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This thesis studies the sustainability of detached housing in Finland and aims to identify the
best practices to meet the decarbonisation goals of the National Climate and Energy Strategy
for 2035 and 2050. Possible solutions are searched based on energy efficiency in design and
consumption habits during the house’s use stage to assess their impacts on carbon emissions
from housing. A qualitative approach was chosen for the research because of the broad
nature of the topic, and an integrative literature review was conducted to identify suitable
practices from the data chosen for the analysis. Based on these findings, alternative measures
for reducing the individual carbon footprint of housing are presented.

Although climate goals can be achieved in new construction, renovation of existing buildings
is recommended to support the shift to circular economy and efficient use of resources.
Consumers are ready to change their consumption habits if they achieve savings. However,
guidance on the effects and costs, in addition to incentives, is needed to speed up energy
renovations, as these measures are not generally known. Emissions can also be reduced
sufficiently in older houses; however, in addition to improving energy efficiency and
utilizing renewable energy forms, the use of resources and thus emissions must also be
reduced in other areas of life to achieve the goal of carbon neutrality.
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tunnistamaan parhaat kaytannét kansallisessa ilmasto- ja energiastrategiassa vuosille 2035
ja 2050 asetettujen hiilidioksidipaastojen véhentamiseen liittyvien tavoitteiden
saavuttamiseksi. Mahdollisia ratkaisuja etsitadn energiatehokkuudesta suunnittelussa ja
kulutustottumusten osalta talon kéytén aikana arvioitaessa niiden vaikutuksia asumisen
hiilidioksidipaastoihin. Tutkimukseen on valittu laadullinen l&hestymistapa aiheen laajan
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1. Introduction

Housing is one of human’s basic needs that should to be fulfilled in a way that is both,
satisfying to the habitants, and sustainable to the surrounding environment. Our current way
of living is not sustainable, since a quarter of an average Finnish person’s carbon footprint
originates from housing (Hiilihelppi, 2023). For this reason, it is important to focus on
decreasing emissions and energy consumption related to habitation. It can be achieved by
developing structural solutions as well as circular use of materials in the construction
industry and also by supporting people to lead an ecologically sustainable lifestyle that helps
to conserve natural resources. Hence, improvements are needed not only in the construction
and maintenance phases of a building but also in the design stage to create technical
possibilities for cost effective remodelling and disassembly to prevent demolition if the use

purpose of a building changes subsequently.

More than 35% of all waste generated in the EU origins from construction and demolition
waste (CDW) and the target set by the Waste Framework Directive to reach a recycling rate
of 70% for CDW by 2020 has not been met in numerous European countries including
Finland (Interreg Europe, 2023). To reach the carbon neutrality target that Finland has set
by 2035 (Ministry of the Environment, 2023a) actions are required not only in cities but also
in sparsely populated areas where circular economy principles could be applied with
proactive design approach. However, urban planning and compactions strategies in densely
populated cities that focus mainly on the efficiency of land use seems to be outweighing the
aims to improve the sustainability of the existing building stock and particularly smaller
residential buildings. This thesis analyses the possibilities for sustainability solutions in
single-family housing in Finland, and presents alternative options for promoting circularity

through construction design and consumption behaviour.



1.1. Background

In Finland, the ideal home for majority of people has through the decades been a detached
house with own garden in a peaceful area with an easy access to nature and basic services
(Strandell, 2011). This indicates that despite of rapid urbanisation there’s still a continuing
demand for detached houses in Finland and sustainability of these constructions and
residential areas becomes ever more important due to increasing energy prices and in aim of
boosting the green transition alongside with the increasing desire to lead an eco-friendlier
and slower paced lifestyle. Living in single-family houses however, can be considered
unsustainable compared to living in city apartments because of the greater land consumption
rate and required investments to infrastructure per habitation for connecting these residential

areas to workplaces and services.

The design as well as emphasis on choosing the ideal building site are played down in the
prevailing system. Boundaries for cost-effective construction are set by pursuing the
maximal building efficiency for the site which usually means building numerous
neighbourhoods and houses in a dense manner with similar architecture that lack character.
As opposed to urban areas, in rural development the possibilities for optimal placement can
be contemplated. A fifth of the areas dedicated for construction purposes in zoning are
farmlands in Finland, but depending on the region the share can be up to 30%. Especially in
rural areas vacant land suitable for construction can easily be found in former agricultural
lands, that are conveniently located close to civic centres. As the profitability of small
farming has declined due to industrial production, these lands are often sold at a better price
for construction purposes. However, fields and meadows are threatened due to urbanisation
as well as industrial farming all over Europe and should be therefore preserved to protect
biodiversity as they are living areas for many species, such as pollinators that are vital for
food production. (Mikkonen, 2017.) Also, the importance of the surrounding green spaces
in residential areas must not be neglected when biodiversity has to be promoted in every
possible way. Fields that are too small for industrial farming could be utilized in local food

production in aim of boosting self-sufficiency in the future.



Change rate of our surrounding environment due to social and economic reasons is more
rapid than a building’s ideal life cycle which leads to empty buildings, but also at the same
time, a lack of new plots for construction purposes somewhere else (Harris-Kjisik Architects,
2018). This calls for a change from within the system to enable better use of existing
buildings through removing the barriers in alteration of the intended use and promoting
participatory practices where citizens can to a greater extent engage in planning of the built
environment. This also speaks for the better utilisation of the abandoned rural building stock
by restoration practices. Community involvement in planning of residential environments
helps to notice local specialities and the important features of the area when looking at the
whole process from the inside instead of external decision-making. The built environment
reflects the history of the nation's values and development and thus plays a significant role
in preserving cultural heritage. Therefore, the meaning of conservation of built environments
cannot be neglected in zoning and land use strategies. Long-term use of existing buildings
is also increasingly important when tackling climate change as reusing and reshaping the
built environments conserve the already used resources and minimise carbon emissions
associated with redevelopment and demolition. It is important to identify and take into
account in the design those characteristics and values that create comfort and well-being in
residential areas, making settlements attractive and therefore long-lasting. (Heininen-
Blomstedt, 2013.)

Despite of the rapidly increasing movement from rural regions into cities, majority of the
global population still lived in rural areas until 2007 but it is projected that the urban share
would increase to almost 70% by 2050 (Our World in Data, 2023). In Finland, the
urbanisation peaked in the turn of the 1960s and 1970s which gradually led to transition from
single-family houses to living in apartment buildings and giving up the decades long
tradition of being in control of the personal living environment (Halme, 2004). Despite of
the growing demand for urban living, there are still over 1,1 million detached houses in
Finland (Figure 1) of which the majority (almost 230 000) has been built between 1940 and
1959 (Tilastokeskus, 2022). The average lifespan of a building in Finland is only 40 years,
not generally because of structural reasons but due to changing demographics and housing

preferences. The building’s planned lifespan depends on the building classification, and for
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ordinary houses it is 50 years, but generally, a higher performance is expected from primary
load-bearing structures (RIL ry, 2013).

Number of detached houses by year of construction
250 000

200 000

150 000
100 000

50 000 I
0

-1939 1940-59 1960-69 1970-79 1980-89 1990-99 2000-09 2010-19

Figure 1. Number of detached houses in the building stock by year of construction (Official Statistics of
Finland, 2022).

Around 20% of the total annual carbon footprint of 10 400 kg CO2e per person in Finland
originates from housing. Highest emissions in the built environment after the construction
phase and material production originate in this climate zone from energy consumption
especially for heating (Sitra, 2019). The EU has set as a primary target to improve the energy
efficiency of buildings and through life cycle approach achieve also carbon neutrality in the
construction sector within the next couple of decades. Use of renewable energy can eliminate
greenhouse gas (GHG) emissions in the use phase of buildings but circular construction
design and resource-wise material choices have not yet been established in the construction
industry and therefore, regulatory measures together with responsible consumption habits

are necessary to further improve sustainability in housing.
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Since efficiency efforts focus mainly on building compaction in urban areas and on great
construction volumes, | would rather direct the focus on the opportunities to involve also
small and medium-size companies that usually operate on single property constructions scale
and aim at providing a permanent dwelling in detached houses. In densely built urban
environments the lack of unexploited land area has led to rapid increase in plot prices and
for families who prefer living loosely in detached houses, rural areas further away from
centres of growth are in many cases the only options for affordable housing. Existing
literature of studies focusing on sustainable housing in this particular scope remains limited.
The aim of this thesis is to address these research gaps through thematic approach in the
literature review and based on the findings propose suitable measures for single-family

housing in rural settlements in Finland.

The chosen approach to focus on the sustainability of semi-rural housing and single
dwellings originates from the perception of the field that detached houses are a niche product
in the construction industry based on the building volume and clientele in that market where
mainly small and medium-size companies operate. Also, focus has been in promoting carbon
neutrality in densely populated areas whereas solutions for sustainable rural living have not
been investigated to a similar extent, which is concerning in itself when 1,6 million people
live in rural areas of Finland and 95% of our land area is rural (Rural policy council, 2023).
Therefore, in this thesis the sustainability aspects are examined regarding the design and
housing habits, because both play an important role in making single-family housing a
considerable option for an affordable and functioning life outside the busy urban

environment.

1.2. Objective and structure of the thesis

Obijective of this study is to find the best practices for sustainable single-family housing in
Finland. Building blocks are examined within the built environment in terms of efficient
design and sufficient consumption. This way alternative solutions and their potential for

meeting the decarbonisation targets are compared and circularity of materials in detached
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houses are included to the study. Consequently, this study aims to address the following

research questions:

1. What kind of measures for construction technologies should be promoted in the aim
of sustainable single-family housing?

2. How residents can promote sustainable living through their own activities?

3. How can circularity be implemented in the design, construction and maintenance of
houses during their lifespans?

This thesis, as presented in Figure 2, consists of five chapters including introduction to the
topic, an overview of the theoretical framework, methodology section followed by results of
the findings and then lastly the discussion and concluding chapters. The second chapter is
divided into two sub-sections, portraying a) the state-of-the-art built environment and b) the
definition of sustainable housing. In chapter three chosen materials and methods for further
analysis are explained and the literature review conducted to find answers to addressed
questions. The results are presented as building blocks in chapter four, based on the findings
of the literature review. In the discussion part the findings are formulated into a frame model
which visualizes sustainable and circular detached housing.

INTRODUCTION

THEORETICAL FRAMEWORK

Built environment Sustainable housing

METHODOLOGY

RESULTS

Building blocks CE and renewables

DISCUSSION AND CONCLUSIONS

Figure 2. Structure of this thesis.



13

The research context is limited to detached housing in Finland located within a convenient
commute to centres of urban growth. Within the chosen themes the topic is assessed and
analysed from environmental, social and economic aspects, to build a comprehensive view
of the building blocks of sustainable housing. Collected data is a combination of the most
common factors and main ideas from each theme related to the design and implementation
of detached housing.

2. Theoretical framework

In this chapter, an overview is presented of the characteristics of the built environment and
housing preferences in Finland followed by a description of the current state of sustainable
housing and housing-related impacts to the environment. Sustainable development includes
environmental, social and economic aspects all equally important for achieving the system
level transformation in processes that are based on the sustainable use of resources in

biological as well as in technical cycles.

2.1. Built environment

The built environment is related to our everyday activities and includes all man-made
constructions in our physical environment, such as buildings, green areas, roads and other
infrastructure that have formed the landscape around us. Therefore, it plays a significant role
in all aspects of human life and ideally supports the wellbeing of people. Housing refers to
living spaces made by humans to provide shelter and safety, ultimately forming ties with the
community by building foundations for economic and social development in the built
environment. Settlements are communities where people live and work, either temporarily
or permanently, regardless of the size or function of the dwelling. However, settlements can
be categorized according to the number of population and services provided in the area by
the settlement hierarchy, as demonstrated in Figure 3. At the bottom of the settlement

hierarchy are isolated buildings and hamlets located off-the-grid without services or even
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any neighbours. Villages and small towns for their part provide basic services but often lack
career opportunities; therefore, transport connections to larger population centres are usually
somehow arranged. Low-order settlements, including hamlets, villages, and small towns, are
classified as rural, followed in the hierarchy by large towns and cities with urban
characteristics, including a larger population and a better variety of services, public
transportation, education, and also sports facilities and entertainment. (Cambers & Sibley,
2015.)

