplicity, and common sense. The material focusses on 
this project goes hand in hand with the Nordic architec-
ture style, using the full potential of a material properties, 
like weight, colour, atmosphere, and tactility.  

3.6 Inspiration

3.6.1 Urban

Key words: Light, natural, visible structure

As the projects focuses on the material reusability and 
quality it makes sense to investigate Nordic architecture. 
Looking at the atmospheres wanted with-in the house 
different functions there are different needs for materi-
als. The living room and kitchen, needs to be light and 
spacy, having shared space with room for everyone. The 
bathroom and utility room are more practical therefor 
having tougher materials and less colour is wanted. The 
bedrooms need to be private yet light and airy, having 
small windows for privacy and light materials for calm-
ing effects.  

3.6.2 Nordic architecture

3.6.3 Materials
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3.7 Analysis conclusion
To conclude the analysis chapter a summary is made. The 
topography on site varies little, but the height difference 
is large enough to be exploited; the project seeks to en-
hance the current natural shaping rather than control it. 
Driving to and from the site is difficult because the res-
idential area is large, the main road is long and curved. 
The area encourages the use of bicycles and pedestrians, 
well connected with paths and bicycle lanes. The area's 
typology is dominated by single detached housing, and 
the aesthetics of the surrounding houses are diverse, with 
few restrictions on project appearance. However, the dis-
trict plan analysis generated ideas that will serve as the 
foundation for some of the urban concepts. The analysis 
also revealed the need for locally handled rainwater dis-
tribution and solar panel integration. Concerning the PV 
discussion and the integration of PV panels on a roof can 
have multiple complications, the first is having the roof 
angle and orientation in a way so the biggest amount of 
energy can be produced. Another is the technical instal-
lation on the roof, if “integrated” having the PV panel 
surface equal to the exterior roof layer risk of overheat-
ing which results in lower efficiency. For the street to be 
safe, there should be less foreign activity, and the street 
should be designed exclusively for residents. Simplified, 
this means that if the same people are walking the streets, 
there will be less crime. However, transportation to and 
from the street should be simple, so that the street does 
not force the use of mechanical vehicles. Using a network 
of paths to increase connectivity and promote pedestrian 
and bicycle transportation. Based on the two case stud-

ies. The new building community in Frederiksberg, Sorø, 
will consist of groups divided into new families and older 
generations. Collectively the group wants to create a sus-
tainable neighbourhood with space for play, enjoyment of 
life, and nature. The community wants to reduce energy 
demand, both by living in technical sustainable buildings 
but also by performing rational sustainable everyday be-
haviour. The people moving from Copenhagen to Sorø 
are the typical families and the older generation seeking 
space, peace and quiet. To capsulate the target groups the 
people of the new neighbourhood will be new families 
and the older generation. Mixing the two groups benefit 
both in multiple ways. Taking the user group into con-
sideration, the household size can be narrowed down to 
a one to five people span housing, which can be divided 
into three types of units. The units should accommodate 
single & couple, small families, and big families. The 
project user group will be consisting of new families, 
ages 25-35 and children aged 0-4 furthermore including 
the older generation who can live independently, in the 
age 55-70. It will be important to address the different 
needs of the user group, having the high energy children, 
the busy parents, and the gentler older generation. The 
houses should address the need for flexibility, either in 
family size growth or replacement of residents. As the 
focus is on detached single-family homes, the qualities of 
these needs to be focused on addition.  

Ill. 50. Analysis conclusion
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To recap the main topics and all the knowledge established through state-
of-the-art theory, analysis and collected empirical experience of the site and 
its surroundings are reduced to design criteria for this project. Design cri-
teria made out from the research and investigations will guide the design to 
satisfactory architectural quality and environmentally aware thesis design. 
The design criteria are made specific for this project to design in the sub-
urban context in Sorø surrounded by nature located in a newly residential 
area. The building industry is currently a big contributor to greenhouse gas-
ses and energy consumption which also reduction is possible by promoting 
sustainability. Building materials currently used are often “produce, use, 
dispose” which originates in a fast-growing, high demand business model. 
This project will investigate available market materials that can be part of 
the circular building industry. To make sure the materials can be recycled 
and have later purposes the design will incorporate elements of design for 
disassembly. The architecture will incorporate a sustainable agenda coher-
ent with the Danish traditions, the natural setting and Nordic characteris-
tics with the simplicity, harmony and solid materials in a minimalistic com-
position. The new buildings set the context of a social interacting building 
community that through co-determination and considerations is creating 
a sustainable area, where they can build their own individual homes and 
collectively a social sustainable community. 

4.1 Conclusion

This master thesis vision proposes a cluster of sustainable single-family 
houses for a building community that has a strong architectural quality and 
awareness in its context and time with its settlement. The design takes re-
sponsibility for the extent of its environmental impact and is a frontrunner 
within its typology, creating a context for its residents to fully understand 
and be aware of the environmental proportion a regular household has 
when construction and operational energy use are considered. The under-
standing comes through carefully material selection, construction and the 
implementation of passive and active strategies into the design of the settle-
ment to lower its overall energy consumption and embedded CO2. In exten-
sion on behalf of the building community, that recognize the importance 
of social aspect and the significance, to create a good neighbourhood and a 
community where everyone can thrive. The chosen location is a place with 
the same values as the thesis, a municipality with values regarding family 
life, the preservation of nature and importance of being environmentally 
conscious about one's actions. 

4.2 Vision

4.3 Design criteria

Strive to use materials that are in circular sustainable processes (Cradle to Cradle). 

The way of assembly should be made minimum, reduce unnecessary layers and com-
bine technical remedies to simply wall and design for the materials to be easily assem-
bled and disassembled. 

The materials shall take its fundamentals in the Nordic context and its tradition to es-
sential utilize surfaces, textures and tactility of the materials to increase an affiliation 
to context and foundations of a home.  

The material selection should add to better indoor climate, reduction of sound, stabil-
ity in humidity, unreflective materials and minimum outgassing. 

The materials should be longlisting and durable, have low maintenance and cleaning 
needs, thus be places so natural patina is part of the design. 

The shape and structure of the house should be made in a minimalistic design, increas-
ing the functionality, flexibility of the interior and connections to the natural elements. 

The rooms of the house should be designed to have a natural identity but also allow the 
resident to create a home, by own influence.  

The space in-between the houses should accommodate play, small social gatherings, 
green areas and natural flora. 

The cul-de-sac should be designed to guard the family privacy but increase social 
behavior, making the resident have a feeling of belonging. 
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5.1 Urban

Welcome to Chikorievænget, the new area build with nature and in 
nature. The site is located just south of Sorø with great options for 
pendler opportunitie. The new area is build next to a forest and among 
small lakes, Sorø makes a virtue of the wild nature and so does this 
project. With twenty new houses ranging from 81 m² to 136 m² and 
a new common house available for the adjacent property residents. 
Chirkorievænget have focused on the circularity of building mate-
rials and energy optimization to give the new inhabitants a leading 
place in the fight for sustainable future. The site is interconnected 
with pathways for residents to enjoy the wild Danish nature. 

5.1.1Masterplan

Ill. 58. Masterplan 1:1000
The masterplan shows the urban layout and the common house 
placement. The area sorrounding the site three big lakes and a 
small forest to the north.

N

Arrivial by car

Passing road not connected

Common house

Small forest

Current lake

Future lake

Future lake
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Ill. 62. Urban render

The urban layout of Chikoriveænget have three key words, wild, na-
ture, biodiversity. The project focus on the natural flora and local in-
digenous trees and plants, working with elements that thrive when left 
untouched. The perfect garden has a different meaning in this area, 
it welcomes wild life and untrimmed edges. Chikorievænget have in-
vestigated the use of materials in the popular Danish tract houses to 
see how the process behind construction can be more circular. The 
design of these houses is inspired by Nordic architecture, using fine 
lines, strong elements, and natural materials. All the units have their 
own terrace oriented towards the garden. The masterplan incorpo-
rates both wild nature and human living, striving for holistic coexist-
ing. Every unit have its own plot, but the lines are blurred. The future 
residents have come together to form a building community, a com-
munity focusing on healthy wellbeing and sustainable living along-
side the joy of living in a suburban setting with space and nature.

Ill. 59. Urban North elevation render

Ill. 61. Urban render

Ill. 60. Urban West elevation render

Site are: 26.300 m²

Building plot total area: 8157 m²

Plots sizes: 350 - 600 m²

Unit 1: empty nesters or elder living 82-90 m² 

Unit 2: Families 91-110 m²

Unit 3: bigger families 111-136 m²

Total residential: 2235 m²

Common house area: 220 m²

Building percentage: 28,5%

5.1.2 Urban presentation
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5.1.3 Save the nature!
Nature is meant to be wild; the green yard garden may be 
aesthetically pleasing, but the trimming, cutting of edges, 
and grass reduces area for biodiversity. Untamed gardens 
and logs provide safe havens for mushrooms, plants, and 
small animals. 

The urban layout was driven by a natural rainwater col-
lection concept. Water is essential for life and thus for 
biodiversity; having small water streams that are not too 
deep and allow them to dry in between rains provides 
beneficial breeding areas for toads rather than mosquitos. 

This area's standard bush will not be the traditional priv-
et hedge. The area focuses on easy gardens with lots of 
variety, with bushes that flower and attract insects but 
don't require constant attention. Insects such as bees, but-
terflies, and hover flies are beneficial to the garden and 
thrive in flowering areas. 

Placed around in gardens and next to the pathways are 
small hills made of dirt, rocks, or sand. These can in a 

sunny location have a higher temperature than the sur-
rounding area, attracting bees and other creatures such as 
lizards. The project is a biodiversity fighter. 

Designated areas for old branches and sticks form maz-
es in which lesser bird and animal species breed. During 
the day, the hedgehog can rest in these, while insects and 
mushrooms feast on the smaller twigs. 

In addition to natural elements, there are also man-made 
animal nesting options. 

Nest boxes will be placed in and around the garden to 
attract various bird species; the birds control insect pop-
ulations and other creepy crawlies, providing significant 
benefits to the natural balance. 

Insect hotels are beneficial to biodiversity because they 
provide insects with dry and sunny places to sleep during 
the winter. The hotels are designed to house ladybirds and 
butterflies, but they can also host lonely bees and green 
lacewings (Dac.dk ,2022). 
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Ill. 66. Common house and public area render

Ill. 65. Common house south elevation 1:200

Ill. 64. Common house east elevation 1:200

5.2 Common house

The common house is 220 m² in size, have multiple us-
ages and a variety of rooms. A big common room with 
a high ceiling and spatial feeling. There is an industrial 
kitchen with utilities for bigger catering. The workshop 
which has multiple purposes, local clubs for yoga, Zum-
ba, taekwondo, and other activities are hosted here dur-
ing the week. An entrance connected with a big wardrobe 
to store outerwear and others. The workshop rooms and 
common room needs extra storage due to activity change, 
so a storage room is placed. Next to the kitchen is some 
toilets, a special need toilet and a niche. 

It is meant to be a public safe space for surrounding res-
idents to utilize. During weekdays the common room 
are open for all to stay and enjoy the view of the urban 
scenario. In weekend’s events are happening being big or 
small. 

Ill. 63. Commmon house plan 1:100

Common area 83 m2

Workshop room
 16 m2

Wardrobe 16 m2

Entrance

Hallway 39 m2

Depot
9 m2

Workshop room 29 m2

Kitchen 29 m2

WC 
3 m2

WC 
3 m2

HC WC 5 m2

N
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Ill. 70. House placement

N

5.4 House presentation

The three houses presented are of the sizes 81 m², 98 m² 
and 136 m². The house plan ideology is similar in the 
different houses, what varies is the size, additional func-
tions, and orientation. The three sizes is meant to accom-
modate three types of people groups, empty nesters, fam-
ily and elder. The house plans work with a big light and 
combined kitchen, dining, and living room. The houses 
work with separated children and adult sections, giving 
the family privacy. The separation makes it possible to 
not disturb the children when the parents go to bed lat-
er and when the children become teenagers, they won't 
disturb the parents. A secondary entrance leads into the 
utility room, where all the technical elements are located. 
The utility room is always located next to the shared shed 
where there is also placed a covered drying rack where 
cloths can dry during all seasons. 

In connection with the kitchen and dining area are the 
living room and adult section. The house is well connect-
ed with minimum walls to block light and to create a co-
herent feeling. The kitchen is the heart of the house, this 
is where there is enough room for all family members. 
In the kitchen, there is a big island with a big sink for 
practical use. Next to the kitchen island, there is space for 
a big dining table, with a view of the garden. Through a 
big gliding door, the food can be carried out to be enjoyed 
on the big terrace, which works as a smooth transition 
between garden and house. 

The materials in the houses consist of broad surfaces of 
wood and clay plaster. Both materials have tactile sur-
faces, one with the woodgrain and the other porous min-
erals. The combination of colours in the materials are 
dimmed and natural, easy tones for the eye to glide over 

when admiring the walls and ceiling. In the ceiling the 
construction is visible, the wooden beams run along the 
ceiling reaching the skylights in a smooth meeting.  

House one is designated for the elder people or empty 
nesters. The house has a main bedroom connected to the 
living room. The living room is then connected to the 
kitchen dining area which opens to the terrace. A bath-
room is placed between the main entrance and master 
bedroom. In the southern part of the house there is a spare 
bedroom or office, next is the utility room. The utility 
room have the secondary entrance used for dirty laundry 
and messy errands. The secondary entrance leads to the 
shared shed where parking and shares garden tools and 
bike parking is placed. 

House two is designed for a family of four. The house 
has two bedrooms and a master bedroom with a private 
bathroom. The main entrance leads into the house central 
transition zone, the hallway. In the hallway the two bed-
rooms are placed and a spacious bathroom. The hallway 
has inbuilt closet space and wardrobe to put the outer-
wear. The bedrooms also have inbuilt closets to increase 
usability of the floor area. From the entrance one can look 
straight through the house and into the garden.   

House three is built for the family in need of space. The 
entrance is located close to the road to minimize the front 
garden to have a bigger private garden. Next to the en-
trance, there is a storage unit, further, in the house, the 
kitchen/dining area is located. On one side is the hallway 
well-lit by skylights and this leads down to the children's 
section with two big rooms, a bathroom and a utility 
room. At the other end of the house the adult section is 
located, the master bedroom with a separate bathroom.  

