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ABSTRACT

This booklet presents the multidisciplinary development of a
sustainable housing complex, situated on the harbourfront of
Midsund, on the west coast of Norway.

The project originated in collaboration with a local Norwe-
gian construction firm, Raberg Bygg A/S, seeking to buid
on a newly planned building site. The project has aimed to
conceive an architectural, sustainable and feasible project,
focused on enhanced life quality, through the utilization of
natural resources on the site. These resources have been a
design catalyst for forming a harmonious project, with relation
fo the surrounding context.

Furthermore, analysis of energy consumption and indoor en-
vironmental qualities has been conducted, through several
design iterations and verification of the final design. These
analyses are made in BEI8 and Bsim.
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PROJECT LOCATION

ILL 107 @
NORWAY

The project is located in Midsund, a small city on the island
Otrgya in the county of Mare and Romsdal, Norway, Scan-
dinavia, marked with the red circle (see ILL. .1).

ILL. 10.2 @
MORE & ROMSDAL COUNTY

Otrgya, marked in the circle (see ILL 2), is the largest is-
land in Midsund municipality in Megre and Romsdal county,
in the western part of Norway. The tofal size of the island is
/5,5km2 and has around 1600 inhabitants of which /8% is
living in Midsund. [thorsnces, 2015]



ILL 1.1

OIRDYA

Midsund is located with direct access to a narrow inlet, be-
tween Otrgya and Mideya, and is wel sheltered. These
conditions have made Midsund an attractive area for living,
dating all the way back to the stone age. ldékonkurranse om

utvikling av Midsund sentrum, 2013] The city of Midsund is

marked on the air-photo above.

L 1.2

MIDSUND

Midsund developed around its harbor, where a shipyard for
steamships and industrial fishing boosted the establishment.
The industry, new institutions, and commercial businesses laid
the ground for the bridge to Midgy and Ny Skule in the
late 1960s and underline the importance of the city, as the
center of Midsund Municipality. [dékonkurranse om utvikling
av Midsund sentrum, 2013] The illustration (see ILL. .2) marks
the location of the site.



READERS GUIDE

This project booklet is divided into main chapters, equivalent
to those of the integrated design process. Throughout the
chronological presentation of the design process, new infor-
mation wil be presented as it is investigated, simulated or
received from the different stakeholders - this forms the basis
for the following iterations.

Referencing is in accordance to the Harvard referencing
method, with all references listed in the back of the booklet.



PROBLEM STATEMENT

How to design an attractive and sustainable housing pro-
ject, with architectural qudlities, as a local landmark, that
contributes to Midsund city and creates a coherence fo the
surrounding nature, while utilizing and enhancing the natural
resources as a cafalyst for life quality and social interaction
between inhabitants and guests - all this while simultaneously
considering and balancing the interest of the stakeholders
within the project?






PROJECT FOCUS

As this project is made as a design proposal for an actual
apartment development in Midsund, Norway, a significant
focus during the development of the design has been to fol-
low the applicable legislation and regulations, from the local
plan, and the wishes from the building owner and local real
esfate agent.

From this, the focus of this project has been to develop an
apartment complex, with a high architectural quality, inspired
by a Nordic architectural approach and how this can con-
tribute to creating well-being for the users.

As a catalyst to create these qualities, different measures,
described in the following part, have been taken to capture
and enhance the spirit and atmosphere of the place, while
aiming fo pass on aspects of it, to a more modern, and cur-
rently missing part of Midsund.

With the desire of making a place specific apartment pro-
iect, a focal point of the project has been local materiality
and building tradition, and how to utilize this in a strong con-
temporary architectural concept derived from the majestic
contfext.

While conducting BEI8 Energy calculations and Bsim indoor
environmental simulations, adequate weather files for the
simulations were not available, and this might cause slightly
inconsistent results. To comment on this issue, average tem-

peratures and wind data for Denmark and Molde have
been compared. This comparison shows that the buiding
plot in Norway has a lower annual average temperature,
of 6.8°C [Dmidk, 2018], compared to Denmarks 8.3°C [Dmi.
dk, 2018] The climatic differences could result in the indoor
temperatures being lower, and the energy consumption be-
ing higher than the results of the analysis in the report shows.
Subsequently, the dominant wind direction and the average
velocity varies, with a slightly lower velocity in Molde than in
Denmark. [meteoblue, 2018] This could cause problems when
coping with overheating, but due to the lower average tem-
perature at the site, this might even out the results a bit. Which
is why the focus in this project has been the process of the
simulations more than the actual results, however, it is impor-
tant to state this issue is only present in the BEIS and Bsim
simulation results. Weather data can be found in the Climate
comparison chapter in Appendix.

Additionally, the energy frame for the project has been
reevaluated based on new knowledge and wishes from
the bullding owner, as the initial idea was to create a ze-
ro-energy building. Investigations, presented in the booklet
shows, the motivation for making a ZEB are shallow when
considering available energy sources, held against the price
for establishing and maintaining a ZEB. Therefore, the focus
has changed, from zero-energy to a buiding reaching the
requirements for a low energy building, both reaching Danish
and Norwegian standards.



METHODOIOGY

Problem
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the project.
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Analysing and research-
ing eg. site, future plans,
user criteria, technical
and construction  princi-

ples, energy goals and

Generating solutions and
ideas different problems
within the project; archi-
tectural, technical, sustain-
able, construction efc.

Development and inte-
gration of ideas chosen
from sketching phase are
being merged fo a holistic
project proposal.

The project proposal is
presented with graphic
material, text, technical
drawings and 3D- or
physical models.

relevant theory.

ILL 161

The project is based on the iterative methodology of The
Integrated Design Process (IDP) developed by professor
Mary-Ann Knudstrup at Aalborg University. The objective
of the methodology is to ensure a holistic design approach,
combining knowledge from architecture and engineering to
solve complex design problems. One can say that the meth-
odology considers both the measurable and the unmeas-
urable elements of design. By integrating aesthetics, func-
tionality, technical and environmental aspects in an iterative
dynamic process comprised by five phases, where the de-
signer travels back and forth between the various phases
throughout the process, ultimately optimizing the quality of

the finished product. [Knudstrup, 2004]

Throughout the Bachelor's and Master's programme at Aal-
borg University (AAU), the projects have solely been aca-
demic, where the primary constraints have been the learn-
ing goals from the various semesters, as well the general
legislation and regulations. However, in this projects, several
additional restrictions have been added, consisting of the
multiple stakeholders in the project. These stakeholders con-
sist of the building contractor, real estate agency, the author-
ities, external expert groups as wel as potential buyers, but
the fundamental difference lies in the reality of the economy,
as the project has to make sense financially, presenting an
unfamiliar territory for the students at AAU.



1. Problem phase

The project is intfroduced with a brief, followed by a problem con-
structed for the project. The brief is the platform for the project
and must be exact and comprehensible. By introducing the prob-
lem statement, the entire outset begins.

2. Analysis phase

Between the problem statement and the analysis phase, relevant
analysis is processed to investigate the interest of the project. Site
analysis is considered, including topology, infrastructure, climate,
and functions of the site. Relevant theory, such as Nordic archi-
tecture, sustainability, well-being, energy in Norway, future plans
for Midsund, users, case studies, materials, etc. restrictions are in-
vestigated.

3. Sketching phase

In extension fo the analysis phase, ideas and thoughts are devel-
oped with the previous knowledge, gained during the analysis
phase. At this point, proposals are established through sections,
plans, elevations, physical models, 3D, and hand drawings. More
measurable and digital (3D) methods are infroduced later in the
process, where specific details such as envelope thickness, size of
windows and materials are infroduced to achieve an understand-
ing of energy consumptions. Furthermore, observations of the site
in connection with a phenomenological approach are expressed
in connection with a trip to the site.

4. Synthesis phase

More defailed concepts arrive in this phase to provide an inte-
grated design, were the chosen design are optimized concerning
detailed construction- and sustainable solutions. Relevant aspects
such as engineering, functionality, and aesthetics are merged and
used as a focal point fo allow the project to take form.

5. Presentation phase

The technical, aesthetical and functional qualities are presented,
as an outcome of the previous phases. It is crucial that the intro-
duced material is understandable and precise for the reader.

7
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PROGRAM PROSPECT

The first part of the program is a collection of theory, concern-
ing qualities and tendencies in Nordic architecture and essential
qualities for well-being in a sustainable perspective. This part fur-
ther elaborates on sustainability in a greater perspective, includ-
ing DGBN, descriptions, and cases of passive houses and zero
energy buidings, energy requirements and available sources in
Norway.

The second part of the program, digs info an analysis of the site,
available functions, and resources present in the context and the
climatic conditions, both in a macro and a micro scale.

Furthermore, the third and final part of the program revolves
around the spatial, technical and functional requirements to the
building and restrictions from the local plan.

At the end of the program, a number of design criteria have
been created, to sum up, elements within the program that func-
tions as inspirational design catalysts and parameters for later
evaluation of the project.

20
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NORDIC ARCHITECTURE QUALITY

This investigation of Nordic Architecture, is made to gain a
deeper understanding on how to create an architectural
dweling project that respects and captures the surround-
ings in a Nordic context. Peter MacKeith, professor in con-
temporary Finnish and Nordic architecture Kjeldsen, K. m. fl,
2012], refers to the Nordic architecture as a natural product
raising from the native soil of the surroundings, expressing
the essence of the location, utilizing and communicating the
language of the natural resources within the site; [.] An ar-
chitecture of the true North, so shaped by climate, light (and
its absence), material resources, and our sublime perceptions
of the arctic latitudes as fo constitute its own regional con-
struct” [Kjeldsen, K m. fl, 2012] Kenneth Frampton, addition-
ally mentions the topography of a given area, as another
natural resource for the Nordic Architecture. [Tostrup, 2006]
The use of the natural resources, o emphasizes the attention
to the context is similar fo the approach of “Genius Loci”, a
theory developed by Christian Norberg-Schultz, who was a
Norwegian architecture theorist. [denstoredanske, 2016] In
Norberg-Shultz's “Genius Loci” he, states the importance of
allowing one to open up and listen to the spirit of the place
as an objective thing; “it is the way it is, whether we like it or
not, and wil reveal its secrets and its riches if we ourselves
open up and listen fo its spirit”. [Norberg-Schultz, C. 1991 Fur-
thermore, Norberg-Shultz mentions the traditional Norwe-
gian wood architecture as if it; “had grown out of our nature
and landscape”, and how it was a; “place specific buiding
tradition.” [Kjeldsen, K m. fl, 2012] This naturally leads the at-
tention of this project towards utilizing the natural surrounding
resources, both tangible resources, such as local materials
and the Norwegian building tradition, as well as intangible,
eg. climate and light. When taking about the importance of
light, Louis Kahn states; “Light gives all things their presence’
[Frampton, 1995] Natural light has a substantial influence on
architecture within a Nordic context. The specific light condi-
tions call for inteligent design solutions, to exploit and benefit
from the ever-changing inclination of sunlight, throughout the
year. Furthermore, there is a tendency for some architec-

22

ture within the Nordic countries to reflect particular values
within the respective countries’ democratic, welfare socie-
ties. [Kieldsen, K m. fl, 2012] Nordic Architecture does not
have a specific architectural style definition, but the gener-
al tendencies of imitating nature, relating fo the context and
its honest utilization of natural materials, for constructional,
functional and aesthetical purposes [Kieldsen, K. m. fl, 2012],



correspond with the fundamental ideas of a multi-tectonic
approach which can further be translated into an integrated
design project. This approach leads to the question on how
this interpretation of Nordic architecture, an integrated and
amplify architectural qualities, health, and wel-being while
establishing a genuine connection between the architecture,
the resources present at the site and the inhabitants?

23
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This project will revolve around the creation of inteligent de-
sign-solutions to accommodate the climatic conditions at the
site, with a particular focus on light, wind, and precipitation.
Furthermore, utilization of local materials for construction-
al, functional and aesthetical purposes, will be treated in a
Nordic manner, fo create an architecture that expresses the
essence of the site and its resources.
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This chapter will use references, outline information and the-
ory from several articles and mainly from an article written
by AD. Basiago (see [Basiago, AD, 1998)). The initial text wil
briefly describe the history behind the development of sus-
tainability, followed by framing sustainability in three subjects
consisting economy, environment, and social aspects.

For approximately two centuries the subject of sustainability
has been evolving throughout the discipline of economics.
During the initial 1800's Thomas Malthus (an English political
economist) created a debate as a result of his work, mention-
ing this subject, whether the planets finite natural resources
were capable of continuing to contribute life support an ex-
tension to the increasing population. [Dixon, J. and Fallon, L

A 1989]

In 1798 Malthus published "An Essay on the Principle of
Population” where the central concept of Environmentalism
is framed based on the prediction of a stern future. Due to
the population growth in a exponential (1,2,4,8,16, etc) pro-
gression while subsistence only grows in arithmetic (1,2,3,4,5,

2

CLEAN WATER
& SANITATION

etc) progression, resulting in starvation. [Eblen, R and Eblen,
R, 1994] Considering the crucial information Malthus pre-
senfed, an absence of concern regarding the dilemma of
resource depletion was still a reality, while the efficiency of
resource use has generally been the bigger concern for
economists. This lack of concern concerning pollution and re-
source scarcity has caused a poor development of models
from economists. [Freeman, C, 1973]

As Basiago mentions in the paper, only during "recent dec-
ades a global concern has emerged about the non-renew-
ability of natural resources as a factor limiting production
and the threat fo long-term economic growth caused by
environmental destabilization and pollution.” [Basiago, AD,
1998, p. 146] This attention towards the environment have
lead economists back to the proposal by Malthus, whether
“exponential growth in population and resource use, but only
linear growth in technology and subsistence is bound fo lead
to a social catastrophe in a word, whether the contemporary
course of economic development is ‘sustainable™ [Basiago,
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AD, 1998, p. 146l The harm fowards the natural system
caused by the industrial production, the matter of overpop-
ulation, and the issues about non-renewable energy sources
created together with the idea of having a sustainable soci-
efy. These mentioned concerns were presented in the 19/0-
80's by Brown (Worldwatch Institute president). However,
the phrase sustainable development was first infroduced in
the 80's during the UNEP (United Nations Environment Pro-
gramme). [Eblen, R and Eblen, R, 1994]

In 1987, a new call for sustainable development was estab-
lished in relation to the World Commission on Environment
and Development (WCED) chaired by Gro Harlem Brundt-
land, which led to the publishing of "“Our common future’
also known as the "Brundtland report.” The idea behind the
call was fo protect the environment, alleviate poverty, and
feed the world, which lead to new principles for sustainable
development. The Brundtland Commission report describes
the sustainable development as “development that meets
the needs of the present without compromising the ability

25

ILL. 25. 1T Humankind s Sustainable Development goals
(UN, 2018)

of future generations to meet their own needs,” which are
principles still used until this day. [Basiago, AD, 1998, p. 148]
In Rio de Janeiro in 1992, during a conference held by UN
regarding Environment and Development (also known as
Earth Summit), 120 nations signed five pacts of ‘sustainable
development “as the overarching policy of the ZIst century.”
[Basiago, AD, 1998, p. 146] 2/ principles arrived during the
‘Rio Declaration on Environment and Development” which
was seen and understood as the nation's responsibilities
and rights to practice well-being and development. [Keating,
1993] The declaration also established a framework of the
sustainable development with Agenda 21 which was clari-
fied as a blueprint which lies within “three conceptual pillars’;
environmental-, social-, and economic sustainability [Kahn, M.
1995]

As Basiago mentions “only by ‘integrating’ and ‘interlinking’
economic, social and environmental ‘sustainability” can nega-
tive synergies be arrested, positive synergies fostered, and
real development encouraged.[Basiago, AD, 1998, p. 150



ENVIRONMENTAL

During a meefing in New York on September 25, 2015,
the UN adopted a development agenda for sustainable
development for both humans and the earth until 2030.
These goals represent 1/ different milestones which togeth-
er must help eliminate hunger and poverty, reduce parallel
inequalities, focus on education, create more peace, offer
better working conditions and strengthened international
partnership. The same good intentions also apply to sustain-
ability, with a high focus on sustainability in terms of social,
environmental and economic positive development. These
parameters must together form development outcomes that
will benefit our planet and our people. [Ohchrorg, 2018]

If the topic sustainability is pointed fowards the building sec-
tor, the three notions Environment, Social and Economic sus-
tainability can be concretized further. According to a report
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issued by the Green Building Council Denmark in connection
with the Danish Sustainability Certificate DGNB, combining
the three notions will result a more efficient building. [DGNB
System Denmark. 2017

A publication from Aalborg University indicates that the total
amount of Denmark’s energy consumption occurs from the
building sector by approximately 40 % [Bejder, A. K, Knud-
strup, M-A, Jensen, R L, & Katic, | 2014] Research show's
that the subject of sustainability is more than ever discussed
by architect's, and that” in Denmark, the discussion about
sustainability is mostly focused on the energy consumption
during operation, which is reflected in the building regula-
tions (Erhvervs- og byggestyrelsen)” [Petersen, M. D. 20101
The concerns linked to the high energy-consumption coming
from the building industry are facing changes due to the



SOCIAL

great amount of attention.