Increase in 4 ’ Large town : A ﬁ

* size of

settlement Small town
* population
* provided
services

Village

Isolated building or hamlet

Figure 3. Settlement hierarchy (Adapted from: Cambers & Sibley, 2015).

Settlements have traditionally developed in sites with access to natural resources and have,
therefore, been located near water supplies in most cases rivers. Rivers provided not only
drinking water but also irrigation important for farming and possibilities for transportation
enabling travel and trade. Over time, settlements started to grow along the riverbanks and
coastlines, with roads connecting the villages to each other and forming larger settlements,
known today as cities. Cities are pictured as places of endless opportunities providing
extensive supply of goods and services to fulfil countless desires which has led to rapid and
increasing urbanisation, leaving rural areas to suffer from depopulation and disappearing
services. However, 95% of Finland’s land area is rural making it a significant factor in the

regional development and national resilience when promoting the transition from linear to
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circular economy besides it being a home for a third of the Finnish population (Rural policy
council, 2023).

Rural areas originally have been self-sufficient communities dependent on agriculture. Over
time farming has lost its importance when industrialization and better connections have
linked these rural settlements to urban areas and despite of living in the countryside people
to a greater extent are commuting from villages to work in larger towns and cities (Cambers
& Sibley, 2015). Still nowadays, rural areas provide food and ecosystem services to people
unlike densely populated cities. Therefore, the social and economic role they have cannot be
ignored in decision-making and service provision when solutions for tackling the climate
change as well as economic crises are created. Both, the EU and Finland, aim in their rural
policy programmes at creating innovative technological solutions for strengthening the
possibilities for smooth living and working also in the countryside (Kattilakoski, et al.,
2022).

The Finnish Environment Institute, SYKE, has created the urban-rural classification system
based on regional structure in Finland and it divides urban and rural areas to categories on
the grounds of regional parameters such as population density and building data (Finland's
environmental administration, 2021). Semi-rural areas refer in this thesis to areas that have
a rural character but are connected functionally to urban areas and especially centres of
growth. Since the urban areas account for a major part of all global GHG emissions, it has
been set as a target to improve the responsible use of resources particularly in the building
sector by creating instructions for the land use and areal planning in addition to legislative
measures to promote sustainability in housing both on national as well as on the EU level.
(Ministry of the Environment, 2023b.) In Finland rural areas have to be included in the
development since families who prefer living in detached houses often find sparsely
populated areas suitable for leading an affordable, sustainable lifestyle away from the high

paced urban surroundings.

Housing isn’t just about the apartment but also the surroundings have a great impact on the

sense of home. Eventually, the characteristics of the neighbourhood and local living patterns
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have impact on health as well as the achievability of services in the area. Social, cultural and
economic aspects are taken into consideration in people’s housing preferences.
Communicative planning has been included in the Land Use and Building Act from the
1990s. It means that private actors also have the opportunity to participate in land use
planning and decision-making, which may lead to favouring of citizens' housing preferences
at the expense of the common good of the community (Mattila, 2015). This preference
utilitarianism, or preferentialism, is a form of utilitarian philosophy that favours the
implementation of individual interests over preferring the benefit for the largest number of
people (Wikipedia, 2021). It can be debated if personal interests of the people pursuing their
housing preferences outside the compact urban areas are conflicting with the principles of
land use planning of the public sector in their aim of improving sustainability in housing
(Mattila, 2015). It is indicated though in housing satisfaction survey by Omakotiliitto
(national union of property owners) that 71% of residents in detached houses are happy with
their housing and 68% of the rural population feel fully satisfied to their dwelling regardless
of the type of residence. Corresponding figures for residents in apartments buildings are 42%

and for city dwellers around 50%. (Suomen Omakaotiliitto ry, 2020.)

2.1.1. Detached houses

First detached houses, as we know them, were built in the 19th century central Europe, where
due to industrialization, living areas were needed for the working people nearby factories.
When, despite urbanisation, the good qualities of rural living were to be preserved, garden
cities were introduced as a solution. The ideal of home and family life spread relatively
quickly to all social classes, when the right to one's own home and privacy was considered
to belong to everyone. The model of garden cities came also to Finland from Germany via
Sweden at the initiative of private businessmen by whom villa areas were built first around
Helsinki. The private sector still dominates construction industry in Finland today due to the
state’s reluctance to develop housing construction in the early days of our independence.
This has its roots in the Russian model, which strongly differed from the reforming politics
of Western countries by favouring speculative building and housing companies instead of
public utility construction. It wasn’t until the late 1930s that the state started lending to

private individuals for construction purposes, and even then, on the condition that the houses
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were built according to typical model drawings provided by the government’s housing
committee. (Lampi, 2007.) Still, for the vast majority, construction was only possible with
own money and labour, which took years to complete.

After the 2" World War construction peaked across Finland due to the great need of housing
for over 400 000 evacuees from the territories lost to the Soviet Union. The Rapid settlement
law had already started the land redistribution after the Winter War which continued by the
biggest land reform in Finland’s history, when the Land Acquisition Act secured access to
residential premises for disabled soldiers, war orphans and widows. The loan offered to them
by the state covered 100 percent of the land purchase and 75 percent of the construction costs
with payback time of 36 years and a 3% interest. Land reform beneficiaries preferred
residential plots over farms and over 58 000 houses were built between 1945-1955, mostly
in rural areas where supply of land was better and faster compared to cities. Construction
outside of government support was also brisk during that period and totally over 100 000
type-planned houses were built in the country within the post-war economic boom which

didn’t end until 1973 when the oil crisis hit and recession began. (Lampi, 2007.)

From the 1950s forward, prefabricated houses had become more common in single-family
housing. Building materials such as concrete, bricks and asbestos cement that had become
popular in rowhouses were introduced also in detached houses in the 1960s and 1970s
replacing to some extent the previously prevailing wooden construction. Single-story
detached houses with flat roofs were in fashion at the time and gardens had to give way to
lawns as the living standard rose and few grew their own food anymore. The rise of
consumerism meant that energy consumption in housing increased as central heating
substituted furnaces and household appliances and cars grew in number, and people also
started to travel for pleasure due to increased free time as the 5-day work week was
introduced. Wellbeing of inhabitants was in the core of developing the new model for single-
family housing in community centers that were located in between cities and rural areas and
built on the terms of private motoring as women also had started to a greater extent work

outside the home. A better standard of living made it also possible for many people to acquire
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a summer cottage or a plot of land in a farm garden as a holiday home now that the majority
of the Finnish population lived in urban areas since 1970. (Lampi, 2007.)

After the oil crisis, even more attention was paid to improving energy efficiency and
renovation of houses. Insulation was improved and windows became smaller whilst triple-
glazed windows replaced double panes. Energy renovations, however, led to many errors
when structures were made too dense which caused moisture problems, microbes and poor
indoor air quality. Risk structures resulted from new technologies and methods that were
applied in rush, with lacking knowledge and supervision. (M6lsa, 2016.) Also, many old
houses were demolished to give room for new building or houses were renovated to an extent
that destroyed valuable cultural heritage and made the characteristics of old buildings
disappear (Halme, 2004).

Since the 1980s the direction of movement headed towards cities and in the next couple of
decades townhouses were built in a dense and low manner in residential areas with social
and commercial services nearby. With the growing urban population, land prices rose, which
meant that to accommodate everyone construction had to be steered towards denser
residential areas and ever smaller apartments. The willingness to avoid the restrictions set
by urban planning as well as the desire to have more private space caused in the beginning
of this millennium, that many especially financially well-off people, who wanted to carry
out their own ideals and architectural visions of housing moved to scattered settlements right
outside the urban centres (Mattila, 2015).

As the majority of the construction of detached houses has since been based on industrial
prefabrication and package houses is there a risk of ending up with residential areas without
any aesthetic or cultural value, as the houses only represent the trending preferences of the
manufacturers and consumers and technologies of that time? Currently, an increasing
number of people have become tired of the hectic pace of urban living and are looking for a
peaceful place to live in the countryside, especially now that after the pandemic remote
working has become relatively common. A new movement, called ruralization, is trending

among families who want to raise their children in a safe environment closer to nature. A
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recent study in ten European countries among young people (18-30 years) shows that a
quarter of the respondents dreamt of moving to the countryside within the next 15 years
(Vironen, 2023). This can be seen as a counter-movement to urbanisation, and possibility

for moving from increasing consumption to sufficiency-based circular economy.

2.2. Sustainability in housing

In sustainable development, a balance is sought between the environmental, social, and
economic aspects. Those all have different emphases but equal importance on the quest to
satisfy our society’s needs at the present as well as in the future. The term sustainable
development was first introduced in the Brundtland Report 1987, published by the United
Nations’ (UN) sub-organization World Commission on Environment and Development, and
it became the dominant paradigm for environmental movement after the Earth Summit in
Rio 1992 (Purvis, et al., 2019). Its original purpose was to ensure economic progress by

taking into account also the environmental and social concerns related to growth.

Creating business opportunities through a good output-input ratio to achieve long-term
financial stability is important for economic sustainability, and CE practices are helpful in
gaining success in this area. Due to the loose definition, the term sustainable development is
open to interpretation, and therefore all three aspects are not necessarily equally emphasized
in practice. As a result, environmental protection and promoting social equality may not be
realized if economic growth is always a priority. As the ultimate goal of sustainable
development is to satisfy everyone’s basic needs, social and environmental problems that
hinder this development might not be solved by continuous economic growth and thus,
linking them together might be considered controversial. According to Jungell-Michelsson
& Heikkurinen (2022), sufficiency describes the rationalization of consumption at the
individual level so that a moderate amount is enough. Sufficiency can therefore be seen as
the key to staying within the planetary boundaries, when applied in both consumption and
production. It could challenge the prevailing economic model by voluntary measures in

supply and demand, and working thus as a means to sustainable economies.
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The carbon footprint of housing can be calculated in detail according to the European
standard for sustainability of construction works (EN 15978:2011) where indicators for
different materials, processes and services are assessed using Life Cycle Assessment (LCA)
method, based on data gathered mainly from Environmental Product Declarations (EPD) and
it is suitable for both new construction as well as renovating existing buildings covering their
whole life cycle. Finland aims at having the national regulation for carbon neutrality ready
by the second half of this decade starting with voluntary methods first for public buildings
and later to cover all building types. The energy efficiency of buildings has improved
significantly in new construction since the energy performance certificate (EPC) indicating
the energy class of a building became obligatory in Finland a decade ago. For further
improvements in reducing the carbon footprint of housing the focus needs to be put on
sustainable resource use and circularity of construction materials. (Ymparistoministerio,
2017.)

According to the Finnish Ministry of the Environment current carbon emissions need to be
cut in half by 2035 and by 2050 achieve a reduction of 80-95% compared to the levels in
year 1990. The average emissions of housing for a Finnish person are 62 kilograms CO2e/m?
and the size of personal living area around 40 m? which leads to a total carbon footprint of
2 500 kilograms CO-e annually. A fifth of the emissions comes from the construction and
maintenance of the building, the rest mainly from energy consumption of which 65%
originates from heating due to the northern weather conditions. (Sitra, 2019.) To achieve the
climate target of the Paris Agreement limiting global warming to 1,5 degrees Finnish people
have to reduce their total annual carbon footprint by the yearly average in the EU, which is
8 200 kg CO2e per person and this is ought to be accomplished in less than a decade. Housing
is a combination of structural factors in construction as well as in behaviour. In order to
achieve carbon neutrality both of these aspects must be focused on when creating solutions
for sustainable housing. Necessary actions for fulfilling this goal are examined in the

upcoming chapters.