Ill. 67. Empty nesters Ill. 68. Family Ill. 69. Elder
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Ill. 72. House 1 East elevation 1:100

Ill. 73. House 1  South elevationTerrace 30 m2

Bathroom 7 m2

Masterbedroom
 13 m2

Kitchen 12m2

Dining 10 m2 

Living room 13 m2

Bedroom 11 m2
Utility room 11 m2

Entrance 4 m2

A

A

B B

5.4.1 House A

Ill. 71. House 1 plan 1:100

N



Ill. 74. Street render. 
The untamed nature meet the street at the edge. The houses have 
brown exterior cladding made out of clay, the stone patina in a 
natural setting and tempo
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A

A

Ill. 78. House 1 West elevation 1:100

Ill. 77. House 1 North elevation 1:100Ill. 76. House 1 section BB 1:100

Ill. 75. House 1 section AA

B

B



Ill. 79. Street render. 
The street have designated areas where social gatherings can hap-
pen and children can play. Next to the pathway is placed some 
wooden stubs for activity and benches for resting
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Ill. 82. House  2  East elevation 1:100

Ill. 81. House 2 North elevation 1:100

Ill. 83. House 2 Section AA 1:100

B

B

5.4.2 House B

Ill. 80. House 2 plan 1:100

Bathroom
 10 m2

Bathroom 6 m2

Utility room
 13 m2

Entrance

Hallway
 7 m2

Masterbedroom
 12 m2

Kitchen 17 m2

Living room
 12 m2

Bedroom 10 m2

Bedroom 10 m2

N
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Ill. 86. House 2 West elevation 1:100

A

A
Ill. 87. House 2 Section BB 1:100

Ill. 84. Urban render

Ill. 85. Urban render



88 89

Ill. 89. House 3 East elevation 1:100

Ill. 90. House 3 North elevation 1:100

5.4.3 House C

Ill. 88. House 3 plan 1:100
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Ill. 91. Interior render.
The kitchen is made out of light oak wood, which goes well with 
the lighht coloured walls. The natural material is durable and 
strikes as elegant and timeless.
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Ill. 92. House 3 section AA 1:100

Ill. 93. House 3 section BB  1:100 A

A

B

B Ill. 95. House 3 West elevation 1:100

Ill. 94. House 1 South elevation 1:100



Ill. 96. Living room render.
The livingroom is spacious and can host a variety of different fur-
niture. The exterior shading have two purposes, darken the room 
and block unwanted heat gain from the sun.
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Ill. 105. House three livingroom reveberation time

5.4.4 Acoustic comfort

5.4.5 Energy performance

5.4.3 Visual comfort

Ill. 101. House 1 Df - off scale Ill. 102. House 2 Df - off scale Ill. 103. House 3 Df off scale

Ill. 104. Daylight factor indication

Because of the large window area, including the vertical 
skylights, the visual comfort of the houses are satisfy-
ing. Having matt materials often results in a lower DF, 
but the clay walls are light in color and thus reflect some 
light, and the light wood also helps to spread the light. 
The house's design promotes visual comfort by providing 

long views and a strong connection to the outside world. 
The houses all have more than 2% of DF In 50% all living 
spaces, see simulation ill 101-103 for house DF. The blue 
line and area outside of these have a DF of < 1 which is 
where the medium of the DF would be decreased.

8% 7% 6% 5% 4% 3% 2% 1%

The living room, dining area, and kitchen are all in the 
same room due to the house's design, and the high ceil-
ing provides a large air volume for sound to travel with-
out being reflected. As a result, the living room has the 
potential for a long reverberation time. House 3 has the 
largest room and thus the greatest risk of echo even when 
occupied. The reverberation time without furniture in 
the house is on average just under 1 s due to the use of 
wood on joists, visible structure, and porous clay walls, 
as shown in ill 105. Because the houses share materials, 
the other houses would outperform them.
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Due to diversity in size, placement and rotation, the en-
ergy consumption of the houses varies. The results for 
building operation values kWh/m²/year will be presented 
with and without solar panels. The optimization of the 
houses, the wall thickness, the window size, window 
placement, window type all affected the energy required 
for building operation look appendix 05 for Be18 results. 

It was initially wanted to reach the 20 kWh/m²/pr using 
passive strategies and a few active strategies such as me-
chanical ventilation and exterior shading not solar panels 
and heat pumps. Even through varies of iterations and po-
tential nonfunctional wall thickness it was not possible to 
reach it. The house shaping seems to limit the potential 
energy saving for single family houses. The new energy 
and material optimized houses add to Danish houses be-
ing environmentally sustainable.H82 H98 H136

23,3 kWh/m²/year 24,5 kWh/m²/year 21,7 kWh/m²/year

H82 H98 H136

-1,7 kWh/m²/year -0,5 kWh/m²/year -3,3 kWh/m²/year

Ill. 106. House building operation energy 

Ill. 107. House building operation energy  with solar panels

5.4.2 Atmospheric comfort

5.4.1 Thermal comfort

Ill. 97. Hot summer day interior OpT  house 3 livingroom
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House 2 has the most people in a smaller space and is 
thus at risk of poor indoor air quality. Because of the high 
ceiling, the living room has a large air volume, which acts 
as a buffer because there is more air to absorb contami-
nation.

Even when all four members of the family are present, the 
CO2 level does not exceed 1200 ppm. The ill 99 depicts 
how mechanical ventilation reduces CO2 levels to outside 
levels within a few hours of people leaving the room; 
once the CO2 levels have stabilized, the ventilation rate 
is reduced. During the non-heating season, natural ven-
tilation keeps CO2 at bay because high ventilation rates 
are used to reduce temperature in the building see ill 100. 
The air change of the room is high and therefor also the 
airflow, look appendix 19 to see buoyancy driven natural 
ventilation calculation. 

The thermal comfort of the houses was achieved using 
hybrid ventilation, active and passive shading. To avoid 
wasting energy during the winter, the mechanical ven-
tilation system recycles up to 80% of the heat from the 
air. The critical season is during the summer, when out-
door temperatures reach indoor temperatures, and pas-
sive solar gain is undesirable. The use of active shading 
allows the resident to reduce incoming solar energy and 
keep their home cool. Even when the outside tempera-
ture reaches twenty-five degrees, the indoor temperature 
doesn’t rise to critical levels, thanks to effective natural 
ventilation se ill 97. These days the air change of the liv-
ing room stays on a steady 4,8.

The initial criteria for summer comfort were the thresh-
old of 27 and 28 degrees, however future weather data 
showed that summers will be more extreme and therefor 
the house should perform well under these conditions as 
well. By lowering the threshold, the future performance 
of the house and critical sizzling summer days will be 
less hot. ℃

House 3: 

Year 2022 (41 h > 26℃ & 15 h >27℃)

Year 2050 (67 h > 26℃ & 26 h >27℃)

Year 2090 (125 h > 26℃ & 36 h >27℃)

5.4 House performance

The houses are similar in plan layout but vary in rotation, 
surroundings, and size. Having the house be in different 
locations they all perform different; on this page the in-
door comfort of the houses will be explained.

Excess overheated hours are emphasized in the thermal 
comfort, CO2 level in the atmospheric comfort, reverber-
ation time in the acoustic comfort, and daylight factor in 
the visual comfort.

Ill. 98. Summer comfort - excess hours of heat

Ill. 99. Mechanical  ventilation performance

Ill. 100. Natural ventilation performance
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1. 

3. 

5. 

2. 

4. 

6. 

6. Floor detail between two floors with underfloor heating. 

Interior 

20 mm  1. Parquet floor 2. 93 mm terrazzo floor 

73 mm  1. Batten 

23 mm 1. Stationary air (unventilated) 

50 mm  1. Insulation 

0.2 mm  Vapor barrier 

100 mm  Concrete 

150 mm  Insulation 

150 mm  Insulation 

-  Stable gravel 

Exterior 

5. Foundation detail. 

Exterior 

-  Wood terrace 

20 mm Covering board 

25 mm  Counter batten (ventilated level) 

25 mm  Batten (ventilated level) 

- Insect stop 

10 mm Plinth plaster 

330 mm  Foundation blocks (load-bearing structure)

0.5 mm Radon barrier 

50 mm  Edge insulation 

Interior

4. Wall (frontside) detail. 

Exterior 

-  Visible gutter. 

35 mm Façade tile 

38 mm  Counter batten (ventilated level) 

25 mm  Batten (ventilated level) 

20 mm  Wood board (Wind barrier) 

175 mm  Insulation (load-bearing structure) 

175mm  Insulation (load-bearing structure) 

0.2 mm  Vapor barrier 

45 mm Insulation & counter batten 

15 mm  Clay board 

5 mm  Clay plaster 

-  Utility room door with covering 

Interior 

Ill. 108. Details of construction

5.5 Detailing

3. Overhang and wall (backside) detail. 

Exterior 

-  Overhang construction in wood, with visible gutter. 

25 mm  Counter batten (ventilated level) 

25 mm  Batten (ventilated level) 

20 mm  Wood board (Wind barrier) 

175 mm  Insulation (load-bearing structure) 

125 mm  Insulation 

0.2 mm  Vapor barrier 

150 mm  Visible pillar (load-bearing structure) 

45 mm Insulation & counter batten 

15 mm  Clay board 

5 mm  Clay plaster 

-  2-part window with covering

Interior 

2. Roof window detail. 

Exterior 

35 mm Façade tile 

38 mm  Counter batten (ventilated level) 

25 mm  Batten (ventilated level) 

20 mm  Wood board (Wind barrier) 

200 mm  Construction layer with insulation, 

 roof window and covering (load-bearing structure)

Interior

1. Roof detail with integrated solar cells.

Exterior 

22 mm  Solar tile modules (108 W) 

38 mm  Counter batten (ventilated level) 

25 mm  Batten (ventilated level) 

20 mm  Solid decking 

150 mm  Insulation 

150 mm  Insulation 

150 mm  Insulation 

20 mm  Solid decking 

0.2 mm  Vapor barrier 

300 mm Visible rafter (load-bearing structure) 

45 mm Insulation & counter batten 

20 mm  Wood board 

Interior 

5 

3 

1 
2

6 

4

Relevant construction details are shown Ill.108 and de-
scribed at the bottom of the bulletin. The construction 
is categorized as a light-weight wood construction. After 
thorough material combination investigations multiple 
walls and construction possibilities were approved for use 
in this project. This gives a variety and resident choice to 
pick and choose which kind of interior architectural qual-
ity they prefer. The different scenarios have their own 
pros and cons, working with visible structure in ceiling, 
walls, hidden structure or a combination. The balance 
between the material choices is consistent and compre-

hensive throughout the construction, with clear lines and 
division of the materials giving a clear indication of the 
natural materials and their use, furthermore how they 
complement each other in transitions and shades through 
the house. The house skylight located in the hallway, 
kitchen area and living room draws a pleasant, diffused 
light into the room with high ceilings. The surrounding 
rooms have a ceiling the attic space is where the venti-
lation pipes are placed without them becoming visible 
in the interior rooms, taking up space and disturbing the 
minimal surfaces. 

Ill. 109. Details of construction
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Enf01

(SBi 2020-04)

(This project)

Enf02

Enf03

Enf04

Enf05

Enf06

Enf07

Enf08

Enf09

Enf10

Enf11

82 m2

98 m2

136 m2
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Name Materials emision GWP 

 [kg CO2-eq./m²/year]

Br Energy class 

[kWh/m²/year]

Solar panels [-/x] Area [m²] Constructiontype Weight [t]

Multiple 6,36 15/20 <30/20 - <1000 Heavy light 101,775

H81 6,31 2020 23,3 x 82 Light 88,42

H98 6,37 2020 24,5 x 98 Light 107,656

H136 6 2020 21,7 x 136 Light 142,749

5.5.1 LCA results

The concept of sustainability, which has become a ma-
jor area of interest and focus within the building policy 
strategy and the key to reducing the building's climate 
footprint is by using life cycle assessments (LCA), which 
have been used to clarify the overall environmental im-
pact across several parameters for some years. 

With this development and in connection with the entry 
of the Voluntary Sustainability Class in 2020 and the 
planned implementation of the building regulations in 
2023, LCA in the construction industry will go from be-
ing an interest to a necessity.  New constructions and the 
guarantee of quality assurance determined by LCA help 
to create a more environmentally sustainable construc-
tion industry. 

Based on this, greater demands are also made for the tools 
and methods that are used in the process of determining 
the building's climate footprint. These databases and in-
formation sources in question help to create the basis for 
the calculations of climate impacts. The data process and 
material information need to be handled with care in or-
der to give results that are always valid. Also, have an 
innovation in materials and methods of the construction 
industry to continue to raise the development and the sus-
tainable quality that is important for our common planet. 

In all this lies the importance of having a sustainable 
agenda through one's project development, according to 
the collection of knowledge and the design process to 
achieve a good result and the argumentation of a sustain-
able construction. The final life cycle assessments for the 
3 presented houses of H82, H98 and H136 square meters, 
respectively, are measured in m² / year, based on having a 
further basis for comparison with other respective build-
ings that can be clarified as sustainable. 

The values are calculated through LCAbyg 5 with asso-
ciated databases and in coherence with the established 
material library, where material properties and environ-
mental product declaration (EPD) have been investigated, 
selected, and added to LCAbyg. This is done to document 
the reality of the buildings and create a strong basis for 
the result. 

Two different scenarios have been calculated where the 
focus has been on global warming potential (GWP). All 
environmental impact parameters are shown in Appendix 
06. 

The first calculation uses the most updated data, about 
material lifetime and how the waste management takes 
place. It is a more generic process of the materials with 
the methods used based on the current knowledge, but it 
still resulted in a low GWP in kg CO₂-eq. / M² / year. 

The second calculation review has been made based on 
possible savings in waste management (C3-4) and that 
as many materials as possible are included in a recycling 
process outside the project (D). This is not a definitive 
result as there are many other factors and data that are 
not included or available at the present. The values for the 
potential savings scenario are.

The building's life cycle assessments (LCA) consist of 
5 divided phases and 17 modules, of which 10 of the 
modules are in the Voluntary Sustainability Class. The 
missing 7 modules are currently not included based on 
missing data; however, it is expected over time that they 
will be included. In addition, the D-phase does not form 
an actual part of the life cycle and is calculated separate-
ly from the other results, this is where there is a great 
potential for savings and minimization of environmen-
tal impacts. However, this requires alternative thinking, 
method changes and how the life of the materials are pro-
cessed and treated. There must be a focus on recycling 
and let it be part of a larger circular system, which con-
siders the large environmental impact of the construction 
industry. This new thinking is presented and justified in a 
larger context on the next bulletin.

To assess the extent of global warming potential (GWP), 
data has been obtained from relevant homes to compare 
results and to be put into perspective and scale. This has 
been done by reviewing a major report, that analyses the 
climate impact of 60 buildings that conclusively creates 
reference values for each individual dwelling type (SBi 
2020-04). 

The extracted values referred to 11 single-family houses 
that have been selected based on DGNB-certified proj-
ects, external projects and life cycle assessments carried 
out by the State Building Institute (SBi). The parameters 
of the 11 case houses are described in Appendix 06, in 
addition, an updated version of this report has been pub-
lished which includes updated databases and new envi-

ronmental product declaration (EPD), which helps to pro-
vide a relevant figure to compare with (SBi 2021-13). 

Out of the 11 case houses, 6 houses have been selected 
which match the buildings of this project the most, re-
lating to construction and material compositions. The 
selection is made matching with relevant material types 
and discarding buildings that are unsimilar to avoid unre-
alistic result, there is are calculated a mean value, as seen 
in Appendix 06. Deriving from the climate footprint in 
GWP, kg CO₂-eq. / m² / year, the reference mean value 
and the result from this project corresponds respectable 
and it is assessed that the newly built project is in the cat-
egory of sustainable nature.

5.5.2 Reference buildings

H82 H98 H136
6,31 kg CO2-eq./m²/year 6,37 kg CO2-eq./m²/year 6 kg CO2-eq./m²/year

H82 H98 H136
0,592 kg CO2-eq./m²/year 0,85 kg CO2-eq./m²/year 0,559 kg CO2-eq./m²/year

Ill. 110. Reference buildings



102 103

4,7 ton CO2

95,68 ton CO2

151,92 ton CO2

Construction wood al-
ready has embedded CO2 

because of the natural CO2 

storage wood possesses. 
The project uses 3800 me-
ters of wood for construc-
tion, this gives an embed-
ded CO2 of 4,16 tons 

The clay tile is a dominant 
material use in this project 
covering roof and two ex-
terior facades. The project 
uses 3800m² of clay tile, 
embedded CO2 is 96 tons 

The amount of rockwool 
insulation used in this pro-
ject all together is 2769 m³ 
and The embedded CO2 is 
151,92 tons 

Recycle 

Rockwool industry 
recycle into new rock-
wool batten 

Reuse & recycle 

Direct reuse in another 
building project as roof 
or exterior wall clad-
ding 

Reuse and upcycle 

Used for structure in a 
lessor project 

Upcycled for furniture, 
flooring or cladding 

Building materials have a lot of embedded CO2 which would 
be bound to this project if the materials were not reused, recy-
cled, upcycled or downcycled. To show how much embedded 
CO2 there is a illustration of potential reuse of building mate-
rials have been set up. The scenarios cover what the materials 
could be used for after the building life span of 50 years. For 
estimations and calculations look appendix 07.  