DGNB have established considerations and factors concern-
ing environmental-, social and economic sustainability. [DGNB
System Denmark. 2017

Economic sustainability in the buiding industry considers the
building cost during the entire lifespan including ensuing cost
concerning the demolition of a bulding. To benefit further in
economic sustainability, qualities such as flexibility and adapt-
ability in will prevent an empty building, robust resources such
as right materials (calculated regarding the lifespan) and ro-
bust solar screening (instead of free screening devices) and
passive design strategies to reduce the need of technical de-
vices. Qualities in social sustainability are accompanied with
health (see the chapter about well-being for a more detailed
description), user satisfaction and comfort. Measurable fea-

2/

&

ECONOMIC

L 27. 1 Sustainabiity: Social Fnvironmental & Fconomic

tures have a significant impact on health such as adjusted
air temperature, air quality, visual comfort (daylight), user
control of devices (ventilation, temperature, light, etc) Other
significant social sustainable elements according to DGNB
are safety, architectural qualties, integrated art, and ac-
cessibility. The environment is affected by the building sector
on a large scale, not only during energy consumptions as
mentioned earlier but also through the entire spectrum of
the building phases. The buildings phases are initiated with
the manufacturing of materials, the operation of the design,
demolization and the utilization of materials. This process is
known as lifecycle assessment (LCA), which estimates the
environmental impacts caused by a buiding. [DGNB System
Denmark. 20171 In the chapter DGNB selected features is
described.



WELL-BEING

When we are dealing with the topic well-being in connection
to dwelings, we are entering a huge spectrum within the
notion itself. When we say well-being, do we then tak about
single parameter as we already know, for instance, comfort-
able humidity and temperature within our homes, or are we
facing a much more holistic approach, where we now are
considering health and well-being in a much larger scale?
The real question is, how do we define health and well-being
and how do we implement this in architecture?

This chapter is based on a paper (literature review) written
by Koen Steemers where several published articles and
evidence-based information are provided, to outline how
architecture can influence the health and well-being of our
society. [The Daylight Site | Daylighting research, architec-
ture, practice and education, 2018] Relevant studies wil be
investigated more in-depth. The first section of this chapter
will focus on the definition of health and well-being, where
the last part wil provide information regarding how fo use
the achieved information in architecture.

The National Health Service in England (NHS) estimated
that since 1948, the life expectancy for the population in the
United Kingdom has improved with 12 years which is caused
by a medical improvement. [The Daylight Site | Daylighting
research, architecture, practice and education, 2018] Even
though that the numbers of the increased life expectancy
since 1948 have expanded, the society are facing an aging
population, chronic diseases, obesity and higher consumer

expectations. [Chief Medical Officer 20009

One of the worlds largest organizations (World Health Or-
ganization) emphasizes that one of the principle ‘s of the con-
stitution regarding health is that "health is a state of complete
physical, mental and social well-being and not merely the
absence of disease or infirmity.. [World Health Organization,
2018] This statement from WHO is a principle and definition
of health, where we now are dealing with the relationship

28

between medical, psychological and social factors and not
as the absence of il-health. The World Health Organization
also mentions that “Whether people are healthy or not, is
determined by their circumstances and environment.” [World
Health Organization 2018] which is a clear message about
the understanding of the quality of our physical environment,
and by implementing this mindset, the pressure on the health
services can be decreased

A report published by Commission for Architecture and the
Built Environment (CABE) is introducing the idea of strategic
designing “healthy places.” It is mentioned that "good
health is defermined not simply by access to medical care,
but by a range of factors, some of which are closely relat-
ed fo the quality of the physical environment.”. [The Daylight
Site | Daylighting research, architecture, practice and educa-
tion, 2018] The considerable influence that architecture has
fowards a holistic approach within health are crucial to be
aware of, and as architects, this kind of knowledge is es-
senfial to include and considered in architecture fo constitute
right design solutions to provide long-term solutions. [CABE,
20009

As Steemers mentions in his paper “The notion of well-being
consists of two key elements: feeling good and functioning
well” [The Daylight Site | Daylighting research, architecture,
practice and education, 2018]

Another report on our mental health and well-being have
been published by The Government office for Science.
This report includes evidence that defines the “five ways to
well-being.” These are more practical and objective charac-
teristics that we more easily can apply to the built environ-
ment. The five ways; connect, keep active, take notice, keep
learning and give, have been associated with positive men-
tal health and have shown to be influenced by physical de-
sign characteristics mental capital and wellbeing. [Foresight,
2008l The “five ways to wel-being” are briefly infroduced
with keywords for each notion in the following text.
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By being thoughtful, aware and in general fo stop and to take notice of something, depressions,
stress, and anxiety can be affected and lowered. [Chambers, R, Gullone, E, & Allen, N. 20091 A
study resulted that “diverse types of open space (combining green as wel as hard landscaping)
and a higher relative proportion of public fo private space is also associated with increased re-

ported mindfulness.” [The Daylight Site | Daylighting research, architecture, practice and education,
2018]

To keep learning “parameters include a home that is clean and uncluttered appears safe for play
and is not dark or monotonous.” [The Daylight Site | Daylighting research, architecture, practice
and education, 2018] Based on the interaction level, orientation and the distance of “seating con-
cerning others wil influence the level of interaction and dialogue.” An example of this could be to
place seatings in a circle, which wil force more eye confact and thereby lead to more conversation.
[The Daylight Site | Daylighting research, architecture, practice and education, 2018]

Social connections can be a supporting element in relation to wel-being and physical health. So-
cial relationships can be initiated by; having a conversation with other human beings. To support
this type of strategy, simply by placing a bench and designing stop spaces in the urban context can
be a reason to build a dialog with others. Common areas within a building such as green gardens
or workshop spaces can collect individuals to support a network. [Foresight, 2008]

Moving away from a self-centered mindset and instead attempting a pro-social behavior by help-
ing others volunteering contributes fo better life qualities such as happiness. [Plagnol, A, & Huppert,
F. 2010)] Self-reported altruistic behavior is more prevalent in neighborhoods which incorporate
space design related to “diversity, proximity, accessibility, and qualities.” [Anderson, J. 2014]

lts proved by studies that physically activity can reduce chronical diseases and mental ill-health,
by introducing intentional design strategies, people can be encouraged to move more. [Krogh, J.,
Nordentoft, M, Sterne, J, & Lawlor, D. 2011 A significant approach would be to apply a pedes-
trian-friendly space, such as keeping low traffic and rate to produce a considerable activity level.
Another strategy is to form a route around a building with a combination of a positive experience
by, eg. adding a green path. Movement inside a buiding could be achieved by implementing
different levels and stairs, and in general to separate functions from each other fo stimulate higher

activity. Bauman, A, & Bull, F. 2007
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INTRODUCTION TO DGNB

The ideas behind DGNB have their origin in the Brundt-
land-report from 1987 (also mentioned in sustainability
chapter), that first stated ideas about responsibilities of
sustainability and later from the Rio-declaration, published
in 1993, where the concept of sustainability was divided
info three pillars; Environmental, sociocultural and economic.

[DGNB System Denmark. 201/

DCNB is a voluntary agreement for classifying sustainable
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buildings. The classification is based on the European Build-
ing standards and creates a holistic evaluation of the pri-
mary quadlities of the building; the process, the environment,
the economy, sociocultural- and technical aspects and the
site. The evaluation method is set up as an equation fo
evaluate the overall sustainability performance of the build-
ing, within the five main qualities and the 40 sub-qualities.
This is fo ensure that all sustainability strategies and solu-
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tions, is made on a knowledge-based and well-considered criteria, but the evaluation of the individual criteria and
basis. [DGNB System Denmark. 20171 When evaluating a the overal certifications ranges a bit differently, where
project, the equation calculates overall o what extent, the the single criteria of BREEAM is a bit less strict. [Anthony
project fulfils the requirements of DGNB. In Norway, the Provenzano Architects, 2013] Since both evaluation systems
most commonly used evaluation method is BREEAM, which are applicable in Norway and the fact that the sustaina-

is also a non-government system, based on the three pillars bility lessons at Aalborg University evolve around DGNB,
of sustainability, divided further into multiple sub-criteria. A this project wil only use DGNB as a guideline to ensure a
lot of the criteria in BREEAM is the same as the DGNB holistic approach to sustainability.



/ERO ENERGY BULDING

Approximately 40% of the total energy consumption in Nor-
way is caused by buidings and there is a great potential for
decrease this number, mainly when focusing on new buildings,
where energy efficiency can be integrated throughout the
design process. [UngEnergino, 2018] A Zero Energy Building,
also called ZEB, is a buiding with any given function, com-
mercial, residential, efc., that has significantly reduced energy
demands, through implimentation of passive strategies and
furthermore balances its own demand with “low-cost, local-
ly available, non-polluting, renewable sources” [Zero Energy

Buildings: A Critical Look at the Definition, 2006

Typical examples of renewable energy sources that can be
integrated in a ZEB are; Photo Voltaic, Solar panels and heat

puUMpPS.

This does not mean that a ZEB has to even out the energy
consumption while being off-grid. Due fo the limitations of en-
ergy storage technologies present af this time, achieving ZEB
autonomously would be very difficult. [Zero Energy Buildings:

A Critical Look at the Définition, 2006]

There are multiple ways of defining the ZEB goals, accord-
ing to wishes and demands of the different parties in the
process, e.g. the building owner that usually cares about the
energy cost, national organizations who focuses on primary
energy on a national level, the building designer who is com-
monly interested in the site energy use, according fo building
requirements and finally those who are concerned about lim-
iting pollution from energy production and construction on

a global level. [Zero Energy Buildings: A Critical Look at the
Déefinition, 2006}

The illustration displays the general concept of energy bal-
ance, in the different phases of the buildings life span.

In the following part some of the most common definitions are
listed and shortly explained.
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Net Zero Site Energy Buiding: "Produces at least as much
energy as it uses in a year, when accounted for at the site”
[Zero Energy Buidings: A Critical Look at the Definition,
2006]

Net Zero Source Energy Buiding: “Produces at least as
much energy as it uses in a year, when accounted for af the
source. Source energy refers to the primary energy used to
generate and deliver the energy to the site” [Zero Energy

Buildings: A Critical Look at the Definition, 2006]

Net Zero Energy Cost Bulding: “The amount of money the
utility pays the bulding owner for the energy the buiding
exports to the grid is at least equal fo the amount the own-
er pays the utility for the energy services and energy used

over the year” [Zero Energy Buildings: A Critical Look at the
Definition, 2006]

Net Zero Energy Emission Building: "Produces at least as
much emissions-free renewable energy as it uses from emis-
sions-producing energy sources  [Zero Energy Buildings: A

Critical Look at the Definition, 2006

Because the primary available energy source in Norway is
hydro power (electricity) and the fact that a Site ZEB for an
electric building is equivalent to a Source ZEB [Zero Energy
Buildings: A Critical Look at the Definition, 2006], the aim,
is to design a Net Zero Site Energy Building, with a special
focus on heating and cooling solutions, due to the availability
and easy access fo renewable electricity in Norway.

Materials Construction Use End of Life
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TOTAL PRODUCTION:

134.200000000 kWh/year

The Norwegian government states that in 2016, 98% of the
Norwegian electricity production comes from renewable en-
ergy sources. Hydropower is the most significant contributor,
accounting for around 96% of the overall production, addi-
tionally Thermal- and wind power accounts for respectively
2,5% and 1,5%. The substantial contribution from hydropower
began in the 1980s and have since then been the basis
for Norwegian industry and the development of the welfare
society. The amount of precipitation and the natural inflow
of water from the mountains is vital to fil up reservoirs and
generate flexibility in the power production. The production
flexibility makes it possible to both export and import ener-
gy, depending on demand in Norway and the neighboring
countries. [Energy Ministry Norway, 2018] As seen in the
Project Location chapter, Midsund is not in close connection
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to any bigger city, which
means that only electricity
is available from the grid,
while there is no access to
district heating. Because
of this, electricity covers
80% of the total energy
consumption in Midsund
and leaves a vast poten-
tial for utilization of heat
pumps and solar thermal collectors, to cover internal heat-
ing and heat loss. This could lower the energy demand by
50-60% but would require waterborne heating systems in all
residential and commercial buildings in Midsund. [Energi- og

klimaplan Midsund kommune, 2012]

FEEDBACK BOX
BULDINGOWNER

Primarily renewable energy
sources in norway and di-
alogue with stakeholders,
infuenced the predefined
energy consumption goals.




ENERGY REQUREMENTS

Below is a comparison between the Norwegian and Dan-
ish energy demands for low energy houses. This text elabo-
rates on the Norwegian energy requirements for low energy
houses.

REQUREMENTS FOR HEAT LOSS:
Allowed heat loss, through walls, roof, windows and doors,
including air leaks and venting for a low energy dweling

block in Norway is 95 kWh/m? heated area pr. year.
[Lovdatano, 2018]

REQUIREMENTS FOR HEATING NEEDS:

The need for heating depends on the clmate and the
buiding size. For a low energy house larger than 250m?2
the need for heating should be below 15kWh/m2/yr. The
requirements are adjusted for dwellings less than 250m2,
located where the yearly average temp. is below 6,8°C.
[Lavenergiprogrammet, 2018]

REQUREMENTS FOR ENERGY SUPPLY:

Heating of a passive house must be covered as much as
possible by renewable sources, minimum 50%. The rest can be
covered with electricity. [Lavenergiprogrammet, 2018]

REQUIREMENTS FOR BULDING PARTS:

The requirements for building technical solutions and ventila-
tion can be seen in the scheme below.

PASSIVE & ACTIVE STRATEGIES

When designing a zero-energy building, it is important to
infegrate energy optimized solutions throughout the whole
process. Usually passive design strategies is integrated to
decrease respectively heating and cooling demands and
there by reach the general energy requirements, illustrated in
the chapter regarding Energy Requirements. Then add active
strategies to equal-out the remaining energy demand with
renewable energy. The process of integrating passive strat-
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egies is fo a large extend an exercise in balancing heating
and cooling strategies, in order to achieve the best overall
energy performance of the buiding - The buiding type and
operation usually influence the choice of strategies. [Climate
Colab, 2018] The passive strategies can be divided into four
overall categories, being;

Passive Heating can be achieved with a well-insulated build-
ing envelope fo avoid unnecessary energy loss and a build-
ing design that utilizes the solar radiation and captures the
internal heat gain. [Climate Colab, 2018]

Passive ventilation, can be controlled by designing the build-
ing fo enhance and take advantage of natural occurring air
flow patterns, such as wind and buoyancy to cool the build-
ing with outdoor air. [Climate Colab, 2018]

Passive Cooling is used fo avoid overheating, either by con-
troling the solar gains with external shading, or by accumu-
lating and removing internal heat gains, with thermal mass
and natural ventilation. [Climate Colab, 2018]

Daylighting control can be designed to minimize the electric-
ity needed for artificial lighting, by ensuring a good distribu-
tion of natural daylight in the areas where light is needed.
[Climate Colab, 2018] Due to the climatic location and the
building being residential, which mainly has night-time occu-
pancy, is this project will tend to have a heating dominant
energy profile. [Climate Colab, 2018]

Active strategies are implementation of technology that
produces renewable energy, either heating or electricity.
The most commonly used technologies in Norway is; Pho-
fo voltaic panels, thermal solar collector panels and heat
pumps, collecting either from ground heating or air. Further-
more, smart-systems can be used fo control window open-
ing, shading, heating and cooling in real time, so the building
constantly adapts to the environment, for maximal efficiency.