An obligatory environmental impact assessment and calculation of carbon budget when

applying a building permit have been introduced as measures for reducing the building’s life
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cycle carbon emissions according to the Finnish Ministry of the Environment. These
measures would take into account the environmental impacts of the whole life cycle in new
buildings and for larger renovation projects the impacts from the refurbishment process itself
as well as the emissions of later life cycle stages. These practices have been created based
on the EU framework for sustainable buildings and circularity, called Level(s), which
provides tools for measuring the resource efficiency in construction. Finland, among many
other countries, has participated in testing of the Level(s) during 2018-2019 with some
twenty construction projects, including ten residential buildings. In the test phase the
framework was found helpful in comparing different alternatives in the design but the
reporting template seemed complicated and arduous, which led to differing interpretations
of the guidance according to contributors, both novices and LCA professionals, participating
to the testing. Despite of the good overall coverage, lack of a national database for EPDs
made the comparison of different assessments difficult limiting the accuracy and use
potential of Level(s) and LCA. Compatibility with national practices also needs to be
improved to reach the stage of Level(s) becoming the common language in sustainability
reporting. The framework will be implemented gradually in Finland, first in public building
projects from 2025, when carbon footprint threshold levels have first been set. At this point,
the applicability of the framework for single-family housing remains to be further examined,
as only one of the projects in this test phase was a detached house and timeline for possible

application for the private sector is still unclear. (Ministry of the Environment, 2019.)

2.3. Operationalisation of the theoretical framework

In order to achieve the decarbonisation targets within the built environment sustainability of
housing requires efficiency measures in building performance and technology as well as
consumption changes during the use phase. Building blocks are presented in chapter 4.1
where design characteristics are examined from efficiency point of view in 4.1.1 to answer
the first research question. In 4.1.2 the second question is addressed in sufficiency and
consumption behaviour impacting on achieving the goals. Also, circular economy potential
and renewables’ role in accomplishing the decarbonisation and sustainable resource use are

discussed in chapter 4.2 where the third question is handled. Integration between the research
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questions of this study, the theoretical framework and chosen building blocks is summarized

in Figure 4.
Structural performance Energy demand Resource demand
RQ1 RQ1 RQ2 RQ3 RQ2 RQ3
SUSTAINABILITY >
Efficiency in design Sufficiency in use CE and renewables

Figure 4. Integration of the building blocks from theoretical framework to research questions (RQ).

3. Methodology

Because of the broad nature of the topic, understanding the sustainability challenges in
housing requires approaching on multiple levels. As quantitative research gives numerous
data, in solving sustainability challenges qualitative approach can provide knowledge in a
less structured manner of phenomena that would otherwise be passed unnoticed (Roudgarmi,
2011). According to Patton, there are three types of qualitative data, interviews, observations
and documents (Patton, 2002), the last of which has been chosen as a method for data

collection in this work.

3.1. Materials

In this thesis, an integrative literature review is conducted to identify suitable practices for
promoting sustainability in housing. Three independent publications of the field were
selected as background information for the study: Huttunen, 2021; Hakkinen & Kuittinen,

2020 and Hanninen, 2022 which were found from the local municipal library. These books
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were first studied to form an overall picture of the subject, so that narrowing the approach
would be possible. Based on the findings, three themes were chosen for further analysis:
energy efficiency, sufficiency, and renewables. Articles and journal papers within these three
themes were then searched in English, Swedish or Finnish from LUT Primo, Google Scholar
and ScienceDirect databases using keywords according to the chosen scope (Figure 5).
Materials of sustainable housing that focused on other areas than Europe or on urban
development, non-residential buildings and larger apartment complexes were excluded from
the analysis.

Technical
solutionsand
structural
performance

Resource CE;

demand, decarbonisation
patterns and of materialsand

behaviour energy

Energy

n Sufficiency Renewables
efficiency

Figure 5. The chosen themes and keywords for further inspection in the thesis.

Materials for analysis were included upon their relevancy and topicality within the research
context. In Table 1 the key sources have been presented, in addition to which legislation, EU
regulation and statistics have been used for qualitative analysis and evaluation in the

research.



Table 1. Overview of the research publications, books and other articles collected for literature review.
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Reference

Title

Theme

Published

Economidou, et al., 2020

Review of 50 years of EU energy
efficiency policies for buildings

Energy efficiency

Energy and Buildings

Heinonen, 2008

Slow-housing and energy in a low-
carbon community

Energy efficiency,
decarbonisation

Sitra, online

Heljo & Vihola, 2012

Energy savings potential in the
renovation of the residential
building stock

Energy efficiency,
renovations

TTY.
Rakennustekniikan
laitos

Circular economy in the built

Built environment,

and material

renovations

Huttunen, 2021 ) ) Book
environment Circular economy
T low- ion: A

Hakkinen & Kuittinen, 2020 oyvards ow-carbon constru;ﬂon Decarbonisation Book
guide to assessment and design
£ - - —

Hanninen, 2022 cologically sustainable detached Sust‘alnablllty, Book
houses design
Finnish renovation construction Eneray efficienc

Kangas, et al., 2020 strategy 2020—2050 goal calculation gy ¥, SYKE

Long-term renovation construction

Energy efficiency,

Motiva, 2020 . Motiva, online
strategy 2020—2050 FINLAND renovations
Motiva, 2023 Home and housing SZZ:;:/ efficiency, Motiva, online

Prochorskaite & Maliene,
2013

Health, well-being and sustainable
housing

Sustainability

International Journal of

Strategic Property

sustainable consumer behaviour

behaviour

Management
. . Suffici g . )
Sitra, 2019 1,5-degree lifestyles ! |C|§ncy Sitra, online
behaviour
Sitra, 2023 A good life is a!so possible without Suff|C|§ncy, Sitra, online
overconsumption behaviour
Circular economy in land use
Vierikko, et al., 2020 plannln-g. Planning as a promotfer of | Circular economy, SYKE
a sustainable and resource-saving land use planning
urban environment
SHIFT — A review and framework for Sufficienc
White & Habib, 2018 encouraging environmentally v Sitra, online

A broad variety of literature was included in this study to conduct a comprehensive review.

Data is evaluated based on its accuracy within the chosen theme and scope of the study. The
timeframe for publications of the source material covers previous ten years, if possible,
otherwise also older materials were accepted if found relevant to the study and answering
the research questions. Several materials related to sustainable housing turned out to be
decades old or newer publications within this scope couldn’t be found at all. Most of the

studies and publications were handling developing nations, urban settlements, social and
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affordable housing, apartment complexes and industrial construction whereas studies on
single-family housing, at least in these climate conditions, were hard to find. Also, research
covering both technical and behavioural aspects of housing, or the building’s entire life cycle
could not be found. On a general level, the chosen context could be understood as a marginal
form of housing but with increasing global uncertainty, people’s desire to influence their
own lives will probably increase in the future. Structures and materials are examined in this
study at a general level due to limited capacity to cover numerous available solutions for
sustainable building.

3.2. Research method

The aim of the literature review in this thesis was to build a broader understanding of this
topic through studying and analysing the central themes relevant to sustainability of housing
as a challenge for circular economy transition. The integrative literature review was
conducted in five steps starting with definition of the topic and key themes to focus on,
followed by the data collection through limitation and evaluation of the collected sources.
After gathering the relevant literature, it was analysed before proceeding to the last part of

writing the results. The process is illustrated in Figure 6.

< )
L

Figure 6. Steps of the literature review.

Literature review as a method is suitable for evaluating theory and building an overall picture
of the chosen topic. In literature review existing scientific knowledge is assessed either in a
systematic manner or by using a descriptive or integrative approach to summarize ideas from

cited individual papers or studies. In the systematic approach the researcher goes through
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extensive material in a systematic way to summarize the essential findings of previous
studies on the topic. This way similarities from research to help in evidence-based decision-
making and gaps in the knowledge to propose suggestion for future research can be found.
For this study however, a broader approach was chosen to be able to more freely include
materials to the study and examine the topic in a more versatile but still critical way.
(Salminen, 2011.)

An integrative method was chosen for the research and literature review because it allows
the selection of a specific but comprehensive focus on a study topic for summarizing existing
knowledge from literature sources to provide a broad understanding of a particular issue.
Integrative method was also considered more suitable for this study instead of a systematic
review due to limited accessible data relevant within the chosen scope. Hence, existing
knowledge was analysed and evaluated in a qualitative manner for presenting an appropriate
model for sustainable housing in semi-rural settlements in Finland. The analysis of the topic
was divided into two main categories, the design and use of houses, as both of them impact
to a great extent to sustainability of housing. Possibilities for utilisation of renewables and
circular economy practices within the lifespan of buildings were also studied in the search

for measures to green transition.

Due to the broad nature of housing, examination of the sustainability in this thesis was
organized around two themes that were studied in relation to responsive housing in semi-
rural settlements in Finland: 1) design part focusing on the characteristics of the building, its
structure and technologies, and 2) housing habits part, including lifestyles and consumption

choices.

4. Results

The first part of the literature review explores sustainable housing in design context related

to structural solutions, examines technological options for energy efficiency and discusses
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the measures for green transition in order to answer RQ1. The second part deals with RQ2
in terms of housing habits and possibilities for leading a sustainable lifestyle in single-family
houses. In the third part carbon neutral construction materials that enable applying circularity

principles in the industry are assessed in relation to RQ3.

Promoting sustainability requires that technical characteristics as well as functionality have
to be taken into consideration in addition to environmental, social and economic
performance measures in the construction industry. Challenges have to be tackled on all
levels of the construction works hierarchy, including the framework level as well as building
and product categories all the way to cover all necessary aspects and the entire lifespan of
buildings (RIL ry, 2013). Green transition and circularity require shifting focus from
increasing growth volumes to increasing its value aspect. Prevalent system in land-use
planning favours compaction of existing residential areas where infrastructure and
transportation have already been built. Due to depopulation of rural areas, investments are
made for the most part in areas of growth, that in Finland are located close to the largest

cities.

Nevertheless, studies have shown that the mental image of sustainable housing according to
Finnish people is strongly linked to rural areas instead of associating it with urban lifestyles.
This indicates that particular focus has to be put on land use planning to make reasonable
solutions in sustainable building technologies and renewable energy solutions to gain
sustainability success in sparsely populated locations too. In rural surroundings, especially
transportation to work and services forms a remarkable obstacle for carbon neutrality that
must be overcome. Nonetheless, while digitalisation makes systems more user-driven,
creating opportunities for request-based public transportation, and other services such as
healthcare and education can be provided as remote services with the help of a platform
economy. (Hakli, et al., 2015.)

Housing production requires a lot of resources and therefore it is important to use those
natural resources wisely and consider the far-reaching impacts of energy and material flows.

Prolonging the lifespan of existing buildings should be the originated target to begin with,
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but if the space cannot be utilized locally, moving the components to another location could
be a possible solution that prevents demolition. This requires, however, that the structure is
suitable for disassembly to circulate the building blocks to other locations where they can be
reused (Linnanméki, et al., 2003). The use of renewable energy sources in the heat and
electricity production of buildings reduces the emissions caused by the energy consumption
during the building’s occupancy to a minimum, but reducing the total lifetime emissions
requires measures from the planning stage to changing lifestyles and researching the aspects
of material circularity along the whole building and the housing processes.

Life cycle emissions from buildings can be divided into two categories, operational GHG
emissions and embodied GHG emissions (Hakkinen & Kuittinen, 2020). The former
includes emissions from the in-use phase of a building, while the latter originates from
materials and all construction related processes in a building’s lifespan. As system level
changes in the built environment and housing technologies happen slowly, consumption
patterns can be altered on a personal level with immediate results impacting emissions and
sustainability. Lifestyle carbon footprints can be reduced for example by consumption

habits, dietary preferences, and housing and mobility choices (Sitra, 2019).

4.1. Building blocks for sustainable detached houses

There are many ways for improving the ecological sustainability of houses and minimizing
their carbon footprints which can be reached by different paths, either by renovating old or
building new. Building a smart home with high-tech equipment or preferring the traditional
do-it-yourself mentality and promoting self-sufficiency are both considered equally relevant
options for achieving carbon efficiency. (Hanninen, 2022.) Thus, further examination of
these two, in a sense opposite lifestyles, both proposed suitable for sustainable housing, are
included in this study to find out ways to accomplish the climate action targets set by the
Finnish Government as well as the EU for the upcoming decades. Within these study themes
structural and technological aspects, energy form and electricity consumption are taken into
consideration alongside with chosen building materials. The aim of this part is therefore to

find possible solutions from construction technologies and behavioural patterns to reach the
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sustainability goals set for housing especially in relation to detached houses in non-urban

surroundings.