5.6 Material phase D 5.7 Embedded CO2

As mentioned at the beginning of the report, the con-
struction industry accounts for a very large part of the 
total CO2 emissions globally and a quarter of this comes 
from the building materials. Therefore, the importance of 
making recycling a focus topic and finding new methods 
and ideas to improve the quality of recycling and retain 
the value of materials is seen, in addition, Denmark is 
already a good at recycling, but there is greater potential 
underlying in this topic.

With life cycle assessments (LCA) becoming part of the 
building regulations from 2023, there will be greater re-
quirements for the buildings and solutions must be found 
to incorporate a process that also includes recycling as 
an important sustainability factor in a greater extent. To 
realize this requires a comprehensive documentation and 
handling of the materials in the demolition phase and to-
wards the recycling purpose.

According to documentation, it is obvious in the context 
of the registration of material type and quantities in life 
cycle assessments to compile a data sheet for the purpose 
of documenting end of life (C3-4) and the specific pur-
pose of the recycling phase (D), this can also be referred 
to as a material passport or material bank. In addition, the 
handling of the material according to the specific method 
and process it is processed in order to obtain the opti-
mal degree of utilization, the qualification of the material 
in question is an important assessed process that can be 

taken based on environmental, architectural, technical 
or economic qualifications, I.e. the current material is 
reviewed and the potential for recycling within different 
fields is assessed. Here, materials can then go through 
one of 4 different categories, direct recycling, recycling, 
up-cycling and down-cycling. These 4 categories are an 
improvement, considering that the material still has a 
potential and greater value by than going to landfill or 
incineration. The solutions are illustrated through the 
displayed diagrams and deals with a recycling hierarchy, 
recycling purpose and possible recycling options.

 The recycling hierarchy dictates a downward recycling 
pattern which tries to meet legislation and building reg-
ulations in the best possible way. It is divided into three 
categories, where new materials primarily start at the top 
and continue down through until the value of the material 
has expired and or is forced to go to landfill or incinera-
tion. Furthermore, then the 3 categories are divided based 
on function and size that help to realize possible recycling 
considerations to conformities. In addition, there is a re-
quired percentage of recycled materials, here the specific 
definition is indefinable and determined based on what 
is possible in the project, it can be from a load-bearing 
structural parts, insulation and interior from floor to ceil-
ing surfaces.

Ill. 111. Collectected possible CO2 savings
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6.1 Introduction
The design process begins in the presented analysis and 
is shown throughout by the underlying research. As a re-
sult, the concept and future revisions and detailing will 
be shown during this chapter. As the project works in 
four paths, the design development will have four topics, 
urban, common house, houses, and materials.   

The design process is presented in favour of the reader, 
but it is more complex than presented. The order of the 
design development attempts to communicate the inves-
tigations and decisions as effectively as possible, however, 
the process consists of iterations, many of the exercises 
and analyses are independent and decisions are made 
parallel.  
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Ill. 112. Illustrative way of presenting the design process out of scale
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Ill. 113. Ideas

6.1.1 Word mind map

Project title

Urban

Unconstricted nature
Space for insects
Imperfect
Interesting
Bringing natural views to the buildings
Close connection with nature

Society
Neighbours
Community
Belonging
Social gatherings
Public, shared & private spaces

Concept
Formed by nature
Private gardens
Familiar
Inviting
Microclimate
Context

Relation to nature
Healthy indoor climate
Views & connection to outdoors
Use of materials

Atmosphere
Qualitative spaces
Raw use of materials
Designed for family

Indoor climate
Hybrid ventilation
Less controlled house
Guided rather than constricted

LCA
Material bank
Recyclability
Availability
Environmental impact
Local impact

Materiality
Contrasts
Rough
Raw
Matte
Tactility
Touchable
Robust

Construction
Weight
Volume
Non-toxic
Organic
Non-adhesive

Envelope
Transmission
Energy
Tightness
Thickness

Structure
Simple
Logical
Design for disassembly
Visible

Functionality
Day care
Zero waste shop
Multifunctional

Solar power farm
Energy
Sharing the load
Giving back

History
Farmhouse
Save the trees
Remembering

Soceity
Gift to local community
part of something bigger
Feeling wanted

Nordic design
Clean lines
Functional
Reason & logic
Aesthetics
Critical regionalism

House a home
Personal
Independent
Place for refuge
Feelings & emotions
Sustainable behavior

MaterialsHouses 

Common house
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6.2.2Three concepts

Ill. 116. Concept 1

Ill. 117. Concept 2

Ill. 118. Concept 3

As the form was growing three concepts were evoked. 

First one inspired by the district plan, the plot divided into 
four division, a place for three cul-de-sacs and a common 
house. The house and plot compositions created a very 
tight and grid like structure which didn't have room for 
wild nature in between houses and adjacent neighbours. 
The concept worked with three clusters where a social 
community could be imagined having thrived. 

Second was to collect all shared space and common house 
in the middle and push housing to the edge of the plot.  
This idea pushed the private garden to be smaller de-
creasing the amount of personal owned space to increase 
public shared spaces. An idea of all neighbours and chil-
dren would communicate and interact across the public 
spaces, all to meet in the middle. This was a very different 
urban plan layout than the rest of the residential area.  

Third was shaped by an idea of rainwater collection, as 
the project focus’ on nature to allow the urban plan a 
natural shaping. The natural shaping and utilization of 
the current typography seemed like a qualitative way of 
urban planning which focused on thriving wild nature. 
This created a different idea of a private backyard with a 
shared stream 

6.2.1Urban workshop

6.2 Urban

A physical model was created with a map and existing housing in foam to gain an understanding of the site area and 
context. To investigate different urban layouts, small foam bricks the size that simulates the floor area of the houses are 
used. The urban layout revolves around the topic of cul-de-sacs, which can be done in a variety of ways. The various 
configurations are the result of design criteria, plot sizes ranging from 400 to 600 m², and 20 single-detached units. To 
begin, the units and plot sizes were cut out to put them into context look appendix 08 for physical model pictures. 

The purpose of the task is to understand the different scenarios and complications that follow along the development. In 
this workshop some themes and concepts have been sketched and developed.  

Less car more bike
A concept of reducing the space the automobile requires, 
not only for parking but also for street. The typical tract 
house has a designated car parking area, and a garage in-
cluded a luxury for car owners. This concept works with 
no designated parking area. 

Part of the cul-de-sac is the safe street; the road is no 
longer only used for traffic only but as a space for play 
and social gatherings. This concept works with areas on 
the street and in-between the houses, spaces suitable for 
safe play. 

StreetCommunity house

Ill. 114. Amounts units Ill. 115. Amounts units

The purpose of the community house is to provide 
a shared space for indoor activities. There should be 
other functions apart from social gatherings, like day-
care. The community house should serve the existing 
local community as well as the new neighbourhood. 
This concludes at the designated location in the south-
east corner. 

With a typical tract house, a garden surrounded by a 
shrub is often included. This leads to a grid and strict 
controlled urban development. This project wanted to 
avoid the green stringy lawn and introduce more wild 
gardens. A concept would be to relive plot lines and 
let the boundary lines correlate and create interesting 
gardens. This would allow untraditional plot shapes 
and introduce blossoming urban development. This 
could be done in multiple ways, but the direction is 
wild and organic.  

Cut the green lawn
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Ill. 120. Urban concept 3

Ill. 121. Urban concept 2
Ill. 119. Urban concept 1

Pros Pros

Pros

Cons Cons

Cons

Calm and safe roads dead end roads

Potential for social gatherings 

Good location for shared common house

Safe choice, less adventures 

Little space for wild nature

Lots of potential for wild nature in the middle

One big community

Space for sport collective and social gatherings

Potential risk of busy road

Common house is surrounded, cuts of the other 
neighbourhoods

Risk of less qualitative gardens

Social level might be overwhelming

Calm and safe roads dead end roads

Strong concept with rainwater streams, good ur-
ban quality

Good quality private backyards

Small niches in the urban for public spaces

Less space for common house plot and parking

6.2.3Urban concepts

Three urban concepts were created out from model and 
sketching iterations. The specific sizes of the plots and 
houses were visualized to see the relation between the 
houses and the quality of the concepts. 

Working with plot sizes in the range of 400-600 m² and 
twenty units plus a common house the relation to the gar-
den, the road and neighbours were investigated. A shad-
ow analysis helped to grant an understanding of the gar-
den sun hours and possible future problems of plots look 
appendix 09. The concepts went in different direction and 
therefor had different values. 

To continue the design process one concept had to be 
picked, listing the pros and cons of the concepts helped to 
navigate and reason the choice.  

The first concept grew from an idea of a natural shaping 
parameter, rainwater, creating streams in the backyard as 
natural rainwater collection. 

The second concept worked with a combined big space 
in the middle of the site, pushing all house to the edge of 
the site. 

The third concept was inspired by the surrounding urban 
areas, continuing the format, and keeping it simple. 
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6.2.5 Urban qualities

Ill. 126. Public private zones

Ill. 127. Rain water streams

Ill. 128. Walking connections

Public - semi public – private 

The urban public and private zones 
were sketched in the different iter-
ations to visualize placements of 
benches, recreational areas like, 
playgrounds, outdoor fitness, small 
landscapes and public petite gar-
dens.  

Rainwater iterations 

Rainwater streams began as a form 
shaping element, but as the process 
progressed, the houses and practi-
cal placement of the stream had to 
be changed. Creating a controlled 
but useful rainwater collection sys-
tem that will be used as plot sec-
tioning in conjunction with a vari-
ety of bushes for a less typical tract 
house garden sensation. 

Walking connections 

The cul-de-sac have previously 
been criticised for being confus-
ing and petulant when it comes to 
transport, the focus of the urban 
concept has also been on the con-
nections and paths that can be used 
by pedestrians and cyclist. The car 
is a secondary transport option for 
the residents of the project, the fo-
cus is on the human scale transport 
choices. 

6.2.4 Urban concept iterations

Ill. 122. First urban iteration

Ill. 123. Second urban iteration

Ill. 124. Third urban iteration

Ill. 125. Fourth urban iteration

The third concept was chosen because of its benefits. The 
idea was inspired by conceptual rainwater streams, which 
arose from a topography model based on gravity and el-
evation levels (see appendix 08: model pictures 3). The 
rotation of the plots and houses provided an opportunity 
to incorporate the use of solar panels; the roof design al-
lowed the solar panels to be placed on either the southwest 
or southeast roof side. Different scenarios were created as 
the urban areas and plot sizes were tightened and iterated. 
The idea was to have the rainwater streams flow naturally 
through the site and the houses conform to this. However, 
for the plots to be reasonable sizes and shapes to be sold 
and know who owns what, the streams had to be edited. 
The stream should work as additional urban quality and 
sometimes work as plot divider, having neighbours share 
stream and possibly a bridge.  

First iteration worked with three bulbs who shared the 
same road as the common house, pushing the roads away 
from the houses Ill. 122.   

Second iteration re-established the road and located it 
near to the road north of the site. The new house pattern 
created more gardens directed towards south gaining 
more sunlight hours hitting the garden Ill. 123.  

Third iteration work with a combined clove road, reduc-
ing road area and allowing more free space for nature are-
as to thrive. This iteration continues in the same direction 
as the previous one Ill. 124.  

Fourth iteration combined the clove with a roundabout 
to create zoning and division between the cul-de-sac’s, 
social identity, and independence Ill. 125.   
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6.3.2 Ideas and function

Wokrshop area

Wokrshop area

Hallway

Tv room

Cozy

Shower

Stair

Big hall

Kitchen

Wokrshop area

Wokrshop area Storage

Wardrobe

Entrance

Hallway

HC toilet WC

Stair

Terrasse

6.3.3 Integration of pv
Ill. 132. Common house 1st floor Ill. 133. Common house 2nd floor

Ill. 134. Common house placement

The idea and purpose for the communal house and its 
functions are to set an example for a sustainable agenda 
in the neighborhood with an environmentally sustaina-
ble house in terms of materials and energy consumption, 
that can with flexible spaces have different functions and 
workshops the focuses on social and environmental sus-
tainability. This could be as following: 

Social sustainable. Functions/workshops with sustainable 
purpose: Clubhouse, events and social gatherings + kitch-
en, Rentable office space 

Fitness, Daycare, Natural outside/urban area with space 
to fun (playground, small field + some goals) and smaller 
spots to relax and enjoy nature 

Environmentally sustainable. Functions/workshops with 
sustainable purpose: Recycling station of old stuff that is 
not broken and other useful stuff (book, chair, glass etc. 
and materials), gardening, food waste, rainwater collec-
tion,“handyman” workshop, learn to build stuff 

With the idea about the communal house as a good ex-
ample and frontrunner for sustainability with is purpose, 
functions and workshops to the community, so they can 
learn and hopefully bring some knowledge back home in 
their own home. Furthermore, have the building a low 
energy consumption at 25 kWh/m² year with its passive 
and active technical parameters as shown. The rest of the 
energy consumption is balanced by solar cells so that it 
reaches 0 kWh/m² year see appendix 11.  The chosen so-

lar panels are integrated modules for tiled roofs interlock 
with any concrete or clay tile. The tiled solar roof panels 
have a peak power of 108W and an efficiency of 19%. The 
needed area of solar panels is calculated in the following 
section.

6.3 The Common house

6.3.1 Concept

To give the whole neighborhood something to gather 
around and have more possibilities that they do not have 
in their own houses, a common house was introduced. 
The common house will have functions that could be used 
during the week for different types of social gatherings. 
The purpose is to introduce rooms that can accommodate 
functions for a daycare, a couple of external office spaces, 
a small fitness, large common room for social events, dif-
ferent workshop rooms and an industrial kitchen, usable 
for anyone in the common house. 

The idea and sketching for the common house take its 
beginning from the history in the context, with an old 
farmhouse that have been demolished and next to it was 
a large oak tree that have been giving the status of con-

servation value. The value of this is important and it is 
related to the natural importance of Sorø municipality 
and should not be excluded as a factor in a design process.  

Furthermore, in conjunction with the municipality's 
values the common house creates the context for social 
community that thrives in coherence with each other. 
The common house key values are socializing and nature 
in a sustainable perspective. 

Ill. 129. Commonhouse concept 1

Ill. 130. Commonhouse concept 2

Ill. 131. Commonhouse concept 3

Third concept was a simple form which reminded of the 
new houses, the interior should be designed to have dif-
ferent functions planned to work coherently. The roof was 
inspired by the old farmhouse having tall gables.   

Second concept is a modifed version of concept one, us-
ing the same type of roof, but morphing the form into a 
more compact house. This concept creates zones around 
the houses which could be used as an extension of the 
house during summer.  

First concept mimicked the layout of the old farmhouse, 
working with zones around the common house with a 
sheltered semi courtyard which could be used as exterior 
zones for social events. This concept was related to the 
surrounding history of farmhouses, remembering the ag-
ricultural history and use of livestock in Sorø. 
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6.4.2 Concept iterations

Ill. 136. House componentsIll. 137. House layers

To reuse the building materials, they need to be decon-
structed from each other without the material losing qual-
ity. Initially, the oncept of protecting walls grew alongside 
the one façade facing the street, creating zones Infront 
and behind this wall. This concept grew and consumed 
the roof and one exterior wall. Working with different 
plan solutions it was at one point an external unit with 
designated utility room. One concept was to have a dense 
heat capacity wall running down the centre of the house, 
emphasizing the passive system of absorbing and releas-
ing energy reducing indoor temperature fluctuations.  

