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Abstract

The main purpose of the master thesis is showing

how integrated interior elements and objects can be
designed fo create good housing qualities in small living
spaces, without inferfering with architectural qualities or
accessibility. Integrated interior elements and objects
being built-in interior or furniture such as wardrobes,
shelves, cabinets, foldable beds, work desk and similar.

The three thesis questions invesfigate how
unconventional design solutions can contribute to
spatial configuration, adaptability and sustainability in
small apartments. Consequently, the design proposals
can generate the ability for apartment layouts and
interiors to withstand over time and decrease the need
for unnecessary transformations, hence supporting
sustainability.

The methodological approach consists of a mix

of methods based in a theoretical framework and
exploratfive design, which is confinuously evaluated by a
housing quality assessment fool.

Historical aspects and contemporary research about
architectural qudlities, interior design and small-

scale living creates the theoretical background. This
combined with a thorough invesfigation and evaluation
of innovative reference projects, results in a scope of
different theoretical design solutions and developed
floor plans.

To emphasise and underline a wide applicability and
possible implementation of the design proposals,
solutions for interior fransformations of both apartments
from the million homes programme and the past decade
were tested.

Subsequently, the final design proposal of an inferior
module, a “living Box”, implemented in different
apartment types is presented. To verify the quality of the
design proposals, a new tool for evaluating housing
qualities in apartments, gives an indication of the design
proposal’s fulfilment and atfainment towards housing
qualities.

The final design proposal of the interior module, “the
Living Box”, is mainly made of wood. It is equipped
with the essential functions such as kitchen, bathroom,
and storage, that easily can be adapted to users’

need and preferences by exchangeable finishing layer
and integrated objects. This interior module works as

a spatial configuration unit that facilitates flexibility,
adaptability, aesthetics, and sustainability - contributing
fo good housing qualities.

Keywords: Buil-in inferior, interior module, spatial
configuration, housing qualities, adaptability

Definitions

To facilitate and diminish misunderstandings while
reading the report and avoid repetitive detailed
explanations in the fext, some specific terms and
definitions are explained in detail in this paragraph.

Built-in interior or furniture Integrared furnishing
such as wardrobes, shelves, cabinets, foldable beds,
workspace, and similar.

Integrated interior elements Furnishing elements
such as cabinets or shelves, or fixed, movable, or
demountable walls that divides a space into rooms or
zones.

Integrated interior objects Integrated, fixed or
exchangeable objects, for example furniture, such a
foldable bed or a workspace.

Interior module Structure containing fixed or
exchangable elements and objects, creating a
configuration of various funcfions in an apartment.

Living Box Name of the design proposal, being an
interior module containing as a minimum basic funcfions
in a living space such as bathroom, kitchen, and
storage.

MAB Manual fér Analys av Bostadskvaliteter / Manual
for Analysing Housing Qualities.

Small apartment An accessible, self-contained
apartment of maximum 55 m?.



Introduction

Background

Official statistics show a trend heading towards smaller
apartments and more single households, i.e less square
meters per living space (SCB, n.d.). This brings out the
importance of increasing the utilisation of every square
meters in living spaces and making maximal use of the
available space that allows physical social interactions.
To obtain more use of the space without interfering
with housing qualities, one approach is to design and
implement adaptive, multi-functional and flexible living
space with high quality properties and a pleasing
atmosphere.

At the same time, a recent study reveals that many
apartments are transformed and remodelled to
accommodate resident’s particular needs. Some of
these changes are done due fo personal preferences,
while the same study shows that many of the
fransformations are done due fo unused floorspace,
bad quality and poor original design (Femenias et al,
20106). This development is highly unsustainable, and
could be counteracted by designing adequate living
space with high quality that lasts over time. According
to Barbosa et al (2015), to meet the need to reduce
the environmental footprint, one solution could be smart
interior design for small apartments in cities.

Inspirational, unconventional, and offen custom-made
examples of smart interior design for small apartments
are easy fo find in various sources such as magazines,
books and websites. They showcase creative, and
offen quite luxurious solutions and transformations of
small spaces. Contrarily, it is more difficult to find this
type of innovative solutions implemented on a larger
scale, showing a lack of feasible alternatives for the
public. Besides, the lack of quantified evaluations of
floor plan layouts before and after renovations and
fransformations, encouraged using a structured method
both as guidance during design work and as a final
receipt of accomplishment of the design proposals.

The main approach is showing feasible alternatives and
more unconventional floor plan solutions created by
interior elements and objects, questioning the need of
conventional elements such as walls to improve the use
and achieve valued qudlities in the living space. The
definition of integrated interior elements and objects

in this thesis are built-in interior or furniture, such as
wardrobes, shelves, cabinets, foldable beds, work desks
and similar.

Purpose and aim

The purpose of the master thesis is to discuss how
adaptive and unconventional interiors with high quality
can creafe more useful living spaces, while reducing
the need for transformations and unnecessary climate
impact. The findings can be used as a complement fo
conventional design solutions that can be used by the
architectural profession. Inspired by innovative and

not necessarily mass-produced solutions and ideas,
this thesis shows new alternatives to more conventional
layout that can be implemented on existing housing
stock or completely new housing projects. A thesis
strongly connected fo today’s needs and contemporary
research, will contribute and add value to stakeholders
within the architectural practice, building clients and
discourse, and in the long term, the end user.

What?

The aim is to show how integrated interior elements and
objects can create good housing qualities implemented
in existing apartments and in new apartments.

Why?

To meet the current and future social, economic, and
climate challenges, it is important fo explore and
suggest unconventional and innovative solutions that
support sustainability without interfering with quality and
well-being in housing.

Research questions

In the search for spatial qualities in apartments, the
research questions focuses on three different main
perspectives:

Spatial configuration, adaptability and sustainability.

How can interior elements work as room divider and
spatial configuration?

How can integrated interior elements and objects
be adaptable with a variation of functions?

How can integrated interior elements and objects be
designed fo last over time and support sustainability?



Delimitations

The master thesis is done at Chalmers University of
Technology in the spring term of 2023. The research is
limited to one term, i.e. 30 credits / 20 weeks full time
studies.

To strengthen the relevance of the master thesis, it is
set in a confemporary Swedish context, considering
the Swedish building laws and regulations. The final
design proposal includes designs that challenge view
and interpretation of the current building norms, such
as higher ceiling heights and first ideas for structural
solutions.

The focus of the thesis is interior modules implemented
in small apartments up to maximum of 55 m?, for young
people, couples, and small family constellations as the
main farget group. The designs are aimed for people
in need of a small, flexible and adaptable living space.
As the apartment building typology naturally is situated
in an urban context, the master thesis is focusing on that
perspective.

During the first explorative design phase, design
proposals are implemented on a limited number of
pre-selected, apartment floor plans both built during
the million homes program in the 1960-1970 and since
2010 in Sweden. Additionally, final design proposals
containing new interior modules implemented in new
apartments are presented. The focus is on the interior

design of apartments. The exterior shell, such as facades

and building construction elements, are not included.
Cost or cost comparison for the design proposals are
not considered.

Disposition

After the infroduction of the method and process, the
thesis continues with an exposition of relevant research
and literature, including a brief history of the housing
development in Sweden, focusing on the periods
connected to the chosen methods and references.
Hence learning about important housing qualities

are introduced, followed by a summary of important
innovative and groundbreaking reference projects
showcasing different housing qualities.

Thereafter the results from the design are presented.
Finally the results are methodically analysed, and
discussion and conclusions are presented based
on both theories, method results, own observations,
experiences, and reflections.




Method & Process

A combination of various methods and processes were used to create a substantial knowledge and background for
the design proposals and basis for analysis and conclusions. The following steps and main chosen methods and tools
that were applied and iterated during the process, are described in this section.

Pre-study and research

In the first phase, a selection of substantial literature

and research material within pertinent themes, such as
sustainability, historical background, typical dwelling
characteristics, and qualities, followed by today’s trends,
needs and challenges, gave a relevant and thorough
background and knowledge. A selection of reference
projects and examples were used as an inspirational
source for a concept and design work.

Thereupon, a framework for the first part of the design
process, the exploratory phase, was settled. A limited
number of small apartment floor plans from the million
homes programme and apartments built since 2010
in Sweden, were randomly pre-selected to serve as
a framework for the first design phase and showcase
possible implementations in transformation projects

Explorative design process

The first design phase was an exploratory stage, where
various solutions of different interior modules, inspired
by references and theory, were designed to fit info

the framework floor plans. This exercise facilitated
understanding of limiting measurements, possible
configurations, and implementation of interior modules
in existing floor plans. However this proceeding was
entirely a learning phase and not aiming for a final
design proposal.

Conventional design methods such as sketching both
digitally and by hand, were used throughout the
process. The explorative design phase was continuously
supported by referring to a housing quality evaluation
tool (MAB) that was used as a toolbox and inspiration
fo create good qualities with integrated inferior elements
and obijects for the subsequent design proposals and to
opfimise the result.

Finally, a systematic evaluation of the housing qualities
of the original framework floor by using the MAB
manual, was followed by a comparative analysis of the
new design proposals implemented in the framework
layouts. The housing quality tool, MAB, is further
explained at the end of this section.

Final design proposal

The second design phase consisted of designing and
documenting theoretical proposals of interior modules
with integrated interior elements and objects. This
final design proposal, the interior modules themselves,
include a scope of a variety of different solutions that
can be combined in different set-ups, materials and
finishes.

The interior modules were implemented on new
apartment floor plans that make better use of the space
by having good architectural qualities already defined
in the previous stages. The qualities of these design
proposals were also evaluated according fo the tool
MAB, to assess the performance of the floor plans

in combination with the interior module. In addition,
the decisions in the design process were supported

by including and assessing sustainability (material,
adaptability, durability, e.g.) and aesthetics (material,
details, atmosphere, e.g.), focusing on material of the
final interior modules.

Above chronological order of the four stages was not
firm, and iterations between the stages were necessary
during the process.

A housing quality manual

In the process, relevant and applicable parts of the
MAB tool for evaluating housing qualities were used.
MAB is a design manual developed by researchers

at CBA, Centrum for Boendets Arkitektur (The Centre
for Housing Architecture) at Chalmers University of
Technology. MAB consists of 28 dwelling qualities that
are analysed and registered in an excel file. Some of
the qualities have sub-categories that require further
analysis. There is a manual for each quality with a short
description of what should be graded and how. MAB
has three main cafegories - The dwelling, the building
and the residential courtyard. In this thesis, only one of
the three cateories, the dwelling, was used in order to
analyse and grade both original floor plans and the
latter design proposal.