A hierarchical approach for tackling the climate change was introduced in the energy
decarbonisation framework for the building sector (Figure 7) by a French NGO already in
the 1990s which later was also used as the basis for developing the national French 2050
scenario. The mitigation strategy, in developed countries addressed for renovation of the
existing building stock, included three aspects, with measures in sufficiency, efficiency and
renewable categories. These three pillars emphasized the importance of reducing the cost of
housing by focusing on the building components as well as the building type and services
without compromising decent living standards. Sufficiency principle is a novel approach to
sustainability that aims to tackle the environmental impacts from human activities by
avoiding the unnecessary use of natural resources in the buildings living-in phase. Only after
sufficiency comes the technological efficiency measures and reducing carbon intensity by

adding the share of renewable energy. (Cabeza, et al., 2022.)

Avoidingthe demand
for resources over the
building’slife-cycle

Reducing the carbon
intensity of energy
and materials

Improving technical
solutions and performance

Figure 7. The three pillars of the decarbonisation framework (Adapted from: Cabeza, et al., 2022).
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Recent studies show that the embodied GHG emissions of residential and office buildings
have remained the same or slightly increased as the energy-efficiency of houses has
improved globally (Hakkinen & Kuittinen, 2020). Thus, great emphasis has to be put on the
selection and production of construction materials and construction processes alongside with
cutting the annual housing emissions during use from 2 500 kg to less than 400 kg COze per
person by 2050 in Finland. Reducing the environmental impact of the built environment with
existing technologies is feasible, and improving energy performance in the building’s use
phase has been set as the primary target in many EU directives to tackle climate change. The
new directive, as part of the Green Deal package, aims at zero emissions and decarbonized
building stock in Europe by 2050, with a minimum reduction of 60% from 2015 emissions
by 2030 (European Commission, 2021a). The most important life cycle stage for decreasing
the carbon footprint of construction industry is planning, where decisions regarding the
building site, selected construction materials, energy and ventilation systems, and spatial
design are made. Also 90% of the construction costs are determined in the planning phase
as solutions are locked in for applying the building permit (Motiva, 2023). With the help of
existing technological options and materials’ emission reductions can be reached to meet the
zero emission targets. Yet, is it expedient and economically reasonable to start repairing
otherwise safe and sound structures to comply with the new regulations, when especially in
sparsely populated areas the cost of investment may not be recovered during the entire life
cycle of the building? In the following sections, the best practices for sustainable housing
are searched by a thematic approach in the literature review. First from efficiency in design,
secondly by sufficient means in use and last in terms of utilizing renewable resources to meet

the decarbonisation targets and tackle the climate crisis.

4.1.1. Efficiency in design

According to the guide for low-carbon construction (Hakkinen & Kuittinen, 2020), the core
principles in achieving better energy efficiency are first and foremost to avoid both the use
of virgin raw materials and new buildings. Instead remodelling and renovation of existing
spaces should be favoured. However, the possible utilisation of currently unoccupied
building stock depends on numerous place-bound factors. If refurbishing is not possible, the

following aspects should be considered when planning a new construction: building site,
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energy and material efficiency, and functionality in the design of spaces (Hakkinen &
Kuittinen, 2020). These efficiency measures related to design of houses are examined in this
part of the study so that the life cycle energy consumption of buildings could be reduced.

Local microclimate can impact the energy consumption for heating by 10-30% (Hanninen,
2022). Even if the effect on energy performance in newer constructions is not as significant
as in older ones, optimal place and orientation of the house and placement of green areas
affect not only the housing costs but also the well-being of both people and nature. Until the
end of the 2" World War majority of Finnish population lived in the countryside in small
cottages that were for the most part built as voluntary work with family and neighbours using
materials gathered from local supplies that were easy to tool by hand (Halme, 2004). For
that reason, detached houses in the countryside were timber framed and the building site was
carefully selected by emphasizing the optimal microclimate for housing and positioning the
building and planning the spatial layout to both benefit and also protect from the weather
and seasonal changes of sunlight and rainfall. The ideal place for a house in the cold northern
climate was generally found on a south-facing slope with building facade towards the field

and back covered by trees. (Hanninen, 2022.)

The construction type, size, shape and position all can improve the sustainability of the
building making these features important in settlement design. Smaller houses consume less
energy and simple shape reduces losses related to air leakage and thermal conduction that
occur especially through joints and corners. Energy efficiency can also be enhanced by good
house and window orientation and functional landscaping since south-facing windows let in
low-lying winter sun, maximizing the effect of passive solar energy for heating. Long eaves
and carefully placed tall vegetation, on the other hand, help to block summer sun and protect
houses from overheating and thereby decrease cooling demand. The layout of a house should
be planned according to the intended use of spaces but it is good to consider also the
adaptability from the systems point of view and possibility of additional construction later
on (Motiva, 2023). Living areas should be placed on the sunny side and in the middle of the
house, while areas that are kept cooler such as bedrooms and storage on the north side. The

passive design methods that utilize solar energy, which usually do not incur additional costs,
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improve energy savings in addition to the active, technological solutions for construction.
The important role of both active and passive measures in improving the energy efficiency
of buildings is acknowledged in EU policies and strategies, but consumers’ awareness
regarding the advantages and financial benefits is still limited and should be raised to

promote sustainable building and renovations (Economidou, et al., 2020).

Structural and technical means to energy efficiency include thermal insulation of building
envelope and heat recovery from ventilation. The heating energy demand for conventional
houses, i.e. houses built in the last millennium, is approximately 100-120 kWh/m?/year,
while for passive houses it is 20-30 kWh/m?/year, depending on the location in Finland
(Hanninen, 2022). In new construction the focus is already on near zero energy buildings
(nZEB) that are classified based on the energy dependence as net zero site energy use, off-
the-grid or net zero cost houses (Heinonen, 2008). The current national regulatory model
requires examining a building’s energy efficiency as part of the building permit process. The
building’s E figure, composed for comparison in the EPC, is based on the theoretical annual
consumption of purchased energy per heated net area calculated according to a standardized
model with weighting factors for different energy forms. Standardized calculation models
can however, give results that deviate from the actual energy consumption by up to tens of
percent due to annual changes in the weather, incorrect system adjustments and user-specific

variation in energy consumption (Hékkinen & Kuittinen, 2020).

The structural EE requirements have stayed the same since 2010 but an additional method
suitable especially for energy renovations was introduced in 2017 for demonstrating
component-specific EE to meet the minimum requirements in planning instead of studying
the total annual purchased energy. In the structural method the performance requirements
are stricter than the references and it can only be used in buildings with district heating or
heat pumps, but it has proved to give up to 9% smaller carbon footprint for detached houses
than the EPC calculation model would, which helps in the planning stage to point out the
reasonable measures for eliminating structural heat losses (Ojanen, et al., 2017). The
requirements for permissible heat losses for each component of the building envelope

according to this structural method as well as the EPC are shown below in Table 2. The
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typical U values for structural thermal transmittance in detached houses of different decades
are shown in Table 3. Especially the energy efficiency of windows has improved
significantly over the decades due to added glazing and use of selective insulating glass that
reflects solar rays in the summertime and keeps the heat inside during the winter making the

living environment comfortable year-round (Motiva, 2023).

Table 2. Energy efficiency requirements for building components and ventilation (FINLEX: YMa 1010/2017).

Heat losses Structural EE (33 §) EPC reference (24 §)
External wall 0,12 W/m?K 0,17 W/m?K
External wall, solid wood 0,40 W/m?K
Attic floor 0,07 W/m?%K 0,09 W/m?K
Ground floor 0,10 W/m?K 0,17 W/m?K
Windows and doors 0,70 W/m?%K 1,0 W/m?K
Air leakage figure (gso) 0,60 m3/(h'm?) 4,0 m3/(h'm?)
Avg. leak in 1 hour @ 50 Pa pressure difference

Ventilation heat recovery 65% 55%
Ventilation SFP value 1,5 kW (m3/s) 1,8 kW (m3/s)
Balanced ventilation system

Table 3. Typical structural U values in detached houses from different decades (Paiho, et al., 2012).

Typical structural U-values [W/m?K] —1950s 1960s 1970s
External wall 0,55-0,7 0,35-0,45 0,24-0,28
Attic floor 0,3-0,4 0,25-0,35 0,18-0,22
Ground floor 0,35-0,45 0,3-0,4 0,2-0,3
Windows 3,54 2,9-3,5 1,8-2,1
Doors 4,5-5 2,8-4,5 0,7-1,2

The typical heating energy consumption amounts for detached houses are presented in
Figure 8 according to the construction year. The reductions in purchased heating energy have
been significant due to increased energy efficiency of the building stock after the 1970s” oil
crisis. Stricter requirements were set in the 1980s and houses built since generally fall into

class D based on their E figure. In the case of selling a house, the EPC is mandatory, so the



34

potential buyers will receive information about the building’s energy efficiency performance
at that point. (Motiva, 2020.)

Heating energy consumption in detached houses [kWh/m?]
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Figure 8. Average heating energy consumption in detached houses based on the construction year [KWh/m?]
(Motiva, 2020).

Thus, as the process for a new control model based on carbon footprint is being designed, it
is important to use real input data and focus on structural properties rather than energy form
in the future. When aiming to reduce total energy consumption, favouring certain energy
forms should not be the main focus, but measures to improve structural energy efficiency
and reduce total energy demand and CO2 emissions are even more important in the bigger
picture and those can be influenced on household level by sustainable consumption choices.
(Sallinen, 2022.) The measures for energy efficient design, as shown in Figure 9 in the Kyoto
pyramid which is an interpretation of the Kyoto Protocol for reducing GHG emissions from
1997, follow the same order where higher construction quality is accomplished rather by
reduction of both heat losses and consumption, than prioritising certain sources of energy.
This operating order has been applied as guiding principle in modern construction especially
in Scandinavia. (ENIVA Sverige AB, 2023.)
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Figure 9. The Kyoto pyramid of means to improved energy efficiency (Adapted from: Ojanen, et al., 2017).

The need for external heating energy in highly energy effective buildings, like passive
houses, i1s minimal as the “waste heat” from lighting, electric devices and residents can be
utilized for maintaining comfortable living conditions (H&nninen, 2022). However, warm
water production and electricity for other than heating purposes requires similar amounts of
energy than conventional houses which leads to the fact that energy efficiency and emissions
should always be considered over the buildings’ entire life cycle. Typical GHG emissions
from heating are 16-33 kg COe/m? and from electricity consumption 4,1-6,1 kg CO.e/m?
annually in detached houses where the smaller figures are for houses built after 2018 and
higher emissions for houses that have been built 1971-1980 (Hakkinen & Kuittinen, 2020).

The most common heating energy forms in detached houses are currently wood (36%) and
electricity (30%). Heat pumps are predicted to be the main heat source in every other single-
family house in the 2050s, when the use of fossil fuels has decreased to zero and electricity
is produced solely by renewable energy forms. Also, the share of district heating decreases
from eight to less than one percent in the heating of single-family houses if the prediction
comes true. (Heljo & Vihola, 2012.) Operational GHG emissions depend on the energy form

of the building and the amount of energy consumed for heating and electricity. The share of
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operational GHG emissions may vary from 3% in concrete to 41% in wooden structured
detached-houses when the total life cycle emissions are assessed in Nordic climate
conditions (Hakkinen & Kuittinen, 2020). Renewable energy forms are inevitable when the
change to a low-carbon society is carried forward. Local energy production by solar or wind
power would improve crisis resilience and minimize the emissions that also for renewables
derive from construction of facilities and infrastructure, and from energy transfer. The
renewables’ share of heating and cooling was 58% in Finland in 2020. The overall share of
renewables in energy consumption was 44%, which exceeded clearly the country-specific
EU target of 38% for the year (Statistics Finland, 2022). Renewable energy forms include
hydro, solar, wind, bio and geothermal energy. Emission coefficients have been set for
different energy forms to enable comparison of calculated carbon footprints related to
housing. The smallest carbon footprint is on wind and solar energy (10-40 grams
CO2e/kWh), highest on oil heating (267 g CO2e/kWh). Heat pumps, that are well suitable
also for renovation projects, are located in the middle stage of the scale with carbon
footprints varying around 50-60 g CO2e/kWh (Hanninen, 2022). In Finland subsidies have
been provided by ELY centres for energy renovations in existing building stock to encourage
replacing oil heating by renewable energy forms, mostly heat pumps (65%, share in 2021),

geothermal energy (22%) or district heating (Motiva, 2022c).