6.4.1 House concept

6.4 The House

Ill. 135. Turtle illustration

The house concept was initially motivated by the clev-
er use of materials and the consideration of design for 
disassembly. This formed the foundation for the concept, 
dividing the house layers, roof, walls, and interior. The 
plan was to build a shell into which the family could re-
treat when they wanted to spend time together; the house 
would then have a soft backside towards the garden. The 
shell should be composed of tough, dense materials, while 
the backside consists of softer, organic materials. As the 
wall evolved into the roof, it became a part of the shell 
as well. The street had an organic shape, and the house 
shells were cut into the plots with straight lines intersect-
ing at a perpendicular angle. The shell should also protect 
the soft side by acting as an overhang to help the organic 
materials last longer. 
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Ill. 143. Plan considerations 

Ill. 144. Plan Sketches

Ill. 145. Initial plan sketching

6.4.5 Unit sketching
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The plan solution sketching originates in the typical track 
house plan, considering the different aspects of privacy, 
logistic, exterior, and interior connections. Integrating 
the different parts of successful plan with microclimate 
and energy consideration. Other things to include in the 
design development of plan are biophilic design, flexibili-
ty and the amount of people living there. Plans from tract 
houses and Nordic architectural villas were used as inspi-
ration, look appendix 12 for plan inspiration. Looking at 
what appeared to be good solutions and comparing the 
two types of plan solutions. 

The development of the house plan has been a lengthy 
process influenced by functionality, privacy layout, en-
ergy optimizations, masterplan layout, and so on. Many 
ideas have been tested to determine which type of layout 
would be successful. Size, flexibility, biophilic design, and 
window placements were all factors to consider when de-
signing. Some of the ideas were presented here, but for 
more sketching, see the appendix 13. The shaping of the 
concept made it, so the long house has become the general 
shape of the houses.  

6.4.6 Iterations
The initial round of sketching focus on the layout of the 
houses, fitting in the function for the different units’ sizes 
of 90 m², 110 m² and 130 m². The analysis started with 
examples of tract house plans, analysing what works and 
what doesn’t. The problem was that the examples didn’t 
consider the orientation of the house and the placement 
of other than car and street. Nordic architecture focuses 
on the surroundings, microclimate, and views. Is it possi-
ble to incorporate Nordic design ideologies with Danish 
suburban location? The project wanted to focus on plan 
layouts that were designed to the specific microclimate 
and plot location. Considering the rooms position and 
use throughout the day, the level of privacy and intimacy. 
The task was done with simple lines in Illustrator, paint, 
and 3D models all drawn in either Revit or Sketchup.  

Kitchen
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Dining area

Bedroom

Bedroom

Bedroom

Bath
room

Entrance
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North

Entrance
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6.4.4 Tool shed
As owning a plot and living in the suburban area, it re-
quires more space to stock tools, bikes and other. The 
storage unit does not need to be heated and therefore the 
shed can be either part of or separated from the house. 
Garden utilities and other tools which can be shared, 
should be shared with the neighbour, encouraging less 
use of material good and social behaviour. The project 
wants to design for sustainable behaviour a covered dry-
ing rack was also sketched.  

Placed individually

Shared shed

Part of the house

Big shared shed 

Placed next to house

Shared street parking 
on the road

Shared street parking

Combined parking shar-
ing with neighbour

6.4.3 Parking
The parking considerations was sketched to investigate 
different solutions. Having a focus on sustainability and 
the use of alternative transportation methods, the car 
parking was shared. Sharing spaces and reducing the cov-
ered areas allowing more green areas but still providing 
parking. The parking should be practical and benefit the 
residents, so daily life like groceries doesn’t become an 
irritation.  

Ill. 138. House placement Ill. 139. Parking indication Ill. 140. Shared tool shed & drying rack

Ill. 141. Parking opportunitets

Ill. 142. Parking oportunities
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6.4.8 Connections

Ill. 155. One-sided roof slope, mounted on the wall

Ill. 156. One-sided roof slope, optimized solution on the wall

Ill. 157. Two-sided roof slope, staggered

Concept constructions are investigated and roof slope and 
roof ridge solutions are assessed. 

1. One-sided roof slope, mounted on the wall 

2. One-sided roof slope, optimized solution on the wall 

3. Two-sided roof slope, staggered 

The goal of the study with the roof construction is to end 
up with an overall similar roof structure that can adapt to 
the context and the specific plot, so the house can be op-
timized. That is, the house roof construction is not locked 
design-wise too early to avoid possible complications fur-
ther in the design process. 

The development in the concept works with surfaces 
and clarification in the indication of materials to bring 
out the qualities of the material. At this stage, work was 
done on the concept that weight should be an indicator 
for creating clear lines and producing quality in heavy 
and light elements, here we work with a heavy front and 
the joint with the roof. The adaptations of the concept 
come in the possible problems that may occur in the solu-
tion of "One-sided roof slope, mounted on the wall" and 
the limited adaptations to different orientations and the 
internal influences that come based on this. The detail 
is further investigated in an optimized construction solu-
tion in "One-sided roof slope, optimized solution on the 
wall", but by creating own parameters to push the design 
in composition with the context and floor plans. Thereby 
it is assessed that there must be a concept change in the 
roof shape and "Two-sided roof slope, staggered" is in-
troduced where opportunities for qualitative ventilation 
and daylight solutions are opened, in addition, to great-
er adaptation options to the individual building plots to 
achieve the full potential for all buildings. 

Chosen

6.4.7Tectonic
The tectonic of the house were considered next to ma-
terial selection, the chosen material dictates the tectonic 
concept. Two main concepts were circulated during the 
longest of the process, a structure purely of wood and 
one mixed with heavy walls. The heavy wall could be 
made of any heavy material and was part of the original 
house concept of bringing a denser structure. The reason 
for having a dense wall was the idea of reused bricks, the 
reused brick has many benefits including a high thermal 
mass.   

The classic masonry brick was replaced with a clay tile 
during the process, which has other benefits. Due to this 
exchange, the structural use of the heavy wall was ex-
cluded.  

Considerations for the connection between the wall and 
the roof, as well as the detail. The connection between 
the wall and the roof has been subjected to a scenario of 
multiple solutions. The idea was to use a full masonry 
wall, where the need for a vapor barrier is less impor-
tant than in other structures, such as a wood roof. The 
structural connection between the two should be made 
not only for aesthetic reasons, but also to avoid future 
rain, snow, and wind problems Ill. 155-157. 

Ill. 146. Pitched roof wood structure

Ill. 149. Pitched roof combined strucutre

Ill. 147. Pitch roof raft structure

Ill. 150. Pitch roof raft and wall structure

Ill. 148. Single sided tilt wood structure

Ill. 151. Single sided tilt mixed structure

Ill. 152. Staggered pitch roof wood

Ill. 153. Staggered pitch roof mixed

Ill. 154. Staggered pitch roof heavy wall mid

Chosen
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6.4.10 Roof solution

Ill. 164. Single sided Ill. 165. Vest oriented roof Ill. 166. East oriented roof

Hours > 27

Hours > 28

186

73

152

53

156

49

The initial roof formats originated in typical housing 
roofing, with an inspiration from Danish building tradi-
tions. The hip and half hip roof have been a great part of 
the house process. The individual appearance of the roof, 
the connection with the neighbour’s roof and the interi-
or ceiling opportunities the different roof types gave was 
part of the selection tools. 

The installation of a skylight or a window just below the 
roof has numerous advantages. The introduction of ther-
mal buoyancy ventilation, which allows hot air to be ex-
hausted through these windows, is one example. Anoth-
er advantage is the abundance of passive solar gain and 
natural light. The windows can also be used to make a 
statement or to highlight a particular architectural fea-
ture. The modern envelope has grown in thickness, and 
the window is very thin, creating a contrast that can ei-
ther conceal or highlight a detail. 

A workshop was held to examine the integration of 
high-level placed windows and skylights in order to bet-
ter understand the various factors. The task focuses on 
the amount of energy saved during the winter, the risk 
of overheating during the summer, and the amount of 
daylight factor. To compare solutions, values are assigned 
to each, including not only energy but also architectural 
aesthetic and atmosphere. The various scenarios are con-
trasted with one that does not have any roof windows. 

The roof can be moulded in a variety of ways, but a com-
position with staggered kip, allowing for a vertical open-
able window, seems appropriate for this project. 

Chosen

6.4.9 Realtime render
During the design process, real-time render was used to 
visualize the editing and changes made in the model. The 
size of the furniture, the spacing and zoning of the living 
room was investigated using real-time render. The qual-
ity of the space depends on so many things and the com-
binations of materials is big part of Nordic architecture.

Ill. 158. Hallway  ceiling.
A ceiling height of 3000mm

Ill. 163. Hallway low ceiling.
A ceiling height of 2500mm 

Ill. 159. Hallway open ceiiling
It was tested to open up

Ill. 160. Living room and kitchen visible 
Looking into the affect of visible structure

Ill. 161. Living room
The atmosphere of the living room with materials

Ill. 162. Living room
The space of the livingroom was tested

Chosen
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6.4.12 Active strategies
Depending on the system chosen, active strategies are 
used to reduce the energy use of the building as well as 
the energy cost from external sources such as heat and 
electricity. It is possible to help reduce carbon emissions 
over the life of a building by utilizing these systems. 
Some systems provide a level of independence that can 
be useful in certain situations; the systems actively help 
to reduce the energy demand of the house, reducing the 
pressure on the grid, which will be very beneficial in the 
future. 

Air-to-air pumps are simple to install and disassemble, 
but they require extensive maintenance and are noisy. 
Furthermore, the aesthetic aspect must be considered, as 
they are quite visible both on the interior and exterior. 
The source of heat comes through blowing in hot air, to 
some is annoying.

Photovoltaic panels draw energy from the sun, which dic-
tates the placement and angle of posotioned surface. The 
panels produce a lot of energy when little energy is need-
ed, during the summer most houses produce more energy 
that they use, the energy can then be send back to the grid 
strengthening the local electricity network. 

Geothermal heat pumps extract heat that has been heated 
by the sun from the ground. Heat is transported through 
fluid-filled pipes buried beneath the earth's surface. The 
heat pump consumes energy to circulate but produces 
four to five times the amount consumed. The pipes are 
a significant investment, and they must be installed on a 
large amount of earth. 

Ill. 171. Air to air heat pump

Ill. 172. Photo voltaics

Ill. 173. Geothermal heat pump

Chosen

6.4.11 Ventialtion princip
With hybrid ventilation, the emphasis on natural ven-
tilation and concealment of mechanical ventilation has 
been possible, as has the design and layout of units. A 
high ceiling was expected to improve the quality of the 
living room and kitchen while also utilizing buoyancy in 
the natural ventilation system. Natural ventilation was 
thought to be a low-energy cooling method during hot 
summer days because hot air circulates and escapes, cre-
ating cool breezes. Appendix 21 contains a scenario of the 
efficiency of a natural ventilation system based on win-
dow area, window opening area, neutral plane, pressure 
difference, and airflow. 

Mechanical ventilation is required due to the need of heat 
recovery. When incorporating the system into the house 
designs, there were a few factors to consider. The systems 
were always intended to be concealed and to attract as 
little attention as possible. The pipes should be designed 
so that the air travels the shortest possible distance, keep-
ing the system as efficient as possible. To avoid recircula-

tion of contaminated air, the intake and exhaust positions 
should be at least two and a half meter apart if horizontal-
ly placed and one meter if vertically placed (DGNB-Sys-
tem Denmark Bæredygtighedscertificering af nybyggeri 
og omfattende renoveringer, 2020). 

Then, in the center of the house, a central aggregation sys-
tem should be installed. Because of the potential for noise 
and irritation, the aggregate should not be placed over 
bedrooms. In terms of frequent filter changes and other 
maintenance, the system should be easily accessible. The 
obvious place to hide the ventilation system was in the 
ceiling, but a desire for high ceilings complicated matters. 
There were several iterations of aggregate placement as 
well as roof format. 

Ill. 167. Mechanical ventilation Ill. 168. Hybrid ventilation

Ill. 169. Mechanical ventilation plan Ill. 170. Hybrid ventilation



128 129

6.5.2 Pv integration

Ill. 179. Solar panel detail

Ill. 180. Solar panel detail

Ill. 181. Solar panel detail

The amount of energy collected is determined by the 
angle and direction of the solar panels. The amount of 
efficiency that can be obtained with a given angle and ori-
entation can be read from the graph. The angle of the pro-
ject houses roof varies between 17 and 24 degrees, with a 
south and west orientation and a rotation of 22.5 degrees. 
This results in an efficiency of around 90%; it could be 
argued that if placed, why not pursue the full potential. 
To discuss, various solar panel attachment solutions were 
analyzed and drawn.

The adding of solar panels mounted on top of the roof 
have both pros and cons. The mounting system gives the 
possibility for an individual angle for the panels, which 
can be beneficial. This system is very visible and steals a 
lot of attention for the wrong reasons.  

The integration of solar panels into the roof links the an-
gle to the roof. Because of the less distracting solar panels, 
the appearance of this solution is much more appealing. 
This creates additional issues because the roof structure 
must accommodate the additional ventilated space be-
neath the solar panels. If this is not done correctly, the 
solar panels may overheat and lose efficiency. 

Using new technology, a solar panel shaped like a roof 
tile can be integrated into the structure of the roof, giving 
it an integrated appearance while avoiding the problems 
associated with extra ventilation gaps (Tiled solar roof – 
Solarstone, 2022). The amount of energy that can be har-
vested is determined by the angle of the roof. 

-90o

East

90o (Vertical)

45o    Angle

30o

15o

0o (Horizontal)

75o

95-100
Efficiency in %

90-95
85-90
80-85
75-80
70-75
65-60
55-60
50-55

60o

-60o -30o 0o

South

30o 60o 90o

West
Orientation

Ill. 182. Solar panel efficieny chart Source on 

Chosen

Ill. 174. Low angle south oriented roof.
Initially there is nothing wrong with amount of sunlight hitting the 
low sloped roof.

Ill. 176. Low angle south oriented roof

Ill. 175. High angle south oriented roof. 
The scale of the solar radiation is bigger comparing to the other graff, 
this shows an important difference.

Ill. 177. High angle south oriented roof

Ill. 178. Roof orientation

There was a discussion of having the roof window orient 
towards south or west to contribute to passive heat gain 
and allowing the suns light to travel through the day on 
the ceiling and walls of the house. The problem was that 
the angle of the roof determines potential solar panels 
efficiency, having the ceiling windows directed towards 
south, made it so the solar panels had a small area, and 
the angle were low.  

The roof could be flipped to have the angle window point 
towards east and north, this window would gain very lit-
tle passive solar gain, but would contribute with dimmed 
diffuse northern light. The northern light would become 
brighten the room in a calm way and not have the dramat-
ic effect of the sunlight walk through the day.  

To help choose between the two options solar radiation 
analysis were made, simply having the low angle towards 
south and west in the first analysis and then mirrored 
having the steeper roof oriented towards south and west 
(Look ill 166-167).  