[Maddock, 2012
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Roof Walls Foundation Windows Heat rec. General:
NO 0,13W/m*K 0,18W/m*K 0,10W/m?’K 0,8W/m*K Min. 80% 15+3.5(T-5kWh/m?/yr™
06L/s/m* 1,5kW(m?/s)
DK 500mm’ 0,09W/m’K 400mm’ 0,8W/m’K No Min. 20kWh/m?/yr
0,5L/s/m* 22m?/100m? TkW(m®/s) max. 120kWh/m?
“Insulation “Preassure test with 5S0Pa ™ T=Yearly average temerature  Source: [Paroc.dk, 2018] 1352

Source: [Greenmatch.dk, 2018]
Source: [Lovdata.no, 2018]



DEVELOPMENT PLANS

Atter a period with decreasing population, the curve flipped,
and in 2013, the municipality of Midsund made an idea-com-
petition for the development of Midsund city center, to make
the area more aftractive fo live in and fo aftract more labor
and competences in the future. ldékonkurranse om utvikling

av Midsund sentrum, 2013]

"The competition proposals must contribute fo:
Creating a more attractive and aesthetic city center,
accessible for everybody.
Developing a more functional and nice city center.
Exploiting and expanding the waterfront more holistically.
Ensure predictability for future builders.
Better utilization of the water near building plots.
Better cooperation between different actors.”
Translated from norwegian. lldékonkurranse om utvikling av

Midsund sentrum, 2013]

The overall purpose of the competition was fo receive a vari-
ety of proposals on how to develop the city more attractively
and playfully, mainly focusing on the water near areas, both
existing buildings, new developments and outdoor spaces.
ldékonkurranse om utvikling av Midsund sentrum, 2013

The main road, Fv. Veg 668, creates a quite clear division
in the area, with around 2000 cars pr. Day, however, the
speed limit is restricted to 5Okm/h. This areal division, com-
bined with the fopographic conditions in Midsund enhances
the importance of the water near areas and their influence
on denser city development. The water near plots is partly
private property and partly owned by the municipality, and
there is a significant potential fo develop both new and exist-
ing buildings in addition to the unbuilt areas between Tusenér-
splassen and Midsund Marina. [[dékonkurranse om utvikling
av Midsund sentrum, 2013] Specifically, for new building pro-
jects, the municipality of Midsund requested proposals for
alternative use of available buiding plots, with significant ar-
chitectural expressions that creates a relation between new
and existing buildings and links the buildings with surround-
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ing public spaces, preferably with pedestrian paths at the
waterfront and while handling the issue of clmate change,
such as rising sea level. [[dékonkurranse om utvikling av Mid-
sund sentrum, 2013] In addition to the architectural desires,
the municipality has proposed to integrate parking solutions
and right conditions for soft road users [[dékonkurranse om
utvikling av Midsund sentrum, 2013], also mentioned in the
section about Well-being.

The winning design proposal from Arkitekigruppen Cubus
describes a vision to create a more physical contact with
the waterfront, rather than the current visual connection and
how there is a change in the function of the seq, going from
primarily logistic fo recreational purposes. There has been a
focus on planning public spaces, pedestrian paths, for exam-
ple a ponfoon bridge, and bicycle roads close to residential
areas fo encourage the inhabitants to walk or bike and there-
by decrease noise, areas needed for parking, ensure good
air quality and improve chances of unplanned interaction be-
tween the inhabitants and visitors. [Arkitektgruppen Cubus,
2013] Cubus explains the importance of the characteristic
landscape, Midsunds connection to both mountains and sea,
and how these unique elements should be enhanced as the
primary identity for new development in Midsund. According
fo the proposal, one way of utilizing and enhance these qual-
ities could be by placing residential buildings, such as apart-
ment complexes, at the waterfront, oriented towards west.
This could attract new inhabitants to Midsund. [Arkitektgrup-
pen Cubus, 2013] Cubus further elaborates on how these
apartment complexes should strive to preserve a human
scale and contain apartments varying in size to accommo-
date different user groups. However, the apartments should
have a balcony to exploit the location and the view. The new
developments should strive fo incorporate vegetation as a
mean fo soften the quayside and generate both private and

shared gardens. [Arkitektgruppen Cubus, 2013]






PROJECT INTEREST

The objective of the main of stakeholders in the project,
Reberg Bygg AS and lyngjabygg ANS, is to gain a short-
term profit while minimizing the economic risk associated with
the project. The intent is, therefore, to sell the majority part of
the dwellings before initiating with the construction work, as
should the potential buyers be able to buy the apartments
upfront. The potential buyers are profoundly influenced by
the market for a specific place, at a specific time, as a pro-
iect has to be sellable for the right price for it to make sense
economically, thus will the market be the most influential driv-
er for the direction of a project.

The project site is one of the most attractive locations on
the Island of Otraya, situated at the harbor front of the city
center of Midsund, close to shopping centers and health-
care service. However, the purchase cost of the site is quite
expensive for the area, and comes with a high additional
cost concerning the groundwork, as approximately half of the
site is currently under water. These factors alone will narrow
down the user groups, as the potential buyers have to be
able and wiling to pay for the extra cost associated with the
project.

To form the framework for a successful, and sustainable
building project, one of the first and most imporfant steps
is fo evaluate the appropriate user groups, as the users wil
set the course and determine the direction of the project.
The following chapter will focus on narrowing down the user
groups, followed by an analysis of the user's needs and be-
havioral patterns.

To gain a better understanding of the potential buyers, a
meeting was arranged with local real estate agent Kristine
Gautvik-Dahl, to discuss the direction of the project. Kristine
was enthusiastic about the project due to centrally placed,
and attractive project site, expressing that there were a num-
ber of people in the Municipality looking fo relocate from
their single-family houses in the countryside to denser dwell-
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ings types in the city center. The central location provides
short distances fo shopping facilities, medical care as well as
schools and kindergartens, making the dwellings particularly
attractive for families with children. The dense dwelling types
also provide better social opportunities, as well as lower
maintenance, that would offer more spare time for the us-
ers. This combination makes the project highly attractive for
both families and couples. She recommended targeting both
couples and families above 30 years old, by offering a wide
variety in the sizes of the dwellings, ranging from approxi-
mately 80 to 140 square meters. During the meeting, several
criteria were established to accommodate the needs of the
target group, which included two to four bedrooms, spacious
private outdoor spaces, ranging from 15 to 30 square me-
ters, as well an interior and external storage space for each

apartment [Gauvik-Dahl, 20171

FAMILIES

In general, families have a busy lifestyle, where the parents
are af work during the daily hours, while the children are
in school or daycare. The members of the family, therefore,
spend most of their time at home in the afternoon till evening
and on weekends. To accommodate for this lifestyle, the
common interior living spaces, as wel as the private and
shared outdoor spaces should all be oriented towards the
afternoon and evening sun, for the families to get the most
out of their dwellings.

To support social sustainability within the family units, particu-
lar emphasis should be put on the shared living spaces, pro-
viding them with a spacious and comfortable environment for
social interaction. Regarding social sustainability within the
family users of the housing complex, an attractive common
outdoor space should be provided for the family typology,
in particular, offering spaces for the various families to meet
and inferact with one another, fo establish relationships and
form a sense of community within the housing complex.
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People in late life are often stil active in the working environ-
ment. Many are, however, either refired or semi-refired, al-
lowing more time to be spent at home (Ssb.no, 2018). It would,
therefore, be valuable for the users fo have common recrea-
tional spaces, where they can meet and socialize during the
day, ultimately making them feel more connected and more
alive (Moore, 2010). Some users may have declining health,
which could eventually affect their mobility. Particular empha-
sis should, therefore, be put on assuring good accessibility.
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COUPLES, MIDLIFE

Couples of midlife share a similar schedule as the family ty-
pology, as should the various spaces be oriented toward
the aftfernoon and evening sun when the users are at home.
For this typology, additional rooms should be provided in the
case of future expansion.



MATERIALS COMPARISON

100

80

60

40

kg CO/m?

20

@ ©oXT WALL 1 - CONCRETE
ILL. 40. 1

ENVIRONMENTAL & ECONOMIC

To gain a befter understanding of the environmental and
economic impact of the most commonly used, load-bearing
building materials, a comparison has been made for three
different external walls, using the calculation tool LCA Bygg
for the environmental impact. Whereas the cost calculation
was based on unit prices given by the construction firm,
Reberg Bygg (Hialmarsson, 2018). As illustrated in (Il 43.1)
the comparison shows that the concrete wall has the highest
cost, as well as the highest environmental impact. The high
emission of CO2 generated during the production, com-
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EXT. WALL 2 - STEEL

bined with the amount of material required of concrete as
a load bearing structure, makes the concrete wall the least
favorable of the three. The steel and Cross Laminated Timber
(CIT) wall are quite similar in terms of cost and environmental
impact. The steel wall has the least environmental impact of
the three. This mostly due to the small quantity needed to
construct a load-bearing structure. However, the CIT wall is
more favorable because the load-bearing CIT can be also
be used as an interior surface, and thereby exclude the cost
of additional building layers.

@ oXTWALL3-CT
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Concrete Construction: Steel Construction: CIT Construction:
Thickness (mrm) 690 500 575
U-valuelW/mK) 0,090 0087 0,086
Mass (kg/m?) 4871 88,1 177
Thermal Capacity [kJ/K) 4752 191 3206
Price (NOK/m? 3161 221585 1967.5




WOOD

In recent years, the use of wood as a structural material for
has had made a breakthrough with the building industry in
Norway. The key to this significant growth is a result of new
technological knowledge of Cross Laminated Timber (CLT),
along with the increasing awareness of its environmental
properties. Nowadays, many multi-story buildings in Norway
are being built entirely of prefabricated, load-bearing CLT
elements, whereas previously, concrete and steel have dom-
inated as structural systems for multi-story buildings (Mari-
us and Catherine, 2018). Wood is a natural material grown
by the earth and offers several useful properties that can
be utilized to obtain a sustainable and architectural environ-
ment, including acoustics, moisture, heat capacity and low
weight, while also adding a certain warmness and tactility.
In this section, there is a particular focus on wood but with
a comparison of more traditional structural materials in the
building industry such as concrete and steel. The first text in
this chapter will treat the aesthetics of the materials, followed
by the properties associated with the indoor environment.
The environmental and economic impact concerning lifecycle
assessment, energy, and the cost wil be described in the
final part of the chapter.

Aesthetics & Ambience

“I've never seen anybody walk into one of my buidings and
hug a steel or a concrete column, but I've actually seen that
happen in a wood building.” [Green, 2018]

Just like humans, wood is provided with its own characteris-
tics which give the material a unique identity. The age of the
wood appears in the texture of the material with beautiful
circles starting from the core of the wood and extending to
the outer layer called growth rings. Smultaneously wood has
various scent, color, texture, and luster depending on species.
"It is the most humanly intimate of all materials. Man loves his
association with it, likes to feel it under his hand, sympathetic
to his touch and to his eye. Wood is universally beautiful to

Man." [Wright 1975]
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In architecture, architects often aim to trig feelings from hu-
mans, which is offen demonstrated by the use of materials.
Fach material has its own features and can be exceptional-
ly good at underlining the specific emotions the architects
seek fo evoke. For instance, wood was purposely used in
the Swiss Paviion Sound Box Hanover by Peter Zumpthor.
The paviion was a design with the intention fo provide “a
welcoming place to rest, a place to just be” [Etherington,
2018] The pavilion was made out of Douglas pine and larch
from Switzerland with use of 2800 m3 wood. The structure
was formed purely from wood, without added nails or glue.
However, steel cables were used to brace the beams. The
pavilion evoked various senses arriving from the raw use of
wood, such as the beautiful shades of each piece of wood,
the feeling of thousands of individual cracks and knots, and
an infense scent in the air providing the visitor with an expe-
rience of architecture full of life and taste. The pavilion was
later taken down, and the wood was reused for other build-
ing projects [Etherington, 2018]

A project which has the opposite purpose is the Jewish Mu-
seum in Berlin designed by Daniel Libeskind. In this project,
the cold and dead space created by massive grey concrete
walls is utiized to demonstrate the sad history behind the
world war I and to “express feelings of absence, emptiness,

and invisibility” [ArchDaily, 2018].

Indoor Environment:

As previously mentioned in the wel-being chapter “good
health is defermined not simply by access fo medical care,
but by a range of factors, some of which are closely related
fo the quality of the physical environment.”. [Webarchivena-
tionalarchivesgov.uk, 2018] These information adjoints to the
fact that the physical environment profoundly relies on our
indoor environment. The following chapter is an investigation
of materials ability to contribute fo the indoor environment.

Acoustics:
When sound moves in a space, the energy is partially ab-



sorbed, reflected or transmitted when it makes contact with
the materials surrounding the space. The degree fo which
the sound is reflected, absorbed or transmitted, is highly
dependent on the material properties. Concrete and steel
are materials with hard and impermeable surfaces, which
form reflective barriers within a space. Wood is, on the other
hand, a quite porous material, which allows it to absorb more
energy when it makes contact with sound waves (Worre
Foged, 2015). Comparing the materials in terms of shaping
a comfortable indoor environment, the absorptive properties
of wood could be used to contribute to a faster decay of
sound, and thereby reduce the risk of unwanted noise.

THERMAL MASS

The simple explanation for thermal mass is the ability of a ma-
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terial fo absorb and store heat. Thermal mass can be used fo
storing heat, and thereby avoid drastic temperature changes
within an environment in case of sudden heat gains or losses.
This phenomenon can lead to reduced energy consumption,
as heat gained during the day can be stored and released
at a later time. The materials ability fo store heat depends on
its density. Wood is relatively dense material, with a good
heat capacity, but due to its porosity, the material has a low
thermal conductivity, making it quite slow at responding to
sudden heat gains or losses. Concrefe can store a significant
amount of heat due to its density, while a high thermal con-
ductivity, making it an excellent material to store and respond
to thermal changes during the daytime cycle [Termisk masse
og klimatisering av bygninger, 2018].
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CASE STUDIES - SNOOHETTA - SVART HOTEL

Svart Hotel is designed by the Norwegian architecture
office Snghetta. Though the project is unbuilt, it is an innova-
tive and ambitious attempt to create first-class sustainable
architecture.