As heat pumps become more common in detached houses, also the demand for electricity to
operate the pumps increases. Therefore, the share of renewables in electricity supply has to
be increased rapidly in order to replace the high-emission power plants operating especially
in the winter season so that the electrification do not actually increase overall carbon
emissions. In addition to promoting green energy in housing, measures to reduce total energy
consumption should be taken in every household. Energy and water consumption in
households varies greatly depending on the lifestyle of the inhabitants. With own energy
production the total amount of purchased energy can be reduced in households, and savings
and resilience can be promoted. However, the larger the share of renewables, the more
important it is to consider the total lifecycle emissions related to the system. (Hakkinen &
Kuittinen, 2020.) Solar thermal collector that is used for heating and especially warm water

production causes 10 grams CO2e/kWh whereas emissions from solar panels for electricity
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production are higher, 40-80 grams CO.e/kWh, due to the intensive electricity use in the

manufacturing processes of both silicon and aluminium (Hanninen, 2022).

The prognoses for the improved energy efficiency in detached houses until 2050 in existing
building stock are demonstrated in Table 4. The direction in energy forms is away from fossil
sources and towards increased use of heat pumps and gradual reduction of district or
electrical heating. By 2050 almost all detached houses are expected to meet the criteria for
near zero energy buildings, either through new construction or renovation. At this point,
houses that have been built after 2010 generally fall into categories A—C, whereas the lowest
categories, F and G, are reserved for buildings that do not meet today’s requirements or are
otherwise in poor shape and even dilapidated (Kangas, et al., 2020).

Table 4. Predicted development in the building stock regarding detached houses (Kangas, et al., 2020).

Heating energy consumption [GWh/a] 2020 2030 2040 2050
Wood 11 385 7 448 6 257 4678
Fossils 3148 1464 296 0
Heat pumps 4 958 7 115 7 881 7 687
District heating 2 629 1645 639 131
Electricity 9607 7253 5323 4200
Carbon emissions [Mt COze] 2020 2030 2040 2050
From heating energy 1873 735 247 56
Energy performance in building stock [%] 2020 2030 2040 2050
< 100 kWh/m?/a, nZEB 10 25 57 99
A, B & C (built after 2010 or renovated) 26 50 98 100
F & G (dilapidated buildings) 6 0 0 0

Current total heating energy consumption of 31 700 GWh in detached houses is estimated
to decrease to 16 700 GWh by 2050, and their emissions simultaneously from almost 1900
to 56 Mt CO2e per year. Based on calculations in the strategy for energy renovations the
decarbonisation aims are possible to achieve if the buildings that perform poorest in terms
of energy efficiency are replaced with new or renovated to meet the requirements for nZEB

by 2050 (Kangas, et al., 2020). In practice, however, the theoretical energy saving in the
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existing building stock (Figure 10) is significantly higher than the realizable saving potential.
This is partly due to the impossibility of practical implementation of certain measures, the
slow annual pace of repairs (2% of the building stock), and the lack of opportunities to
influence the renovations of privately owned properties. (Heljo & Vihola, 2012.)

B Waste air HDoors B Windows Walls Attic floor Ground floor
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Figure 10. Heat consumption [GWh/a] in the 2010 building stock in 2050 without energy renovations (L) and
potentially achieved energy savings (R) if EE measures are implemented (Adapted from: Heljo & Vihola,
2012).

The energy performance calculations for three detached houses from different eras, one with
a typical structure from the 1940s, another made twenty years ago and for comparison a new
construction built according to the latest requirements are presented in the Table 5. There
are several options for repairing an old house, some easier and less expensive to implement
than others. Replacing oil heating by geothermal heat pump cut the annual energy
consumption in half for the 1940s’ house improving its E figure by several grades. In the
2000s’ house renovation measures would not make significant improvements for the EE.
(Motiva, 2019a.) The benefit achieved by additional insulation can only be realized in an
economically reasonable way in connection with other necessary repairs of the structure,
whilst solar power can relatively easily be added to all houses and achieve savings due to

the reduction in the amount of purchased energy (Heljo & Vihola, 2012).
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Table 5. Energy performances of 3 detached houses from different eras and impacts of possible energy
renovation measures to calculated E figures (Motiva, 2019a).

1,5-storey 89,6 m2 detached house built in 1947 and 23,5 m2 addition 1986: Oil heating & 2 fireplaces,

natural ventilation

Calculated annual consumption E figure
Form of energy Coefficient
of purchased energy [kWh/m? a] [kWhg/m? a]
Electricity 24,02 1,2 28,82
Appliances and lighting 21,01 1,2 25,22
Heat distribution system 2,00 1,2 2,40
Equip. for heat production 0,99 1,2 1,19
Ventilation - - -
Fossil energy (oil) 436,42 1,0 436,42
Renewable energy (wood) 88,42 0,5 44,21
Total 509,45 = 510 (=G)
New E figure
Renovation potential Change [kWh/m? a]
[kWhe/m? a]
Solar-thermal power to 1,2*1,41(el.)-15,33(oil)= 1,2 el.
~ 496 (=G)
lower oil consumption -13,64 1,0 oil
New windows (U-value
-47,50 (oil) 1,0 oil ~ 462 (=F)
change 2,8 -> 0,8 W/m?K
1,2*14,29(el.)-53,44(oil)= 1,2 el.
Additional heat pump = 473 (=G)
-36,29 1,0 oil
Replacing oil heating by 1,2*143,58(el.)-436,42(oil)= 1,2 el.
~ 246 (=D)
geothermal heat -264,12 1,0 oil
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2-storey 210,5 m? detached house built in 2000: Electric heating & fireplace, mechanical ventilation with

heat recovery

Calculated annual consumption E figure
Form of energy Coefficient
of purchased energy [kWh/m? a] [kWhg/m? a]
Electricity 184,50 1,2 221,37
Appliances and lighting 21,02 1,2 25,23
Space heating 106,64 1,2 127,97
Water heating 29,65 1,2 35,58
Ventilation system 8,76 1,2 10,51
Supply air heating 18,40 1,2 22,08
Renewable energy (wood) 23,75 0,5 11,88
Total 233,25 = 234 (=D)
New E figure
Renovation potential Change [kWh/m? a]
[kWhe/m? a]
Solar panels to lower
-14,28(el.) 1,2 el. ~ 217 (=D)
electricity consumption
New windows (U-value
-43,84 (el.) 1,2 el. ~ 181 (=D)
change 2,1 -> 0,8 W/m?K
Additional 200 mm
-6,51 (el.) 1,2 el. ~ 226 (=D)
insulation to attic
Additional heat pump -16,54 (el.) 1,2 el. = 214 (=D)
Renewing the ventilation
-16,27 (el.) 1,2 el. ~ 214 (=D)

machine
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1-storey new construction 147 m% Geothermal heating, mechanical ventilation with heat recovery
Calculated annual consumption E figure
Form of energy Coefficient

of purchased energy [kWh/m? a] [kWhg/m? a]
Electricity 83,14 1,2 99,77
Appliances and lighting 21,03 1,2 25,24
Space heating 34,81 1,2 41,77
Water heating 16,85 1,2 20,22
Ventilation system 6,31 1,2 7,57
Supply air heating 4,14 1,2 4,97

Total 99,77 = 100 (=B)

In addition to the structural measures of energy efficiency in design, there are several factors
related to HVAC systems for energy savings as well as reducing carbon footprint of housing
by renewable energy forms that can be accomplished through system optimization, heat
recovery in ventilation and utilisation of day light and passive solar heat (Hakkinen &
Kuittinen, 2020). Automation can help optimize housing functions, and therefore improve
energy efficiency along with indoor air quality. Adjusting ventilation, heating, and lighting
in homes according to the need and presence reduces unnecessary energy consumption and
saves money. Switches with home and away modes have been common for years, but
automation helps in operating systems remotely and enables monitoring for improved safety
and security. Automation means that different devices and systems are connected to a
centralized control that can be added also to older houses afterwards and might even increase
the house’s resale value in addition to saving energy. (Motiva, 2019b.) However, the
vulnerability of technology is good to keep in mind, and the dependence on external factors
if the functions are out of one’s control, as they are in technology-based buildings. This
speaks from a resiliency point of view for eco-houses, which are simple in structure and

function making them tolerate challenging situations better than high-tech houses.

As said, in the aim of carbon neutrality in housing a number of technical solutions and

building systems for achieving energy efficiency targets may be applied. However, the
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architectural value of the built environments should not be compromised in renovation
processes. Therefore, building construction techniques of different eras are still accepted,
as long as the technical functionality of the structure is ensured. This enables, for example,
the implementation of natural ventilation also in new buildings. (Finnish Government,
2019.) This traditional method used in old houses works by the natural forces, driven by
temperature differences between the interior and exterior or pressure differences caused by
wind without any mechanical or automated solutions. The emphasis for ecological building
has since the energy crisis in the 1970s been on natural solutions for materials and
technologies. This is rooted in the mistakes in construction that were made after the oil crisis
in the aim to save energy, but ending up with controversial innovative solutions causing
moisture damages that have destroyed countless houses and left no other choice than
demolition (H&nninen, 2022). Despite of the interest in ecological building ever since, the
implementations have been up to this point rather limited.

In comparison of ecological sustainability, it was demonstrated that houses with passive
structures as well as a detached house in its original form from the 1940’s, all can meet the
deduction aims for the 2050 carbon emission target, by varying solutions executed in the
heating and ventilation systems (Hanninen, 2022). Surely the heating system in the oldest
house has been updated to an air-water heat pump over time which together with the use of
renewable electricity and a modest sized living area helped it to manage well in the review
with much bigger and newer buildings. Nevertheless, carbon footprint from housing consists
of several different components which gives room for choosing between alternative
structural and technical options showing that improving environmental performance is
plausible through various methods. For this reason, low-threshold guidance from the
regulatory authorities or independent experts is needed. Help should be provided for all
homeowners to assess, first of all, the necessity for energy renovations and if proceeded,
weighing available options, their costs and attainable benefits regarding the emission

reductions that ought to be obtained.
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4.1.2. Sufficiency in use

Even with good design, housing can be unsustainable if individual habits do not support
responsible use of resources. As efficiency works on the technological solutions, sufficiency
focuses on the demand side, and on changes that are needed in consumer behaviour and
patterns to promote sustainable development (Castro & Bleys, 2023). After all, both
consumers and producers, must engage in sufficiency measures to reduce the ecological
footprint of their actions. Despite of the national and EU level regulations for reducing
carbon emissions and aims to improve resource efficiency, there are significant possibilities
also in local measures and individual consumption habits that help in achieving the emission
reductions of housing by 2035. Sustainable consumption, explained in short, is the use of
responsibly produced materials and services to fulfil the basic human needs with minimal
resource use and minimal emissions without jeopardizing the same possibilities of future
generations. (Reisch & Thogersen, 2015.) In this part attitudes, values and habits related to
sustainable housing are studied to identify lifestyle emissions and measures to reduce one’s
own carbon footprint by cutting electricity and material consumption in the use stage of

buildings.

Advancing sustainable lifestyles requires changes to habitual consumption behaviour, which
means, especially for the well-off people, settling for less. The standard of living has risen
at a rapid pace over the last century in developed countries. The average living space has
more than doubled from 20 to 44 m? per person in Finland since the 1970s, and so has
travelled transportation kilometres. These seem to correlate with each other as people more
likely can afford bigger houses further away from cities, which then in turn leads to using
cars for travel to work and running errands. (Hanninen, 2022.) For us Finns, the overshoot
day, when we had consumed our share of the annual global natural resources, occurred this
year already in the end of March (Sitra, 2023). In the beginning of the 1990s it was not until
in December. However, progress has been made as the carbon emissions per capita have
decreased by a quarter in the past 15 years without reduction in the living standards due to
improved energy efficiency (Sitra, 2023). Even so, the decarbonisation pace must be
increased in order to stop climate change. In Finland, the personal annual carbon footprint
has to be reduced from 10 to 2,5 tons of COze by 2030 and further to 700 kg COze by 2050,
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which means that actions are needed in many areas of life. The main areas (Figure 11) where
consumers can through individual habits reduce their carbon footprints are housing, food
and mobility (Sitra, 2019).

e
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Figure 11. The average annual carbon footprint of a Finn by CO emission source [kg CO-¢e/a]. (Adapted from:
Sitra, 2019).