6.5.1 Roof direction
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6.5 Optimization

Chosen
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6.6.5 Future conditions

Results

Hours above 26: 303 h

Hours above 27: 193 h

Results:

Daylight factor 7,8%

Results:

Daylight factor 5%

Results:

Daylight factor 3,7%

Results

Hours above 26: 97 h

Hours above 27: 67 h

Results

Hours above 26: 97 h

Hours above 27: 67 h

Results

Hours above 26: 88 h

Hours above 27: 33 h

Results

Hours above 26: 53h

Hours above 27: 7 h

Results

Hours above 26: 78 h

Hours above 27: 16 h

1. Iteration 2. Iteration 3. Iteration

Ill. 187. No shading

Ill. 188. Overhang

Ill. 189. Vertical slats

Ill. 185. Bsim model

Ill. 186. Daylight factor

The summer comfort of the house was discussed what 
category would be sufficient, looking at the number of 
excess hours the category 3 limits 25 hours above 28 de-
grees and 100 hours above 27 seemed reasonable. 100 
hours may be less than a week of excess hours, which 
may be tolerable for some, but these data come from older 
Danish weather data, and future weather data and tem-
peratures may be more extreme due to global warming, 
resulting in the house having a lot of excess hours in the 
future. The same model's weather data was exchanged for 
estimated 2050 and 2090 weather data files. The same 
model with the same scenarios predicted decreased sum-
mer comfort in the future: in 2050, there were 302 hours 
above 26 and 170 above 27, and in 2090, there were 502 
hours above 26 and 200 above 27.

These future conditions are not far away, therefore extra 
exterior shading needs to be incorporated. Different sce-
narios with multiple types of shading were made, test-
ed both in Basim and Be18 to see the relation between 
energy and summer comfort, look appendix 14. Exterior 
shading was needed to reduce the energy demand and 
keep summer comfort, vertical slats will be used in the 
design and must be integrated to keep the minimalistic 
appearance of the façade.

Chosen

Windows

6.5.3 Detail workshop

Throughout the design process, smaller sketching ses-
sions were held as needed. The themes are varied, and 
more could have been included, but they served as a 
springboard for the process and were chosen because of 
project direction. Individual sketches can also be used to 
contrast and compare different solutions.

As the windows place a huge roll in both appearance and 
energy demand, the process of this Is vital to create a low 
energy project. Working with different sceneries allow a 
holistic and integrated design solution. 

Windows serve a variety of functions, including passive 
solar energy, allowing for ventilation, and providing a 
view of the outside world. They can also be used for other 
purposes such as sitting and transition zones. Windows 
commonly have the job of ventilation and natural day-
light; it is however important to keep privacy where it is 
needed.

Privacy

Open feeling

Daylight

View

Furniture

Venting

Sun shading
During the heating season, free energy from the sun is 
more than welcome; however, with high exterior temper-
atures, the risk of overheating is desired to be avoided. 
Solar shading should be considered to avoid receiving too 
much solar energy during the summer while still receiv-
ing enough during the winter to use as passive heating. It 
can be built into the shape of the building or added later 
as shades or vegetation. This factor is extremely impor-
tant when it comes to lowering operational energy de-
mand throughout the year. Different scenarios were dis-
cussed and sketched.

Overhang

Winter shade

Louvres

Position in wall

Spring/autum

Position in wall

part glass

Summer

Ill. 183. Window s

Ill. 184. Shading options

6.6.4 Indoor comfort
The living room and kitchen-dining area are the most 
vulnerable room in terms of overheating during the sum-
mer because they are oriented west and south. To analyse 
different iterations, simulation models were created. Bsim 
was used to calculate the amount of excessive heat hours, 
and velux was used to simulate the daylight factors. Even 
with an overhang, the simulated house overheated due to 
the large window areas. The window area was reduced, 
but this ruined the desired aesthetics and daylight factor.

The window was designed to be as parallel to the exterior 
façade as possible, providing more space on the interior 
floor area and a less complicated façade. This only ap-
plied to the windows that started at the floor. The frame 
shade would reduce passive solar gain by pulling the win-
dow to the interior side, but this appearance would be un-
desirable on the garden-facing façade.

The boundary conditions for the daylight simulations are 
an overcast sky, implying that the direction of the sun 
has no effect on the daylight factor of the rooms. Room 
overheating is, however, highly dependent on orientation. 
While the daylight factor and window area on each house 
are similar, the amount of shading on each house is not. 
External shading is required for the floor-to-ceiling win-
dows facing south and west.

N
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1 Product stage
Raw material supply
Transport
Manufacturing

2 Construction process stage
Transport
Constructioninstallation process

3 Use stage
Use
Maintenance
Repair
Replacement
Refurbishment
Operational use of energy
Operational use of water

4 End-of-life stage
Demolition
Transport
Waste processing
Disposal

5 Bene�ts and loads beyond the 
system boundary
Reuse
Recycle
Upcyle
Downcycle
Inceneration
Land�ll

Typical stages of building's life cy-
cle: The products stage, construc-
tion process stage, use stage, end-
of-life stage and benefits and loads 
beyond the system boundary 

(Styrelsen, 2016)

After a cycle of use, a material or product is 

used for the same function. Materials or prod-

ucts are subjected to a light mechanic process 

at most

When a material or product is decomposed 

or comminated into raw materials and then 

recovered for use in the manufacture of new 

products. The recovered materials are used to 

create products that are like or completely dif-

ferent from the originals.

When building materials or components are 

transformed, refined, or transformed into new 

and more valuable building materials and com-

ponents (increase in value in relation to econo-

my and service life).

When building materials or components are 

transformed or transformed into new, low-

er-valued building materials and components 

(impairment in relation to economy and ser-

vice life).

1. Product

A1 Raw materials 

A2 Transport 

A3 Manufacture 

2. Building process 

A4 Transport 

A5 Construction / assembly 

3. Use 

B1 Use 

B2 Maintained 

B3 Repair 

B4 Replacement 

B5 Renovation 

B6 Energy consumption for operation 

B 7Consumption for operation 

4. End lifetime

C1 Dismantling / demolition  

C2 Transport 

C3 Waste treatment 

C4 Disposal 

5. Outside project 

D. Potential for reuse, recycling and recovery 

Ill. 190. Building life cycle

Ill. 191. Phases 1-5. Modules A-D. 

Ill. 192. REUSE Ill. 193. RECYCLING Ill. 194. UPCYCLING Ill. 195. DOWNCYCLING 

6.6 Building materials
The materials library's foundation is an exploration of the technical and aesthetic parameters of relevant building mate-
rials for this specific context. The technical part is based on life cycle assessment (LCA), specifically the environmental 
impact, recycling, and circular purpose of the various material categories. Examining various environmental product 
declarations (EPD) and reports on recycling and possible circular solutions for specific materials leads to a better under-
standing. Furthermore, based on the materials chosen, the aesthetic factor is visually analysed through images dealing 
with colours, shades, surfaces, patterns, harmony, treatment, and relationships to achieve greater coherence with the 
context and between the technical and architectural aspects. Appendix 15 contains the material library. 

Life cycle assessment (LCA) is a comprehensive method of 
assessing the environmental impact of products or product 
systems over their entire life cycle. The life cycle calculation 
consideration is 50 years, but the actual or expected life of the 
building may differ from the theoretical calculation period. 

The environmental impacts are measured in relation to sev-
eral environmental categories, global warming potential, 
stratospheric ozone depletion, tropospheric ozone formation, 
acidification, Eutrophication. Using the LCA method and thus 
accounting for all environmental exchanges, such as consump-
tion of energy, raw materials, and other resources, emissions 
to air, water, and soil, as well as waste streams throughout the 
life cycle.  

With these results, it is possible to identify specific risks or 
problem areas surrounding the material choice. Incorporating 
the LCA assessment into the design process, it is then possible 
to create an overview of the total environmental impact. To 
then minimize and reduce construction emissions before it be-
comes a problem in the project phase.  

In practice, LCA is a valuable tool for analysing and compar-
ing different alternatives when designing products or processes 
and helps to identify hotspots in the form of critical processes 
or materials that can give spikes in major environmental de-
cays. 

More specifically, such as the lifespan of a building, it is a tool 
for assessing a more complex level of all underlying processes. 
Where the use phase of a building extends significantly further 
than the production phase of the building itself and its materi-
als, in addition, demolition and waste management must also 
be included. This is where LCA as a design tool can shed light 
on how environmental loads are throughout the building's life-
time. Which makes it possible to minimize critical areas and 
subsequently assess the circular economy options that are dis-
cussing waste management and the possibilities for load sav-
ings in different recycling options. 

The required data on which the final LCA results are based 
on is collected through Environmental Product Declarations 
(EPD). However, EPDs are far from available for all construc-
tion products used in Denmark and it can sometimes be prob-
lematic to calculate a realistic result which covers all phases. 
In these cases, a generic data is typically used within a com-
parison material EPD, the Danish datasets mostly take starting 
point in the German database Ökobaudat. 

By reviewing over 120 EPDs which are part of the basis for the 
technical analysis of the material library, a basic understand-

ing of different material types and categories has been formed. 
This insight into materials and EPDs highlights to some extent 
a great lack and diversity of quality and sustainability in the 
EPDs, which can make it difficult to compare them. The in-
formation can sometimes be difficult to see understand or are 
insufficient which gives the impression of a unvalid source of 
information. 

The only affects the sufficient quality requirements for an 
EPD, which are as follows: Validity: EPDs expire after 5 years. 
Data quality: EPDs must comply with DS / EN 15804 and be 
third-party verified. Scope: EPDs include as a minimum phase 
Product (A1-3). Production site: The production site can have a 
major impact on results, including in terms of energy supply. 
Application: Describes the application to which the EPD ap-
plies. Functional unit: Indicates the unit in which the results 
are calculated. (LCA i praksis, 2021) 

A question about who the forerunners of a more sustainable 
approach can be asked and briefly assessed that it is a joint 
effort for everyone involved in the construction industry. In 
this case with an EPD, the manufacturers must focus on a more 
sustainable conversion of their products and processes, in ad-
dition have an EPD that makes all parameters visible to their 
side, then the designers must use that information properly to 
promote sustainable and circular building projects. 

With the library founded, material combinations in the roof, 
wall and floor and how certain material compositions affect the 
structure, performance and visual atmosphere of the structure 
are first investigated (see next page). In addition, the material 
library's information is subsequently used during all relevant 
processes concerning material selection, construction and vi-
sual surfaces. overall, it forms the basis of the final design of 
the presentation and the possible circular solutions for the dif-
ferent material categories. The following 2 reports have been 
the basis for the knowledge, inspiration and assessment of cir-
cular solutions that have been presented during the presenta-
tion. 

(SBI 2019:08) - SBI 2019:08. Livscyklusvurdering for cirkulære 
løsninger med fokus på klimapåvirkning. (2019) 

(KAB-Fællesskabet, 2022) - Potentialer for genbrug og genan-
vendelse af byggematerialer i KAB-Fællesskabet. (2022)
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All the different construction proposals comply with cur-
rent requirements for construction and technical param-
eters so that no problems occur, and they are assessed 
based on the same performance. In addition, the sum-
mary of the design proposals governs the assessment 
form, but in addition, the location of the steam set and 
the visual expression using the material library are still 
part of the considerations. The construction combination 
process has undergone 2 rounds which, by means of the 
first round, specified the second round to a greater ex-

tent. Throughout the process, the assessment form's top-
ics are complied with, but at the same time put together 
construction options that create a higher aesthetic quality 
that matches the design direction, here the focus is on 
the material's surfaces and a visible construction in either 
ceiling or wall. The following proposals are a selection of 
the 2 processes, to see all combinations, see Appendix 16. 
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The analysis has undergone a rating system: 

Material selection: Roof, Wall, Floor 
Technical rating systems consistsing of primary and 
secondary rating which influenced by project direction: 

Rating system 

Primary  
Design for disassembly - The ease of disas-
sembly and the preservation of quality when 
disassembled, the better the grading. 

Potential for global warming - Green-
house gas emissions When the data is com-
pared, low values receive high marks. 

Secondary  
Heat capacity - Specific heat capacity of the construc-
tion, high heat capacity gives high grades 
Thickness - efficient material use, thicker walls get less 
points  
Weight - in kg, the weight category gets 
a good score if the structure is light 
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6.6.4 Exterior expressions - Front

Ill. 196. Facade 1 - front Ill. 197. Facade 2- front Ill. 198. Facade 3- front

6.6.5 Exterior expressions - Back

Ill. 199. Facade 1- back Ill. 200. Facade 2- back Ill. 201. Facade 3- back

ChosenChosen

The front and rear facades must help to strengthen the 
building's character and the emphases, the transitions and 
the focus around the current area. The front facade should 
protect the house and define the transition from the public 
to the private, but still be inviting and create a printed 
and inviting neighbourhood with attractive outdoor area 
among the individual single-family houses. The material 
choice in question is a facade tile that goes from the foun-
dation plinth to the gutter and continues up the roof, the 
chosen solution is based on a clean and concrete aesthetic 
solution with the facade and takes almost goes in one, in 
addition it has been a reservation to the construction and 
separation process, as well as the processing of the recy-
clable material. At the back, the facade tile is used to a 
lesser extent and is replaced by wooden slats, as the focus 

and atmosphere change direction towards the nature-rich 
gardens and the building opens up more with large win-
dow openings and a functional wooden terrace. Colours 
and shades are explored through the material library and 
various manufacturers in the construction market. The 
three proposals presented have been selected and exam-
ine the general expression of the front and rear façade 
with how shades, surfaces, direction and openings relate 
to each other.
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The level of detail of the roof and the solution of the con-
struction are investigated based on options with a vapour 
barrier, under-roof barrier in the roof to avoid any occur-
ring moisture problems in the construction.  

The first solution is built with a diffusion-tight under 
roof barrier and ventilated construction, in this case, the 
moisture is removed by a ventilated space under the un-
der-roof barrier, where the moisture can be ventilated ei-
ther through the roof ridge or through ventilation caps 
installed in the under-roof barrier. 

The second solution is built with a diffusion open un-

der-roof barrier and unventilated construction, where the 
moisture is removed by diffusion, through the materials. 
In this case, all materials on the outside of the vapor bar-
rier must be open to diffusion so that no formation of con-
densation or moisture penetrates the structure, and thus 
has the possibility of dehumidification. 

The further detailing works with a diffusion open un-
der-roof barrier based on the simplicity of the construc-
tion structure and subsequently the possibility of material 
selection, in addition to specific material quantities in the 
proposal. 

6.6.6 Concstruction detail

Ill. 204. Ventilated roof

Ill. 202. Roof construction

Ill. 205. Unventilated roof

Ill. 203. Roof construction

Rainwater, that made 
it to the roo�ng

Rainwater, that made 
it to the roo�ng

Ventilation

Humid air Humid air

Di�usion through underroof /
prevent moisture from interior

Vapor barrier Vapor barrier

Di�usion-proof underroof, ventilated construction
Vapor is removed by ventilation

Di�usion-open underroof, unventilated construction
Vapor is removed by di�usion

Rainwater, that made 
it to the roo�ng

Rainwater, that made 
it to the roo�ng

Ventilation

Humid air Humid air

Di�usion through underroof /
prevent moisture from interior

Vapor barrier Vapor barrier

Di�usion-proof underroof, ventilated construction
Vapor is removed by ventilation

Di�usion-open underroof, unventilated construction
Vapor is removed by di�usion
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The following 12 drawings (Ill 200-207) must be seen in con-
junction, as it is a summary of the construction. Technical 
solutions and appearance help to create a greater understand-
ing and the review is the basis for selection and adaptations to 
the house solutions. 

Gutter. (Ill. 206-208) 

Here, the three following solution proposals are examined. 1. 
Exterior (Ill. 206), 2. Integrated (Ill. 207) and 3. Specially made 
(Ill. 208). In comparison, all three fulfil the individual function 
by dewatering the roof and leading it on to the ground, but by 
further reviewing the 3 proposals and set up scenarios around 
large amounts of rain, fallen leaves and what possible conse-
quences this could have. This brings certain complications 
with proposals 2 and 3 as they are integrated in the roof and 
/ or facade construction and thereby require extra care when 
designing and sealing the gutter and how it is installed. This 
leads to the conclusion that it should not be made more compli-
cated than it is and give space to the elements to get the most 
out of its function without emerging problems. 