The hotel is located north of the arctic circle at the foot
of the Svartisen glacier, in Norway and is the world's first
certified Powerhouse hotel. [Snohetta.com, 2018]

"The term "Powerhouse” is used to describe so-called “plus
house” buildings that are built by the Powerhouse collabo-
ration. "Plus houses™ are energy producing buildings that, in
the course of a 60 year period, will generate more renew-
able energy than the total amount of energy that would be
required fo sustain daily operations and fo build, produce
materials and demolish the building.” [Snohetta.com, 2018]

While being the world's first and northernmost Powerhouse
buiding, it wil have a yearly energy consumption approx-
imately 85% lower than an equivalent hotel built after
modern Norwegian building standards. [Snohetta.com, 2018]

The Building is designed with a particular focus on the
surroundings. With its circular shape deploying from the
shoreline between the mountain and the fjord. This, to
ensure a minimal foot-print, that could influence the “natural
beauty and the fauna and flora of the site,” [Snohetta.com,
2018] and with the construction elevating it from the site,
as a reference fo traditional Norwegian, wooden struc-
tures, used by fishermen. Furthermore, the structure and the
shape contribute to an almost transparent appearance and
an extraordinary panorama view in all directions. [Snohetta.

com, 2018]

To reach the Powerhouse standard, an extensive study has
been made on the solar radiation, present on the site, fo

ensure the best possible utilization of natural energy sourc-
es. Also, here the circular design proves useful, when “both

hotel rooms, restaurants, and terraces are strategically
placed to exploit the Sun’s energy throughout the day and
seasons.” [Snohetta.com, 2018]

The whole roof of the hotel is covered with photovoltaic
panels, fo include the electric energy demand of the hotel,
and because of the significant number of sunlight hours in
the very northern environment, the annual energy produc-
tion will be substantial. Regarding heating, the hotel utilizes
geothermal wells and heat pumps. [Snohetta.com, 2018]

The terraces of the hotel are designed as a part of @
passive strategy, to protect against overheating and a
potential cooling demand during the summer, while giving
maximum sunlight exposure fo the glass facades, during the
winter. [Snohetta.com, 2018]

All materials used in the design are carefully selected to
have as little embodied energy as possible, meaning that
steel and concrete as a structural material, have been
avoided as much as possible, as they are quite energy-in-
tensive materials. “The use of wood in construction and
cladding minimizes the environmental impact of the building”

[Snohetta.com, 2018]
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CASE STUDIES - SNOHETTA - ZEB PILOT HOUSE

SOLAR CELLS (PEOTOVOLTAIC FANELS)
150M2 - 19200Kw/h-year .

EFFICENT INSULATION .

WINDGWE WITH
AGRODLYALUF

EXCESS HEAT FROM THE
INDOOR AIR

ARE LSED TO HEAT

THE INCONMING &R

AND TAPWATER

ONE RADVATOR

DM EACH FLODR

CAN HEAT THE

WHOLE HOUSE
SREY WATER RADI&NT
HEAT RECOWERY, FLCOR
BRAIN WATER HEATING

HEAT RECOIVERY ;*“CA"‘? HE

Referring back to the chapter Zero Energy Building, the build-
ing sector represent one of the highest energy-consuming in-
dustries in the world with 40 % and causes great impact on
the environment. [UngEnergino, 2018] The awareness of this
issue has led architects among others towards “a movement
to create buildings that mitigate global warming and climate
change[World Barcelond]

A great example of a successful Zero Energy Building pro-
iect is the family house “ZEB Pilot House™ also recognized as
the “Plus House Larvik™ designed by Snehetta in collabora-
tion with, SINTEF, ZEB, Optimera and Brgdrene Dahl and
finished in 2014 in Larvik, Norway. The design is conducted
with the principles of Zero Energy Building simultaneously
with the surplus production of energy, fo power an electric
car, signifying that the house produces more energy than
it consumes. The design is only dependent on renewable
energy generated by solar-thermal and photovoltaic panels
which are integrated info the building envelope. This design
strategy is a vital step away from the use of fossil fuels, and
a closer step towards a more sustainable future. With a roof
slope of 19 degrees solar cells (ohotovoltaic panels) consist-
ing of 150 m2 provides approximately 19200 kW/h-year to
cover electricity consumptions. Solar collectors using 16m2 of

THERMAL

THE BCILER UGHTANDAIR  PASSIV RAINWATER

GETS HEATED WATER MASS ARE AUTU- EXTERIOR  COLLECTION

“ROM THE SOLAR COL- STARILIZES  MATICALLY U SHADING

LECIORS, THE CONTROLLED

AN ENERGY WELL, THE MPERATURE BASED ON

RIR SYSTEM AND THE TEMPERATIRE etann ZEB diagram © Snohetta ILL. 48.1
WATER HEAT RECOVERY NEED

SYSTEMS

the same sloped roof offers 4000 kW/h-year to contribute
heat for air system and heated water.

This piece of architecture possesses numerous qualities, which
for instance are expressed in the materials. The materials
indicate a raw expression while analogous leaves a harmo-
nious atmosphere as a result of calming and complement-
ing colors. The materials are not only chosen on behave of
the atmosphere but as well as the properties and technical
qualities which contributes to a better indoor environment
and air quality. The design has a modern expression due fo
sharp edges and the simple form, but simultaneously con-
tains traditional materials which together express new tech-
nology with familiar materials. The house is cut info two piec-
es, however still provides the holistic sense due to the large
openings, which contributes light and the visual connection.
A beautiful light falls to the raw brick wall in contact with an
industrial staircase and gives a desire to move further up to
meet the light. [Snohetta.com, 2018]

The building is not only accomplished within its architecture
but as well as for the sustainable manner. Passive strategies
such as solar heat gain, thermal mass, and exterior shading
are keywords for the project and should be investigated
further during the design process.






CASE STUDIES - NORWEGIAN ARCHITECTURE

Traditionally, the architecture in Norway had its basis in ra-
tionalism, has responded to the harsh climate, poverty and
material restrictions. The houses were often placed on sloped
terrains situated along the coastlines, overlooking the seq,
and complied with a strict and functional geometrical shape,
with a balanced constructional composition of materials. Tra-
ditionally, they were built in local stone, or with logs of local
wood placed on a base of stone, separating the wood with
the moisty ground and forming a strong foundation for high
winds (Tostrup, 2006). The windows very typically narrow or
nonexistent to reduce heat loss. Low pitched turf roofs were
commonly used in Norway, providing a useful insulating layer
to prevent heat loss, as wel as forming a harmonious rela-
tionship with nature. Most houses in Norway had turf roofs
until the beginning of the 18th century, where steeper slate
roof gradually began to replace the turf roofs, especially in
urban areas (Kamta, 2012). Slate roofs are especially benefi-
cial for the Norwegian climatic conditions to shed snow and

water more effectively, ultimately reducing the snow weight
as well as the risk of water leakage. Exploring modern archi-
tecture in Norway, buildings with inspiration from nature can
be found in Romsdal Museum (see picture below) placed in
Molde, Norway. The Beautiful sharp roofs taking its inspira-
tion in the Norwegian fields, and complete use of massive
wood elements (see picture 3) stands in contrast of the street
“Bygata” traditional houses dating back to the pre-war (see
Picture 1). Another great example of a Norwegian piece of
architecture is the single “red house” (see picture 4) found in
the edge of Midsund city, Norway next to the fjord. The use
of natural materials such as stone, wood and wild green roof
compliments in surrounding nature.

A bit closer to the city Midsund, a flock of small houses is
found at the line of water. The many colors are fighting for
attention, yet the portion of houses stands in great harmony
and underlies simplicity.
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SITE ANALYSIS

SITE

BOAT PARKING

MAIN ROAD
SMALL ROADS
BOAT TRAFFIC

As mentioned earlier, the site is located on the island of
Ofraya, causing many in the area using boats for transporta-
tion. A main road provides good connection from Otragya fo
the nearby islands Midaya and Dryna. A lot of small roads
are found primarily near residential areas; however there is
a lack of smaller paths for bicyclists and pedestrians.
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@7 SHOPPING & TAVERN
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ILL 54. 2

The site is located near shopping and general supply centers,
providing easy access fo the site. The island has few industrial
areas, as wel as one public primary school, where the ma-
jority of the area consists of single houses. The picture on the
next page shows the site (marked red)



SITE ANALYSIS
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ILL. 55. 1 Midsund - Site marked in red
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SITE ANALYSIS

] 1 i [ | \ | | | [ I | | A U | )
| | | | 1 | | | | ﬁ | | | L | | | | | | | | | | | |

“.._.I_ljnﬂl T JI_I.ﬂI_I,IJ.l_I_ll_..l_l_ﬂ..,.I__I_\._],TI_l;l..
/ b X )

| |
B S=
L e e L L N e
m_ | | b
D e T
Py
A TN e
TS
b= =
TR
Al ho 0 sk =T
T
b= ==
Lo e e O e e LS N L | |
|
-
b -y — |
I s 0000 S VI e S S R S
[T
F =1 =1 e
B = |t ST
Lk A
] h&%&.w
F =1 == T P200o
L= & L Q.05 w
bt e 982 o
R0 Nt N
k= == - EH= o
TRl = Yo o
R (O N | T R £ 2 5
(RTINS SN £ g™
F = =l i z 8 w%
§0)
QO e B B4
y ~ 09 10
W sl o li"SRHEEST P Mgl =S
R /a7 o[=-.2
I :.m = _c 5 £
e e e T B — e wn
I I | T Wl @ c/c©
el 2 == 2= “umo Gun_r.V
Tl O ¥ O~ D
T T T TS o b g 5=
mﬁJl,i.ﬂ.Jl_l.ﬂl ..‘%\..\mlm Q=
10, S I S VI 5 O 0 . 3
(TR T S T £ 58 o5 -
il i T R T T Bl =i W..efhmﬂ £
B i e e K P2 £ 8 o
= G\ = o
0 Y Y O O il 5o O 0 e =y O i SO O i I N == gl o osR ==
(0 | o W/G WIm.m
mﬁl.J|ﬂ|,|74 11111 = 08 ol
P o 9
\ i IUM O ge
& & = £ += g
_ 02T 0o a5
m. m £ € @@= 3 O
— O 0O v L2 E

56



TOPOGRAPHIC SECTION
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MACRO CLIMATE ANALYSIS
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ILL 58 1

The following climatic analysis wil be firstly describe the con-
ditions of the macro climate in the region, providing a general
impression of the clmate at the site. The following analysis
wil go further infto how the surrounding geography affects
the local conditions of the micro climate. Throughout the
analysis, observations are made regarding the project sites
interaction with the climatic conditions, and how potential
design strategies could be utilized to support a sustainable
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approach. The region of Mare and Romsdal is located far
north in the Northern Hemisphere, just south of the Arctic
Circle. However, the region has a relatively temperate cli-
mate due fo its position on the west coast, as the North At-
lantic Drift cools the air during summer and warms it during
winter (Weather Online, 2018), resulting in an annual aver
age temperature of 6,8°C (Climate-Data.org, 2018). For the
warm season, lasting from June to September, the average
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high temperature ranges from 16 to 18°C, while the average
low, in the same period, ranges from @ and 11°C. During the
cold season, from mid November to February, the average
high temperature ranges from 2 to 5°C, and an average
low between 1 and -3°C (Meteoblue, 2018). These climatic
conditions, generates a relatively strong potential for utilizing
thermal buoyancy as a driving force for natural ventilation
during summer, in order fo enhance the thermal and atmos-
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pheric comfort inside the dwellings.

The outdoor temperature is, in general, significantly lower
than the thermal comfort for humans throughout the majority
part of the year, resulting in heat loss due fo transmission
and infiltration. As mentioned in the chapter about passive
strategies, ensuring a well-insulated and airtight envelope
is therefore crucial in order to minimize the total energy con-
sumption for the dwellings



SOLAR RADIATION AND WIND
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The high latitude of the project site in the Northern Hemi-
sphere causes considerable variations of the daylight condi-
tions throughout the year. As illustrated in the sun diagram,
the sun rises high in the sky around the summer solstice, pro-
viding up fo twenty hours of daylight. However, during win-
ter, the conditions change drastically, resulting in short days,
with only five hours of daylight at the winter solstice (Gaisma,
2018). During winter, the significant lack of daylight needs to
be considered in order to optimize the daylight conditions,
and while the strong presence of the sun during summer of-
fers a vast potential for shaping well-lit spaces, overheating
could become an issue.

May Jun Jul Aug Sep Oct Nov

60

Dec

The total monthly solar radiation in the region is relatively
high from April to September, where the monthly average
exceeds 100 kW/h/m2, reaching its peak in May when the
average daily sky is clear. Throughout the rest of the year,
the solar radiation is quite insignificant, and is almost nonex-
istent from November to February, resulting in a yearly total
of 880 kWh pr. m2, approximately 20 percent lower than
the annual average of Aalborg, Denmark (Gaisma, 2018).

The wind conditions in the region also vary throughout the
year. The conditions are relatively calm from April to Octo-
ber, with an average wind speed of 2,5 meters per second,
while the wind increases significantly from October to April
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with an average of 5,1 meters per second. The predominant
wind direction is south from September to April, while the di-
rection is more balanced from April o September, but mainly
west dominant (Weatherspark, 2018). However, according to
project manager Johann Hjalmarsson, from Raberg Bygg As,
the primary stakeholder in the project, strong winds occur
mainly from North during winter (Hjalmarsson, 2018). From
October to April, the strong winds from north and south
should be carefully considered to provide comfortable and
useful exterior spaces (Weatherspark, 2018). To draw advan-
tage of these wind patterns, the wind forces could be utilized
to enhance the interior comfort during summer by placing
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openings fowards west, allowing wind fo naturally ventilate,
as well as cool down the buiding on warm days.

The annual yearly precipitation for the area is quite high, with
a tofal of 1317 mm, usually occurring in the form of moderate
rain or drizzle (Weatherspark, 2018). These conditions should
be carefully considered to design useful outdoor spaces, that
shelters from rain.



Winter solstice

Equinox

Summer solstice

MICRO CLIMATE ANALYSIS - DIRECT SUNLIGHT

O JTE

To gain a better understanding of how the surrounding con-
text affects the microclimate of the project site, a simulation
was conducted regarding the direct sunlight, excluding de-
fuse light, and wind conditions. The mountains east and west
of the site have a profound impact on the climatic conditions.
The mountain east of the site casts shade on the area during
morning hours throughout the whole year, as well as during
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the entire day at the winter solstice. For the majority part of
the year, the mountain west of the site casts a shade on the
site, as the sun sefs behind the mountain west.

I conclusion, the optimal orientation for direct daylight
throughout the year is available from southwest and west.



MICRO CLIMATE ANALYSIS - WIND
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Regarding the wind conditions, the mountain east of the
site shelters from strong winds directed from northeast and
southeast. However, the site is quite open and exposed
from the waterfront fowards west and northwest, where
the dominant winds are directed from during summer, could
be used fo ventilate and cool the dwellings naturally.
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[OCAL PLAN & REGULATIONS

p
(
\D Original Site

ILL 66. 1

ILL 66. 4

Min. 8m from bulding limit to road senter

A local plan for area of Midsundfigra was published by the
municipality of Midsund in 2014, based on the development
plan as well as the winning proposal for the idea-competition
for the city center of Midsund, both mentioned in the Devel-
opment Plan chapter. The local plan states general require-
ments for the entire area, as well as specific requirements for
the individual properties (Faresegner, 2014),

The general requirements include adapting to the rising sea
level and minimize potential damage associated with floods,
where all living spaces in new buidings must be positioned

Potential site boarder

Max 40% built area (BYA)
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ILL 66.2 Building limit ILL 66.3
&
ILL 66.5 recuiremets for accessability, parking ILL 66. 6

and green space

at least 2,82 meters above sea level. The local plan also
clearly underlines the importance of ensuring accessibility
for all, both regarding the outdoor spaces, but also for the
dwellings themselves, where a minimum of 25 percent of the
apartments has to fulfil the requirements for accessibility, ac-
cording fo the National Building Regulations, TEK. General
requirements are also made for the common outdoor spaces,
stating that the areas should be attractive, with plenty of
daylight, and should provide a safe environment for children
fo play, to which each of the dwelling units shall resign 25m2.
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The dwellings shall be provided with a fotal of 1,5 parking
spaces per unit, where 5 percent are facilitated for disabled
All building limits must be kept at a minimum distance of eight
meters from municipal roads. (Feresegner, 2014)

For the property of the actual building plot, a specific re-
quirement is made concerning the building type, the allowed
footprint, the building height as well as the shape of the
roofs. The property can be utilized for dense dwellings, with
a maximum BYA (Build Area) of 40 percent. The height limit
is defined as the vertical distance from the sea level fo the

o/

ILL.&67. 4

highest point of the structures, where the allowed height is
dependent on the shape of the roof. The designer has the
option fo form structures with flat roofs, with a height limit of
16 meters above sea level, or to shape east-west oriented
pitched roofs, with an inclination between 28° and 35°, al-
lowing the designer fo increase the vertical distance to 1/
meters above sea level