Housing accounts for a fifth of the total carbon footprint, mainly because of energy
consumption. Energy in households is used for heating purposes, both space and water, as
well as consumed in form of electricity according to Figure 12. The total energy consumption
in detached houses is typically between 20 000 and 40 000 kWh per year in Finland but it
varies greatly depending on the size of the building and the energy efficiency of the
structures (Hanninen, 2022). A typical detached house in Finland is on average 110 m? and

has 2,6 inhabitants, for new construction the figures are 144 m? and 3,3 persons.
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HOUSEHOLD ENERGY CONSUMPTION

Lighting Cooking

2% 1%

Electricity
9%

Water heating
15%

Space heating
68 %

B Space heating B Water heating M Electricity ®Sauna Lighting Cooking

Figure 12. Distribution of electricity use in households per function. (Adapted from: Hanninen, 2022).

Electricity use accounts, on average, a third of the total energy consumption in housing. In
majority of contemporary houses, the HVAC systems, related to heating, ventilation and air
conditioning processes of buildings, are constantly running and consume around a fifth of
the total electricity use. Thus, it is important to prefer the best available technology based on
energy efficiency in addition to maintaining the equipment regularly and adjusting systems
according to the season. The possibility for monitoring the electricity consumption makes it
easier for inhabitants to track the impacts of their habits and as a result, optimize the use and
reduce overall consumption. The total annual electricity consumption of 5 000-8 000 kWh
in a typical single-family house sorted by type of use is detailed in Figure 13, from which
the electricity for space and water heating is excluded. (Hanninen, 2022.) Heating the electric
sauna to 100 degrees instead of 70-80 C increases energy consumption by up to 30%.
Energy-efficiency labels in products help customers choose the best available technology.
By updating appliances and changing light bulbs to LED savings can be accomplished in

electricity consumption. (Motiva, 2022a.)
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ELECTRICITY CONSUMPTION IN DETACHED HOUSES
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Figure 13. Distribution of electricity use in households per function. (Adapted from: Hanninen, 2022).

The average Finn consumes 110 liters of water per day, a third of which is heated. Most of
it is used for washing and by changing personal habits the total consumption can be reduced
significantly. In detached houses water is paid according to consumption which in itself
decreases the total consumption compared to apartments with a fixed water fee. Household-
specific differences in warm water consumption can be up to fivefold. Heating one liter of
water to 40 C requires 0,04 kWh of energy. Sufficient water flow in fixtures is 12 liters per
minute in the shower and 6 I/min in other faucets. By taking 2-minute showers daily instead
of ten in a family of four, 140 thousand liters water and 5 600 kWh energy can be saved
annually. Other ways to save water in everyday life are, for example wash only full loads of
laundry and dishes, not leave the tap running when brushing teeth, washing the dishes, hair
or hands, repair detected water leaks immediately and use rainwater for irrigation.
(Hanninen, 2022.) The typical shares of water consumption by household functions in
Finland are demonstrated in Figure 14. Since a quarter of the freshwater in households is
used for flushing the toilet the possibility of using a dry toilet could also in some cases be

considered as an option for reducing water consumption.
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WATER CONSUMPTION IN DETACHED HOUSES
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Figure 14. Water consumption in households per function. (Adapted from: Hanninen, 2022).

In October 2022, the state administration announced an energy saving campaign to ensure
energy sufficiency during the heating season after the withdrawal from Russian fossil energy
due to their invasion of Ukraine. The campaign’s purpose was to present quick and effective
ways for Finns to permanently reduce their energy consumption at home and work as well
as in traffic. People wanted to be awakened to examine their own patterns in order to reduce
energy consumption and to balance energy use outside consumption peaks. The given
instructions urged people to lower indoor temperatures and spend less time in the shower in
addition to turning off the lights and electrical equipment that are not in use, using washing
machine and dish washer during the night, and driving cars only when necessary. According
to surveys, 70% of Finns accomplished savings because of the taken actions. (Motiva,
2022a.) Even if the suggestions might sound insignificant, lowering indoor temperature by
one degree alone can cut energy consumption by 5%. Even though the recommended indoor
temperature usually is 21C, secondary spaces where only short time is seldom spent can be
kept cooler and according to researchers the ideal temperature for quality sleep in bedrooms
is 16-18 C. (Hanninen, 2022.) Housing habits have a great impact on the energy and water

consumption, which can effectively be reduced by changes in patterns. In old houses, a big
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change in energy consumption can be achieved by updating technical solutions and

improving structures in order to minimize heat losses through the building envelope.

According to studies, people are best motivated to reduce energy, water and electricity use
if it benefits them financially, not because of climate or environmental reasons. The interest
for energy renovations among home-owners is relatively low because people are mostly
happy with their housing and the need for measures is not identified or the costs are seen too
high for proceeding in renovations. (Paiho, et al., 2012.) Also, in a survey of Finns’ views
on measures related to carbon footprint and climate change, many expressed their concerns,
but were ready to make changes to their own habits and consumption mainly by easy means,
such as recycling or reducing food waste. More than a third of the respondents were not
willing to make any changes to their own mobility, about half were ready to some extent
reduce their use of cars or prefer more environmentally friendly means of transport. Around
half of male and over 60% of female respondents were willing to change their dietary habits
in order to reduce carbon footprint. Energy renovations were perceived as a difficult way to
influence one’s own consumption and only 18% of those living in detached houses would
probably take these actions in the near future. (Katajavirta, et al., 2021.) White & Habib
obtained similar results in their study where people felt that the taken actions must pay for
the effort or otherwise, they would unlikely engage in climate action. People have tendency
to participate when they see others in their social circle to do so. Hence, people follow the
example of others in a similar situation more easily than given instructions or rules. Those
who see their family or neighbours change to electric cars or install solar energy to their
houses are more likely to do so themselves. This is based on the notion that these social
norms that convey the information of what others do or what people are ought to do guide
attitudes and thereby people’s behaviour. It also creates social pressure to maintain those
new patterns, that in long term through repetitions will become established as habits.
Incentives have been found to work only in the short term, so people easily return to old
habits after a while. Positive outcome of new habits however, tend to create positive
spillover, when people start to perform sustainability actions to other areas of life as well.
(White & Habib, 2018.)
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Research has shown that making big changes in behaviour is difficult, so the change should
start with smaller, and preferably easy actions due to people’s tendency to leave the harder
changes for others to implement (Tolppanen & Kang, 2021). However, meeting the emission
targets through behavioural changes can make the transition more affordable. Social and
economic factors have received less attention in the aim of improving the sustainability of
housing through energy efficiency measures (Prochorskaite & Maliene, 2013). As both, the
demand and supply sides of the energy efficiency, are emphasized in the aims to improve
sustainability of buildings, the role of human behaviour has been neglected in terms of
regulatory measures. The impacts of human action on dwellings’ ecological footprint are
difficult to demonstrate and those also vary greatly at the individual level making them hard
to compare with technological solutions when promoting sustainability (Pilkington, et al.,
2011).

In Table 6 carbon emissions from the energy consumption have been calculated based on
their E figures for three houses presented in chapter 4.1.1. Emission factors here for different
energy forms include only the direct emissions from the energy production and do not take
into account the environmental impacts of facilities or infrastructure. The average emission
factor for electricity consumed in Finland 2022 was 60 gCO2e/kWh which has decreased
significantly from 119 gCO2e/kWh in 2018 due to increased share of emissions-free
renewables in electricity production (Fingrid, 2023). Emission factors in calculations are 267
gCO2e/kWh for oil and 30 gCO2e/kWh for wood (Hanninen, 2022). Structural emissions are
not calculated for these houses but typical material emissions from different structural

solutions are presented later in chapter 4.2 for a standard example house.

CO2 emissions [kgCO2e/ m?a]

= Consumed energy [kKWh/m?2a] - Carbon emission factor [kgCO2e/kWh]
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Table 6. Carbon emissions from energy consumption in three detached houses from different eras.

Carbon footprint of energy consumption per year [kgCO,e]

House 2000s House 2018 (147

Energy form House 1940s (113 m?)
(210,5 m?) m?2)

Electricity mix | 28,82 x 0,060 =1,73 kg/m?a
13,28 kgCO,e/m?a | 5,99 kgCOre/m?a
kWh/m?a kgCO,e/kWh

Fossils (oil) 436,42 x 0,267 =116,52 kg/m?a
kWh/m?a kgCO,e/kWh

Renewables 44,21 x 0,030 =1,33 kg/m?a
0,36 kgC0,e/m?a -
(wood) kWh/m?a kgCO,e/kWh

119,58 kg COze/m?a = 13 524 kgCOze/a
13,64 kgCO,e/m?a | 5,99 kgCO,e/m?a

— 2871 kgCOse/a — 881 kgC0O,e/a

Total After changing oil heating to geothermal heat
13,44 kg CO,e/m?a = 1520 kgC0»e/a

The most important drivers of consumer behaviour in Finland are need-based and choices
are guided by practicality (Huumo, et al., 2019). Some consumers appreciate easy and quick
solutions to fulfilling their needs, some prefer high quality and experiences, others bargain
or ecological responsibility. Heating, flying and meat eating are said to be the most important
single factors in the Finns’ carbon footprint (Frilander, et al., 2019). Everyone can influence
their own carbon emissions through lifestyle changes and people living in detached houses
are also able to choose the heating energy form in addition to the type of purchased electricity
in their homes. However, as life situations and living conditions vary, each individual’s
carbon footprint is unique and the measures to make those more sustainable are versatile.

Various measures and their impacts on the carbon footprint are compiled in Table 7.
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Table 7. Climate impact of lifestyle choices (Adapted from: Frilander, et al., 2019).

HOUSING * Impact kg CO,e / year
Change district eating to geothermal heat -3418
Replace old windows (25 m?) -940
Change window seals -463
Change to green electricity -1197
Lower indoor temperature by 1C -231
Spend 30 min less in shower per week -143
Move to 20 m? smaller apartment or house -517
* 150 m? detached house, 4 persons, district heating

MOBILITY

Travel short distances (< 3 km) to work by bicycle instead of car -289
Take a bus to weekly hobby (5 km) instead of car -78
Share a ride to weekly hobby (5 km) -49
Change petrol to electric car -2440
Change petrol to biogas car -2940
Skip one intra-European flight -1230
Skip one long distance flight -2320
Travel back and forth to Lapland by train instead of car -293

* Intra-European flight distance 6 000 km, long distance 16 000 km, annual drives 20 000 km

FOOD

Become vegetarian -799
Become vegan -837
Eat meat only once a week -685
Switch to oat milk -120
Cut coffee consumption in half -39
Cut cheese consumption in half -129
Replace foreign salmon with fish from domestic lakes -13
Replace fruit with self-picked berries -42
Cut food waste in half -37

Responsible consumption however, takes into consideration the nature of resource use in a

wider perspective when in addition to environmental aspects also social and health

dimensions are viewed alongside with economic impacts of choices that are made. To cover

all the aspects of sustainability instead of only looking at the environmental impacts, housing
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has to be viewed from the user perspective in addition to looking at the building. The relation
of housing to health and wellbeing has to be studied further to make living environments
attractive and safe to the residents. In aims to improve energy efficiency houses are built to
be air tight and dependent on ventilation systems. If ventilation is not maintained and
operated correctly, serious negative impacts on indoor air quality and therefore health of
inhabitants can occur. Health does not only mean absence of illness but wellbeing on all,
physical, mental and social levels (WHO, 1946). Therefore, health can be promoted by the
structural components of housing and the living environment, if those are planned to support
the lifestyle and daily habits of the dwellers. For example, mobility and dietary choices can
be influenced by factors related to settlement planning through providing possibilities for
certain activities, such as home cultivation or cycling routes that enable commuting cycling
to larger communal centres. In order to prevent negative externalities, the impacts from
activities of policy strategies have to be considered at all contributing levels. For future
progress in development of sustainable housing stakeholders should understand the
interconnectedness of human and environmental wellbeing and that considering them both
supports reaching the goals. Therefore, not only environmental but also health aspects should
be promoted in sustainability measures as those support each other. (Prochorskaite &
Maliene, 2013.)