The dwelling-cateorgy has three sub-categories
including functionality, spaciousess and atmosphere.
Each sub-category includes four separate qualities:

* Functionality: Space efficiency, technical rationality,
furnishable space and potential to remain a
resident (in case of an accident or sickness).

* Spaciousness: Axiality, circulation, room shape and
flexibility.

* Atmosphere: Several facade directions, daylight,
balcony and dark space.

The quality categories are summed up in the MAB tool
and summarised with the grade gold, silver or bronze.
For the housing part, the following grading applies in
every sub-category:

Gold: 3+ qudlities fulfilled
Silver: 2 qualities fulfilled
Bronze: 1 quality fulfilled



Sustainable development goals

As commonly known, the three key areas of
sustainability are based on economic, social, and
environmental development (United Nations, n.d.-e).
Further, the basics of the 17 Sustainable Development
Goals [SDG) developed by the United Nations (n.d.f)
fo tfransform our world for the better and protfect the
environment, are also commonly known. Some of the
goals are more relevant to the thesis design proposals,
whereas four goals are highlighted below, even if
more goals are relevant and connected to the design
proposals to a certain extent.

Primarily, the goal #12, Responsible consumption and
production, is relevant as it stresses the importance of
reducing the global material footprint and minimising
waste by recycling, reducing the consumption, avoiding
products from industries with large pollution emissions
(United Nations, n.d.-c).

The goal #13, Climate action, points out the importance
of reducing carbon dioxide (CO, ) emissions to prevent
the acceleration of global warming (United Nations,

n.d.-a).

By choosing wood as a main material in the construction
and finishing layer of the inferior module, the goal #15,
Life on land, is highly relevant, as it emphasises and
cares for the forest and consumption that is sustainable
sourced and respects wildlife, biodiversity, and eco-
systems (United Nations, n.d.-b).

For the long term, the goal #11, Sustainable cities and
communities, (United Nations, n.d.-d) is important to
the matter at hand, as it claims if you build and design
better conditions in the community, it will consequently
have a large effect on quality of life for the habitants.

1 RESPONSIBLE
CONSUMPTION
AND PRODUCTION
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Figure 1. Sustainable Development Goals, United Nations
Copyright: United Nations

Unsustainable and sustainable
transformations

More and less necessary transformations and
refurbishments of existing housing stock are done for
various reasons. In a study led by Femenias (2016) it
was discovered that poorly planned floor plans and
low quality of materials and details were some of the
main reasons why residents chose to do renovations or
rebuild their apartments in Sweden. Lack of storage or
furnishability, poor design of the kitchen or bathroom
and a wish for @ more open floor plan are the most
common reasons for the transformations. The study
proves that there is a need for more storage and a more
open and well-planned space in the contemporary
home. Building with better quality of materials and
details could help with decreasing the turnover of new
residents in small apartments (Femenias et al, 2016).

Hajer and Misrell (2018) presents four measures in a
chronological order of how to decrease the greenhouse
emissions such as CO, of the built environment, where
building new buildings comes last in list. In this list,
reducing the demand of space comes first, followed by
intensifying the use of the space and thirdly, transforming
and refurbishing existing buildings to meet current
demands before lastly, building new.

1 SUSTAINABLE CITIES
AND COMMUNITIES
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History of the Swedish housing development

As transformations evidently are important and also
preferred instead of building new from a sustainable
point of view, the specific properties of the housing stock
originated from the largest tendencies, shifts, trends,
societal and political influences, a summary of housing
history is presented. Two eras are presented more
deeply, the million homes programme due to the large
number of apartments in need of refurbishment and the
last two decades for its different properties and future
need of renovations.

Professor Nylander describes how Sweden since the
1900's, have had quite a unique social housing policy
that included measures to reduce housing shortage and
obtain cerfain quality requirements (2018, pp. 5-12).
Cooperative building organisations were developed

in the early 1900's to counteract overcrowding and
poor housing. A few decades later, the government
implemented subsidies to build simple but modem
dwellings to support poor families with many children.
The idea that all habitants should live in good quality
housing, was realised mainly by governmental subsidies,
rules regarding quality and standards and communal
housing corporations without profit requirement. Around
1950, Sweden became the leading country in Europe
in building modermn and high quality that culminated
with the fast built million homes programme, in which
one million homes were built in a decade starting in the

mid-60's.

Figure 2. Tensta Allé, Stockholm

The social housing policy changed with the withdrawal
of subsidiaries in the 1990's, followed by the communal
housing corporation to act profitably and according

to private market conditions. With a fast-increasing
population, increased share of single households
combined with geographical movement to urban areas,
overcrowding and housing shortage became a problem
during the 2000’s which was followed by increased
building cost, housing shortage in combination with free
market prices.

Nylander shares how the extensive political involvement
in housing was supported by norms and laws based

on research, tendencies, and requirements fo secure

a basis of housing stock’s qualities and characteristics
(2018, pp.5-12). A few of them are important to get

a broader perspective on qualities and features in
current housing stock from different eras. A fundamental
rule is the introduction of accessibility for impaired or
disabled people. It started in the end of 1960's with
recommendations that were further developed with
specific measurements and included in Swedish building
statutes and has been continuously complemented and
updated.

The million homes programme

The million homes programme in Sweden was built
from 1965 unfil 1974 with the aim to build one million
homes during a decade, replacing low standard and
unmodern apartments, and reducing overcrowding
(Nylander, 2018, pp. 171-220). Finally, the million
homes programme resulted in around 850 000
apartments (Nylander et al, 2018, p.12). In comparison,
the current amount of apartments in Sweden is roughly

2 600 000 (SCB, 2022).

At this time, the living standards increased continuously,
which consequently raised higher demands of the
housing standards (Nylander, 2018, p.176). Stenberg
(n.d.) claims that the dwellings from this time are very
well-built and robust, which makes them flexible and
adaptable. The apartments were generally well-
planned, well-furnished, with high qualities and ample
access to natural light (Hall and Vidén, 2015). Although,
the million homes programme was crificised for only
focusing on standardisation and how people should
live, and not considering the final users’ needs and
desires in a home (Hall and Vidén, 2015). Floorplans
and rooms were organised according to funcfion and
based upon standardised measurements of furniture to
fit the typical nuclear family constellations at the time
(Stenberg, n.d.). Now, several decades later, these
apartments and floorplans do not fully meet today's
individualism and new way of living and preferences
(Stenberg, n.d.).

Figure 3. Building in wood from 2018, Frostaliden, Skévde.

Housing from the 2000s - today

The lost two decades were dominated by large
demographic changes, such as a fast growing
population mainly caused by immigration in
combination with relocation to the larger cities. The
number of households increased dramatically, caused
both by the larger population and an increased share
of single households and households with single parents
with children (Nylander, 2018). As the housing demand
and production mainly concentrated on the expensive
and limited available land in urban areas, and the
production cost for building housing was increasing,
and the new housing became too costly for the buyers
and fenants. A measure to lower the building cost, was
fo build less square metres per apartment. In 2003

a new, typical 2 room apartment was in the range

of 60-65 m2. Ten years later, the same apartment
configuration was around 40-45 m?. New regulations
in 2014, apartments smaller than 35 m? had less
requirements which made it possible to fit all required
functions in around 22 m2 (Nlylander, 2018).

Ecological and social sustainability became important
quality requirements from both clients and authorities
during this period (Nylander, 2018). The newly
developed districts were built with the aim to create
variation in the cityscape with a mix of housing and
different functions in the developed areas. During this
time, the development of using wood to a larger extent
in the construction and in interior surface layers, became
more common. New types of common living housing
emerged, consisting of individual typical apartment
configurations fitted in less square metres (Nylander,
2018). The smaller individual space was compensated
with larger shared space dedicated for leisure activities
and social encounters. The floor area was effectively
designed with small communication space, and the floor
plan configuration was flexible. Large window openings
and balconies gave good opportunities for access

to daylight and sightlines to the outside. Prefabricated
micro apartments with varied results in both construction
cost and quality were built (Nylander, 2018).



Small apartment trend

The emergence of smaller apartments has had certain consequences on the design, functional and spatial
configuration, housing quality and finally the user’s health and wellbeing. However, in Sweden, the building laws
for accessibility, general advice and rules according to Boverket (2020) for measurements and furnishing must be

respected.

Evolution to smaller living space

As previously mentioned, stafistics show that newly
built apartments in Sweden have become increasingly
smaller in size, especially over the last two decades
(SCB, n.d.). The average size one-room apartment
builtin 2020 is 32,8 m?, and the two-room apartment
measures in average 51,9 m?. In comparison to
apartments built in the year 2000, the one-room
apartment is 20 % smaller in size and the two-room
apartment is 13 % smaller (SCB, n.d.).

There has been an increased interest in smaller
apartments during the last two decades due to two
main reasons: the first being economic factors, such as
the very high housing prices and economic inflation,
and the second being social and demographic factors
(Gronostajska, B., Szczegielniak, A., 2021). Some of the
social and demographic factors include changes in the
modern family model, with people living in single house-
holds of an extensive period of their life. At the same
fime, there is a growing elderly population that often
live alone in homes that are too large for them. There
have also been changes in how the residential spaces
are being used and in the furnishings of apartments.

For instance, combining functions in the home such as
kitchen, dining room and living room info one large
social area has been a standard for many years, both
in larger and smaller apartments (Gronostajska, B.,
Szczegielniak, A., 2021). Furthermore, Gronostajska
(2021) explains that some residents choose their
dwelling based on lifestyle and outlook on life. Greater
environmental awareness leads to more eco-friendly
and minimalistic lifestyles. Smaller apartments need less
energy and resources to build, maintain, cool and heat.

1

The health risks of small apartments

However, due to their small floor areas, smaller
apartments can create negative consequences and
impact the quality of life if not designed properly. The
first being the risk of physiological consequences,
because of the physical strain of needing to fold or
move furniture and retractable walls (Urist, 2013).
Since some small apartments are too small to hold
basic furniture like a bed, table, and sofa at the same
time, residents must reconfigure their home throughout
the day, by maybe folding down a bed, or hanging
up a dining table on the wall. What might seem easy
at the beginning ends up including a lot of small
inconveniences. In this case, residents might eventually
stop using their foldable furniture every day and the
space will start feeling even more constrained.

The second being the risk of psychological
consequences such as the feeling of overcrowding
(Urist, 2013). In terms of small scale living, there is a
tendency to focus on functional things, but an apartment
has to fill other psychological needs as well, such as
self-expression and relaxation, that might not be as easy
in a cramped space. People living in small apartments
tend therefore to spend a lof of time outside of their
home and perceive the city as an extension of their
home (Gronostajska, B., Szczegielniak, A., 2021). Due
to the small space, many of the home activities such as
cooking and social gatherings with family and friends
take place outside of the home.