Rafter, wall and vapour barrier. (Ill. 206-208) 

Here, the location of the load-bearing structural elements and 
possible attachment of a vapour barrier is examined, all three 
proposals share the parameters around a lightweight wood 
structure and partially visible rafters (red line = rafter and 
green line = vapour barrier).  

In Ill. 200, an inner wall of brick is shown, which is selected 

based on its technical preconditions and spatial qualities. The 
rafter is laid on a horizontal beam that lies on top of the brick 
wall and is attached to the wooden structure behind, as a single 
stone wall is not load-bearing. Placement of the vapour barrier 
and rafter, in this case, means that a "clean line" of the vapour 
barrier is broken and must be cut around the rafter and taped, 
in which case the execution of the work must be of high quality 
to achieve current requirements within air tightness. 

In Ill. 207 repeats the same principles as the previous proposal; 
however, the inner wall is replaced with an installation wall of 
70 mm, with 50 mm insulation, 15 mm clay plate and 5 mm 
clay plaster, respectively, in order to maintain a different ex-
pression but still some of the technical qualities. This proposal 
requires a vapour barrier all the way from floor to ceiling and 
with the location of the load-bearing wall structure; it ends up 
with the same solution as the previous proposal according to 
the vapour barrier. 

In Ill. 208, another solution is given in terms of avoiding, break-
ing the vapour barrier. This is solved by moving the load-bear-
ing wall structure further into the room and still maintaining 
the mounting of the rafter and the installation wall, thereby 
the vapour barrier is placed on the back of these elements and 
enabling the vapour barrier to be installed all the way around 
without being broken. When retracting the construction, this 
also gives a different spacious feeling and quality to question 
in which it is possible. 

6.6.7 Connections
Ill. 206. Exterior gutter

Ill. 207. Integrated gutter

Ill. 208. Custom made gutter
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Ill. 212. Vertical sections

Ill. 213. Horzisontal

6.6.6 Interior expression - living room

6.3.1 Wall sections

Estimations yellow brick: 

Reflektans: 0,35 

Absorbtion coefficient: 0,03 - 0,07

Estimated Plastered clay wall:

Reflektans: 0,4

Absorbtion coefficient: 0,14 - 0,04

Estimated Clay and wood combi:

Reflektans: 0,35

Absorbtion coefficient: 0,0,15 - 0,08

6.6.8 Connections

Ill. 209. Wall and floor connection Ill. 210. Wall and floor connection

Ill. 211. Wall and floor connection

Construction and surface. (Ill. 209-213) 

Here, the previously described constructions are followed up and how 
they are assembled with the floor, the placement of the vapour barrier, 
surfaces and visual qualities, and finally horizontal sections to create 
a greater understanding of the construction and its various layers and 
compositions. As mentioned at the beginning, these drawings must 
be seen together with the previous roof details in order to be able to 
gather the basic understanding of the different constructions and how 
the changes affect the construction. This study and resulting infor-
mation help to extract individual parts from each drawing and topics 
that in combination have been passed on to shape final wall choice. 
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6.8 Reflection
The houses show great results in both energy optimi-
zation, documentation of material EPD for reduction of 
virgin materials in future building process and pleasing 
aesthetic appearance. Looking at the scale of the project 
so many aspects could have been included and therefore 
results could have been improved. 

Further iterations of the common house have been made, 
and the shape and placement of this is what have been 
worked the most with. The wanted functions, optimized 
plan solution and detailing could have benefited from 
more work.  

Regarding urban layout, the group is satisfied with the 
placement of functions however it could have been in-
teresting to dive into the typography and use the small 
difference in height, to completely use the current urban 
landscaping only touching the build area rather than ed-
iting every corner.  

Even though plan solution could have used more itera-
tions, the house would especially have benefited from 
a specific user, making it more interesting to hear what 
they want. Individuals and people of diversity who pre-
fer an east-oriented terrace and south-located bedrooms, 
listen to their needs and design specific houses instead 
of multiple similar ones. Using tools like Bsim and Be18 
there is always something to be improved in terms of de-
tail and reduction of energy use. The Bsim model quick-
ly becomes advanced when detailing further, this leaves 
the program to collapse and ruin files. When using these 
tools, it is always a medium of simplicity and specifica-
tion, to get useful simulation results to be integrated into 
the design process.  

Reflecting on tools, LCAbyg must also be mentioned, 
the program and initiatives behind is what the future 
needs and Denmark is going to be a frontrunner for many 
countries. However, the material EPD available primari-
ly focuses on the cradle to gate, which is typical for the 
building industry. A fast-growing and fast-moving in-
dustry, but what happens to the building materials after 
their lifespan is not documented, which is why the project 
needed to create a theoretical process and material han-
dling. Taking in the scale of the material EPD results can 
vary in so many ways, looking at the scale of the process, 
process efficiency, local availability, and machine vs. hu-
man power making it risky to conclude on results without 
very specific process detailing. This was a big part of the 
thesis where maybe too much energy was used on mate-
rial investigations. 

The group members were situated in two different parts 
of the country, making physical group work sparse. The 
importance of physical side-by-side group work was un-

derestimated in this thesis. Previous work has been done 
online due to the covid-19 situation and group members 
being in South Africa, the group thought that post covid 
thesis still could be written in this manner. The problem 
was the delay in information sharing and the planned up-
dates during the workdays. The efficiency and concluding 
effect group work has been reduced leading to lose ends 
and unfinished jobs.  

The integration of active strategies was only kept on a 
conceptual level, the different scenarios were discussed 
and calculated but wasn’t forced to be a bigger part of the 
design. The current situation in Ukraine and the increas-
ing need for alternative energy resources made it clear 
that active systems needed to be part of the design, even 
if the efficiency would have been higher placed in anoth-
er country. The thesis discussed if virgin materials used 
for photovoltaic solar panels placed in a Danish context 
would be a waste comparing the energy return if the solar 
panels were placed in a country like Egypt.  

The final thing that could have been done differently is 
the general shape of the house and placement. The house 
concept became quite clear and different iterations were 
made with this concept; however, the project would have 
profited from a step back, and more concept ideas had 
been investigated. The use of two-story buildings and the 
healthy benefits of living in such a house have a lot of 
potential but was discarded due to the roof shape con-
cept. The cul-de-sac was given a lot of attention howev-
er the single-family homes could have been placed in so 
many ways. The benefit and downside of the cul-de-sac 
was the face of the house had to orient the street, this 
made it challenging to put rooms and areas accordingly to 
our plan ideology. If all the houses had been oriented the 
same way the typical functions of the house could have 
been placed optimally on all the houses, this resulting in 
a lag of diversity which is a downside. Looking at traf-
fic and the idea of reducing cars could have been pushed 
much further, it is already now down to one static park-
ing space per house unit, which is below recommended 
spots. The site and the city it is located in, has so much 
potential for relieving the family of a car and only use the 
bike as transportation. However, the practicality of a car 
in the daily life of a family with small children, is not to 
be underestimated and the designated parking area was 
integrated. 

To summarize, this thesis was difficult but also educa-
tional. Further development would benefit the project, but 
the understanding of the circular economy, material pass-
ports and potential use after material lifetime is on the 
path to a sustainable future. 

6.7 Conclusion
The project's aim has been to investigate the right sustainable ma-
terial choice for new buildings that will be included into a circular 
economy as material banks while still increasing the architectural 
quality of the single-family home. The house design was also to be 
elevated by inspiration from Nordic architecture, to bring back the 
quality of Danish houses. All this led to a final design consisting of 
three bulb cul-de-sacs hosting 20 single-family homes and a separate 
common house on the site.  

The constructions elements consist of layers that are easy to separate 
without losing quality and can therefore be either reused, recycled, 
upcycled, or downcycled to then reduce the emissions and need for 
virgin materials for future projects. The project is a sustainable partic-
ipant in the field of circular economy and integrated building design, 
being projected as a tract house and allowing it to be disassembled 
into other purposes. The emphasis on building materials' environ-
mental impacts was included as a tool to help with climate mitigation, 
whilst the building was modified to meet the 2020 energy standards. 
The building's values are rooted in Danish building tradition, with a 
strong focus on detailing, visible structure and minimalistic atmos-
phere that goes together with the theme of Nordic architecture.  

In the same context with Danish traditions, the brick was a big part of 
the early concept's idea for its technical values, such as being used as 
structure, heat capacity, exterior cladding and aesthetic appearance, 
but because material theory emphasizes design for disassembly the 
choice led to a clay tile instead for its same features, but easier to 
separate and gave space for a larger wooden structure, that is more 
sustainable than other conventional structural materials. With the im-
portance of climate adaptation, the building envelope can be assem-
bled in simple layers that allow the building to be disassembled from 
one material layer to another, providing the best opportunity to reuse 
or recycle each material.  

Inspiring the residents to make sustainable choices through their 
daily routine has been part of the essence of these houses, shaping 
the physical framework for sustainable choices. Creating a covered 
exterior drying rack area, eliminating the need for a dryer. The plan 
solution has some of the key features of a single-family home, having 
child and parents' sections, a big terrace, direct access to nature, a 
big open kitchen, and a utility room with a separate entrance used 
for dirty cloth situations. Living on Chikorievænget, one is part of a 
bigger community, sharing with neighbours, relaxed garden compo-
sitions and great place for social life for all generations.  
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LCA assumptions

Reused bricks: there is 66 bricks to 1 m²,  EPD is 
in ton/1000kg. The weight of one brick is 2,4kg. 
2,4kg·66=158,4kg. The bricks need motar to stick and 
form a structure, the need is one kg for every brick. 
66·1kg=66kg

 

Construction wood: How much wood is used per m². Es-
timate of 1 beam per 0,6m per 1 m² we estimate to 1,66 
beam of a size 5x10cm. 1.66·(5·10·100)=8000cm³=0,00
8m³, An estimastion of 6 screws per 6m² (From EPD)

CLT beam: would be estimated to one beam per 1 m with 
the size 10x10mm. 10·10·1000=10000cm³=0,001m³,  An 
estimastion of 6 screws per 6m² (From EPD)

 

Concrete wall element: Wall element of 15cm thick in-
forced concrete. 1m²=0,15m³

LCAbyg is very relient on the specific amounnt and unit of a material. EPD does 
not always have the same values in them, so in order for us to compare materials, 
assumptions must be made.

Insulation

Exterior cladding

Structure
The chosen insulation material EPD does all work with a 
m² unit description, however the specific need for insula-
tion may vary in terms of u-value. To make the material 
EPD more compareable and without to many complica-
tions, a thickness of material is chosen. This means that 
all of the comparisons is based on the fundamentation of 
the volume of the material .

This might not be the best way, because some of the mate-
rials perform better in therms of heat resistance. 

The given unit of exterior cladding is either in 1 piece or 
1 m²

The EPD dictates the amounts used for a m²

Appendix 01: LCA assumptions
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Appendix 02: Street format

Ill. 04. Croydon satalite view

Ill. 05. Croydon satalite through street Ill. 06. Croydon satalite dead end Ill. 07. Croydon satalite bulb cul de sac

Ill. 01. Croydon through Ill. 02. Croydon cul-de-sacIll. 03. Croydon dead end

Three streets of Croydon were picked out, 1. through 
street, 2. dead cul-de-sac and 3. the bulb cul-de-sac. 
Comparing the images there is a substantial differ-
ence in the atmosphere, amount of green and feeling 
of security. Looking at the pictures it is not hard to see 
where the most crime would occur. The three streets 
all lie in the same neighborhood, less than a 500m 
distance from each other. However, the difference of 
quality living is obvious. The atmosphere appear very 
different in the three streets and one dominant factor 
is the amount of green taking the space.

The safety of a neighbourhood depends on a large vari-
ety of factors not only the street format. For the street 
to be safe there must be less foreign activity, the street 
should be designed for the residents only.

However, it should be easy to get to and from the street 
in terms of transport, so the street doesn’t force a high-
er use of mechanical vehicles. Utilizing a grid system 
which creates a higher sense of connectivity and pro-
motes a walkable neighborhood.

Crime and neighbourhood

1

1

2

2

3

3

Appendix 03: Inspiration pics
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Unit A Number Size [m²]

Entrance 1 5

Living space 1 20

Kitchen dining area 1 20

Bathroom 1 6

Master bedroom 1 12

Bedroom 1 10

Utility room 1 8

Total 7 81

Unit B Number Size [m²]

Entrance 1 7

Living space 1 35

Kitchen dining area 1 15

Bathroom 1 8

Master bedroom 1 12

Bedroom 2 10

Utility room 1 8

Total 8 95

Unit C Number Size [m²]

Entrance 1 7

Living space 1 35

Kitchen dining area 1 25

Bathroom 1 8

Master bedroom 1 12

Bedroom 2 10

Utility room 1 8

Toilet 1 4

Total 9 119

Room - houses Architecthural qualities Functional qualities

Living space Ceiling height above 2,5m

Connected to the kitchen

Direct access to garden

Flexible in terms of decoration

Kitchen dining area Center of the house

Nordic style

Practical functions

Social gathering

Bathroom Neutral colours Durable surfaces

Easy cleaning

Bedroom Practical planlayout Walls must be used for decoration

Entrance Clean

Used for guests

Scullery Hidden entrance

Allowed to get dirty

Table for chores

Appendix 04: Room program

Common house Number Size [m²]

Main room 1 75

Workshop area 3 27

Toilet 4 4

Entrance 1 12

Wardrobe 1 12

Depot 1 14

Technical room 1 10

Kitchen 1 20

Total 8 325

Room - common house Architecthural qualities Functional qualities
Main room Ceiling height above 2,5m

Direct access to garden

Flexible in layout

Moving walls

Kitchen Industrial Practical functions

Easy to clean

Toilet Neutral colours Durable surfaces

Easy cleaning

Entrance Welcoming 

Open

Walls must be used for decoration

Wardrobe Public storage Easy to circulate in

Workshop area Spacious 

Flexible

Used for different functions
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Technical room program

Atmospheric Visual Thermal Acoustic

CO² levels (Cat 2)

Social rooms Maximum 800 ppm over outdoor air

Bedrooms maximum 500 ppm over outdoor air

Average visual DF  > 2,1% Summerperiod 

Maximum 100 hours above 26 °C and 25 hours above 
27 °C

Reveberation time T < 1,0 s

Mechanical ventilation

Opportunity for overide

During heating season minimum 0,3 l/s per m²

Heat recoveryof 70-80%

Minimum exhaust air 

Kitchen 20 l/s

Bathroom 15 l/s

Scullery 10 l/s

Minimum 15% glas to floor area in living room

Minimum 5% glas to floor area in hallways

Walls opposite windows max reflectans of 0,7

Operational interior and exterior shading

Minimum 2 hours of direct sunlight in livingroom

(21 of marts]

Operativ temperature range winter:

20-25 °C

Operativ temperature range summer:

23-26 °C

Sound category C

Natural ventilation

During non-heating summer 0,9 l/s pr m²

View to outdoor

View to nature

(DGNB, version 2020.2.0.0) (BR18, 2022) (DGNB, version 2020.2.0.0) (DGNB, version 2020.2.0.0) (DGNB, version 2020.2.0.0)
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Appendix 05: House energy, solar.