There are many approaches to sustainable resource use supporting operation within the
planetary boundaries. Eco-efficiency aims at achieving the same with less, by narrowing the
material flows whilst in CE the focus is more on using the same materials over and over
again to gain eco-efficiency in processes by reduced need for virgin raw materials. By
sufficiency methods consumers can also voluntarily reduce consumption and affluence
which accelerate climate change. It is not enough if the same amounts are consumed in terms
of greener products or services, but the overall consumption has to be reduced to return

within limits of planetary boundaries. (Figge & Stevenson Thorpe, 2023.)

First thing usually raised into discussion when talking about the vitality of rural areas is
mobility and its challenges in sparsely populated regions. In Finland, eighty percent of the

people living in detached houses have a car, and in rural areas, over 70% have two cars or



53

more. For residents of apartment buildings, the share is 60% (Hanninen, 2022). However,
new solutions should be created instead of considering it as an invincible obstacle. Due to
rapid digitalisation people no longer are place-bound to jobs or accessing services and goods
but can work from multiple locations which may attract people form urban centres to rural
areas for leading a more peaceful and ecologic lifestyle. (Harris-Kjisik Architects, 2018.)
Geographical distance has lost its importance in many relations especially after the
pandemic, which accelerated remote working when digital tools and possibilities for social
interaction became quickly established. Public services should be digitalised by 2030 in all
EU countries according to the ambitions in Europe’s Digital Compass set by the Commission
in 2021. It also aims at securing the digital transition and online access from all households
by adequate digital infrastructure in form of 5G coverage in all populated areas across the
continent (European Commission, 2021b). Studies show that for areas outside the urban
centres a new hybrid model for working will likely remain common causing gradually a
system transition in mobility. Obviously, possibilities for remote work depends on the
industry and occupation type. Remote work typically is amenable in specialist work for

people with higher education and is hardly an option for production workers.

Bigger carbon emissions from single-family housing based on the mobility without
considering the costs from building infrastructure gives a false impression of sustainability
favouring urban living. Policies that focus on efficiency in all costs, applied for example
through centralized services, might forget that food to supermarkets, restaurants, and other
consumer goods have to be transported to cities to offer the versatile selection, which usually
comes from rural areas, where farms and factories are located. Many cities are still to a great
extent powered by fossil energy, whereas rural dwellers have the possibility of changing
their energy supply to renewable energy if desired. Residents of detached houses are paying
for self-reliance and being in control of own living environment in form of taxes based on
the residence and numerous fees related to energy supply, waste management, mobility and
other services. (Kuisma, 2012.) The annual costs for home-owners have risen in the past year
by almost 20%, mostly because of the increase in electricity prices by 28% from year 2021
(Figure 15). However, the regional differences in electricity prices are large and the gap
between the cheapest and the most expensive municipality on an annual basis is over 3000
euros. (Silander, 2022.)
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Municipality-specific payment averages for a standard 120 m?
detached housein 2022

Waste fees: 225 € Property tax (building +land); 319€

Water charges; 868 €

Electricity; 769 €

Heating (electricity);
2692€

Figure 15. Annual averages of municipal-specific payments for a thirty-year-old wooden-framed 120 m?
detached house on a 1000 m? own plot in 2022. (Adapted from: Silander, 2022).

Alternating customer behaviour and attitudes has been pointed out as one of the most
important measures for promoting circularity according to the strategic CE programme of
the Finnish government published in 2021 (Valtioneuvosto, 2021). The report investigating
CE from a consumer perspective points out that customers understood the CE concept in a
wider manner than politicians, since social dimensions and action to control climate change
that they pointed out were not included in the policy programmes. Authors of the report have
studied the circular economy concept from different perspectives by themes and sectors
regarding customer behaviour and possible service models for developing policies to achieve
those strategic goals set in the programme. They pointed out that investments in research
and development as well as in education are needed to manage the systemic change.
(Ympéristoministerio, 2023.) Campaigns and competitions for eco projects have worked
well in promoting energy efficiency and help to bring about models for action to initiate

sustainable development on a larger scale (Heinonen, 2008).
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4.2. Renewables and circularity in housing

In this part reduction measures for carbon dioxide emissions of different building materials
and structures are studied. The use of resources in different life cycle stages related to
housing are also examined and available solutions assessed for implementing circular
economy principles in construction industry where new building should be reduced and low-
carbon materials preferred. In addition, the utilisation potential of the existing building stock
is discussed from the energy and emissions point of views. In the review life cycle stages of
buildings are included at the principle level from product stage and construction processes
to the use and end-of-life stages (Figure 16).
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Figure 16. The life cycle stages for construction materials and buildings. (Adapted from: RIL ry, 2013).

From sustainability perspective natural state land should not be used for construction
purposes, but new construction should focus on supplementary construction or the reuse of
currently unoccupied plots. This because, forested areas and farmlands work as carbon sinks,
that are extremely necessary in the pursuit of carbon neutrality and therefore, with careful
planning and foundation works ecosystems services can be protected and preserved despite
the construction works. The less land that has to be modified for construction, the better,
from both environmental and economic points of view. (Hakkinen & Kuittinen, 2020.) For

improving the performance of construction industry as a whole, focus has to be set on
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minimising the environmental impacts of buildings but also their use. Affecting factors
according to the road map of low-carbon construction are (Ympéristoministerio, 2017):

e emission control at regional level through zoning,

e mobility control and infrastructure construction,

e the building's lifespan and adaptability,

e management of the energy efficiency and

e the use of renewable energy other than as life-cycle emissions and

e environmental effects of building materials other than the carbon footprint.

It can be seen in the political means of control over the past two decades that the main focus
area for improving the energy efficiency of buildings has been so far on regulations by
setting minimum requirements for environmental performance to components of the
building envelope (Economidou, et al., 2020, Prochorskaite & Maliene, 2013). Even so, the
complexity and fragmented nature of regulatory guidance (Economidou, et al., 2020) as well
as multiple actors affecting the management of construction projects (Lazoroska & Palm,
2019) have worked as notable barriers for system transition in the conservative building
sector despite of the industry’s central role in tackling climate change. Therefore, to achieve
the decarbonisation target, education and better guidance through clear performance
requirements and obligatory measures have to be rapidly formed and introduced in
municipalities for building permit processes for new construction as well as for energy
renovations in older building stock. The most important factors restricting the willingness to
invest in development of sustainable construction are social and economic reasons, such as
low demand for those kinds of buildings and thereby high risks related to viability in addition
to lack of expertise (Dalirazar & Sabzi, 2023). However, the review of EE policies over the
past 50 years, highlights that the European Green Deal’s framework for sustainable
construction could help to mobilize the actors in building sector to renovation and
maintenance of existing buildings. EU funding and financial support from the government
are seen as key drivers for sustainable development that could help to attract private investors
and open opportunities for innovation (Economidou, et al., 2020, H&kkinen & Belloni,
2011).
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Achieving carbon neutrality in housing requires thus rethinking on multiple levels from
planning the building site and energy system to construction design where functionality and
adaptability are also taken into account. Sustainability aspects have to be included in
materials choices, maintenance during the building’s lifespan and possible disassembly
(Hakkinen & Kuittinen, 2020). As annual new construction accounts for only 1-2% of the
total building stock in Finland (Leskinen, 2023), measures cannot be focused only on
construction regulation, but also on improving sustainability in existing built environments.
Compared to new buildings, emissions from the material production and construction phases
of existing houses do not increase the current atmospheric CO; level and organic materials
in the built environment work as carbon storage; hence, the appreciation of old buildings
should be promoted in form of reuse. Emissions from building materials can be evaluated
with LCA in terms of used raw materials, energy needed for the manufacturing processes
and transportation all the way to the building site and construction for installation. The
method is also used to compare lifecycle carbon emissions from demolition for new
construction with repair construction to find the best processes in approach to
decarbonisation. Based on the existing research data property development through
renovation processes is found to be better in terms of emission reduction than demolition for
new construction, even in long-term reviews (Huuhka, et al., 2021). Building preservation
in Finland has traditionally been based on cultural-historical significance, but in order to
promote CE, protection due to material and environmental values could also be justified to

make repair construction a reckoned alternative to demolition (Vierikko, et al., 2020).

Although the government’s circular economy programs want to promote the use of wood, it
mainly concerns public construction and increasing the share of wooden apartment buildings
in construction projects (Ymparistéministerio, 2017). The current legislation does not
require implementing CE in land use planning, but in national land use objectives it has been
included for possible measures in system transition alongside with promoting renewable
energy forms (Vierikko, et al., 2020). However, the new Land Use and Building Act, which
will come into force in 2025, includes in the aim of low-carbon building an obligation to
assess the environmental impacts of the building’s life cycle and design buildings to be long-
lasting and adaptable. Also, in the future in new construction and demolition projects the

amounts of CDW have to be assessed in the building permit process (Y mpéristoministerio,
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2023). Currently approximately a quarter of construction waste is wood, 25% concrete or
other mineral-based materials, 10% metals and the rest mixed or unsorted waste (Gaia
Consulting Oy, 2020). 60% of the CDW originate from building renovations and 15% from
new construction in Finland. So far, the recycling rate target of 70% set by the EU for 2020
has not been accomplished and mainly concrete has been recycled for land construction
purposes. The system does not yet enable the proper use of recycled materials in renovation
construction and therefore, in lack of recycling processes the value of recycled materials
cannot be improved and many materials end up in landfills or incineration. While a quarter
of the total CDW volume comes from demolition of entire buildings, the sector as a whole
is performing poorly from the CE point of view. Hence, recycling processes should be
improved and disassembly planned in a manner that enables removal of construction parts
from the structure intact making them suitable for future reuse. Achieving progress and
system transition requires therefore measures to recycling and demolition management but
CE principles have to be included also in the waste legislation in order to put the 6 Rs of

sustainability (shown in Figure 17) into practise. (Aarrevaara, 2021.)

Rethink

Figure 17. The hierarchy of the 6 Rs of sustainability (Adapted from: Ellen MacArthur Foundation, 2019).

Adaptability in construction means that the ability to change has been considered already in
the planning of buildings. Thus, spaces, systems, purpose of use and placement of building
components in the structure are designed for flexible future alterations if for example

demand or climate conditions change. Adaptability is a key factor for sustainable
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construction in creating value as the invested materials and energy resources are kept in use
for as long as possible. Adaptability includes the possibility to disassemble or move parts
and systems either on a daily basis or over a lifetime. Another CE principle for
decarbonisation of building sector is recyclability that has to be included in the technical
design to ensure the use of standardized components in building and make them easy to
access and safe to dismantle without harming other systems or structures. (Hakkinen &
Kuittinen, 2020) Timber frames are a good example of a structure that can be dismantled
and reassembled that do not require separate fasteners. Product and material passports are
recommended as tools for providing the necessary information about constructions and
systems to future parties for planning the modifications and also end-of-life handling
(European Commission, 2023). From 2025, construction projects will be required to have a
life cycle strategy, in which one or more characteristics supporting the circular economy
(longevity, adaptability and reusability) are taken into account in addition to the previous
requirements (Ympaéristoministerio, 2023). The buildings’ climate impact is measured in
terms of GHG emissions that are assessed over the construction’s entire life cycle (Hakkinen

& Kuittinen, 2020).

38% of energy consumption and a third of carbon emissions in the housing sector originate
from detached houses. Total life cycle emissions depend on the location of the house in
addition to the structural solutions, energy form and housing habits. Stages A1-A5 account
for 10-20% of the total energy consumption of the building stock, for passive houses 30—
40%. Energy consumption during the use phase depends on individual habits and can
therefore in similar houses vary greatly depending on the residents. Impacting factors are for
example indoor temperature, type and number of appliances and water and electricity
consumption habits. Figure 18 shows the carbon footprint of the structures implemented with
different building solutions (details explained in Table 8) for a typical 1,5-story 120 m?

detached house for the default service life of 50 years. (Hanninen, 2022.)
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Table 8. Carbon emissions of different construction materials and systems in lifecycle stages A1-A5 over 50
years of default service life for a typical 1,5-story 120 m? detached house (Adapted from: Hénninen, 2022).