Design solutions in small apartments

In a study done by Gronosfajska and Szczegielniak
(2021) different design solutions in small apartments
evaluated to find the most common and effective design
solutions. The research studies 30 apartments under

40 m? in different European cities. The solutions are
categorised into four different categories; functional,
spatial, optical, and furniture solutions.

The functional solutions include; deciding not to
section off certain functions or rooms, designing with
the minimum floor area, and with minimum circulation
space, and designing space that functions differently at
different times or combining functions.

The functional design solutions are mainly used in

new built projects and in the early stage of the design
process. It can be hard to apply to existing dwellings.

The spatial solutions include; using a room's full
height, using furniture that extends along with the entire
height of a wall, stacking functions, using a mezzanine,
using other means to divide space than walls, using
space under the sfairs or furniture and using a simple
plan geometry with simple floor plans. Some of the
spatial solutions require cerfain measurements and can
therefore be used in new projects more easily, but can
however also be used in existing apartment buildings.

N

Figure 4.
Example of spatial solution,
stacking funtions on @ mezzanine.

The furniture solutions can both be used in new and
existing apartment buildings. Furniture solutions include;
designing retractable or hideable furniture, using built-in
furniture, using sliding doors or windows, designing
movable walls.
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Figure 5.
Example of fumiture solution with

a foldable bed.

The optical solutions are the easiest and most
affordable solutions that can be used in both new

and existing dwellings. The optical solutions include;
using light colours, designing simple or hidden details
and joints, using smooth surfaces, a lack of patterns,
maximising the daylight, using of mirrors, using openings
in walls between spaces.

Figure 6.
Example of optiocal solutions, for
example mirror wall.

The same study (2021) showed that the most commonly
used design solutions were the functional and spatial
solutions. Even though decisions on functional solutions
must typically be made in an early stage, they were
used most frequently. For instance, skipping certain
functions or combining functfions, consequently saving
significant floor space. Among spatial solutions, one

of the most popular procedures was function stacking
by placing a bed on a mezzanine. This suggests that in
the case of designing well-designed small apartments,
design solutions should be incorporated in the early
planning stage of the apartments. In the case of optical
solutions, it was observed that the most commonly used
solutions were the application of light colours, hidden
or simple details or joints, and efforts to maximise
daylight inside the unit. The furniture solutions were least
commonly used, except for the built-in furniture, which
was used in all of the apartments in the study, suggesting
that built-in interior after all is an crucial feature of small
apartments.



Housing qualities

To get a wider view and understanding of which housing qualities that are important to consider when designing, a

summary of two academic studies are presented in the following part.

Housing qualities according to CBA, The Centre for Housing Architecture at

Chalmers University of Technology

CBA performs research connected to housing and has
presented a list of criteria linked with properties and
qualities of housing that both are based on previous
research and more recent research by CBA (Nylander,
O. etal, 2018). CBA's researchers point-out that the
research is evidence based and the tenants’ opinions
are in focus and brought out in their studies regarding
housing qualities. A common list of criterias makes it
possible and easier to discuss, create understanding
and basis between different professionals and
stakeholders for important architectural qualities

(Nylander, O. et al., 2018).

Below are the six criteria connected to housing quality
by CBA presented with a short description.

1. Functfion / structure, measurements, efficiency:
Assess the functions and the possibility to fumnish the
space with standardised measurements and the
space efficiency.

2. Room experience: Evaluates qualities such as
axiality, sightlines, enfilade, and spatial relationship
between rooms.

3. Wellbeing and health: Estimate the access to
daylight by size and shape of window openings,
direction of the room and views fo the outside.
Consider the use of sustainable materials, high level
of defailing.
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4. Flexibility and room organisation: Checks the
possibility for changes, variation of use and
presence of zoning between private and public
within the home.

5. Outdoor yard and building type: The housing
should create good social space and fulfil
requirements connected with different aspects of
sustainability such as use of sustainable materials,
energy systems and LCC, life Cycle Costing.

6. Communication, apartment type: Focus on the
possibility to create a housing that feels safe,
offers disftinct zones for private and public and
interconnecting space between outdoor and
indoor.

Above qualities are all represented in the MAB tool
Manual f6r Analys av Bostadskvaliteter (Manual for
Analysis of Housing Qualities) developed by CBA,
already presented in the section Methods and process.

Housing qualities according to Umed School of Architecture

A study of architectural attributes and qualities

of housing by Ulf Nordwall (2012) serves as a
complement to CBA’s (Nylander, O. et al., 2018)
profound and detailed research of the same theme.
Nordwall (2012) carried out several studies with
different methods finding ways to quantify and measure
the importance of different architectural attributes and
qualities. The methods and results from Nordwall’s
studies were mainly addressed to be used for property
and facility management, but the chosen aftributes,
qualities, and terms, are to some extent applicable in the
search of important qualities of housing. Six architectural
non-measurable attributes that give important
understanding and knowledge for building developers,
were idenfified by Nordwall (2012) in one study.

The six attributes durability, change, renewal, materials,
execution, and planning are briefly explained below.

1. Durability: How technical aspects are enduring
over time, but also how the materials and building
itself are ageing. Advertise the importance
of awareness of architecture and expression
possibility fo last over time as people’s aftitude
towards architectural styles changes continually.

2. Change: Focus on if a building has the potential to
change, meaning if it has a flexible and universal
design that admits changes.

3. Renewal: The possibility to renew and replace
worn-out material gradually if needed.

4. Materials: Highlight the importance of material
choice. Exemplify industrial processes and new
materials that imitafe traditional materials of high
quality, where the result does not always meet
expectations.

5. Execution: The term is about details, how they were
handled during execution and how the different
details can be maintained during the lifetime of a

building.

6. Planning: The organisation and relationship of the
rooms in a building.
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Nordwall (2012) concluded that above attributes

are directly connected to the level of the tenants’
appreciation of their homes. Nordwall (2012)
performed a second study that focused on how tenants
valued some chosen architectural qualities by giving
some qualities a monetary value.

The following qualities were used in interviews with
tenants:

*  Flexibility: Flexible room admits versatile use of the
space. Points out the importance of the shape of the
room in combination with connective openings such
as doors.

* Patina and mellowness of the building components:
The materials characteristics and degradation
process are impacted by ageing. Materials with a
clear patina are perceived as authentical and more
appealing. Different materials age in different ways,
and if the ageing is accepted or not, varies from
material fo material.

* Properties and characteristics of the surroundings.

This study (Nordwall, 2012) shows that tenants
appreciate housing with natural materials that improve
by age, an open plan layout and abundance of
daylight. The design of details and building components
such as windows, doors, and cupboard interiors, are
important.



Adaptability and flexibility

Recurring desired housing qualities are adaptability and flexibility. The denomination of adaptability and different

ways of obtaining adaptability in apartments are described and explained. Further, to get a better understanding
of how flexibility has been used throughout history and its importance, a summary on the subject is presented in this

section.

Adaptability

Braide (2019) uses the term adaptability in the meaning
if an apartment has the ability to expand or decrease
depending on changes in number of residents. Same
author defines the three concepts to obtain adaptability
in apartments by generality, flexibility, and elasticity.
Generality refers to when rooms are compatible and
admit diverse use without needing to change the

space physically. Flexibility is defined as a measure to
modify the apartment layout by using movable walls
and furniture that can create more rooms and change
the size of the rooms without changing the apartment
size. Elasticity is possible to attain when the size of

the apartment can either be expanded or reduced by
possible connectivity to neighbouring space.

History of flexibility in housing

Living in small and flexible spaces is thus not a new
phenomenon. Flexible and built-in housing solutions
have been developed in mainly two ways through
history. The first way is the development through
vernacular architecture and culture, while the second
is the result of architects developing alternative design
solutions to optimise the efficiency of the space (Till

& Schneider, 2007). One of the earliest examples of
flexibility in Sweden is the vernacular one-room coftage,
dating back to the Medioeval times. The rooms of
vernacular houses were spacious enough to function
as either a kitchen, living room or bedroom, often
depending on the time of the day (Nlylander, 2018).
Similar room sizes were used in the workers’ homes
consfructed in many Swedish cities fowards the end of
the 1800’s. This type of general-purpose room is also
found in dwellings dating from the early 1900's.

After the First World War, Europe faced a large
demand for urban housing, particularly for the working
class (Till & Schneider, 2007). Previous models of

urban housing did not meet the new needs in terms of
economics or density. As a result, space standards were
drastically reduced in order to provide a large number
of dwellings at minimal cost.
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One response was fo infroduce the notion of flexibility,
meaning that the space needed to be used as efficiently
and flexible as possible. Architects started developing
new types of housing floor plans, many of which had
elements of flexibility and built-in interiors.

One method of achieving flexibility was that the use of
the rooms were not specifically determined. Rather than
defining cerfain uses to specific rooms, these floor plans
allowed the user to decide how to use and occupy
their home. Another method of achieving flexibility
within the home was rather determined by the architect,
with architectural elements and furniture folding and
unfolding depending on differing needs within the same
space. Different functions overlapped and had different
uses during the day, thus offering more floor space,
despite limitations in actual apartment size.

Flexibility as a tool for future proofing

During the past two decades there has been a
decrease in the number of traditional family homes

(Till & Schneider, 2007). At the same time, there is

an ageing population, an increase of the number of
single-person households, an increased demand for
shared accommodation, and a shift towards working
and studying from home. Stafistics show that these
frends will probably confinue into the next few decades,
but with yet uncertain demographic developments.
What housing needs af the end of the 2000s will be
different from today's needs and wishes. Therefore
housing architecture needs to adapt o these changing
demographics. Changing demographics require new
architectural solutions that incorporate flexibility into new
types of housing.

Material characteristics and properties

For the interior modules, material characteristics, and properties are of high importance from both a sustainable and

aesthetic perspective. By a careful material choice for the ingoing components, the interior modules can contribute to

a sustainable environment from different perspectives. To secure use of materials that supports previously mentioned

global sustainable goals, the most important materials for the ingoing components of the interior models and the

surface finish are presented in this section.
Wood

The main material for both the construction and finishing
layer for the interior module is wood in various forms for
its valuable and beneficial properties and confribution
fo sustainability. For an prefabricated interior module,
the selected wood material for the construction is

CLT (Cross Laminated Timber), cladded with thin and
exchangeable plywood boards.