SPATIAL AIMS & FLOW FOR AFPARTMENTS
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ILL. 68. 1
LARGE MEDIUM SMALL
TOTAL PERSON TOTAL PERSON TOTAL PERSON
NO. EST.AREA AREA HEIGHT CAPACITY NO. EST. AREA AREA HEIGHT CAPACITY NO. EST. AREA AREA HEIGHT CAPACITY
lpcl [m2] [m2] [m] [pcl lpcl [m2] [m2] [m] [pcl lpel [m2] [m2] [m] lpcl
Bedrooms 4 14 56 24-3 125 3 13 39 24-3 13 3 10 30 24-3 13
Kitchen 1 25 25 24-3 5 1 20 20 24-3 4 1 15 15 24-3 4
Living area 1 30 30 24-3 5 1 30 30 24-3 4 1 20 20 24-3 4
Bathroom 2 8 16 24-3 1 2 6 12 24-3 1 1 6 6 24-3 1
Entrance 1 4 4 24-3 2 1 3 3 24-3 2 1 3 3 24-3 2
Storage 1 5 S 24-3 1 4 4 24-3 1 4 4 24-3
Technical Space 1 3 3 24-3 1 3 3 24-3 2 1 2 2 24-3
Subtotal: 139 24-3 = 111 80
Balcony 1 40 40 24-3 S 1 30 30 24-3 4 1 20 20 24-3 4
Parking 15 11 165 15 11 165 - 15 11 165 0
Exterior common area 1 25 25 5 1 25 25 4 1 25 25 0 4
Total unit area: 2205 1825 141,5
ILL. 68. 2
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PREDEFINED TECHNICAL AIMS FOR APARTMENTS

A room program has been established for the technical aims
of the project. The room program is to be used as a guideline
for the project throughout the design process, fo ensure a
comfortable and healthy indoor environment for the occu-
pants. The aims are sef to, at a minimum, correspond with the
requirements of the Danish Building Regulations, as wel as
Danish Standard for Indoor Environment category 2. Here
it is stated that the indoor temperatures cannot exceed 100
hours above 2/ degrees and 25 hours above 28 degrees.
The relative humidity should be kept within 30-65%. CO2

concentration must be below 850ppm with an average air

change of 1,5/h. [DS/EN 15251, 2007]

ORIENTATION BULDNG CATEGORY 2 LIGHT VENTILATION PASSIVE COOLNG STRATEGES SOLAR RADIATION CONTROL
ROOM TEMP.  ROOM TEMP. co2 EXHAUST DAYLIGHT NATURAL  ARTIFICIAL CROSS SINGLE- THERMAL WINDOW
Room Program DIRECTION SUMMER WINTHER CONC, AR FLOW FACTOR LIGHT LIGHT OPENINGS IN THE FACADE NATURAL  MECHANIC. VENT. SIDED BUOANCY AREA WINDOW ORIENTATION SHADING DEVICE
[Celcius] (Celeius] lppml rs] [ppml 0O openings 1 opening 2 openings Manuel Automatic Two openings  One opening Upwards [¢4] Morning Evening Permanent Movecble
Bedrooms East/north 23-26 20-25 850 - 2-5% L] L] [m] L] L] L] [m] L] [m] 15% East North [ ] L]
Kitchen East/west 23-26 20-25 850 20 >5% L] L] [m] a L] L] L] L] [m] L] 30% East West ] L]
Living area South/west 23-26 20-25 850 - >5% [ ] [ ] o [m] [ ] [ ] [ ] [ ] [m] [ ] 50% South West [ ] [ ]
Bathroom Variable 23-26 2025 850 15 2-5% [m] L] - - - m] L] [m] [m] a 0% - - [m] a
Entrance Variable 23-26 20-25 850 - 2-5% a L] - - - L] [m] O a a 5% - - [m] a
Inferior storage - >16 516 O L] - - - - - - - - - - - - -
External storage [m] L] - - - - - - - - - - - - -
Exterior common area/ balconies Southfwest L] L] - - - - - - - - - - - - -
Parking - - - - 02/m2 o L - - - o ] - - - - - - _ _

ILL 69. 1 The room program is based on DS/EN 15251, DS 47, BRI8 and in addition fo own preferences.
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VISION

The vision is to design an apartment complex rooted in sus-
tainability with an integration of the three aspects, social,
environmental and economic. The aim is fo reach a low en-
ergy building, within a feasible cost limit, while simultaneously
striving fo enhance life quality for users by following the five
ways of well-being. Additionally, the design should create a
coherence fo the surrounding nature by utilizing the natural
material wood, in a Nordic architectural manner, for con-
structional, functional and aesthetical purposes. The building
shall contribute to a vibrant atmosphere to the city center
while attempting to position itself as a landmark.
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DESIGN CRITERIA

- Use local materials (e.g, wood)

- Secureness of good indoor environment - thermal and atmospheric comfort
heloed by an application of passive & active initiatives

- Use robust materials

- All interior spaces should aim for natural daylight and exterior view and
allow the exterior to become a part of the interior

- Enable social interactions between the users

- Microclimate - mountain

- Holistic integration of predefined goals for indoor environment and energy consumption
- Consider the five ways of wel-being

- Consider the view from inside to outside

- Consider common outdoor green spaces

- Consider the local context

- Consider architecture that can provide good relations
- Proximity to the water

- Consider the connection between water and mountain
- Consider the user group

- Consider nature

- low maintenance

/3
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INITIAL SITE CONSIDERATIONS

Initially, the design process, the site is considered in an over-
all perspective with the surrounding areas to form a holistic
design approach from the early stages of the process. Con-
sidering the existing master plan of the area, activity occurs
near shopping (southwest) and the marina area (northwest).
The current connection between the frequently used areas
takes place on the east part of the site, which indicates that
the link should be maintained. As mentioned earlier in the
development chapter, the goals for the future development
in the area is fo provide the waterfront with a future pontoon
bridge, and therefore this element is sufficient to connect the
two areas:

Marked with yellow, there is no desire to open up activity
as the eastern part of the site is near a road. This space
should mainly be used by the residents. The hearts on the
master plan indicate the areas that are preferred to be used
for social interaction, where the heart towards the south is
already titled as a public area and can be used by everyone.
The heart placed at the site should be a gathering spot for
the residents and thereby support social sustainability and
wel-being.
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PEDESTRIANS
BOAT PARKING
GATHERNG
SHOPPING
SEMI PRIVAT
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INITIAL BULDING STRATEGIES

—————  Volume
———)  Site-Vehicle entrance

----- Facades - Entrance
- - — Building boundary

Sea

|:| Floating boat bridge

Initial building strategies are shaped to follow reasoning pa-
rameters to achieve a sufficient integrated process and to
form approaches which will guide the design.

To economically make sense due to site costs, the maximum
allowed footprint of 40 % and the buiding height should be

/8

A @ ILL78. 1

utiized. Vehicle entrance must happen in the east part of the
site. The enfrances in the building design could very well be
in correlation with the vehicle entrance and therefore placed
at the eastern part of the site.



Float. bridge
Outdoor space
Apartments.

Open for sun

Shelter from wind

View from building

Building boundary

Public recreational area Summer solstice

Sunset
Sea

Floating boat bridge

Common outdoor space
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Section A-A

Winter solstice
Sunset

The width of the site should be utilized to enable view and
proximity fo the sea and harbor for all apartments. In cor-
relation to daylight, the buiding should open up towards
the south, to enhance the amount of direct sunlight reaching
the apartments and throughout the day. Furthermore, each
apartment should enable cross ventiation with inlet air from

H L 79,1

b,

Summer solstice
Sunrise

Winter solstice
Sunrise

@ ILL. 79. 2

west to enhance natural ventilation during summer for ther-
mal and atmospheric comfort. The common outdoor spaces
should be placed in front of the building fo provide a great
view and daylight from south and west. The building must
shelter from wind to offer useable spaces such as for the
balconies.



VOLUME STUDIES

15m . 30m .
15 r‘n\' 8Sm 8m 8 m 15 fk ’_SL-\
A 5400m? Facade B 4500m? Facade
15m
15N
C 4050m? Facade

Volume studies are established to consider parameters such
as energy demands, cost, daylight, natural ventiation, and
views.

By providing each apartment stack per unit (see chart A, a
minimum distance of 8m should be reached between all build-
ings due to fireproofing demands, which will cause much “lost”
space on the site. However, the units will provide more day-
light due to the “free” facades that the unit offers, and nat-
ural ventilation wil be more accessible. If the facades with
fireproof walls should contain windows, the cost of the project
will increase due to fireproofing demands of the windows.

The more units, the more surface to floor ratio will occur,
resulting in more substantial energy consumption and more
heat loss, and more material wil be utiized which do not fit
a sustainable approach. Comparing the many units with a
design only accomplished by using one unit (see chart C). The
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single unit is more efficient regarding energy consumption
and heat loss, based on a smaller surface to floor ratio. The
project wil also be less expensive if no fireproof walls are
needed. Penetration of daylight in the entire apartment may
be more difficult to achieve (except apartments at each end
of the volume) based on that each apartment will only be
provided with two window facades. Natural ventilation may
also be difficult to achieve in connection fo cross ventilation.
It the design is based on using two units (see chart B) the
volumes would be beneficial concerning daylight, ventilation
and provide good view toward the sea from all apartments,
with larger facades for most of the apartments. However, it
can be challenging fo find enough length on the site for the
desired number of apartments. The volume-based on one
unit (see chart C) and of two units (see chart B) will be inves-
tigated further.
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Five apartments types Displacement

This chart illustrates five strategies which can be applied to
both volumes (see previous page chart B & C)

As seen on the chart the volume is cut into 5 “blocks” contain-
ing five different apartment stacks starting with the smallest
and ending with the largest size. The five buildings can be up
to 4 floors resulting in up to 20 apartments, fo accommodate
the economic requirements for the project.

The blocks are then displaced towards the west to open for
direct daylight towards the south (as well as from west) while
also sheltering from the north wind in the private as well as
common outdoor space.

Rotation of the volumes forms a more dynamic appearance,
more variations in daylight and view for the various building

O

O
O
9
O
O o

O

Rotation Displacement

& Rotation

volumes, and perhaps a more natural shape (relating to na-
ture). Furthermore, distortion of the volumes, allows the total
surface area on the west of the building to become more
substantial, and the east facade becomes smaller and wraps
around the space, forming an intimate atmosphere on the
back side (entrance fo the apartments). On the front side, the
direction of the view varies.

Disfortion
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CONCEPTUAL IDEAS

The conceptual ideas based on a Nordic architecture
approach where complimenting the landscape, and find-
ing inspirational shapes in the surrounding context are
presented.

To contribute to the local fishing habits an inspiration
coming from the fish is proposed.

\ Another species that is often found in the fjord is the red
king crab. The crab holds its heavy body weight with
long red/brown legs.

LL 821 LL 822
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Many mountains are found in the Norwegian
landscape that surrounds much of the land and
forms peaks at the top.

ILL. 83. 1
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INITIAL MASSING IDEAS

Based on the initial strategies several conceptual iterations
are made, where considerations and inspirational elements
lay the basis for numerous massing investigations. On this

page, a selection of these massing proposals is presented
and weighted on different parameters.

1. Provides covered outdoor space in con- 2. Elegant expression, with roofs that in- 3. A more subtle expression inspired by tradi-
nection with the harbor front as well as the  vites sunlight. The raised platform creates a tional local architecture.
possibility for covered parking. semi-private space for inhabitants.

4 Takes inspiration in the fraditional contextu- 5. The design gives a dynamic interaction 6. The shape is too strict in the landscape.
al shape with a modern twist. between landscape and building.
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/. Embraces the outdoor space in front the 8. Embraces east side of the buiding and Q. The building opens up and invites from
building, forming a central gathering spot. creatfes an infimate space. north and south along the harbor.

10. The shape gives an organic ambiance. 1. Space beneath the building cannot be fuly 12 Makes a dynamism combining pitched

However, various spaces cannot be utiized.  utilized. roofs, shifting and rotating. Separating the
center by offering a path in between west
and east.
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INITIAL MASSING - CLIMATICS

The various conceptual iteration is simulated and analyzed
concerning their effect on daylight and wind. The iterations
are all based on the same principle: dividing the apartments
info five segments, and gradually shifting them towards west,
starting from the south, the building opens up for direct sun-
light from south on the shifted part of the western facades,
and forms a sunny common outside space in front of the build-
ing. In terms of wind from the north, the shifted volumes form
a partial shelter area for the common outdoor space, while
the placement of balconies on the western facades are en-
tirely sheltered, as illustrated on iteration A. The shape also
protects from winds coming from south behind the building,
forming shelter at the entrance side of the buiding, where
the effect is further improved by distorting the building, by
puling the bulding fogether at the edges, as illustrated in
iteration B. The common outdoor space is, however, exposed

for winds coming from the south, and forms a dark area in
between the building and the mountain towards east. The
daylight conditions are adequately improved on the eastern
part of the site by forming a gap in the center of the build-
ing, which opens up for daylight from west (see chart C).
Furthermore, contrary to previous conjecture, a wind tunnel
effect only occurs in heights above 10 meters in the formed
passage, as a result of western winds, due to the 10-12 me-
ter high rock formation behind the building. The rock wall ob-
structs the wind at heights below 10 meters, causing the wind
fo move around the building, where the terrain is lower. The
knowledge gained from this chapter is kept in mind for the
further development of the overal building shape and the
balconies.

All results of these analyses can be seen in the appendix, in
the chapter concerning initial sun and wind studies.
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FUNCTIONAL IDEAS

Access conditions are examined through three classical stair-
case examples. The first example (see chart A 1 & A 2) con-
sists of an integrated staircase with an elevator, which gives
a holistic expression in the facade (see chart A 2). This method
allows the staircase to be near each apartment, and users to
be covered from bad weather. The disadvantage of using an
integrated staircase is that the staircase, in general, is placed
between two apartments per floor which wil require three
staircases and three elevators resulting in added material use
and added cost. The integrated staircase can be applied for
three apartments, meaning that the middle apartment only

will be provided with one open facade. The second proposal
(see chart B 1 & B 2) consists of a central staircase among
a sealed gallery shared by an entire floor. Harsh weather
will not be an issue; however, this method may reduce day-
light, privacy, and natural ventilation. The third suggestion is
a typical open corridor placed on the edge of the facade
also is shared by an entire floor. The advantage is that only
one elevator is required, however, is the user exposed to bad
weather, noise and less privacy. To distribute users to the
apartments, long slaps wil be needed for strategy B and C
resulting in increased material use and therefore do not sup-




port a sustainable approach. The integrated staircase uses
less material for slaps, and by placing one staircase between
three apartments one staircase wil be removed. To design
towards sustainability, strategy A will be investigated further.
It is required that each apartment has 1,5 parking space
available, resulting in a requirement between 23-30 (15-20

apartments) parking spaces. As mentioned earlier in site con-
siderations, the parking should be added towards the east,
with the close connection to the main road. Two options have
been established, where the first proposal (see chart A 1 &
A 2) provides two lines of 14 parking spots with space for

walking between the parking spaces, giving a total amount
of 28 cars. This setup will cover the building with parking and
provide less opportunity to create green areas, space for
other functions and vehicles wil not be sheltered. The next
proposal (see chart Bl & B2) uses half of the bottom floor
from the building to feature parking, and remaining more
space for green areas, however, this solution will only pro-
vide 16 parking spots. The preferred proposal is to use strat-
egy B, regarding space fo create green gathering spaces
for the users to support well-being and social sustainability.
The parking solution will be developed further on page 98.
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PLAN DEVELOPMENT

To create apartments with the desired qualities plans are
investigated. In the appendix a table shows which significant
parameters are emphasized, which among others includes
good daylight conditions and natural ventilation. The first
chart (see chart A 1) illustrates a broad floor plan which more
likely will be able to let daylight penetfrate info the apartment
as the plan is wider than it is deep. The same plan solution
also provides a good opportunity for placing bedrooms on
the west facade as the plan makes room for it. Natural ven-

tilation is easier fo integrate as the depth is shorter which will
provide a good air flow. On the next floor plan (see chart B
1), which is narrower and deeper, most of the function with
the need of daylight are placed towards the east and west
facade in the apartment. Natural ventilation may be difficult
to achieve based on the long and narrow plan. The next step
is fo investigate whether there is enough space on the site to
apply the broader apartments.
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SUMMARY

The initial investigation of the process leads the project towards
following focal point for the coming site visit;

- Shelter from wind by shifting building

- Rotate and shift building to open up for south

- Centralize view towards the harbor

- Connect frequently used areas (shopping & marina)

- Create a gathering spot with daylight

- Consider a design volume with least amount of surface

- Find inspiration in nature - Nordic architecture

- Use integrated staircase (three apartments sharing)

- Place parking under the bulding to enhance common spaces
- Reach for a wider plan solution



SITE VISIT

During the initial phase, a visit fo the site was organized. This
text is a infermediation of the sensuous experience during the
site visit. Norway, breath the ambiance and let the senses
guide the walk. When approaching the site, titanic mountains
reveal themselves. They are the figures of bigness, dynamism,
and power of a majestic and scenic nature. The pebbles
dried by the sun, squeak under the feet while a deserved
3600 look is taken. The portrait of this nature reflects on
these inhabited crystal-clear waters, carrying the animated
expression of the human presence. It is a precious spot for the
locals, that gather to spend a sunny afternoon in the compa-
ny of friends, close to their cherished boats. At the same time,
a discrete breeze channeled by the narrow fjord blowing the
hanging leaves of the trees that climb the rocks in the back-

ILL Q2.1

IL.92.3

ground. This peaceful hamlet and the landscape hugging it all
around, are undoubtedly part of the realm of tranquility and
silence. Only the sound of nature can be heard, and it is so
beautifully overwhelming that hearing your own breath can
feel disturbing. The more the look directs up, the more the
flora changes; from the evergreen trees longing the fiord,
then to the coniferous and finally o the smaller shrubs timidly
dressing the summits of the mounts. A shy but inflamed light
awakes the entire area and touches the wooded skin of the
nearby vernacular architecture, defined by colorful houses
and the white boats. A wounded mountain behind the site: it
is the home of the chirping birds, exploiting the small cracks
and openings on the mineral element to conceive a nest.