House A House B House C
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�tuvxDy?�u.�q����	��oQ$ rqspt�v�������	� �oQ$ rqvvt�v�������	�Qt�@� �qwt�vp������	� Qt�@� �qprt�vp������	�?.x �qs�t�vv������	� ?.x �qs�t�vv������	�EFGH IFJKH KELM EFGH IFJKH KELMOPQ RSXXVWXXZ[y\]̂_̀abdefdgh OPQ iSijVlXUZ[y\]̂_̀abdefdghmoQ �qwptuvwxDy�A���u.�q����	� moQ �qwptuvwxDy�A���u.�q����	�Qm�Q qwrtuv�xDy.��.�.u.�q����	� Qm�Q q�vtuv�xDy.��.�.u.�q����	��Q �qwtuvpZ[y�]̂_̀abdefdgh �Q �qpstuvpZ[y�]̂_̀abdefdghtQ pqstuv�Z[y�]��_̀abdefdgh tQ pqvrtuv�Z[y�]��_̀abdefdgh�oQ. �q��tuvxDy?�u.�q����	� �oQ. 
q
�tuvxDy?�u.�q����	��oQ$ rq

t�v�������	� �oQ$ 
qrrt�v�������	�Qt�@� �q�t�vp������	� Qt�@� �qp�t�vp������	�?.x �qw�t�vv������	� ?.x �qw�t�vv������	�

�ky�kj�y�kUTRy�k
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Life cycle assessment results Appendix 07: Embedded CO2

Project collected exterior areas:

roof=3800 m^2

Exterior wall total=2200m^2

Exterior wall clay tile=1140 m^2

Embedded CO_2 in materials

Rockwool insulation
Exterior wall insulation amount

2200m^2*0,395m=869·m^3

Roof insulation amount

3800m^2·0,5m=1900·m^3

Insulation Rockwool epd declared unit

1m^2·0,037m=0,037·m^3

Amount of GPW per declared unit

per unit=2,03E+00

Amount of embedded energy in project insulation

(869m^3+1900m^3)/(0,037m^3 )·2,03≈151920,8 kg CO2

Embedded CO_2 in project insulation 151,92 t

Clay tile
Amount of clay tile on roof and wall

3800m^2+1140m^2=4940·m^2

Declared unit

1000 kg

GWP per declared unit 

416 kg CO_2

Embedded CO_2 in project

12,12·3,85kg=46,662·kg

46,662·4940≈230510,3

230510/1000=23051/100=230,51

230·416kg CO_2=95680·CO_2·kg

Embedded CO_2

95,68 t

Wood structure
Amount of construction wood 

3800 m

Construction wood dimension

100mm·300mm

Declared EPD unit 

1 m^3

GWP per declared unit (EPD, 2020)

41,9 kg CO_2

Amount of construction wood in project

0,1m·0,3m·3800m=114·m^3

Amount of Embedded CO_2

114·41,9kg CO_2=4776,6·CO_2·kg

4,7 t
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Appendix 08: Working model pictures

Ill. 08. Model picture

Equinox Summer solstice Winter solstice

Ill. 09. 8 pm

Ill. 10. 11 pm

Ill. 11. 14 pm

Ill. 12. 17 pm

Ill. 13. 8 am

Ill. 14. 11 am

Ill. 15. 14 pm

Ill. 16. 17 pm

Ill. 17. 9 am

Ill. 18. 11 am

Ill. 19. 14 pm

Ill. 20. 17 pm

Appendix 09: Urban concept shadow analysis

Urban concept 1 shadow analysis
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Equinox solstice Summer Winter solstice

Ill. 21. 8 pm

Ill. 22. 11 pm

Ill. 23. 14 pm

Ill. 24. 17 pm

Ill. 25. 8 am

Ill. 26. 11 am

Ill. 27. 14 pm

Ill. 28. 17 pm

Ill. 29. 9 am

Ill. 30. 11 am

Ill. 31. 14 pm

Ill. 32. 17 pm

Urban concept 2 shadow analysis

Equinox solstice

Ill. 33. 8 pm

Ill. 34. 11 pm

Ill. 35. 14 pm

Ill. 36. 17 pm

Urban concept 3 shadow analysis

Summer Winter solstice

Ill. 37. 8 am Ill. 38. 9 am

Ill. 39. 11 am Ill. 40. 11 am

Ill. 41. 14 pm Ill. 42. 13 pm

Ill. 43. 17 pm Ill. 44. 15 pm
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Appendix 10: Urban areas
Data on common house

Build area = 240

Floor area = 370

Window to floor area = 20 %

roof = 360m² and 0,08 W/m²K

wall = 250 m² and 0,12 W/m²K

floor = 240m² and 0,10 W/m²K

Ventilation = 0,3 l/s m² + natural summer ventilation

not mentioned energy contributions and consumption 
factors are set to standard values in comparison to a new 
building and in mind with the scale and functions of the 
communal house.

kWh/m² year from electricity and energy frame (22,4*1,9) +(24,2*0,85) = 63,13 kWh/m² year 

Elec = 1.9, district heat = 0.85 ,Electricity = 22,5 kWh/m² year, District heat = 24,2 kWh/m² year

kWh/m² year total in electricity 63,13 / 1,9 = 33,22 kWh/m² year 

Total electricity kWh year for the building (33,22*370) + 111 = 12404,74 kWh/year 

Low energy = 0,3 kWh/m² year

Floor area = 370 m²

Use from house = 111 kWh/year

C = Installed power 12404,74 / (0,8*1050)  = 14,76 kW peak E = 1050 kWh/m² (solar radiation intensity) D = 0,8 (system setup), C = Annual yield / D * E, B = Module efficiency, 

(19*108) / 100 = 0,20 kW Peak power = 108 W

module efficiency = 19 %, 

A = Solar panels area 14,76 / 0,20  = 71 m² A = C / B

Appendix 11: Common house energy
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Appendix 12: Plan inspiration

Ill. 45. Huskompagniet 100 m² long house 1:100

Ill. 46. Villa Vatnan, second storey plan 1:100

Ill. 47. Huskompagniet 130 m² long house 1:200

Ill. 48. Huskompagniet 110 m² longhouse 1:200

Ill. 49. Hybel 100 m² longhouse 1:200

Ill. 50. Hybel 100 m² anglehouse 1:200
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Appendix 13: Unit sketching 
Placement of rooms

リ
ロ
ロ
ロ
ー

1ロロロロ当鵬ロ
ロロ日 0ロ

鏨住ロ可新
ロ日ョロロ

ロロロロロヨロロロ震こコロ:
号 ロ 些当! 引ロロ ロこ

Kitchen Livingroom
Master
bedroom

Bedroom

Entrance

Scullery

Toilet/
shower

V
ik
tu
a
l

T
e
ch
n
ic

Bedroom Room

Ill. 51. Plan hand sketches

Ill. 53. Moveable analog furniture

Ill. 52. Plan iterations placement of primary entrance and utility room

Kitchen

Livingroom
Master
bedroom

BedroomEntrance

Scullery

Toilet/
shower

V
ik
tu
a
l

T
e
ch
n
ic

B
e
d
ro
o
m

First round, no edit.

Second round, Light curtains

Fourth round, automatic shutters

Third round, Manual shutter

Appendix 14: Be18 shading results
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Appendix 15: Material EPD investigation
category manufacturer Declared unit life span transport GWP (A1‐A3) density
product name 1 years country kg CO2‐eq kg / m3

Precast concrete wall elements (15 cm / 11% cut‐out) betonelement foreningen m2 100 denmark 5.31 E+01 320,9
Precast concrete wall elements (18 cm / 13% cut‐out) CRH Concrete m2 100 denmark 6.29 E+01 374
Precast concrete wall elements (18 cm / 5% cut‐out) MBE m2 100 denmark 6.45 E+01 378
Precast  lightweight concrete wall element (15 cm / 10% cut‐out) betonelement foreningen m2 100 denmark 3.86 E+01 242,4
In situ concrete (Passive C25 / 30 ready‐mix) unicon cementir holding m3 100 denmark 2.31 E+02 2230
Aereated concrete solid / leca block betonelement foreningen m3 100 denmark 1.92 E+02 600
clay blocks with air infill (honeycomb) Ziegel industrie m3 150 germany 1.12 E+02 575
clay blocks with stone wool (honeycomb) Ziegel industrie m3 150 germany 1.41 E+02 605
caly Blocks filled with mineral granules (honeycomb) Ziegel industrie m3 150 germany 1.46 E+02 605

black/grey bricks with manganese oxide based on Danish yellow/red‐firing clay using certified biogas. Egernsund Wienerberger t 150 denmark 1.39 E+02 1775

brown bricks based on Danish red‐firing clay with manganese oxide. Produced using certified biogas. Egernsund Wienerberger t 150 denmark 9.05 E+01 1450‐2000
brick (Kolumba) and/or roof tile/brick (Cover) produced by use of biogas and burn manganese oxide Petersen Tegl t 150 denmark 1.86 E+02 1600‐2050
brick (D‐bricks) produced by use of biogas and burn manganese oxide Petersen Tegl t 150 denmark 2.57 E+02 1600‐2050

red bricks with iron oxide produced by use of biogas Randers Tegl t 150 denmark 9.93 E+01 1500‐2000

red bricks with manganese oxide produced by use of biogas Randers Tegl t 150 denmark 1.01 E+02 1600‐1900

yellow bricks produced by use of biogas Randers Tegl t 150 denmark 1.28 E+02 1600‐1800

yellow‐red/rosé bricks and certified green electricity to production Strøjer Tegl t 150 denmark 2.00 E+02 1750

yellow bricks and certified green electricity to production Strøjer Tegl t 150 denmark 2.06 E+02 1700

yellow subdued bricks and certified green electricity to production Strøjer Tegl t 150 denmark 3.49 E+02 1700

red bricks produced by use of biogas Matzen Tegl t 150 denmark 9.21 E+01 1550‐1650

yellow bricks produced by use of biogas Matzen Tegl t 150 denmark 1.54 E+02 1550‐1650

used bricks (whole and half), which are machine cleaned and hand sorted Gamle Mursten t unknown denmark 2.70 E+00 unknown
Cross Laminated Timbe træ information m3 60 austri / germany ‐6.64 E+02 470
glulam construction wood in various dimensions lilleheden m3 60 denmark ‐6.10 E+02 500
Manufacturing of cross laminated timber of spruce crosstimbersystems m3 60 Latvia ‐5.67 E+02 420
CLT södra m3 60 sweden ‐6.70 E+02 500
Glulam construction wood (pine and spruce) træ information m3 60 denmark ‐6.10 E+02 500
planed construction wood products of coniferous wood. træ information m3 60 denmark ‐6.52 E+02 536
Planed construction wood products of pine and spruce. træ information m3 60 sweden / norway ‐6.70 E+02 456
I‐beam H300s Masonite Beams AB m 50‐60 sweden ‐4.82 E+00 unknown
I‐beam H300 Masonite Beams AB m 50‐60 sweden ‐4.65 E+00 unknown
 STEICOwall / STEICOjoist I‐joist STEICO SE m 50‐60 germany ‐3.71 E+00 620
stone wool thermal insulation general rockwool m2 60 denmark 3.90 E‐01 30
stone wool thermali nsulation toprock rockwool m2 60 denmark 2.03 E+00 75
granulate thermal insulation rockwool m2 60 denmark 4.07 E‐01 28
grass insulation 100 mm grami therm m2 50 Belgique ‐7.84 E+00 40
straw isulation boards 43 mm vesta eco m2 60 poland ‐5.99 E+00 140
Expanded Insulation Corkboard amorim cork insulation m3 50‐60 Portugal ‐1.98 E+02 115
 wood fibre Insulation  air‐injected STEICO SE kg 50 germany ‐1.36 E+00 40
wood fibre insulation boards manufactured in a wet process STEICO SE m3 50 germany ‐3.81 E+02 237
Wood fibre insulation boards manufactured in a dry process STEICO SE m3 50 germany ‐1.85 E+02 140
flexible wood fibre cavity insulation STEICO SE m3 50 germany ‐7.14 E+01 50
Hemp blocks / Hempcrete / Hempcrete blocks isohemp m3 60‐150 belgium 2.12 E‐01 275
sound absorption board Hunton Fiber AS m2 60 norway ‐2.11 E+00 250
Wood Fibre Insulation Board Hunton Fiber AS m2 60 norway ‐2.38 E+00 50
wood fibre Insulation air‐injected Hunton Fiber AS m2 60 norway ‐1.83 E+00 27‐40
EPS Insulation boards from recycled expanded polystyrene BEWI Denmark m2 60 denmark 9.51 E‐01 15
EPS Insulation boards G80 BEWI Denmark m2 60 denmark 1.77 E+00 15
EPS Insulation boards 80 BEWI Denmark m2 60 denmark 2.21 E+00 15
EPS Insulation Sundolitt m2 60 norway 1.68 E+00 15
ISOVER Robust Lamel Saint‐Gobain m2 60 denmark 1.39 E+00 49
ISOVER Formstykker λ30 Saint‐Gobain m2 60 denmark 1.41 E+00 60
ISOVER Murfilt λ30 Saint‐Gobain m2 60 denmark 1.42 E+00 60
Cellulose insulation Papiruld Danmark kg unknown denmark 1.54 E‐01 40
solid wood panelling and cladding (abodo) Frøslev Træ m3 25+ new zealand ‐3.48 E+02 450
solid wood panelling and cladding (forest pine) Frøslev Træ m3 20+ finland ‐4.41 E+02 430
Ubehandlet kledning av gran og furu Hasås m2 60 norway ‐1.39 E+01 430‐490
vannfast brannimpregnert kledning av Termofuru. Moelven Industrier m2 60 sweden / Estland ‐5.16 E+00 375‐435
Vannfast Brannimpregnert kledning av furu Moelven Industrier m2 60 sweden / norway ‐9.17 E+00 425
BT Brandskyddat ytterpanel av cederträ, vattenfast brandskyddsimpregnering Moelven Industrier m2 60 sweden / denmark ‐3.95 E+00 360
NORD kledning ‐ trykkimpregnert gran Bergene Holm m2 60 norway ‐1.15 E+01 442
Sibirsk lerk Moelven Industrier m3 60 denmark ‐6.88 E+02 650
Utvendig kledning  Ubehandlet overflate Superwood m3 60 norway ‐5.19 E+02 437
Planed timber made of spruce or pine Sandåsa Timber m3 50‐60 sweden ‐7.31 E+02 384
Ubehandlet kledning av gran InnTre Kjeldstad m2 60 norway ‐1.26 E+01 467
Natural stane quartzite schist, even thickness, with broken edges Minera Skifer t 60 norway 1.83 E+02 2700
Natural stane quartzite schist, natural cleft surface, with broken edges Minera Skifer t 60 norway 8.60 E+01 2700
Naturstein av skifer, naturplan/polert/slipt overfOate, saget kant Altaskifer t 60 norway 1.17 E+02 2710
Granitt G654 fasade‐ og gulvtstein Naturstein Montering t 100 China 1.57 E+02 2800
Granitt (G‐358) fasade‐ og gulvstein Naturstein Montering t 100 China 1.02 E+02 2800
fibre cement facade board with a thickness of 8mm Cembrit Holding m2 30 Hungary 1.62 E+01 1300
Grossformatige Faserzementplatten Swisspearl Group t 30 germany 1.07 E+03 1850
Kleinund mittelformatige Faserzementplatten Swisspearl Group t 30 germany 1.16 E+03 1825
Large‐size fibre cement plates. Pigmented plate coated Swisspearl Group t 30 germany 1.28 E+03 1850
Composite wood cladding board Silvadec m2 40 france 2.37 E +00 733
composite timber product INNOWOOD m2 40 Australia 1.44 E+02 424
clay tiles Façade KOMPROMENT t 150 Italy 4.61 E+02 1600
bricks, hempcrete and plaster included under this topic ‐ ‐ ‐ ‐ ‐ ‐
Thatched roof, including reed material, fireproofing membrane and fastening system Carlo F. Christensen m2 50 denmark ‐5.04 E+01 65