An increased share of using wood in buildings instead
of carbon intensive materials, can decrease the total
carbon emissions from the building sector (Hill, 2019).
Same author (2019) concludes that the use of wood
in the built environment originated from a sustainably
managed plantation woodland, works as a climate
change mitigation measure. Wood is a natural and
renewable material which can be sourced and
manufactured locally with short transport distance
(Svenskt Trai, 2023). The material absorbs carbon
dioxide during ifs lifetime and when the wood is worn-
out, wood can be used as biofuel and replace fossil
fuels.

Research indicates that wood used in interiors has a
posifive psychological impact on human health and
wellbeing (Héyrinen et al., 2020). Thanks to wood's
ability to buffer moisture and creates a good indoor
climate and the material in general lead to positive
feelings and experiences for the users (Alapieti ef al.,

2020).
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Cross Laminated Timber (CLT)

CLT is a mass timber panel product that is manufactured
in an energy efficient process by glueing planed timber
in several layers, rotated Q0 degrees for each layer.
The panels are dimensionally stable, strong and can

be assembled fast with a high degree of prefabrication
(Holmen, 2023). CLT is efficiently used for load bearing
structure in many types of buildings. Prefabricated,
assembled volume elements and panels elements, are
industrially manufactured and have both economic and
sustainable advantages (Svenskt Trg, n.d.).

Plywood

Plywood is made by several wood veneer layers

that are glued together. The glue is based on fossil
resources. The material can be made of diverse types
of wood, panel sizes, thickness, and quality. In Sweden,
the core veneer is normally made of fir, spruce or pine
free, and the finishing surface veneer can vary (Svenskt
Tres, 2023).



Alternative to wood

In case of fransformation of existing apartments, where
complete prefabricated modules are not possible to
install at site, an alternative with a traditional wooden
stud- and beam construction in combination with
recycled boards, with or without plywood boards as
finishing layer is a feasible alternative.

Strong and sustainable boards of type PackWall by
Recoma made of recycled packing waste with low
CO, footprint in comparison with conventional solutions
(Recoma, 2023). The construction board can be used
as a finishing layer as is or in combination with other
finishing materials.

Acrylic plastic

For the parts covered in mirrors, recyclable acrylic
plastic can be used instead of glass mirrors. Glass
mirrors are not recyclable, are less durable and strong
and with heavier weight in comparison with acrylic
plastic, which makes the acrylic mirrored plastic a befter
and safer alternative (Ossénerplast, 2022).

Linseed oil

A finishing treatment of the wood is needed to profect
the finishing surface, prolong its lifetime and at the
same fime improve the aesthetic properties. Instead

of using more conventional water-based paint,
linseed oil contains only natural ingredients such as
locally produced linseed and pigmentation without
any synthefic substances such as plastic (Ottosson
Fargmakeri, 2022). Many water-based paints contain
plastics and a report by Environmental Action (Paruta
et al., 2022) claims that 58% of the microplastic in the
ocean originates from painfs.
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Figure 7. CLT wood
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Figure 9. Acrylic plastic mirror Figure 10. PackWall, made of
recycled packing waste

Figure 11. Linseed oil reatment  Figure 12. Linseed oil treatment
on plywood on plywood
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Figure 13. Linseed oil treatment  Figure 14. Linseed oil treatment
on plywood on plywood
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Reference projects

Past and recent innovative design solutions in Sweden

To understand what kind of innovative projects focusing on flexibility have been done previously in the Swedish
context, a few examples of housing projects are briefly summarised. The condensed presentation contains both
historical and recent housing projects, details on the flexible elements of the dwellings, and a short reflection on the

oufcome of the projects.

Jarnbrott Experimental House, Géteborg
Tage and Anders William Olsson (1953)

The first example is an experimental housing project

of one five-storey building of 20 apartments, that was
the winner of a competition for new types of housing
arranged by Géteborg municipal housing company in
1950-1951 (Till & Schneider, 2007). It had two main
features: an open floor plan and modular interior. The
fixed elements in the floor plan were reduced to a
bathroom, a kitchen, and a single column in the middle
of an otherwise completely open space. All room
divisions were made with a modular system of movable
panels and the future occupants could determine the
interior layout both before moving in and changing it
over time. However, the demountable walls have been
replaced today, as the fenants experienced acoustic
problems between the rooms and disliked the visible
joints in the wall panels.

Kalleback Experimental Housing, Géteborg
Erik Friberger (1960)

The second example was built in 1960, when architect
Erik Friberger designed family homes by stacking
concrete structures on top of each other, to create
housing with the character of independent villas in a
quite central location (Till & Schneider, 2007). It was an
experimental housing ideaq, focusing on flexibility and
prefabricated solutions. The prefabricated, overhung
deck in concrete created the boundaries, a plot, for the
individual 18 houses in the building. Then it was up to
the users to develop their own “villa”. The “villa" in this
building would have many of the advantages of a single
family home within the “floating” plot. Friberger’s idea
was that the user's home could expand or shrink, be
reconfigured, and changed according fo their individual
and changing needs. The freedom in the plot should
generate lush, green gardens and not only dwellings on
the deck. But most of the houses were built in the whole
plot already from the beginning and didn't become as
airy and developable as planned by the architect. The
houses were quite a unique housing type, but it has not
been replicated.

Figure 15. Kitchen in the Experimental House on
Modulatorsgatan in Jérnbrott, Gothenburg
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Figure 16. Kallebéck Experimental Housing in Gothenburg. Stacked
"villas” in a concrete structure.

Optibo, Géteborg
White Arkitekter (2003)

The third example, Optibo, was a research project built
as a display apartment in Géteborg in 2003 (Boverket,
2004). The concept of the apartment was a smalll,

but very flexible space, designed for well-educated
couples without children, living a social life in a central
part of the city. Aiming for an apartment of 25 m? with
functions that normally fits in a free-room apartment of
the size 75 — 80 m?, was achieved by technology and
built-in smart solutions. Kitchen and bathroom were
fixed, while the bathtub, bed, dining table, chairs and
machinery for the liffing devices were lowered under
the floor. The materials had to be durable, recyclable or
reusable, resulting in the materials mostly being wood
or glass. Due to many movable parts in the apartment,
the question of safety became crucial. To make sure
that no accident would occur, there was a strict safety
procedure, resulting in it only remaining a display

apartment.

Tl

Figure 17. Kitchen with retractable chairs and table in Optibo.
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Dream Home, Linkdping

White Arkitekter (2017)

Last and quite recent example, Dream Home, was a
research project designed to showcase the potential

of a flexible universal dwelling concept (Dream Home,
2022). The concept was based on a floor area of only
55 m?with moveable walls that easily could be divided
into one fo five rooms plus a kitchen. This apartment
layout could work for different family constellations,
changing from week to week. As the apartment was
part of a newly built house, the adaptations were
simple. Ceiling height and floor depth made room

for the customisable parts of the apartment that were
designed fo be simple to use, enabling easy change of
layout for the residents when needed. By removing one
of the walls, three small rooms can be created along
one side of the apartment (Norrképings Tidningar,
2017). In this space, a desk and bed can then be folded
out from the wall. In the living room, a double bed can
be lowered from the ceiling and screened off with
curtains.

Figure 18. Interior of the Dream Home in Linképing. Storage under
the floor, bed hanging from the roof, and movable walls.



Recent innovative design solutions

Many other innovative examples of small apartments, which have more unique, customised, and from quite luxurious
or more simple layouts solutions, are found in different media. The examples are not necessarily driven by academic
research, and appear to have emerged by individual need, preferences, ideas and interests. The chosen reference
projects serve as a reference and inspiration for the design proposals of the thesis. The references include projects
both from Sweden, Europe and the USA, showing a wide range of inferesting approaches to design for small spaces.

The green box, Berlin
Ester Bruzkus Architects (2020)

The green box is a transformation project by Ester
Bruzkus Architects in 2020 (Christie, 2021). By placing
"a green box" as a dividing element in the centre of the
long apartment, circulation can flow around, creating
rooms on all four sides. The box contains the kitchen

on one side, and two bathrooms on the other side. This
creates a more private enfilade of rooms for bathing
and dressing on one side and large social space on the
opposite side. The palette of rich colours contrasts with
neutral raw concrete walls and ceilings.

Figure 19. Floor plan  1:200

Figure 21. The hallway including the entrance door in mirrors, in the
green box by Ester Bruzkus Architekten.

Figure 20. The functional green box by Ester Bruzkus Architekten,
viewed from the living room fowards the kitchen.
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The schoolhouse, New Orleans

Rome Office (2019)

The Schoolhouse is a fransformation project by Rome
Office in 2019 (Luco, 2020). The historic school
building from 1894 was transformed into multi-family
housing by placing a “Box-for-Living” in the centre of
each old classroom. These boxes contain the essential
components for everyday living: a kitchen, bathroom,
wardrobes, entertainment, laundry, technical storage,
and a loft. By centering the box in the old classrooms,
the building’s character and historic detailing are left
undisturbed and exposed, while creating rooms for an
one-bedroom apartment in a smart way.

Figure 23. Funcfional box including a loft seen from the side of the

kitchen and livingroom. The box configures the different rooms in the

apartment.
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Figure 22. Floor plan 1:100

Figure 24. View from the bedroom towards storage in the corridor,
leading to the kitchen and livingroom.



Snabba hus, Stockholm
Andreas Martin-Lof Arkitekter (2016)

Snabba Hus Véstberga is a project serie designed

by Andreas Martin-Lsf Arkitekter in 2016. The project
utilises prefabrication techniques to provide affordable
renfal apartments for young people (Rojas, 2017). The
apartment buildings achieve sophistication at a low cost
through the careful use and adaptation of standardised
materials and methods. One of the main walls in the
module apartment is made out of built-in furniture,
containing the kitchen, wardrobes and a work desk. A
built-in bookcase separates the sleeping alcove from the

main living space.

Figure 25. Floor plan 1:100

Figure 26. View of a bookshelf that configures the space for the Figure 27. View of the functional wall with infegrated storage and
sleeping alcove and combined kitchen - living room. work desk.
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Shoji Apartment, London
Proctor and Shaw (2021)

Shoji apartment is a fransformation project of a 29 m?
micro-apartment in London, designed by Proctor and
Shaw in 2021 (Astbury, 2022). The apartment has

an elevated sleeping space, wrapped in franslucent
panels, much like the Japanese Shoji screens, hence

the name of the project. Two existing interior walls that
previously divided the space have been removed to
create an open-plan living, kitchen and dining area. The
high ceilings generated the concept of “stacking”, with
the bed on a wooden platform in the corner of the room
accessed via a set of wooden steps, creating space for
a walk-in wardrobe underneath.

Figure 29. View of the funcfion box attached to a wall with
fransparent panels in the sleeping area on the loft.
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Figure 28. Floor plan 1:100

Figure 30. Kitchen area in same materials as the walls and
functional box.