LL Q2.2
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THE ROCK

The concept is simply but efficiently drawn from the previous
studies. Mass studies, local plan regulations, the importance
of the artificial and natural context notably, the economic
activity and environmental susfoinobﬂify, the We||-being, the
functional demands as well as the climate; they are the bricks
that one upon the other, build the concept. But the most im-
portant feature influencing the spawning of the concept here
is laying on an approach that is typical of the Nordic Archi-
tecture: the one of admiring Nature. The surrounding rock
formation behind the site is analyzed (see picture below), an

idea comes fo mind:

The wounded mountain. A piece of the rock formation has
been removed at some point (exploded) to form the space to
host the road. This force created by the man leads to the con-
cept; give the missing part of the wounded mountain back in
the form of architecture, shaping a natural element, where
materiality and textures wil be considered as a reminder of
the significant rock taken away from this stunning landscape.




CONCEPT PROPOSAL

The five blocks are collected in two simple, beautiful shapes
complementing each other. A separation is designed to
approach a welcoming gesture and to give an appearance
of the rock behind the site. The entire building is covered in
wood providing an aesthetic simplicity. Initial strategies such
as shifting each block among others should be integrated
info this proposal.

FEEDBACK BOX
BULDINGOWNER

Space for a passage is ac-
cepted for improved to aes-
thetic qualities, functionality
and social interaction. In
addtion to optimized dayligt
and venting options.
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FURTHER DEVELOPMENT

The passage makes an opportunity to raise a level by add-

ing a platform (see charts below). This elevated passage
provides at common gathering space for residents, which is
covered from wind arriving from the south and raised from
noise. The platform offers an extension with the passage
sunlight during midday and holds parking area beneath. By

adding the platform, the lowest apartments (under the plat-
form) will not be able fo use the facade next to the parking,

which provides most of the lower apartments with only one
open facade.

Two examples of the passage are presented (see chart

A1 &B 1). Option A 1 illustrates an entirely open space
between the two buildings. This solution provides the com-
mon area with more daylight, and aesthetically visualizes

a sharp cut. The second opportunity gives space for one
additional apartment which is placed between the opening
of the passage. This solution may result in poor daylight for
the platform, reasoned by blockade of direct sunlight at the
top. Solution A will be investigated further.

Al

il

mmwﬂﬂﬂﬁﬂﬂﬂﬂﬂﬂ]ﬂﬂﬂ]ﬁﬂ]]ﬂﬂ”]ﬂmﬂﬂlﬂ lﬂlﬂﬂ HH

i rmm

A2




PARKING DEVELOPMENT

After careful research, new knowledge of the applicable
rules about parking, reveals that parking is not included in
BYA (build area) as long as the structure does not exceed
0,5 m above the average terrain level. This new knowledge
means that the parking can now be placed beneath the
building, creating new possibilities for the utilization of the pre-
vious occupied space.

Q6
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PLAN DEVELOPMENT

As mentioned in conceptual ideas by placing three apart-
ments next fo each other with one central staircase, the mid-
dle apartment will be affected. As illustrated in the plan be-
low, it is seen that the staircase blocks the whole east facade
of the middle apartment. The apartment in the middle must
contain a bedroom which requires daylight, forcing it to be
placed towards the west facade. Smultaneous there will be
little opportunity for cross ventiation throughout the apart-
ment in connection to atmospheric and thermal comfort.

LIVING ROOM /
KITCHEN

LIVING ROOM / KITCHEN

BEDROOM

BATHROOM

ENTRANCE

STORAGE

ENTRANCE

BEDROOM

BEDROOM

FEEDBACK BOX
BULDINGOWNER

Apartment sizes can be
upgrated to accommodate
potential buyers wishes.

FEEDBACK BOX
REAL ESTATE AGENT

Potential buyers prefere,
apartments above 100m?
with living room and kitchen
in one open space towards
seqa view.

BEDROOM

BATHROOM W BATHROOM

STORAGE STORAGE

STARS ENTRANCE

s

LIVING ROOM / KITCHEN

BEDROOM

BEDROOM

BEDROOM
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PLAN DEVELOPMENT

After careful consideration, it is concluded that the middle
apartment performs too poor concerning daylight and ven-
tilation. As seen on the charts A & B, two situations are illus-
trated. The diagrams A illustrates five stacks of apartments
and the diagrams B four stack. As shown in diagram A 1,
the two end apartments allow three open facades, where-
as the two apartments meeting the passage only have two
(foo expensive to install fire windows) and where the middle
apartment has one. Due fo a vulnerable middle apartment,
a situation without it is visualized. When removing the middle

apartment, more space on the site is received, which allows
the passage fo have a distance of 8 m between the two
buidings. This results in the walls to be established without
fireproofing, and thereby windows can be added.

With the possibility of more openings, natural ventiation wil
also be optimized, as cross ventiation can be intfroduced in-
stead of the single-sided ventilation. Diagram A 3 shows a
narrow dark passage nonetheless, creating 8 meters distance
between the buildings, the passage receives more daylight.

A3

a8

B3
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With a block removed, the design must be optimized in rela-
tion to floor plans to be worked in correlation with ventila-
tion, view, staircase, distribution of rooms and daylight.

8m

FEEDBACK BOX
BULDINGOWNER

Removing middle block (four
apartments) is acceptable
due fo low interrest in limit-
ed conditioned apartments
from potential buyers.
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FURTHER PLAN DEVELOPMENT

The four blocks are modified where following elements are with the possibility of daylight. F. Living room and kitchen are
added; A. The four blocks stand side by side with a displace- located facing the sea view. G. Kitchen is moved to bathroom
ment to open daylight. B. Two integrated staircases are add- wall to reduce the number and length of pipes. H. Windows is
ed which is located between the apartments. C. Bedrooms added to form cross ventilation.

are placed at the rear of the apartment with access to day-
light. D. 4 m2 storage space is placed against the closed
facade. E. Bathrooms are situated centrally in the apartment

Sy &

A Four blocks B. Staircase

C. Bedrooms D. Storage



F. Livingroom

E Restroom

H. Cross ventilation

G. Kitchen
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ROOF DEVELOPMENT

Processing the roof in correspondence with the local plan
some difficulty may occur. As mentioned in the local plan, the FACT BOX
maximum height of the roof is 1/ m above sea level if design- RBULDINGOWNER

ing a pitched roof with angles between 28-35 degrees, and
16 m above sea level if designing a flat roof. As shown in the
drawings A 1 and A 2, by following this limitation, several
small pointed roofs will take place which wil give the design
a chaotic aesthetic expression. It is chosen to deviate from
the local plan’s references of the angles as it is “discovered”
that there is a high probabiity of seeking dispensation for
changing the angles as long as the maximum height is not
exceeded and thus does not bother other houses over 1/

Deviation of local plan, ac-
cording fo roof inclination, is
approved. The buildingown-
er, expects to get approval
from the municipality

With this knowledge, the proposal from chart E, is chosen
for further development, as corresponds very well with the
desired concept for the project, with a shape being derived

m above sea level. lterations of the roof without regard to
directly from the cliff behind the site.

the suggested angles is processed (see next page diagrams

A-H)
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TERRACE SHAPE DEVELOPMENT

As it is a goal to shape the teracces to reflect the rockfor-
mation initial shaping concepts has been developed. A few
of them are selected for further integration in the design
process of the teracces. The selected conceptual ideas are;

B CandE
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TERRACE PLACEMENT DEVELOPMENT

The terraces are placed on the western facade of each
apartment in order to optimize the daylight conditions, and
fo offer a view fowards the harbor. To avoid disturbs from
nearby apartments, several iterations are made regarding
the placement of the terraces. Chart A distributes the ter-
races in the middle of the apartments, which forms two small

spaces for the livingroom and kitchen, (see chart A 2) with
limited functionality. Design Bl (see also B 2] offers a suitable

space for the kitchen/dinning area. However, the living/din-
ing area shades for the direct sunlight from the south, where
Chart C provides the same issue for both terraces. The op-
timal solution for the placement of the terrace is solution D,
both in terms of sheltering from wind, and maximizing the
daylight conditions. Wind from south may also occur during
winther which should be adressed

A2

B2

©
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TERRACE DEVELOPMENT

Sheltering from bad weather is of great importance to al-
low usage of the terraces all year around. To avoid getting
wet during rainy days, the terraces should be covered from
above. To provide all apartments a cover, the terraces are
pushed back in the apartment (see B 2). However, this may
provide less sunny hours. By adding an extension (see B 3)
the terrace will be flexible in terms of offering sun and cover
from wind and rain.

ILL. 106. 1



During summer (21. June 2018) when the azimuth is direct fo-
wards the west, the altitude of the sun will reach 26,7 o (see
A 1) meaning that nearly half of the apartment will be filed
with light. [Suncalcorg, 2018] When adding a shading as in
chart A 2 or A 3 less direct sunlight will enter the apartment.
The lowest amount of direct sunlight will penetrate the apart-

WEST Azimuth: 270 © Altitude 26,6 °

Al A?2

21 march 18:40 1°
21 june 18:40 26,6°

[Suncalc.org, 2018]

SOUTH Azimuth: 179,5 ° Altitude 50,77 ©

Bl B2

21 march 12:40 27.7°
21 june 12:40 50,7°
21 december 12:40 4,1°

[Suncalc.org, 2018]

ment when combining solution, A 2 + A 3 which will result in
A 4. During winter, when the sun altitude is near lowest, the
apartment wil stil benefit from solar radiation as in solution
B 4. This solution will both support less overheating hours
during summer and provide passive solar heat gain during

winter.
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WINDOW DEVELOPMENT

As mentioned in the wel-being chapter, views towards na-
ture is a crucial step towards mental health, where the as-
piration is to grant the common spaces with large windows
oriented toward the west.
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As the building is designed with a ground floor, solutions
to avoid disturbance from bypassers should be investigated.
The apartments are raised 0,5 m above ground level to offer
privacy, with windows raised with a minimum height of 1 m
(see chart A). The ground level apartments facing east (see
chart B), contains floor to ceiing windows, where the idea
for privacy is to place a barrier with flora, only interrupt-

- l6m

T 135m

me0—+

ed where the narrow vertical windows are placed. Some
apartments may have windows going from floor to ceiling in
between the passage (see chart C), where 4 m path in the
central axis should be available for bypassers, where the last
4 m should be distributed evenly and function as a flora bar-
rier, again only interrupted by the narrow vertical windows.

+05m

+05m

mo-L

>2m

4m

>2m
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CUT DEVELOPMENT

Designing with movement is a crucial part of this project. The way down tfo the bottom of the building. A more significant
desire is to lead people the right direction and fo meet the cut has been made in chart A 3. Comparing the straight
building with a more sensitive approach and with an inviting vertical cut with chart B 2, a more triangular cut has been
expression. The first chart (see diagram A 1) ilustrates the created which is considered more leading.

building without any further change. The next diagram (see A
2) shows a vertical line cut from the top of the building all the
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LAMELLA DEVELOPMENT

The chosen location of the terraces (see terrace placement
development D 1 - D 2) entails that too large openings may
seem unpleasant between neighbors and disturb privacy.
Openings are examined (see diagrams A 1, B 1 & C 1),
where B 1 with the most significant opening is the most suit-
able for supporting a good view, however, to avoid unwant-
ed clashes with the neighbors a shielding is added in the
openings. It is desirable to use lamellas (see diagrams D-E) to
continue the use of the tree, thus creating a sliding transition
in the design. The vertical solution (D) is optimal to use as

ILL 1.1

it gives the freedom to have a certain degree of visibility
oriented away from the neighbor and towards the view. The
horizontal solution limits the possibility of having a view as it
should either be rotated upwards or downwards to avoid
looking info the neighboring balcony or apartment. Solution

D (DI, D2, D3) is chosen.
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FACADE DEVELOPMENT

The skin of the building that should be proudly placed among
the mountains will be the face towards the city's inhabitants.
The wooden facade that naturally slides into the surround-
ings must be broken up with windows and wil, therefore,
be examined in relation fo the closed tree facade. The first
drawing (see chart A) shows a beautiful harmony between
the simple facade and roof. Breaking the facade up with
windows located on a vertical line centrally placed in be-
tween the two buildings (see chart C) creates a transparent
and less massive facade. If the buiding is completely broken
up with windows (see drawing D), the tree loses its domi-
nance, where lightening apartments instead are allowed to
reflect in the water during night. The great need to support
wel-being, light rooms with good prospects to nature, wil

i

require several windows fowards west, (see A 1 & A 2 on
the next page) which wil dominate the wood. The window
sizes are designed in accordance with results gained from
multiple iterations made in Bsim calculations which provides
a maximum amount of glazing fo avoid many overheating
hours. The remaining facades are inflienced much more by
the brown wood, as the functions placed near the facades
require smaller window areas. The facade diagrams A 1, B
1,C 1 and D 1 show a rigid system of windows that strictly
follows a vertical pattern. The remaining diagrams A 2, B 2,
C 2 and D 2 symbolize the dynamic cliff that is not depend-
ent on a strict expression. As this project emphasizes nature,
it is decided to work on the dynamic facades.
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Natural rock formation, found near the site, creating sh_eTF e
.\ gestures, as inspiration for the facade design.
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THE BIRD NEST

The plenty birds living on the island exploit the many possibil-
ities of the rock. Each year preparation for a nest is formed
and placed in the many caves which independent of each
other is located irregularly in the rock formation.