Two systems of PTM reinforced bitumen membrane for roof waterproofing Phønix Tag Materialer m2 60 denmark 3.64 E+00 650

Bituminous roofing material Imperbel NV/SA m2 60 Belgium 3.21 E+00 650

Faserzement‐Dachplatten Cembrit Holding t 30 denmark 9.70 E+02 1850

Roof board / Roofing slate "Eternit" Swisspearl Group t 30 germany 1.07 E+03 1800‐1950

durchschnittliche BRAAS Dachsteine ("model 1") Braas GmbH t 50 germany 2.92 E+02 2050‐2300

durchschnittliche BRAAS Dachziegel (model 2") Braas GmbH t 50 germany 2.55 E+02 2100

clay tiles Roof KOMPROMENT t 150 Italy 4.61 E+02 1600
Urban cladding tiles ZZ Wancor AG m2 50 germany 1.36 E+01 1770
ProtanTurf Roof Membrane (Green roof) Protan AS m2 40 norway 5.05 E+00 unknown
Wood, slate, clay materials and fibre cement included under this topic ‐ ‐ ‐ ‐ ‐ ‐
Solid hardwood 2‐strip parquet (oak, 14 x 129 mm) junckers m3 50 Scandinavian ‐1.01 E+01 665‐770
Spruce plywood, uncoated. træ information m3 60 finland ‐5.99 E+02 480
Acoustic panel  25 mm ‐ unpainted Troldtekt A/S m2 75 denmark 1.29 E+00 449
Acoustic mats for walls and ceilings. Søuld ApS kg unkown Denmark ‐3.64 E‐01 137
Recycled particle boards from Denmark, Kronospan ApS kg unkown Denmark ‐1.36 E+00 550‐750
Spaandex particle boards Kronospan ApS kg unkown Denmark ‐1.36 E+00 550‐750
Clima Board Knauf m2 60 Denmark 1.67 E+00 8
Classic Board Knauf m2 60 Denmark 1.23 E+00 9
Hunton Silencio Underlay Hunton Fiber AS m2 60 poland ‐1.16 E+00 250
Ubehandlet panel av gran eller furu InnTre Kjeldstad AS m2 60 Norway ‐1.13 E‐01 500
straw boards 280 vesta eco m2 60 poland 1.33 E+02 280
Terrazzo Ellingard Gruppen m2 200 Sweden 9.27 E+00 2100
Plaster,boards, wood materials and clay bricks included under this topic ‐ ‐ ‐ ‐ ‐ ‐
Malt dørsett av furu Combiwood Barkevik 1 60 Estland ‐6,63E+00 430
outward opening sideswing, side & top hinged window NorDan 1 40 Poland 8.59E+01 ‐
outward opening topswing windows NorDan 1 40 poland 1.08E+02 ‐
patio door NorDan 1 40 poland 5.26E+02 ‐
Solid Core Climate Door Jeld‐Wen 1 unkown sweden 1.34e+1 ‐
Solid Wood 93mm Frameset Jeld‐Wen 1 unkown sweden ‐2.42e+1 ‐
Solid Core Door Jeld‐Wen 1 unkown sweden ‐1.65e+1 ‐
Fasad® with triple glass‐REDUXA HSHansen m2 unkown Denmark 1,28E+02 ‐
Fasad® with emalite glass‐REDUXA HSHansen m2 unkown Denmark 1,66E+02 ‐
Fasad® with panel‐REDUXA HSHansen m2 unkown Denmark 1,41E+02 ‐
wind boards fibrecement Cembrit m2 30 Finland 9,36E+00 1555
vapor barrier Baca dampsperre m2 60 Norway 4,06E‐01 933
wind boards Hunton Vindtett m2 60 Norway ‐3,60E+00 227‐281
Polyurethane foam Sika Deutschland  kg 10 Germany 3,18E+00 1250‐1650
Silicone‐based sealant Soudal kg 10 Belgium 7,08E+00 1000‐1500
Mortar joint VM mørtel t 100 Vrå, Denmark 1,62E+02 1341
cement grout TCNNA kg 50 USA 6,77E‐01 1590
limestone Armourcoat kg 50 England 2,15E‐01 1300
plaster (Spartlemasse) Finja kg 50 Sweden 1,87E‐01 1200

Habito Joint Mix Saint‐Gobain kg 50 Sweden 2,28E‐01 1200
Silicate paint Keim kg 100 Denmark 1,62 1000‐1700
Linseed oil paint ‐ for outdoor  Teknos l 5 Finland 2,1 1200

load‐bearing construction

insulation

material library / EPD understanding

surface treatment

Roof

interior

doors and windows

sealing materials

Exterior wall / facade
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Appendix 16: Construction opportunities

layers / category / insulation * / mm 741 757 977 700 697 977 580 585 492 512 460 512 707 781 734 714 719 722
first interratoin 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

outer layer
slate eternit

brick tile batten shingles batten planks shingles slate eternit
batten batten furring felt batten furring counter joist counter joist counter joist counter joist gravel gravel gravel gravel gravel gravel
furring furring sheet underlay furring sheet plaster  furring furring furring furring insulation * insulation * insulation * insulation * insulation * insulation *
sheet sheet joist * board underlay joist * brick hempcrete wind wind insulation * wind radon barrier radon barrier radon barrier radon barrier radon barrier radon barrier

middle layer rafter * rafter * joist * rafter * rafter * joist * weep / binders * column * column * column * concrete column * concrete concrete concrete concrete concrete concrete
vapor barrier vapor barrier vapor barrier vapor barrier vapor barrier vapor barrier brick joist * vapor barrier vapor barrier vapor barrier tile vapor barrier sheet sheet sheet terrazzo

joist * joist * rafter* joist * joist * rafter * board joist * joist * joist * joist * laminate vinyl cork
board board board board board board board hardwood

inner layer

layers / category / insulation * / mm 1021 801 1032 812 977 757 580 527 599 542 638 556 707 781 742
second interratoin 1 2 3 4 5 6 1 2 3 4 5 6 1 4 6

outer layer
brick tile slate plaster plaster
batten brick batten tile batten slate board board wood wood
furring batten furring batten furring batten counter joist counter joist counter joist counter joist gravel gravel gravel
sheet furring sheet furring sheet furring brick furring furring furring furring insulation * insulation * insulation *
joist * sheet joist * sheet joist * sheet brick insulation * wind wind wind wind radon barrier radon barrier radon barrier

middle layer joist * rafter * joist * rafter * joist * rafter * weep / binders * column * column * column * column * column * concrete concrete concrete
vapor barrier vapor barrier vapor barrier vapor barrier vapor barrier vapor barrier brick vapor barrier insulation * vapor barrier insulation * vapor barrier tile vapor barrier terrazzo

rafter * joist * rafter * joist * rafter joist * joist * brick joist * brick joist * joist * joist *
board board board board board board hardwood hardwood

inner layer plaster plaster plaster plaster  plaster plaster

material comp ‐ construction roof (U = 0.08) wall (U = 0.12) floor = (U = 0.10)

first mm second mm first mm second mm first mm second mm
brick 54 brick 54 brick 115 brick 115 gravel 300 gravel 300
batten 38 batten 38 weep / binders * 350 weep / binders * 350 insulation * 300 insulation * 300
furring 25 furring 25 brick 115 brick 115 radon barrier 2 radon barrier 2
sheet 2 sheet 2 580 580 concrete 100 concrete 100
rafter * 500 joist * 250 plaster  5 brick 115 tile 5 tile 5

vapor barrier 2 joist * 300 hempcrete* 110 insulation * 130 707 707
joist * 100 vapor barrier 2 column * 400 column * 200 gravel 300 gravel 300
board 20 rafter * 350 joist * 50 vapor barrier 2 insulation * 300 insulation * 300

741 1021 board 20 joist * 50 radon barrier 2 radon barrier 2
tile 65 brick 54 585 board 20 concrete 100 concrete 100

batten 38 batten 38 planks 40 plaster  10 vapor barrier 2 vapor barrier 2
furring 30 furring 25 counter joist 50 527 joist * 57 joist * 57
sheet 2 sheet 2 furring 25 plaster 10 hardwood 20 hardwood 20
rafter * 500 rafter * 600 wind 5 board 20 781 781

vapor barrier 2 vapor barrier 2 column * 300 counter joist 50 gravel 300 gravel 300
joist * 100 joist * 50 vapor barrier 2 furring 25 insulation * 320 insulation * 320
board 20 board 20 joist * 50 wind 5 radon barrier 2 radon barrier 2

757 plaster 10 board 20 column * 250 concrete 100 concrete 100
slate 10 801 492 insulation * 124 sheet 2 terrazzo 20
batten 38 tile 65 shingles 60 brick 115 laminate 10 742
furring 25 batten 38 counter joist 25 599 734
sheet 2 furring 25 wind 5 plaster 10 gravel 300
joist * 250 sheet 2 column * 350 board 20 insulation * 300
joist * 300 joist * 250 vapor barrier 2 counter joist 50 radon barrier 2

vapor barrier 2 joist * 300 joist * 50 furring 25 concrete 100
rafter * 350 vapor barrier 2 board 20 wind 5 sheet 2

977 rafter * 350 512 column * 350 vinyl 10
felt 5 1032 slate 10 vapor barrier 2 714

underlay 3 tile 65 counter joist 25 joist * 50 gravel 300
board 20 batten 38 furring 25 board 20 insulation * 300
rafter * 600 furring 25 insulation * 300 plaster 10 radon barrier 2

vapor barrier 2 sheet 2 concrete 100 542 concrete 100
joist * 50 rafter * 600 460 wood 44 sheet 2
board 20 vapor barrier 2 eternit 10 counter joist 50 cork 15

700 joist * 50 counter joist 50 furring 25 719
shingles 10 board 20 furring 25 wind 5 gravel 300
batten 38 plaster 10 wind 5 column * 300 insulation * 300
furring 25 812 column * 350 insulation * 99 radon barrier 2
underlay 2 slate 10 vapor barrier 2 brick 115 concrete 100
rafter * 550 batten 38 joist * 50 638 terrazzo 20

vapor barrier 2 furring 25 board 20 wood 44 722
joist * 50 sheet 2 512 counter joist 50
board 20 joist * 250 furring 25

697 joist * 300 wind 5
eternit 10 vapor barrier 2 column * 350
batten 38 rafter 350 vapor barrier 2
furring 25 977 joist * 50
sheet 2 slate 10 board 20
joist * 250 batten 38 plaster 10
joist * 300 furring 25 556

vapor barrier 2 sheet 2
rafter * 350 rafter * 600

977 vapor barrier 2
joist * 50
board 20
plaster 10

757

first interratoin roof wall floor
average (mm) 808,1667 523,5 729,5

second interratoin roof wall floor
average (mm) 900 573,6667 743,33333
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Heat capacity

1.1

roof

1.5

2.1

2.4

1.2

1.3

2.3

2.6

Heat capacity

Heat capacity

Heat capacity

Heat capacity

Heat capacity

Heat capacity

Heat capacity

Lca

Lca

Lca

Lca

Lca

Lca

Lca
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Thickness

Thickness

Thickness

Thickness

Thickness

Thickness

Thickness

Thickness

Dfd

Dfd

Dfd

Dfd

Dfd

Dfd

Dfd

Dfd

Weight

Weight

Weight

Weight

Weight

Weight

Weight

Weight

Heat capacity

wall

1.1

1.6

2.1

2.4

1.3

1.5

2.2

2.5

Heat capacity

Heat capacity

Heat capacity

Heat capacity

Heat capacity

Heat capacity

Heat capacity

Lca

Lca

Lca

Lca

Lca

Lca

Lca

Lca

Thickness

Thickness

Thickness

Thickness

Thickness

Thickness

Thickness

Thickness

Dfd

Dfd

Dfd

Dfd

Dfd

Dfd

Dfd

Dfd

Weight

Weight

Weight

Weight

Weight

Weight

Weight

Weight
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Heat capacity

1.2

1.6

2.1

1.3

1.4

Heat capacity

Heat capacity

Heat capacity

Heat capacity

Lca

Lca

Lca

Lca

Lca

Thickness

Thickness

Thickness

Thickness

Thickness

Dfd

Dfd

Dfd

Dfd

Dfd

Weight

Weight

Weight

Weight

Weight

floor
floor heat co2 kg dfd mm kg score score score score score
1,1 258 70 2 71 806 2 1 2 3 2
1,2 250 29 3 78 804 1 3 3 1 2
1,3 248 37 3 73 792 1 2 3 2 3
1,4 253 84 1 71 800 2 1 1 3 2
1,5 239 48 2 71 789 1 2 2 3 3
1,6 281 53 2 72 826 2 2 2 2 1
2,1 390 65 2 71 806 3 1 2 3 2
2,2 401 31 3 78 804 3 3 3 1 2
2,3 422 51 2 74 826 3 2 2 2 1

roof heat lca dfd mm kg score score score score score
1,1 47 ‐7,5 3 72 154 1 1 3 3 1
1,2 47 ‐14 3 75 135 1 1 3 2 2
1,3 55 ‐48 2 98 118 2 2 2 1 3
1,4 54 ‐40 1 69 104 2 2 1 3 3
1,5 34 ‐54 1 70 100 1 3 1 3 3
1,6 55 ‐66 2 97 108 2 3 2 1 3
2,1 55 ‐37 2 100 159 2 2 2 1 1
2,2 72 ‐7,5 3 78 175 3 1 3 2 1
2,3 55 ‐44 2 103 141 2 2 2 1 2
2,4 72 ‐12 3 81 157 3 1 3 2 1
2,5 55 ‐62 2 98 114 2 3 2 1 3
2,6 72 ‐31 3 76 130 3 2 3 2 2

wall heat lca dfd mm kg score score score score score
1,1 184 73 2 58 455 3 1 2 1 1
1,2 120 ‐36 1 59 197 3 3 1 1 2
1,3 28 ‐13 3 48 54 1 3 3 3 3
1,4 37 ‐43 2 51 77 1 3 2 3 3
1,5 228 16 3 46 295 3 2 3 3 1
1,6 37 ‐21 3 51 77 1 3 3 3 3
2,1 173 60 2 58 421 3 1 2 1 1
2,2 53 27 2 52 295 2 2 2 2 1
2,3 192 15 2 59 253 3 2 2 1 2
2,4 54 ‐16 3 54 109 2 3 3 2 2
2,5 196 ‐3 2 63 234 3 3 2 1 2
2,6 54 ‐30 3 55 85 2 3 3 2 3

Appendix 17: Materials scoring
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Appendix 18: Natural ventilation

The aim for the ventilation is to keep the atmospheric 
comfort at a reasonable level. Looking at the critical room 
and critical hour the ventilation should be able to with-
stand the pressure. The atmospheric comfort level aiming 
for is below 1200 ppm which is the second category of 
indoor climate in the DGNB . Assuming the airquality 
of the outside air is around 400ppm the parameters can 
be set. 
 Parameter  Value Unit

 Hour day, START 0 Hours

 Hour day, END 24 Hours

 Days/week 7 Days

 Hours/Day 24 Hours

 Hours/year 8760 Hours

 Occupants 4 Person

 Appliances 2,4 W/m²

 CO2 production 68 l/h

 Min T,op  19 °C

 Max T,op  28 °C

 Ventilation rate (min) 0,3 l/m²

 Max CO2 concentration above outdoor air 800ppm

To define the needed ventilation rate the 

The area (Livingroom/kitchen-dining room): 45 m²

People in the room: 4

To calculate the ventilation rate for sensory comfort, fol-
lowing formula is used.

Opening 
area

A1

A2

A3

Appendix 19: Natural ventilation - thermal bouyancy
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Ill. 54. Thermal bouyancy