Analysis of theoretical framework

Learnings from the theoretical framework, mixed with personal ideas, preferences and experience gave important
input which created the basis for the final concept and design, aiming to answer the thesis questions. In this section,
analysis of the theoretical foundation which made a decisive effect on the design, are briefly presented. Thereafter the
results from the design process are presented with subsequent analysis of the design proposals.

United Nations (n.d.) global sustainable development
goals are on an overall general level that needs to be
interpreted and applied to the design. The aim for a
sustainable approach is included by the chosen themes,
characteristics and properties that are described in the
theoretical framework.

To understand the million programs'’ significance and
extent of possible implementation of this project’s final
modules, the built quantity of 850 000 apartments
(Nylander et al, 2018, p.12), was compared with the
current fotal number of apartments in Sweden (SCB,
2022) which resulted in a share of roughly 30%. The
facts of such a large housing stock combined with a
need for transformations, emphasised the importance of
finding a feasible and alternative solution in the future,
where the interior module could be one of them. More
recent and already effectively designed apartments
from 2010 until today, challenged the design of the
interior modules, and were considered to future proof
and verify the range of application of the new interior
module design.

An important direction during the design phase was

to dismiss advanced technical solutions described in
Optibo (Boverket, 2004) and solutions that have to be
reconfigured continuously during the day brought up by
Urist (2013), as they evidently have caused problems
and inconvenience to the user.

The idea to focus on small apartments was a
challenging task. The contradiction with small
apartments requiring less materials making them more
sustainable, that on the other hand, are connected with
health issues, which makes them unsustainable from
another perspective.
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Gronostajska and Szczegielniak (2021) brought out
the importance of spatial and functional solutions in
combination with opfical finishing layers that would be
possible to embrace during the design phase. Other
important ingredients that were considered in the design
were the aim for achieving housing qualities raised by
both Nylander, O. et al.(2018) and Norwall (2012),
and important theories about flexibility as a future

proofing fool by Till & Schneider, (2007).

Furthermore, the reference projects in the previous
section, showing solutions with distinguished character,
that configured different rooms and zones and
contained a variety of functions, have had a thorough
impact on the design proposals.

When it comes to material for the modules, applying
wooden material was an indisputable choice, mainly
due to its beneficial factors to health and wellbeing
(Hayrinen et al., 2020; Alapieti et al.,, 2020) and that
the use of wood contributes to a lower carbon dioxide
emissions in the building sector (Hill, 2019; Svenskt
Tra, 2023). On the other hand, no product seems fo
be perfect from a sustainable perspective. To avoid
green washing, it is important for the client to make sure
that the wooden material is sourced locally, sourced
from a sustainable managed forestry and produced

in an energy efficient and environmentally friendly
production.
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Design strategy

Throughout the whole design process, several design proposals of inferior modules implemented in a variety of floor
plans were developed, which consequently resulted in a final design proposal of an inferior module. For better
understanding of the process, all relevant designs, preliminary and final, are represented in this section followed by an
analysis of the result.

In the first section, four of the tfransformation designs were implemented in already existing apartment floor plans, the
framework floor plans, followed by an evaluation of housing qualities. Both the original floor plans and the proposed
floor plans from the framework were assessed by MAB's tool.

Secondly, with learnings from the design process, the interior module itself was developed and applied to new

apartment floor plans. The new floor plans were graded by the same tool as in the previous stage. The final modules
themselves were not evaluated by MAB as it was not possible to apply MAB to an isolated interior item.

Concept

A design concept on a high level with the following motto was seftled:
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Figure 31. Conceptual diagrams of the placement and spatial
configuration of a module within an apartment.
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Introduction to the explorative design

During the first design phase, the explorative design,

the focus was on developing different interior module
solutions that could be implemented in existing, small,
apartments. The framework, meaning the existing floor
plans, where interior modules should be implemented,
were limited to apartments built during the million homes
programme and since 2010. The existing apartment
floor plans functioned as a boundary for the design of
the interior modules.

Firstly, four different, exploratory types of new interior
modules are presented. Thereafter the original floor
plans of the apartments are introduced together

with the results of the assessment of housing qualities
according to MAB. Subsequently, the new interior
modules implemented in the existing floor plans are
displayed together with the result of MAB assessment
of these apartments. The result of the new design
itself in combination with a comparison fo the result
of the original design gave an indication of the
accomplishment of the new design regarding housing
qualities.

Four different types of interior modules were developed
and implemented within the boundary of exisfing
apartments.

The first interior module is designed for central and
defached placement which includes technical shaft,
bathroom, kitchen, a foldable bed in a sleeping alcove
with storage in overhead cabinets. If combined with
optional sliding doors, the sleeping alcove can be
closed off. The foldable bed can be exchanged with
other equipment such as wardrobes, workspace, or a
shelving system.

Figure 32. Interior module containing bathroom,

kitchen, foldable bed, and sliding doors.

The second interior module is a smaller version that
mainly consist of storage units. It can be combined
in various ways and have central and detached
placement. It can include storage, wardrobes,
workspace and complement the kitchen with
appliances such as a refrigerator and freezer.

Figure 33. Interior module
containing storage and workspace.

The third interior module, with similarities to the second
module, with the difference that this “functional wall
unit” is fitted from wall to wall and floor to ceiling and
enclose entire rooms. Panels cover the backside of
the storage units where TV and other equipment can
be installed. The storage units come in different width,
depth, and heights, with different equipment such as
wardrobes, shelving systems and overhead cabinets.

[E—

Figure 34. Inferior module containing kitchen,
wardrobes and overhead sforage.

The fourth and last interior module, comes with a loft,
stairs, bathroom, kitchen, and storage units. It resembles
the first inferior module but requires a corner aftachment
in the apartment and double ceiling height.

Figure 35. Interior module containing bathroom,
kitchen, storage, and staircase.




Explorative design process

Gropegérdsgatan, Rambergstaden (1972)

Original design

Two-room apartment of 52 m?

The original floor plan has a core with a hallway,
bathroom, kitchen, and two adjacent rooms

on each side. The bathroom is not accessible
according fo today's standards. It is a quite wide
and single-sided apartment, creating narrow
and deep rooms. The small kitchen with parallel
layout does not fit a dining table, but works as @
connection between the two main rooms, making
circulation possible.

MAB Analysis

Examples from the assessment of the MAB analysis:

Figure 36. Original floor plan.
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Figure 37. Funtionality
Eg: Bedroom capacity.

Final grading of the MAB assessment:

Total grade  Aspect grade Quality

1. Space efficiency

Functionality

3. Technical rationality

4. Potential for home care

5. Axiality
- 6. Circulation
Sillver paciousness 7. Room shape

8. Flexibility

2. Furnishable space

Figure 38. Spaciousness
Eg: Axiality.

9. Multiple facade directions

10. Balcony
11. Daylight
12. Dark space

Atmosphere

Table 1. MAB result of the original floor plan.
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Figure 39. Atmosphere
Eg: Dark space.

1:200

New design

Two and half-room apartment of 52 m?

The new floor plan with a centred interior module,
contains an accessible bathroom, open floor plan,
sleeping alcove with a foldable bed and sliding
doors for privacy. The interior module is made

of plywood in green colour that accentuates the
module from the rest of the apartment interior. The
floor plan creates an enfilade with axiality and
sightlines through three rooms. Circulation around
the module can be cut off with sliding doors,

creating separate rooms.

MAB Analysis

Figure 40. Transformed floor plan.

Examples from the assessment of the MAB analysis:

Figure 41. Funtionality
Eg: Bedroom capacity.
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Figure 42. Spaciousness
Eg: Axiality.

Final grading of the MAB assessment:

Total grade  Aspect grade

Functionality

Silver Spaciousness

Atmosphere

Table 2. MAB result of the proposed floor plan.

Quality
1. Space efficiency

2. Fumnishable space

3. Technical rafionality

4. Potential for home care

5. Axiality

6. Circulation

7. Room shape

8. Flexibility

9. Muliiple facade directions

10. Balcony
11. Daylight
12. Dark space o
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Figure 43. Atmosphere
Eg: Dark space. 1:200

Figure 44. The perspective demonsirates the style,
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materials, colours, and ambience of the transformed design.



Topasgatan, Vastra Frélunda (1965)

Original design

Two-room apartment of 43 m?

In the original floor plan, the core with the hallway, the
kitchen and bathroom is situated in the darker area, at
the back of the apartment. In general narrow rooms with
circulation through three rooms. It is not possible to fit

a double-bed in the bedroom that is situated between
the living room and kitchen. The kitchen has an angled

layout with a small dining space.

MAB Analysis

Examples from the assessment of the MAB analysis:

Figure 46. Funtionality
Eg: Furnishable space.

Figure 45. Original floor plan.

Figure 47. Spaciousness

Eg: Circulation.

Final grading of the MAB assessment:

Total grade

Failed

Aspect grade

Functionality

Spaciousness

Atmosphere

Quality

1. Space efficiency

2. Furnishable space

3. Technical rationality

4. Potential for home care
5. Axiality

6. Circulation

7. Room shape

8. Flexibility

9. Multiple facade directions
10. Balcony

11. Daylight

12. Dark space

Table 3. MAB result of the original floor plan.
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Figure 48. Atmosphere
Eg: Dark space.

1:200

New design

One and a half-room apartment of 43 m?

The new design has a central interior module, with
functions on all four sides, divides the space into
different zones. It contains wardrobes, kitchen
appliances, work space, and wall for a TV. A second
module in configurated with wardrobes and sliding
doors for possible separation of the sleeping alcove.
Bathroom and kitchen are connected and shares a
technical shaft. The floor plan creates an enfilade
with axiality and sightlines through three zones. A pink
coloured plywood, accentuates the interior module

within the space.

MAB Analysis

Examples from the assessment of the MAB analysis:
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Figure 50. Funtionality
Eg: Furnishable space.
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Figure 49. Transformed floor plan. 1:100

Figure 51. Spaciousness

Eg: Circulation.

Final grading of the MAB assessment:

Total grade  Aspect grade
Functionality
Silver Spaciousness

Atmosphere

Quality

1. Space efficiency

2. Furnishable space

3. Technical rafionality

4. Potential for home care
5. Axiality

6. Circulation

7. Room shape

8. Flexibility

9. Multiple facade directions
10. Balcony

11. Daylight

12. Dark space

Table 4. MAB result of the proposed floor plan.
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Figure 52. Aimosphere  1:200
Eg: Dark space.

@)

Figure 53. The perspective demonsirates the style,
materials, colours and ambience of the transformed design.