The symbolism of the intimate, warm and embracing cave is
the final step in the design development to imitate the cliff
in the best way. The facade symbolizing the clip (see A 1) is
added with appropriate window size (see A 2) as a result
from Bsim calculations. The window is defined with four dis-
placed surrounding walls that gives a broader perspective
from the apartment (see A 3), and the final move extends the
window (see A 4] for use in conjunction with a small terrace.
The bird nest windows will be placed in connection to bed-
rooms (see drawing B).
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WINDOW - CONDENSE

Under certain conditions, condensation can occur on the
exterior surface of highly insulated windows or glazing ele-
ments, which are required to meet the 2020 energy frame.
The phenomenon occurs when the outside air makes contact
with the exterior surface of the glazing, where the surface
temperature is lower than the dew point temperature in the
air surrounding it (Byggforsk.no, 2018). The condensation on
the exterior surface can also freeze when the moisty surface
is cooled down to below the freezing point, both resulting
in obstructed view as well as reduced light transmission of
the glazing. A reduction of light inside the dwellings, before
the sun heats the air and warms up the glazing, may cause
interference with the experience of the apartment and the
aspects of well-being during morning hours. The risk of con-
densation can be reduced by applying a thin and hard coat-
ing on the exterior. The coating causes the exterior glazing
layer becomes slightly hotter, ultimately reducing the risk of

condensation (Glassfakta, 2018).

GLAZING TYPE = 3 layer
U-VALUE-0,5

LIGHT TRANSMISSION = 74 %
G-VAIUE - 53 %

Condensation »

Anti-condensation coating
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BSIM

For the simulations in Bsim, the most critical apartment in the
complex have been chosen. This apartment has been select-
ed because it has; smallest volume, large glass ratio, large
windows towards west and south.

The simulations have been made for the whole apartment.

The general purpose of the Bsim simulations is fo achieve an
understanding of how the design choices affect the atmos-
pheric comfort of the apartments. Therefore, we have chosen
to look at temperature, CO2 concentration, air change and
relative humidity, to evaluate on. After a few initial simulations,
different design iterations have been made to optimize the
results by improving possibilities for natural ventilation and im-
plementing balconies as shading. While these iterations have
been analyzed in Bsim, daylight analysis has simultaneously
been conducted in Revit.

Environment:

In the simulation model, it has been estimated how the moun-
tain on the east side of the building wil affect the simulations
and to compensate for this, a mass has been placed in the
simulation model to create shading. This estimation of the
mountain might cause slightly inaccurate results. Furthermore,
the available weather file from Norway does not contain
any wind information; this means that Bsim cannot simulate
venting - and this causes very poor possibilities to get rid of
overheating. For this reason, the standard Denmark 2013,
from Shi has been used for the simulations.

Equipment:
As the heat load from appliances is used default values found
in Bsim, with 168 hours of usage time pr. Week.

Heating:

In reality, the apartment has floor heating in the upper part
of the slab. But due to some trouble with the floor heating
simulations in Bsim, the simulations are made with “regular
heating.” Because of the buildup and the placement of the

floor heating, both of the systems are fast responding sys-
tems, and it should have a considerable impact - though
there can be differences regarding energy consumption.
The MaxPower for the water-fo-water heat pump system
has been set to 10W/ m2; this is whats needed to meet the
heating demand.

During summer the set point for heating has been set to 21
degrees while the rest of the year it is set to 24 degrees.

Peopleload:

As a standard value for a nuclear family, it is estimated to
3,5 persons using the apartment. For housing, it is usually
estimated that the usage is 168 hours a week. Therefore, the
people load is set to 100%, when someone is home.

Ventilation:

DS-EN15251:2007 writes: Recommended design ventilation
rates in residential buildings:

The exhaust of polutions in wet rooms (Bathroom, Kitchen,
foilet)

General ventilation of all rooms in the dwelling.

General ventilation of all rooms in the dwelling with fresh air
criteria in the main room (bed and living rooms)

Venting:

Venting is made with different schedules for the different sea-
sons. During summer when there is a lot of solar heat gain,
the venting set point is set to 20 degrees, fo start venting be-
fore the apartment is getting overheated. During spring and
autumn, the venting sef point is at 22 degrees, and during
winter it is 24 degrees.

Infiltration:
In relation to Building 2020 the infiltration is 0,07 I/s per m2
gross floor area. 112,18m2 * 0,07 /s = 7,8526 I/s -> 25,2m3/h

Divide with Apartment Gross Volume to find basic airchange:

25,2m3/h 1 359m3 = 0,0702/h



ITERATION 1

For this first iteration, the west facade is planar and has large
windows to capture the view over the fiord and the moun-
tains. This iteration is mostly based on single-sided natural
ventilation and limited possibilities for cross ventiation.

This results in a significant amount of overheating in the apart-
ment and poor condition regarding CO2 concentration.

Above 2/ degrees - 264 Hours
Above 28 degrees - 145 Hours

CO2 concentration: 380-2625ppm (mean 928ppm)

[TERATION 2

For this second iteration, half of the west facade has been
recessed two meters, and a new window has been added
to the wall piece between the two western facades. This is
done fo improve natural venting possibilities. Furthermore, the
mechanical ventilation was turned up a bit during spring and
autumn, o improve the CO2 concentration in that period.
The decreased volume and the extra window had a nege-
tive impact on the amount of overheating hours.

Above 2/ degrees - 343 Hours
Above 28 degrees - 210 Hours

CO2 concentration: 383-81bppm (mean 523ppm)



BALCONY DIAGRAMS 1:500

To get the largest possible balcony area, with as little cantile- 2, but with the balcony added to provide shading towards

south/west, on the west facade. Additionally, the impact on

vering as possible, multiple facade/ balcony iterations, were
conducted with the knowledge gained from lteration 1 and

Balcony 1m recess ~ 5m? Terrasses
Above 2/ degrees - 98 Hours
Above 28 degrees - 38 Hours

CO,: 382-768 ppm (mean 534 ppm)

ILL 120. 4

Balcony Im recess + Im canteliever

~ 10m? Terrasses

Above 2/ degrees - 9/ Hours
Above 28 degrees - 3/ Hours

CO,: 382-768 ppm (mean 534 ppm)

ILL. 120. 2

Balcony 2m recess ~ 10m? Terrasses
Above 2/ degrees - 105 Hours
Above 28 degrees - 44 Hours

CO,: 383-814 ppm (mean 536 ppm)

ILL 120.5

Balcony 2m recess + Im canteliever
~ 15m? Terrasses

Above 2/ degrees - 104 Hours
Above 28 degrees - 42 Hours

CO,: 383-814 ppm (mean 536 ppm)

120

daylight conditions is accounted for in this part.

ILL. 120. 3

Balcony 3m recess ~ 15m? Terrasses
Above 2/ degrees - 112 Hours
Above 28 degrees - 46 Hours

CO,: 384-81/ ppm (mean 536 ppm)

ILL 120.6

Balcony 3m recess + Im canteliever
~ 20m? Terrasses

Above 2/ degrees - 112 Hours
Above 28 degrees - 46 Hours

CO,: 384-81/ ppm (mean 536 ppm)



From the Facade/ Balcony iterations made earlier, the itera-
tion with 2m recess and Im cantilevering balcony, it the one
fitting best to our wishes for balcony area while being close

121

to meeting the requirements for the indoor environment.
To cope with the prevailing overheating, the large living room
window on the west facade was reduced from 10 to 8m?2.
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ENERGY

During the early design phase, general considerations were
made in terms of shaping a housing complex with low ener-
gy consumption. More detailed calculations were carried out
during the further development of the design- and synthesis
phase by utilizing the calculation tool Bel8. This ool can help
monitor how the various changes affected the total energy
demand of the dwelings. This phase included an investiga-
tion info energy-efficient, locally available building elements
and technical installations, from which the numerical data
was utilized for the energy calculations.

The housing complex has an energy consumption of 18 kWh/
m’year and is thereby within the limit of the requirements of
the Building Regulation 2020 energy frame. The final design
proposal utiizes a combination of passive and active strate-
gies to reduce the energy needed to run the building within a
comfortable indoor environment, following the Danish Indoor
Environment class 2.

PASSIVE STRATEGIES

The passive strategies include a reasonable floor-to-surface
ratio, as well as ensuring a well insulated and airtight enve-
lope in order minimize heat loss. Furthermore, the retracted
balconies have been placed directly above each other to
exclude additional heat loss and line losses from horizon-
tal surfaces. To allow for large glazing partitions to be im-
plemented along the west-facing facades, several passive
strategies have been utiized to prevent overheating, and
thereby exclude any additional energy needed for mechani-
cal cooling to ensure thermal comfort. The strategies included
a combination of passive cooling and permanent shading. A
cross ventilation strategy was planning early on in the de-
sign process, and further developed throughout the design
process in order fo remove excessive heat gains from solar
radiation by using wind pressure and thermal buoyancy as
driving forces. Furthermore, the balconies are retracted, and
partially extruded from the envelope to reduce the fotal

heat gain from solar radiation, providing permanent shad-
ing for a considerable part of the glazing inside the spaces,
ultimately providing the user with a satisfactory thermal and
atmospheric comfort without the use increasing the energy
demand of the building.

ACTIVE STRATEGIES

Active strategies have been implemented to reduce the en-
ergy required for heating and venting the spaces. Decen-
tralized, demand-controlled mechanical ventilation systems
have been instaled in all the apartments in order to minimize
heat loss during winter while achieving a satisfactory atmos-
pheric comfort. The system has a high heat recovery and
low electrical consumption. The system is provided with CO2
sensors, and fully adjustable in terms of controlling the airflow,
giving the users the option lowering the airflow while away
from their home, as well as shutting the system off completely
fo save energy (Exhausto.no, 2018). In terms of the heating
system for room heating and domestic hot water, the build-
ing draws advantage of the available seawater on the site
by implementing a seawater source heat pump system. The
heat pump uses electricity fo transfer the thermal energy of
the sea info the building (Byggforskno, 2018), consuming only
one-fourth of the energy it produces (Thermia.no, 2018).



Key numbers, kWh/m2 year

Renovation class 2

Without supplement  Supplement for special condidons  Total energy frame

110,9 0,0
Tota energy requ rement

Renovation class 1

110,9
25,0

Without supplement  Supplement for special conditions  Total energy frame

53,0 0,0
Tota energy requ rement

Energy frame BR 2015 / 2018

53,0
25,0

Without supplement  Supplement for special conditions  Total energy frame

30,3 0,0
Tota energy requ rement

Energy frame Buildings 2020

30,3
25,0

Without supplement  Supplement for special condidons  Total energy frame

20,0 0,0
Total energy requirement

Contribution to energy requirement

Heat 0,0
El. for operation of bulding 10,0
Excessive in rooms 0,0

Selected electricity requirements

Lighting 0,0
Heating of rooms 0,0
Heating of DHW 0,5
Heat pump 7.9
Ventiators 1,6
Pumps 0,5
Cooling 0,0
Total el. consumption 27,7

20,0
18,0
Met requirement
Room heating 15,9
Domestic hot water 16,3
Cooling 0,0
Heat loss from instalations
Room heating 0,0
Domestic hot water 3,2
Output from special sources
Solar heat 0,0
Heat pump 32,2
Solar cells 0,0
Wind mills 0,0
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EXTERIOR VIEW

Experiencing the complex from aboat on a nice quiet evening.
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MASTERPLAN - APART/




DESIGN OF THE EXTERIOR SPACE

The design of the outdoor space is based on strategies
regarding the five ways of well-being to enhance well-be-
ing. Instead of looking at single parameters, this design has
strived fo generate a holistic take on wel-being, by; creat-
ing a connection among neighbors by offering accessibility
and proximity to outdoor spaces, a place to sit, to observe
the beautiful landscape while talking to neighbors.
Walkable flows in and around the building, direct access
towards the city center and marina with a pedestri-
an-friendly environment, with a view fo greenery, water,
and landscape to keep active. The passage opens a view
and generates a visual axis to remind inhabitants of tak-
ing notice of the surroundings. The water near common
space encourages people fo interact and face each other
while conversing, and in the green areas, social gardens
are introduced to motivate users to move away from a
self-centered mindset and thereby to contribute community
of neighbors.
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ELEVATION WEST 1:200
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ELEVATION NORTH 1:200
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ELEVATION SOUTH 1:200
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ELEVATION EAST 1:200
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PLAN - PARKING 1

Technical room

Staircase
23me

148



2,5m

PARKING BASEMENT DESIGN

The parking garage in the basement is designed in accord-
ance to Norwegian standards. In garages with less than 40
spots, the most space efficient solution is with a Q0° angle to
the drive way. Regular spots are dimentioned 5x2,5m and
spots next fo walls or colums are 5x2,8m, with /m maneu-
ver distance between them. The access way is a two-way
ramp, bend with a 4m radius. This causes an encrease of
width, from 5,1 to 6,1m. The added meter is unevenly distru-

ILL 149. 1

buted to allow acces for pedestrians. The inclination of the
ramp varies from 1:20 at the top, and the controle point at
entry gate, to 1:12 inbetween. [Byggforskno, 2018] Finally
the whole garage is designed, only to exceed the building
boundary, towards west. This is fo accomodate the neces-
sary parking and storage, and to form elevated terrasses
for the groundfloor apartments - and thereby benefit from
the large parking demand, to encrease privacy on level O.
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PLAN - 1ST FLOOR 1:200
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PLAN - 2ND FLOOR 1:200
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PLAN - 3RD FIOOR 1:200
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I Apcrinent 2 Apartment 3 Apartment 3
TOTAL PERSON TOTAL PERSON TOTAL PERSON TOTAL PERSON
NO. EST AREA AREA HEIGHT CAPACITY NO. EST. AREA AREA HEIGHT CAPACITY NO. EST. AREA AREA HEIGHT CAPACITY NO. EST. AREA AREA HEIGHT CAPACITY
[pc. [m2] [m2) [m] [pel [pcl [m2] [m2] [m] [pc] cl [m2] m2] [m] [pcl pcl [m2] m2] [m] [pcl
Bedrooms 2 14 28 2535 1,25 3 15 45 2535 13 3 11 33 2535 13 4 11,25 45 2535 1,25
Kitchen 1 25 25 2535 3 1 25 25 2535 4 1 21 21 2535 4 1 25 25 2535 5
Living area 1 34 34 2535 3 1 39 39 2535 4 1 30 30 2535 4 1 34 34 2535 5
Bathroom 1 8 8 2535 1 2 5 10 2535 1 1 6 6 2535 1 2 55 11 2535 1
Entrance 1 14 14 2535 3 1 17 17 2535 3 1 10 10 2535 3 1 18 18 2535 4
Storage 1 3 3 2535 1 4 4 2535 - 1 4 4 2535 1 4 4 2535
Technical Space 1 1 1 1 1 1 1 1 1 1 1 1
Subtotal 113 141 105 138
Balcony 1 14 14 2535 5 1 15 15 2535 4 1 14 14 2535 4 1 7 17 2535 5
Parking 1.5 Ial 165 - 15 1 165 - - 15 mn 165 1.5 1 165
Bike parking 35 32 32 - 35 32 32 - 35 32 32 35 32 32
Exterior common area 1 25 25 5 1 25 25 - 4 1 25 25 4 1 25 25 5
Total unit area: 1717 2007 1637 1997
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CONSTRUCTING IN CROSS LAMINATED TIMBER

CIT Elevator shaft

According fo fire
regulations

CIT Floors
Span up to /m

Load-bearing CLT walls
(Outer wall)

Insitu concrete basemet
(water proof garage)

ILL 162. 1

This chapter will elaborate on the buiding construction, con-
cerning the principle loadbearing elements, assembly defails,
sound insulation and fire protection. The general idea of the
constfruction for this project is to keep as many parts as pos-
sible in Cross Laminated Timber (CIT), particularly to reach
sustainable solution, and to reduce the own-load of the con-
struction. The most common CLT construction types is a slab/
wall construction and a slab/stick construction. For this pro-
ject it has been chosen to design a slab/wall system, where
all elements, inner- as well as outer walls, are load-bearing,

162

CIT Stairs

CIT Landings

Lload-bearing CIT walls
(Inner wall)

Insitu concrete slab

(Elevated surface)

IIIII Steel piling foundation

as seen on construction principle illustration. All elements in
the construction is designed to meet the Norwegian require-
ments for fire safety and soundproofing. Fire regulations: In
Norway dwellings, is categorized as risk class 4, based on
the evaluation model from the Norwegian Directorate for
Building Quadlity. [Byggforsk, 2009] When the buiding is a
risk class 4 building in four storeys, the building has to fulfil fire
resistance class 2 requirements.

load-bearing elements must meet REIGO fire resistance.