Appeltradgérden, Vastra Frélunda (2019)

Original design

One-room apartment of 36 m?

The original floor plan is multi-sided, with direct outdoor
access. It consists of one large living space with a
bathroom situated in one corner. The bathroom has a
window and a washer/dryer. Kitchen and wardrobes
creates a functional wall at the short end. A small
sleeping alcove is situated behind the bathroom.

MAB Analysis

Examples from the assessment of the MAB analysis:
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Figure 54. Original floor plan.
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Figure 55. Funtionality
Eg: Furnishable space.

Final grading of the MAB assessment:

Total grade  Aspect grade Quality

1. Space efficiency
Functionality 2. Furnishable space

3. Technical rationality

4. Potential for home care

5. Axiality

6. Circulation

Bronze Spaciousness

7. Room shape
8. Flexibility

Eg: Room shape.

Figure 56. Spaciousness

9. Multiple facade directions

10. Balcony

Atmosphere 1. Daylight

12. Dark space

Table 5. MAB result of the original floor plan.
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Figure 57. Spaciousness
Eg: Multi-sided apartment.

New design

Two-room apartment of 36 m?

In the new design, the module divides the space into
two rooms, with a separate bedroom. The module goes
from floor to ceiling, utilising space over door opening
and the bed. The module gives the appearance of a
thick wall, creating a deep doorway and niche for the
bed. A yellow colour accentuates the module from the
rest of the apartment interior. Bathroom is situated in a
dark comer, and the separate bedroom has daylight
access. Kitchen and bathroom share a technical shaft.

MAB Analysis

Examples from the assessment of the MAB analysis:
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Figure 59. Funtionality

Eg: Furnishable space. Eg: Room shape.

Final grading of the MAB assessment:

Total grade  Aspect grade Quality

1. Space efficiency
2. Fumnishable space
Functionality
3. Technical rafionality
4. Potential for home care
5. Axiality
Souc 6. Circulation
Silver paciousness 7 Room shape

8. Flexibility
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Figure 58. Transformed floor plan. 1:100
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9. Multiple facade directions

10. Balcony

Atmosphere 1. Daylight

12. Dark space

Table 6. MAB result of the original floor plan.
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Figure 60. Spaciousness
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Figure 61. Spaciousness 1:200
Eg: Multi-sided apartment.

Figure 62. The perspective demonstrates the style,
materials, colours and ambience of the transformed design.




Smedjan, Lindholmen (remodelled in 2018)

Original design

One-room apartment 29 m? + loft

The original, remodelled apartment has a
full-height loft that is reached by a spiral
staircase in the combined living room,
kitchen and sleeping alcove. The bathroom
is in the dark part of the apartment,
opposite to a functional wall with kitchen
and wardrobes. The first floor has a
sleeping alcove for a single-bed and large
space for a double-bed and wardrobes

on the loft.

MAB Analysis

Examples from the assessment of the MAB analysis:

:\ R/F

Figure 64. Funtionality
Eg: Technical rationality.

Figure 65. Spaciousness

Eg: Axiality.

Final grading of the MAB assessment:

Total grade  Aspect grade

Functionality

Silver Spaciousness

Aimosphere

Quality

1. Space efficiency

2. Fumnishable space

3. Technical rafionality

4. Potential for home care
5. Axiality

6. Circulation

7. Room shape

8. Flexibility

9. Multiple facade directions
10. Balcony

11. Daylight

12. Dark space

Table 7. MAB result of the original floor plan.
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Eg: Daylight (Large windows).

New design

One-room apartment 29 m? + loft

A divergent colour accentuates the inferior
module from the rest of the apartment interior,
including an integrated staircase. The module
underlines where the space goes from

single to double ceiling height. The kitchen

is situated on the other side of the bathroom
wall. An integrated staircase in the entrance
leads directly up to the loft. Opposite of

the bathroom, a functional wall includes
wardrobes and a built-in workspace.

MAB Analysis

Examples from the assessment of the MAB analysis:
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Figure 68. Funtionality
Eg: Technical rationality.

Figure 69. Spaciousness

Eg: Axiality.

Final grading of the MAB assessment:

Total grade  Aspect grade

Functionality

Silver Spaciousness

Atmosphere

Quality

1. Space efficiency

2. Furnishable space

3. Technical rationality

4. Potential for home care
5. Axiality

6. Circulation

7. Room shape

8. Flexibility

9. Multiple facade directions
10. Balcony

11. Daylight

12. Dark space

Table 8. MAB result of the original floor plan.
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Eg: Daylight (Large windows).

Figure 71. The perspective demonsirates the style, materials,
colours and ambience of the transformed design.
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Figure 72. Interior of Gropegardgatan, showing sleeping alcove.
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Figure 75. Interior of Smedijan, showing interior module with integrated staircase.
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Analysis of the explorative design process

As the housing qualities of the inferior module itself
cannot be evaluated by the MAB analysis tool, some
findings were found important to highlight and bring
into the next design phase. The four different interior
modules included similar functions such as storage,
wardrobes, shelving system, foldable bed, workspace
and sliding doors, whereas two solutions also include
bathroom and kitchen. To solve a functional apartment
floor plan, sometimes two types of interior modules
were combined. The analysis of the explorative design
engaged to come up with one adaptable final design
solution that should include all these functions and
features that were concluded both essential, necessary,
smart, and desirable in a small apartment. As there

is a variation of ceiling heights, the interior module
requires adaptability in height and needs exchangeable
equipment and functions.

Before applying any evaluation tool measuring
qualities, and just by relying on personal experience,
the chosen original floor plans appeared quite well
planned with good spatial and housing qualities in
general. For the apartments built during the millions
homes programme, they all were not accessible
according fo foday's standard, whereas the design as
is, cannot be duplicated.
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When comparing the original floor plans with the

new design proposals in MAB, the new floor plans
with the module have variations of resemblance to the
original, but resulted in the same or better score. Two
developed floor plans proposals had the same result as
the originals, and two developed floor plans obtained
befter scores.

The differences in between the original floor plan and
the new proposal were variations in furnishable space
(space around built-in elements are not furnishable),
space efficiency (transforming the apartment from

a two rooms to one room apartment), flexibility (no
neutral hallway connecting to other rooms) dark space
(possible with daylight access with modules). Some
qualities such as flexibility stood out to be difficult to fulfil
with small size apartments.

Valuable qualities, characteristics and components
such as accessible bathroom, the possibility fo fit an
extra bedroom in the same space, or the ambience
created by material choice in the new module were not
considered and scored in MAB. The MAB analysis tool
was not fully applicable for evaluating the apartments
themselves, nor suitable for the proposed modules
themselves, but served as a conductive and governing
indicafor during the design process.



Introduction to the design proposal

During the second design phase, the final design
proposal of the interior module, the Living Box, with its
subsequent implementation in apartment floor plans
was developed.

Learnings from the previous explorative design phase
which were brought up in the previous analysis, were
considered in the final design proposal. The focus was
on one adaptable interior module including smart,
essential, and inferchangeable functions that generates
free space and support adaptability by generality and
flexibility in the apartments.

Firstly, the interior modules in different configurations are
presented thoroughly. Thereafter the interior modules,
the Living Boxes, are implemented and displayed in
new apartment floor plans. The housing qualities of the
apartments were then assessed using the MAB tool
followed by an analysis of the final design proposals.




Interior module

The interior module is based on the concept of being
the main room-dividing and spatial configurational
element of an apartment. The module consists of

a technical shaft in the middle where the essential
functions such as kitchen, bathroom and storage are
concentrated in a functional inferior module.

The inferior modules could be dimensioned fo function
as the structural load bearing elements that are stacked
on top of each other. When implementing the interior
module in a completely new building, the modules

are planned to be prefabricated in cross laminated
timber (CLT), if justifiably from various aspects such as
sustainability, economics and site-specific conditions.
The interior module as a load bearing element, is on an
idea-level only and has not been developed in detail,
in line with the delimitations of the thesis.

An alternative to prefabricated CLT modules is the more
conventional wooden stud- and beam construction

in combination with recycled boards (see figure 10,
with or without plywood boards as finishing layer. The
use of prefabricated and assembled CLT modules is
limited in for example transformation projects of existing
apartments where the access points for material to the
apartments sets the limits for size of material.

Figure 76. Concept diagram for stacking the load bearing
interior modules.
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Figure 77. Concept diagram of the boundries.
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Figure 78. Concept diagram of technical shaft.
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Figure 79. Concept diagram of the essential functions
creating the spatial configuration.

On top of the CLT, the finishing layer is exchangeable
with panels in plywood that are treated with linseed ol
(see figure 11-14) in transparent or a range of different
colours. Plywood with mirrors in recyclable acrylic
plastic is also available and can be applied fo certain
areas on the interior module to obtain opfical effects
that improve the experience of the space. This selection
of finishing colours and finishing material on the panels
gives the end-user more possibility to choose a finishing
layer according to their own personal preferences,

that af the same time facilitate easy and fast exchange
or reconditioning after wear and tear. The possibility

to exchange and recondition the panels, is based

on an idea to develop a product logistic system that
handles the exchangeable items if the modules are
implemented to a certain extent. In case of small scale
or inifial implementation, it could be handled by local
establishmentfs.
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Metal profile, top

CLT wall Plywood panel

\ 300-1600 x 600 x 15 mm

Metal profile, intersection

Plywood panel
2100 x 600 x 15 mm

2100

Metal profile, bottom

80
l

Figure 80. Detail drawing of panel fastening system. 1:10



The Living Box |

The interior module is designed to be adaptable with
exchangeable parts, and is designed in two different
versions. The first version of the module is called Living
Box |, and is designed to be implemented into new
buildings or transformation projects with the option of
higher ceilings. Minimum height of the interior module
is 3700 mm with a footprint of 3200 x 3000 mm.

This inferior module contains a staircase to a sleeping
loft, with storage underneath the stairs that can be
configured with drawers, cabinets, shelves, foldable
iron board and mirrors. To be comfortable and function
well, the minimum height of the sleeping loft is 1300 mm.
The kitchen is quite small with a countertop length of
2400 mm, approved by the Swedish design standards.
Measuring 1700 x 1900 mm, the bathroom is also

designed according to standards.

The design of the module is only slightly different if the
module is placed along an apartment wall, or placed in
the centre of an apartment. Instead of a storage cabinet
facing a room along the short side of the module, the
cabinet is opened from the bathroom.

T

st T
Figures 83,84. Physical model built in scale 1:20.
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Figure 81. Floor plan of module with sleeping loft.
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Figure 82. Floor plan of module with loft,
placed along an apartment wall.

Figure 85. Isometric view of Living Box I, no scale.
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Finishing materials

Wood is the dominating material of the Living Box, with The panels can also be made of recycled boards or
a few addtional materials, chosen for their aesthetic mirrors, depending on the users’ preferences and type
qualities, durability, and more neutral characteristic of project. Kitchen backsplash and countertop is made
to withstand short trends over time. The exchangable of terrazzo and bathroom flooring and walls in ceramic
cladding material is plywood panels that are treated tiles. The loft floor has fir plank flooring that can be
with linseed oil, either transparent or tinted shade. reconditioned many times affer wear and tear.

C-D

Terrazzo

Ceramic file Mirror Recycled board Figure 87, 88. Physical model built in scale 1:20.
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The Living Box I

If sleeping loft is not possible due fo ceiling height
limitations the second version of the interior module
Living Box Il has a tofalt height of minimum standard
2,4 meters, making it possible to implement i various
apartment building with different ceiling height. The

The concept is that the integrated objects can be
exchanged based on the measurements of the
apartment, designation of the space and on tenants
needs. The chosen integrated object can easily be
covered with a foldable door, giving the module an

interior module can be used in both existing apartments integrated look. The adaptable part gives the space a

and new apartment buildings. This design does not

flexible use and a possibility of personalisation of the

include a staircase and sleeping loft, instead the module space. For instance, the foldable bed could be a good
confains either a foldable bed, workspace or walk-in

closet.

option for fenants living in an one-room apartment, as it
facilitates more space when its folded and not in use.
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Figure 89. Floor plan of different versions of the Living Box II.
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Figure 90. Floor plan of interior module placed along an apartment wall.

Figure 91. Isometric view of different objects, implemented in Living Box 1. 1:100
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Figure 92. Isometric view of the Living Box Il with different integrated objects.
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Finishing materials

The Living Box Il without a loft, naturally comes with
the same finishing materials for the same reasons as
the configuration with loft. A lower height results in
different size of the top panels giving a slight different
characteristics to the interior module.

In comparison with the Living Box |, the lack of a
staircase in combination with foldable doors, express an
even more solid inferior module that hides a variety of
functions.

Terrazzo Ceramic tile

Mirror

Figure 94. Physical concept model built in scale 1:50.
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The apartments

The design proposals are based on the concept with
outer boundaries, the apartment dividing walls, with

a technical shaft in the middle. Essential functions such
as kitchen, bathroom, storage and staircase to a loft,

if applicable, are concentrated in an interior module.
An option is o add dividing walls with sliding doors, in
order to obtain privacy and flexibility.

Figure 95. Conceptual diagrams of the apartment configuration.
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The interior module configures the space in two identical
and general rooms, info a two-room apartment of

55 m2, within the boundaries whose designation and use
can freely be decided by the user. To create a one-room
apartment, one of the rooms is disconnected, whereas
the interior module is placed aftached to the apartment
dividing wall, creating an apartment of 36 m2.

The two different sizes of apartments with one or two
rooms are equipped with identical interior modules.
These apartments can be combined to configure a
residential building that contains four different small
apartments, as some floors can have apartments with or
without lofts.

The apartments can be configured for both indoor
entrance in fower block and lamella buildings or with
exterior entrance by access balcony with daylight from
opposite directions. Below drawings show possible
combinations of apartments for both types of apartment
buildings, which naturally can be changed to other
combinations.

M

Figure 96. Possible configuration of apartments for lamella or tower block building.

% = 92m
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| |
| |
Figure 97. Possible configuration of apartments with access balcony. 1:300

54



The two-room apartment

55 m? with or without loft can be closed off with the optional sliding doors. In
case of a loft, for both safety reasons, daylight access
The storage functions in the module can be configured and high ceiling height in the kitchen, a catomaran-net
for different designations such as wardrobes, pull-out at floor level of the loft is insfalled. The loft has sliding
drawers, shelves, cabinets, space to hide technical panels towards the kitchen in optional materials such
equipment, independent of which room it is facing. as massive wood or paper that offer a diverse level
Optional elements such as room divider with a sliding of privacy, noise reduction and possibility to control
door can be added upon users need and preference. daylight access. Storage and shelves are integrated in
For the two-room apartment the one-sided kitchen the interior module. Both apartments have balconies.

facilitates circulation around the whole apartment, but

n\ﬂ”!”!’h

Figure 99. lllustration of bedroom with a workspace and storage underneath the stairs of the Living Box.
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Figure 100. Floor 1 (Living Box I).

Figure 101. Floor 2 (Living Box I). 1:100

56

6000

6000




Housing qualities analysis

The design fulflils the requirements for the gold-grading
in the MAB analysis. If the apartment contains Living Box
| (with a loft) or Living Box Il {without loft) does not effect
the grading of the apartment in the MAB analysis. If the
apartment is one sided, with windows facing only one
direction, the apartment fulfils 10/12 qualities.

Two-room apartment with or without loft
Final grading of the MAB assessment:

Total grade

Gold

Aspect grade

Functionality

Spaciousness

Aimosphere

Quality

1. Space efficiency

2. Furnishable space

3. Technical rationality

4. Potential for home care
5. Axiality

6. Circulation

7. Room shape

8. Flexibility

9. Multiple facade directions
10. Balcony

11. Daylight

12. Dark space

Table 9. MAB result of analysis of floor plan.

Two-room apartment with access balcony
Final grading of the MAB assessment:

Total grade

Gold

Aspect grade

Functionality

Spaciousness

Aimosphere

Quality

1. Space efficiency

2. Furnishable space

3. Technical rationality

4. Potential for home care
5. Axiality

6. Circulation

7. Room shape

8. Flexibility

9. Multiple facade directions
10. Balcony

11. Daylight

12. Dark space

Table 10. MAB result of analysis of floor plan.
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However, if the apartment is accessed through an
access balcony, that allows the apartment having
windows in two directions, the apartment fulfils 11 /12
qualities. The only quality that is not achieved in this
design is the space efficiency, since the apartment is
5 m? larger than the size limit according to MAB.
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Figure 102. Functionality
Eg: Bedroom capacity.
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Figure 103. Spaciousness

Eg: Circulation.
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Figure 104. Atmosphere 1:200
Eg: Balcony.
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Figure 105. Floor 1 (Living Box I with access balcony.

Figure 106. Floor 1 (Living Box Il with access balcony. 1:100
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Figure 107. lllustration of the sightline seen from the bedroom, through the kitchen to the
living room. The catamaran net, with access from the sleeping loft is visible in the ceiling of
the kitchen.

Figure 108. lllustration from the interior of the sleeping loft, with sliding panels, that can be
closed for privacy. Open panels allows direct sunlight and exterior views.

Figure 109. lllustration of the two-room apartment with Living Box |, and access balcony,
that allows daylight from two directions. The window is infegrated in the buil-in storage in
the exterior wall.
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Figure 110. lllustration of the two-room apartment with Living Box II, containing an walk-in
closet, that can be hidden behind a foldable door.

Figure 111. lllustration of the sightline through the kitchen towards the bedroom.

Figure 112. lllustration of the sightline from the living room, through the entrance, towards
the bedroom.
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The one-room apartment @Q@
36 m? with or without loft
| _ . 000 | 3000
A one-room apartment of 36 m? is obtained by The apartment contains a large general room that can ﬁ 8 i
disconnecting one of the two identical rooms, and the be furnished according to the tenants needs and likings. a
interior module is consequently attached to an exterior The sleeping loft creates a clear private zone in contrast -
apartment dividing wall. As a consequence, the sforage to the large social space with high ceilings. The mirrored Q Q }8 8 B m R/F
cabinets next to the technical shaft are opened from the wall in the hallway creates an optical illusion of a more gy 77@ i
bathroom. spaceful apartment. i s o
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Figure 115. Floor 1 (Living Box ).
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Figure 113. lllustration of the living room with closed cabinet-doors. ‘r))'LL“T‘ S
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Figure 116. Floor 2 (Living Box ). 1:100
Figure 114. lllustration of the sightline from the kitchen fo the main room, with the balcony to the left.
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Housing qualities analysis

The design of the one-room apartment fulfils the
requirements for the silver grading in the MAB analysis.
Compared to the two-room apartment, the one-room
apartment does not fulfil qualities such as circulation,
furnishable space and dark space. Axiality is only
fulfilled in the apartment with loft. The one-sided
apartment receives a silver score of each aspect. On
the other hand, the access balcony apartment was balcony.
awarded a gold grade for two out of the three aspects.

One-room apartment without loft (Living Box Il)
Final grading of the MAB assessment:

Total grade  Aspect grade Quality
1. Space efficiency
2. Fumnishable space
Functionality
3. Technical rationality
4. Potential for home care
5. Axiality

6. Circulation

Silver Spaciousness 7 Room shape
8. Flexibility
9. Multiple facade directions
10. Balcony
Atmosphere 1. Daylight

12. Dark space

Table 11. MAB result of analysis of floor plan.

Two-room apartment with access balcony and loft (Living Box 1)
Final grading of the MAB assessment:

Total grade  Aspect grade Quality
1. Space efficiency
2. Furnishable space
Functionality
3. Technical rafionality
4. Potential for home care
5. Axiality

6. Circulation

Silver Spaciousness 7 Room shape
8. Flexibility
9. Multiple facade directions
10. Balcony
Atmosphere 1. Daylight

12. Dark space

Table 12. MAB result of analysis of floor plan.

63

However all three aspects must achieve a gold score in
order for the apartment to be awarded gold as the final
grade. If the wardrobes in the main room is removed,
the apartment fulfils the quality of furnishable space

and is rewarded the gold grade in fotal. As a result, the
wardrobes can be removed in order to achive a gold
grade for the one-room apartments with loft and access
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Figure 117. Funtionality
Eg: Bedroom capacity.
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Figure 118. Spaciousness
Eg: Room shape.
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Figure 119. Aimosphere
Eg: Daylight.
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Figure 120. Floor 1 (Living Box I} with access balcony.
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Figure 122. Floor 1 (Living Box I} with access
balcony and integrated foldable bed.

DOT

(303
OEQY

3

[e)]e]

o0

IR /F

—_—

-
Lol
%]

=

Figure 121. Floor 1 (Living Box I} without wardrobes.
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Figure 123. Floor 1 (Living Box I} with access balcony

and integrated workspace.
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Figure 124. lllustration of the sleeping loft, with sliding panels, seen from the catamaran net
above the kitchen.

Figure 125. lllustration of the one-room apartment with Living Box |, with the integrated
storage underneath the staircase.

4

Figure 126. lllustration of the one-room apartment with Living Box |, and access balcony,
that allows daylight from two directions.
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Figure 127. lllustration of the entrance, where the door and panels in mirror material, gives
the illusion of a spacious hallway.