- R (Resistance) Must keep its ability fo carry the load



Wall to slab detail 1:20

Granab Floor System

Floor heating
N Ply Wood - 22mm
—— Gypsum board - 14mm
— CIT floor - 22mm
r Stone wool - 170mm
X
Selt-Tapping Screw

CIT Element 160mm
Steel Bracket

Steel Bolt

Silomer noice block
Selt-Tapping Screw
CIT Slab 200mm

Intumescent fire strip (20)

Kebony cladding —f
Distance sfrip
Clamping strip
Wind block

Stone wool 320mm
3 layer CIT board 15mm
CIT Element 160mm

Surface treetment
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- E (Integrity) Must keep out flames and gasses.

- | {Insulation) Must keep out high temperatures.

All the above-mentioned abilities need fo documented by
SINTEF, for each building element. This documentation is usu-
ally a result of a 1:1 fire test. As that is not possible for this
project, solutions from already build project has been collect-
ed and modified slightly to fit the Midsund Apartment pro-
iect. Generally, CLT constructions is dimensioned to achieve
the necessary fire resistance and load-bearing ability by tak-
ing the predicted carbonization in to account. According to

Wall to inner wall plan detail 1:20

N

7

Kebony cladding
Distance strip

Wind block

Clamping strip

Stone wool 320mm

3 layer CIT board 15mm
CUT Element 160mm —

Surface TreetmemL

AN\

&\\\\

Self-Topping Screw
Self-Tapping Screw

-——CIT wall 150mm

VY
AN

N\

\
A AR

VYV VYV VUV VY VY VYV VTV VYT
7 ><T =< ><T

SRR XX e PRI o o D oI o
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NS 34/0-2, the nominal carbonization speed is O,/mm/min.
[Byggforsk, 2009]

Sound insulation: According to article 522.891, concerning
story buildings in CIT, from ByggForsk, the threshold for im-
pact sound between housing units are 48-53dB. [Byggforsk,
2009] To accommodate this a standard floor package from
Byggforsks recommendation has been chosen and modified
fo using a floating floor, for even better performance.
Selected elements and hidden assembly defail are illustrated
on this page, while all of them are displayed in appendix.



DRAWINGS ETC.

Wall to roof detail 1:20

Foundation to wall detail 1:20

X
#—Kebony cladding
\ < 77— Clamping sfrip
Kebony cladding #—Wind block
Airing space X;*Disfonce strip
Clamping Strip B Stone wool 320mm
Rogri?s jsg —— — 3 L\Taé-:‘r CLTwaoéc(erd 15mm
emen mm
Hidden Gutter — / Surface treetment
5 Sfogzavgool d328mm | m— Intumescent fire strip (20)
ayer oard 15mm Self-Tapping Screw
CIT Roof Board 200mm </z e ‘ ‘ SeH:fTogging Screw
| =1 E CTH t 160
Intumescent fire strip (20) =1 > Steel g:];ecief "
Kebony cladding  —# =] 1L ) B A Steel Bolt
Distance strip | K . : ‘
Clamping strip — 2 ° R - <.
Wind block = e . i
N Sfo(nja ﬁod j%gmm == = =1 ClT Slab_200mm
ayer oard 15mm — 1 . T Insitu-concrete wall
CIT Element 160mm :: R @ %ébﬁer "
Surface treetment — b, B = Insulation 280mm
FE; B - T Insitu-concrete wall
] 4 b
T P .
= D
- o
AN —1N
ILL 1641 Balcony detfail 1:20 IL 1642  Integrated ventilation( Interior wall) 1:20
o ~ox o
3 layer energy glass
Steel Bolt /
Steel Bracket
Insulation 320mm
Rubber connection
Firm leveling insulation
Guttering system Inlet pioe 100mm
CIT Element N10mm — PP
I I 1Roofing felf
I | =} 1) < ] I T—1 =t T 1l ==
e o S Outlet pipe 100mm
192 v 2;
A /‘ / Z CIT Element 15Omm——70/
j:u T == =T ‘;SIXI& X : %
| L § Horisontal timber frame - 48x125mm
Insulation -
Firm leveling insulation — Z
Logg—kyegi%ga?uboes; || Sound insulation - Mineral wool 125mm
Roofing felt X 222
Support structure
Kebony cladding/floor Vertical timber frame - 48x48mm \.\
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CIT clodding - 22mm
ILL 164. 4
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DRAWINGS ETC.

Recessed window detail 1:20

Low transmission sfructur
Drip cap—

Firm insulation—

Low energy fram 7Omm —
3 layer energy glass—
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Facade line window 1:20

% A

Gypsum board 14mm

ILL 165.2

Low fransmission sfructure
Drip cap

Low energy fram 7Omm
CIT Windowsil

3 layer energy glass



PASSIVE & ACTIVE STRATEGIES

The objective of the ventilation strategy for the dwellings is
to ensure a balance between a high degree of indoor air
quality, thermal comfort, adaptibility and energy efficiency.
The strategies have been utilized in order to achieve the re-
quirments for the 2020 energy frame by utilizing passive and
active strategies for atmospheric and thermal comfort within
the dwellings. During winter, natural ventilation contributes
to heat loss, whereas a mechanical ventilation systems with
heat recovery consume electricity. By merging these two
strategies in a hybrid solution it possible to achieve a satis-
factory indoor environment with a low energy consumption.

ILL. 166. 1

L 166.3

NATURAL VENTILATION

During summer, when the heating demand is low, natural
ventilation strategies have been applied, utilizing two driving
forces, wind pressure and thermal boyancy, to ensure ther-
mal and atmospheric comfort within the dwellings. Calcula-
tions and verifications of the natural ventilation have been
carried out and developed throughout the design process
fo ensure a comfortable environment. The final calculations
are based on the most critical apartment during the synt-
hesis phase, situated on the second floor in the southern-
most apartment. The necessary airflows needed to maintain

Decentralized ventilation system

ILL 166. 2
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a good atmospheric comfort have been calculated in the in
terms of CO, levels as well as the experienced air quality
(Annnex x), while the effectiveness of the ventilation rate, and
location of the neutral plane was calculated and verified in
terms of the sizes, orienfation and placement of openings
(Annnex x), and further verified in the simulation software
Bsim. In terms of the thermal comfort, Bsim was used to si-
mulate the potential overheating for the most critical spaces.

The most critical aspect of the design and planning of the
natural ventilation of the dwellngs was to enable an effecti-
ve and flexible, passive cooling strategy for the living/dining
spaces to ensure thermal comfort. The spaces are critical due
to the solar heat gain associated with the implementation of
large, exposed glazing partitions towards the extraordinary
view from the western facades. The final design proposal
draws advantage of the predominant wind directions during
summer from south and west, by utiizing a cross ventilati-
on principle that enables an efficient and reliable passive
cooling design, whether the wind is direction from south,
west or southwest. By placing the openings on the windward
facades close to the floor, and the openings close to the
ceiling on the leeward facades, the efficiency of the natural
ventilation is further enhanced, when the outside tempera-
ture is lower than the air inside due to thermal buoyancy.
This allows the denser, cold air to lift the warmer air up and
out of the buiding at a higher efficiency, while simultaniously
providing an optimal, vertical position of the neutral plane,
ultimately improving the comfort of the occupants. Aside from
the living/dining spaces, the cross ventilation has also been
applied fo south-oriented master bedrooms due to a combi-
nation of relatively large glazing partitions fowards south,
and an internal heat gain from two persons. The remaining
bedrooms are single sided.

MECHANICAL VENTILATION

To improve the atmospheric comfort inside the dwellings, me-
chanical ventilation systems are implemented in all the apart-

ments. The systems are decentralized, demand controlled
ventilation systems, where each apartment has its own unit,
offering the users full control of the air flow for each room,
where the airflow can be regulated according to CO, load
and temperature mesasurements. The systems have a low
electrical consumption, as well as a heat recovery of up to
Q2 %, providing the users with an energy efficient solution for
a satisfactory atmospheric comfort during winter. [Exhausto.
no, 2018] The ventilation systems are placed in a central lo-
cation inside the dwellings, in the main bathroom, to reduce
the fotal pipe length and pressure loss for the distribution of
inlet and outlet air flows. The main bathroom is placed adja-
cent to the secondary bathroom and kitchen to shorten the
pipe length for outlet air, where the units are installed in bet-
ween the floor slabs and a false ceiling. The ventilation pipes
are integrated in the interior walls to increase the floor-fo-cei-
ling height, as well as to avoid the use of false ceilings, which
would conceal the load bearing, cross laminated timber of
the floor slabs. The pipes are placed close to the celling insi-
de the interior walls, above door openings, from where the
airflow is distributed to, or extracted from the various spaces.
On the exterior, the inlet and outlet openings are integrated
in the facade with the same wooden cladding, forming a
harmonious, holistic appearance.

SECTION OF HEATPUMP SYSTEM
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BSIM & DAYLIGHT RESULTS

All the the facade/ balcony iterations made in the design
process were made with Inlet-control, as the initial idea was
to have a central aggregate, but to avoid too much pipeing
though the massive CIT elements, each apartment will have
its own aggregate, why the ventilation control is changed
to VAV-Cirl. The final results are illustrated in the following.
All Bsim Results can be see in appendix.

ILL 168. 1

These results are reached with initiatives that correspond with
the ideas of the desired overall aesthetical design expression
of the building. This means that there is still few overheating
hours (within the limits). To deal with this, external, movable

Resultas

Hours above 27 degrees - 48 Hours
Hours above 28 degrees - 10 Hours
CO,: 380-68/ ppm (mean 556 ppm)
AirChange: 0,7-3,3% (mean 1,5/h)
ReHumidity: 23,6-53,5% (mean 37,6%)
Daylight: 5% in min. 50% of the space.

-
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ILL 168. 2

shading devices on the livingroom window fowards west,
could have added, but as the simulation results are meeting
the requirements, this option is discarted, to avoid interpher-
ence with clear-cut design of the open west facade.



Temperature:

The maximum allowed overheating is:

100 hours above 2/ degrees - 48 hours for this project

25 hours above 28 degrees - 10 hours for this project

The graph on the right shows the mean temperatures in the
most critical apartment throuhout the year.

AirChange:

It is recommended to have an avarage airchange of 1-2
for residential buildings, the results of our Bsim analysis
shows that our avarage airchance in 1,5/h, with the largest
airchange in summer, due fo an encreased amout of natural
ventilation, fo cope with overheating. [Engineeringtoolbox.

com, 2005

CO, Level:

Initially our goal was fo achieve buiding class 2 - Below
850ppm, but as the reuslts for CO, shows, we are meeting
the requirements for building class A, below /00ppm.

Relative humidity:

To ensure the best possible conditions for the wood construc-
tion, the relative humidity should be 30-65% [Schmeichel,
2018] This is achieved, accept for a slightly lower humidity in
March, which should not have any critical impact.
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EXTERIOR VIEW I

The building reveals itself in a crystal-clear reflection during
night.
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CONCLUSION

The fundamental motivation for this project has been to
design attractive and sustainable apartments, which aim to
create an architectural and sustainable framework for life
quality, derived from the five ways of wel-being. This moti-
vation has led to an investigation of how fo create well-being
through, different aspects of sustainability; social-, environ-
mental- and economic sustainability, and how these can be
applied and expressed architecturally.

Throughout the development of the project, iterations have
been conducted, fo intfegrate various parameters concern-
ing technical, functional and aesthetical challenges, while
simultaneously considering and incorporating the changing
interest of the stakeholders, as wel as an economic aspect.
This interest-changes became noticeable, as a result of atf-
tempting to bridge practice and academic aims, both in the
process of designing environmental and socially sustainable
solutions.

Based on new knowledge acquired from the project, re-
search and dialogue with stakeholders, the predefined goals
for energy consumption were adjusted during the design
phase, and as the results of the BEI8 shows, the design fuly
comply with both Danish and Norwegian low energy stand-
ards, as wel as the wishes from the stakeholders, with an
overal energy consumption of 18kWh/m2/y.

Furthermore, results from the indoor environment simula-
tions from Bsim shows that the predefined technical aims for
thermal and atmospheric comfort, and daylight factors are
achieved satisfactorily.

When working with the aspects of social sustainability, an-
other focus derived from the future plans of Midsund has
been to accommodate the five ways of wel-being, through
intentional and unintentional meetings, combined with a bal-
ance between privacy and interaction with the neighboring
inhabitants and guests visiting. In a physical manner, this is
treated by differentiating distances between private user
functions, a larger semi-public outdoor space, and the phys-
ical, visual and auditive connections on the site.

The architectural qualities, integrated within the project is to
a large extent awakened by the natural resources at the site,
with inspiration from a Nordic architecture approach and
Genius Loci. During the study trip to the site, it became clear
that the project by default would stand out as a landmark,
due to a different scale, introduction of a new typology and
a very central location in Midsund. Therefore, the architec-
tural development of the concept became a balancing act
of blending in, while contributing to a modernization of the
vibrant waterfront and enhancing the resources on the site,
fo create added value for the users, without exponentially
increasing the economic cost.

This enhancement of the site is achieved, with a design con-
cept and the choice of material, both emerging from the
very near context; the rock behind the site, the forests on
the mountainside, crystal clear reflections of the fiords and
the traditional building techniques of surrounding buildings.
All translated info a delicate, contemporary unification of el-
ements relating fo, and expressing the very place specific
qualities info a holistic bullding merging with the site.



REFLECTION

As this project is both an academic- and an actual project,
it has been discussed multiple times, throughout the process,
how to deal with this fopic and how to find a balance be-
tween complying with the wishes of the stakeholders and
with the academic guidelines.

The implementation of an economic aspect added, an ad-
ditional layer to the already complex methodology of the
Integrated Design Process. As we have been trying to cre-
ate added value, with little economic cost, we have been
reflecting upon, the balance between architectural quality
and potential profit for the stakeholders, and how this have
influenced potential buyers” wilingness fo invest.

An example of this balancing could be the aspect of Zero
Energy Building. As earlier mentioned, this goal was adjusted
in accordance to the wishes of the stakeholders, justified with
the renewable energy available in Norway. Was it the cor-
rect approach, to give in to the adjusted wishes of the stake-
holders or should we have pushed more for a ZEB solution,
maybe even have proposed to make a ZEB plus? Would
this be possible while stil complying with the wished and
the financial interest of the stakeholders? Or could the solu-
tions potentially have been implemented for the academic
purpose, and been discarded during the realization of the
project, without compromising any qualities of the project?
Due to this aspect of realism, a lot of energy were put info
research on regulations, defails, and legislation, this added
complexity in the project sometimes slowed down the pro-
cess, and offen too many iterations were tested before de-
cisions were made. Could the decision making have been
more efficient, while still achieving satisfactory results?

The decision to use inaccurate weather dafa was justified
with a primary focus of solving the academic task and illus-
trating the understanding for the fools used in this process. As

we know these inaccurate weather data have influenced the
results, it is an interesting reflection how more accurate results
could have had an impact on the process and potentially the
final design?

For further development of the project, consideration has
been made on how the enfrance of the building on the east
side could have been softened, to appear more inviting, and
possibly more functional, with a covered space in front of
the door.

Additionally, it has been discussed whether or not to create
a common indoor workshop space. However, this idea was
finally not investigated, due fo a concern whether potential
buyers would pay extra for these facilities or not. Would it
have solved the issue, if these facilities would have been built
as a unit separated from the main complex? - or as a part
that could be added after the completion of the project?
Last but not least, more investigations on external movable
shading could have been made. With the current design, the
critical apartment wil experience approximately ten over-
heating hours above 28 and 48 hours above 2/ degrees a
year. We chose to allow this in order not to compromise the
overal design of the project, but with more time, solutions
to cope with this problem could have been integrated to a
satisfactory level.

The navigation between the academic environment and
practice can be difficult when the values conflict, but be-
cause of the many challenges, the project has been a great
learning experience, with a unique opportunity of getting an
insight to the professional environment.

As well as achieving knowledge on how these different in-
puts, can lay the basis for an apartment project of satisfac-
tory architectonic and sustainable quality.
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