A\

Figure 128. lllustration of main room, with a foldable bed, integrated in the Living Box.
When the bed is folded and hidden, it gives more free space in the apartment during
daytime.

Figure 129. lllustration of the one room apartment with closed cabinet doors, hiding the
integrated objects.
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Figure 130-134. The sequence of the variation of the different objects integrated
in the Living Box.
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Analysis of design proposals

Both the two-room and one-room apartment resulted in
high scores in the MAB analysis.

The one-sided one-room apartments without access
balcony achieved a silver score. The one-room
apartment with access balcony, sleeping loft and
removed wardrobes achieved a gold score, while

all versions of the two-room apartment achieved a

gold score. This could imply that when designing

small apartments, access to at least two facades with
windows facing different directions is a quality of
importance yet hard to achive. Other qualities that were
hard to fulfil in the one-room apartment was axiality and
circulation, however axiality was possible to achieve

in the apartment with a sleeping loft. Some qualities
were on the other hand easy to fulfil in a free design
proposal, such as adding a balcony, special windows
features and gathering all installations in one technical
shaft.

Because of the extent of built-in interiors in the designs,
the quality of furnishability was hard to fulfil. This due to
the fact that the required space of 800 mm in front of
built-in inferiors could not be included in the furishable
space. At least 50 % of the apartment's floor area must
be free furnishable space according to the standards in

MAB.
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If the apartment would be designed with less built-

in interiors, the quality of furnishability would be

fulfilled. However, this raises the question; if most of the
necessary furniture is built-in, less free space for furniture
is needed. It could be discussed if the furnishable space
could be less than 50 % in apartments with built-in
interiors, since it requires less free standing furniture.

The only quality none of the apartments achieved, was
the quality of space efficiency. This was however a
conscious decision, since the theoretical framework
suggested that too small apartments can lead to less
flexibility and spaciousness, while having negative
effects on the tenants health.

Instead the focus was to create flexible and general
rooms with high accessibility. Since the minimum space
for a bedroom with a double-bed is 3000 x 3700 mm
according fo Swedish standards, the general rooms
were designed with this in mind. The design emphasises
freedom and flexibility for users to decide the
designation use of the rooms and the objects integrated
in the inferior module.



The same author’s (2021) argument about the difficulty
to implement these functional elements in existing
buildings, became evident during the first stages of
design. But the inferior module, including a loft, gives
the opportunity fo refurbish and transform industrial
buildings with generous ceiling heights to residential
buildings, which could be a sustainable alternative
according fo Hojer and Mijérnell (2018), who claims
refurbishments is a more sustainable option in terms of
reducing greenhouse gases (CO,) than building new.
Other important solutions that were implemented into the
interior module were optical solutions such as the mirror
wall in the entrance, and the "window” between the
sleeping loft and kitchen. Furniture solutions, such as the
use of retractable or hideable furniture, built-in furniture,
sliding doors or panels were also crucial for the final
outcome of the design.

As predicted by Gronosfajska and Szczegielniok
(2021) the module can more easily be implemented

in new projects. The final design of the module in new
apartments resulted in the highest level, gold, in the
MAB-evaluation of housing qualities of the apartment,
which partly gave an indication of the accomplishment

of answering the thesis research questions. The design
proposal implemented in an apartment of 55 m? with
two identical, but not pre-designated rooms, both meets
MAB's requirements regarding flexibility and how Till &
Schneider (2007) describe flexibility. Till & Schneider
(2007) means the space is flexible when the user can
decide themselves on how to use and occupy the

space.

The attempt with a systematic and more academic
based approach on the thesis design proposals by
evaluating the housing qualities by using MAB, was
satisfactory to some extent. As the MAB housing
evaluation tool affirmed that the proposed floor plans
creafed by the new designed interior modules have
obtained equal fo better scores than the original
floor plans, important quality values were managed.
It could have been close at hand to say the design
was completely satisfactory just by scoring approved
by the MAB tool, but the study demonstrates that in
particular personal opinions and other aspects such
as aesthetics, materiality and personal preferences
are important fo the final result. It is also important to
highlight that comparison between the existing floor
plans and suggested floor plans were not done from the
same basics, as the apartments from the million homes
programme were not fully accessible.

The choice to verify the quality of the interior modules

by MAB resulted as a good complement, but personal
knowledge, preferences and experience played a
large role in assessing the final result. In particular,
personal opinion is important when it comes fo solutions
that do not fit within the normative frame.

The design of the interior module is quite simple and not
configured with technical complicated solutions that
need infricate handling procedures, in line with Urist
(2013) theories about the negative health consequences
of living small and needing to reconfigure the space
throughout the day. This argument is strengthened by
interpretations of the outcome of past innovative projects
such as Experimental Housing (Till & Schneider, 2007)
and Optibo (Boverket, 2004), where movable walls
and other technical solutions were decommissioned or
replaced with conventional solutions after some time.

A step towards reducing the unsustainable
refurbishments, that can be caused by people’s need to
express their personal style and preferences (Femenias
et al, 2016), and people’s attitude towards architectural
styles changes confinually (Nordwall, 2012), is the
proposed system for exchangeable and recyclable
finishing panels in different colours and finishes. The
importance of durable materials and easy renewal
and replacement of worn-out material is highlighted
by Norwall (2012}, which is possible with a system that
can be easily dismounted, sent to re-conditioning and
returned to the user. Such a systfem with exchangeable
parts based on re-use, re-cycle and reduce the
material waste and use, contributes to the sustainable
approach and the idea of a home that can last over
fime. On the other hand, a small apartment with a small
interior module, limiting the possibilities of content of
the interior module, also limits the possibility to stay in
the same apartment in case of major changes in the
user’s constellations, for example when the number of
habitants increases radically.

Wood was chosen as main material for both
constructive and finishing layers as it fitted within the
choice of a durable, sustainable material (Svenskt Trd,
2023) and wood bringing salutary properties and
wellbeing (Héyrinen et al., 2020; Alapieti ef al., 2020)
to the home environment. The alternative with finishing
boards made by recycled packaging may not have the
same positive effects on human health as wood, but just
by exposing the recycled packaging components in the
board, could possibly encourage the users towards a
more sustainable lifestyle.




Conclusion

Both the presented theories and the different design
proposals gave answers and advice on how
sustainable and functional infterior modules including
integrated elements and objects can be designed to
obtain good spatial qualities and important housing
qualities in small apartments.

The possibility to design a variety of fully accessible,
high-quality alternatives to already optimised small
apartments with a large depth are limited, while the
larger apartments with less depth with access to multiple
directions and heigh ceilings, offer better conditions

for future transformations and refurbishments. When

it is necessary to upgrade basic functions to today's
standards for accessibility in existing apartments, it puts
the architect’s skills to the test, as valuable floor area is
lost within the pre-set and fixed apartment borderlines.
The final design proposal, the inferior module named
the Living Box, replied to the three main questions of the
thesis regarding a design that solves room sectioning,
spatial configuration with a variation of functions that is
adaptable, flexible, sustainable that lasts over time.

Firstly, when placing the Living Box within an apartment
boundary, i.e. exterior walls of an apartment, different
rooms and zones emerge. Different floor plan layouts
with different numbers of rooms are achieved by
particular placement of the interior module within the
apartment boundary. The thesis presents two different
placings, centric and along one apartment dividing
wall. Ceiling height is another apartment boundary
where the interior module acts as a room and spatial
configuration element, as it clearly considers and
divides the volume into different spaces.

Secondly, the Living Box, with integrated exchangeable
elements and objects, exemplifies a range of different
functions that can be fitted within the inferior module.
When smart solutions such as foldable beds, workspace
and storage are integrated in the interior module, it
facilitates free space and room for other additional
functions to be placed in this space in the apartment
instead. The interior module facilitates an adaptable
apartment and is possible to change designation

and use of space depending on tenants needs and
changes in family constellations over time. Hence, the
design can possibly better meet the future demands and
consequential changes.
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Thirdly, the use of sustainable, healthy, durable,

and high-quality materials in combination with
exchangeable inferior objects and restorable panels in
the interior module can strengthen the module’s ability to
last over fime.

To sum up what has been presented and discussed, the
design developed in this thesis is not the only solufion
for sustainable apartments with good housing qualities
that lasts over time. But it is a quite simple, possible
solution that meets the pre-set essential aims, that af the
same time challenges the more conventional planned
apartment layouts.

Suggestion for further research

This thesis focused only on small apartments due to

the thesis background and clear orientation towards
sustainability. During the design phase, the extensive
potential to obtain interesting floor plan configurations,
good housing qualities by expanding both the interior
module itself and the apartment area and volume,
became both tempting and evident. Therefore, a
continuation of developing the interior module for larger
apartments would be beneficial. A wider range in size
of inferior modules that can be combined in residential
buildings would be beneficial for diversity and user's
different necessities.

Furthermore, developing the idea of making the modules
in CLT as the load bearing structural element in a
building, could be constructive for manufacturers of
evolving prefabricated elements for residential buildings.

Additionally, a continuation of developing the module'’s
components and materials to better understand

and demonstrate the possibilities with production,
implementation and costs would add value to the

level of feasibility and decisive part for possible
implementation in the future.

Reflections

During the initial stage of the thesis, a lot of fime was
spent on both finding the design framework and
designing solutions for transformations of existing
apartments. When altering an already good floorplan,
some housing qualiies were gained, however some
important qualities were lost.

Learnings from the explorative design phase were
nevertheless useful for the final design solutions,

but more time for more details and even further
development of the final design proposal could have
been beneficial. The use of MAB was useful as it can
guide the architect to achieve better results regarding
housing qualities of the design, but its criteria are more
applicable to larger apartments. Some of the qualities
in MAB seems to be difficult to almost impossible to
fulfil in small apartments. As an example, the care for
functional autonomy, so care and domestic care for a
sick partner can take place at home without disturbing
the other partner, is very hard to accomplish in a one
room apartment.

In the aim of keeping a clear and simple concept for the
Living Box and the apartments, some design solutions
and qualities can possibly have been bypassed or
missed out. It was a challenging balance between
losing a clear concept for making exceptions and
dispensation for gaining different results. A deviation

in the generality of the room sizes and the centric
placement of the interior module, could have resulted

in apartments with different qualities and properties.
The apartments could have been designed with

a larger kitchen, making room for more cabinets,
countertops, or a dining fable, with the consequence

of a smaller entrance with less storage possibilities.
Smaller apartments have smaller possibilities to fulfil all
desired features in the design, and every addition to the
minimum standard measurements, unwantedly and very
quickly, adds on square meters to the total floor plan
area.
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