Carbon footprint

of main structures Structure 1

A1-AS5 [kgCOse

Foundation Pillars

Wooden beams &

Ground floor
wood-based insulation
External walls Massive wood 240 mm
Wooden frame &
Other walls

wood-based insulation

Timber subfloor &
Intermediate floor
wood-based insulation

Wooden frame &
Attic floor wood-based insulation

450 mm, metal roof

Conventional,
Windows and doors
U-value 0,1 W/m?K

Light:
HVAC systems Mechanical ventilation

+ heat recovery

Total
7960...7970 kgCO,e
(For 50 years of

. — 159,4 kgCO,e/a
service life)
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Embodied GHG emissions [kgCO,]

Structurel m Structure?2 Structure 3
FOUNDATION GROUNDFLOOR EXTERNAL OTHER WALLS INTERMEDIATE ATTICFLOOR HVAC
WALLS FLOOR

Figure 18. Embodied carbon emissions from different construction materials (Adapted from: Hanninen, 2022).

Wood dominates the market as the most common construction material for detached houses
in Finland, and almost 90% of all single-family houses have a wooden structure. Even so,
foundations and ground floor are usually made with concrete plinth and slab. Therefore, in
a wooden house the foundations and ground floor can cause up to 50% of the building’s
carbon footprint (Héanninen, 2022). Hence, lightweight foundation alternatives are
recommended to decrease the embodied GHG emissions. For ecologically sustainable
houses pillar foundation combined with wooden beams and bio-based insulation are better
than the use of resource intensive materials such as concrete with plastic insulation. Natural
stone foundation is also a sustainable, long-lasting and low maintenance option, if the stones
can be found from nearby the building site or can be reused from an old house that has been
transferred elsewhere or demolished. (Hanninen, 2022.) Wooden construction materials,
such as timber or CLT (cross-laminated timber) have a much smaller carbon footprint than
concrete or brick. Besides, wooden building structure can store 150-300 kilograms of
atmospheric carbon dioxide per floor square meter (Hékkinen & Kuittinen, 2020) as half of
the wood’s dry weight is carbon (Puuinfo, 2020). The first structure in the previous example

which is implemented with wooden construction materials stores up to 21 700 kilos of
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carbon, structure two 18 700 kg and the third of concrete and bricks, only 2500 kilos during
the house’s lifespan. Wood and clay as building materials are considerable options to
promoting circularity, as they can be sourced locally, circulated to several constructions, do

not require mixing with harmful substances and in the end can be returned to nature.

Houses that are exceptionally energy-efficient do not need external energy for heating
purposes other than warm water production due to heavy insulation. However, if the
insulation is executed with fossil-derived products, as in most of houses they are, the total
life cycle emissions of the building become relevantly high. These insulation materials, such
as polyurethane, are energy and resource intensive in production and may contain toxic
materials that are released in the case of fire (Stec & Hull, 2010). Lightweight insulation has
in the past decades substituted traditional ecological products because they are cheaper to
produce and transport, and easy to handle and erect at the construction site.

Materials in HVAC systems are usually made out of metals and plastics that have an
intensive carbon and energy footprint already from the product stage and their service life is
limited to a relatively short period of time, 15 to 30 years. Therefore, the system needs to be
optimized to achieve energy efficiency over the entire life cycle or as introduced for an
alternative implementation, to favour natural ventilation which reduces the necessary
technologies into a minimum but the possibility for heat recovery is then lost. (Hékkinen &
Kuittinen, 2020.) Particularly modern buildings are generally dependent on electricity and
automation in all functions, which might cause problems, such as moisture accumulation in
structures if dropped off grid and ventilation stops working. Breathable structures from
natural materials, on the other hand, balances the indoor humidity allowing the structure to
dry and carbon dioxide generated by people inside to be removed from the indoor air
(Puuinfo, 2020). Of course, to avoid problems, the construction, whatever it is, has to be

done correctly and maintenance activities have to be taken care of to make any building last.

From the sustainability perspective, prolonging the lifespan of existing buildings rather than
reduction of energy consumption during use should be evaluated higher. In the overall

analysis, demolition could turn out to be more expensive than repair, if an obligatory study



63

of the building’s carbon budget would be requested when obtaining a building permit.
(Sevimli, 2019.) Part of the circular economy is also utilizing local resources and after use,
returning those biomaterials back to nature and biological cycles for regeneration in the long
run. In aim for decarbonisation and promoting CE, bio-based materials derived from
agriculture, forestry and recycling, need to be reintroduced. Bio-based materials, such as
hemp, wood chips or cellulose wadding, function well as insulation, but also regulate indoor
temperature and humidity due to their hygrothermal behaviour. Unlike fossil-based
materials, bio-based products can be reused (second life) or biodegraded after selective
deconstruction (Rabbat, et al., 2022). Despite of their good features, the limited availability
and the need for a higher insulation thickness compared to mineral and polyurethane
products hinder the wider use in construction projects, at least until the obligatory LCA

analysis with limited carbon emissions is implemented across the industry.

As said, most housing emissions originate from the use phase (B1-B7), which can be
decreased through behavioural alterations and increasing the utilisation of green energy for
heating and electricity consumption. However, the impacts of embodied carbon emissions
from construction materials (A1-A5 & C1-C4) have become more relevant in new buildings
when operational impacts have decreased owing to improved energy efficiency and the
increased use of renewable energy supplies. Therefore, regulations that concentrate on
reducing operational energy use have led to the point where easy and economically feasible
measures have already to a great extent been implemented, and further emission reductions
in Finland can mostly be achieved by moving from the traditional linear model to a circular
economy. It has been estimated that at the EU level CE practices in the construction industry
can help to achieve 56% emission reductions, which alone currently exceeds the share of
this century’s carbon budget according to the Paris agreement's 1,5-degree limit for global
warming. Forerunners can have a competitive advantage in the transition phase, but the
public sector has a great influence in creating a welcoming operating environment where
SMEs also can be a part of. (Huttunen, 2021.)

As 70% of the housing stock for 2050 already exists today, generally only one renovation

round will take place before the goal of carbon neutrality is aimed to be achieved. For this
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reason, the most fitting and justified measures for retrofitting have to be chosen based on the
best available knowledge and solutions in terms of energy efficiency and start increasing the
renovation volumes significantly. (Visscher, 2016.) Renovation practices and building
refurbishment must be carried out in a schedule according to the natural replacement cycle
of the building parts (Figure 19), and there is no reason to repair old but functional just in
the name of energy efficiency. Also, renovation costs are generally reasonable when
combined to other maintenance measures for the existing building stock. Subsidies offered
by the state for energy renovations require that the E figure has to be improved by 44%
compared to the old one which has been calculated with solutions according to the
construction era. Its achievement must be demonstrated by means of an EPC. (FINLEX:
1095/2022.)

Objects ea

Interior

Services l

Facade

Structure

Foundation

Figure 19. Typical lifetime of building elements before renovation or replacement (World Green Building
Council, 2019).

The role of renewables in the green transition and achieving the goals is widely
acknowledged. However, several studies have pointed out already a decade ago that the
classical, legislative mechanisms that often focus only on single actions rather than taking a
holistic approach are not that effective. To promote socio-technical transition towards

sustainable housing the lifestyle impacts in addition to structural solutions have to be
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considered as a whole, instead of just taking into account the efficiency aspect. New steering
methods, such as support of innovation and incentives for energy renovations to reduce the
energy consumption of housing are suggested to work better and can help in nZEB becoming
mainstream. It is though claimed that not enough can be done in time through building
regulations to facilitate the transition or adapt to the implementation of required European
policy (Mlecnic, 2013). In the Finnish Ministry of Economic Affairs and Employment’s
Climate and Energy Strategy from 2022 the decarbonisation still relies on regulatory steering
through legislative measures rather than providing incentives for development and
innovation purposes to create pioneer companies into construction sector (Valtioneuvosto,
2022).

Decarbonisation and dematerialization go hand in hand (Veleva, 2021). However, pioneers
who have taken sustainability measures into their business strategies complain that they
cannot compete in price with the cheaper imported goods due to lack of carbon or raw
material taxes. The current operating environment makes sustainability a competitive
disadvantage and prevents these niche level actors making their businesses profitable.
Therefore, to operate in a sustainable manner and shift the behaviour in the desired direction
policies that reward sustainable behaviour and businesses are needed with support of other

stakeholders for enabling the transition to sustainable lifestyles.

5. Discussion

This chapter reviews the findings from research questions and interprets the results into
proposals for sustainable detached housing. The best practices for implementation in terms
of efficiency, sufficiency and circularity are presented. Limitations of this study and

suggestions for future research are included in the end of this chapter.
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5.1. Elaboration of findings

The typical design of a post war house in Finland was a 1,5-story cube-like structure with
rooms built around a central chimney so that each room would have a fireplace for heating.
Rooms upstairs were originally in many cases used only during summertime and energy was
therefore saved when there was less space to be heated in winter. These houses are still very
popular because the wooden structure has been easy to maintain and repair and houses are
on decent-sized plots with plenty of space for outdoor activities, such as gardening. These
houses have many features that the model of sustainable living requires as we have to be
prepared for uncertainty and austerity due to climate change in the future. For better
community resilience self-sufficiency in energy and food production need to be promoted
on an individual level. In a way, traditional houses are good from the sustainability
perspective when spiced up with modern technology to make daily lives a bit easier for
working people. (Hanninen, 2022.) However, it must be taken into account that a self-reliant
lifestyle requires a lot of work and a certain mindset, making it unsuitable for those who lack

time and resources.

Currently new construction is guided by the structural EE requirements in legislation. This
guarantees that all new houses are built according to ZEB requirements and hence have a
very high energy performance and consume only low amounts of purchased energy.
However, the share on new construction compared to the existing building stock is so small
that it cannot be used to achieve emission reductions within the target time. Therefore, the
performance of old houses has to be improved and for private properties it means that the
initiative must come from the residents themselves. In old houses, the energy efficiency of
the structures is weaker, so they do not meet current criteria due to heat losses through the
structures and less efficient technologies. Greater energy consumption means higher costs
for the inhabitants and to achieve comfortable living conditions renovations in heating
system, ventilation and structures of the building envelope might be needed. In cases where
energy form is based on fossil fuels, such as oil, by replacing the current system with

renewable energy forms carbon emissions from housing can be significantly reduced.
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The findings from research articles handling sustainable housing illustrate that the best
approach for pursuing carbon neutrality is to focus on improving the energy efficiency of
buildings simply by adding thermal insulation and changing to renewable energy forms. The
current annual heating energy consumption of 31 700 GWh in detached houses is expected
to decrease into almost half (16 700 GWh) by 2050 with measures to improving energy
efficiency and withdrawal from fossil energy. It would mean reductions in heating related
carbon emissions from over 1800 to less than 60 Mt COze per year. However, many of these
introduced technological options and applicable materials are considered for planning of a
new constructions, and therefore perhaps are not directly suitable for retrofitting. Also, there
are still uncertainties in the upcoming regulations regarding applicable limits for life cycle
carbon emissions and how they obligate the owners of already existing buildings and
possible renovation projects. If the same requirements are set also for private buildings, who
will then be responsible for carrying through those refurbishments? Even though the
introduced LCA measures are not yet obligatory in private building, education and guidance
must be extended to cover them quickly in order to utilize the potential for self-imposed
improvements that stem from the constantly rising living costs. Especially for single-family
dwellings, in addition to regulations, financial incentives are important in enabling

renovations that can improve environmental performance in privately owned houses.

If carrying out individual permit-required measures leads to obligatory implementation of
wider changes in order to achieve the energy efficiency requirements of new buildings,
interest in even smaller improvements may wane. Incentives provided for energy
renovations usually cover up to 50% of the total investment costs that vary from a couple of
thousand euros of adding an air heat pump up to 20 000 euros for replacing oil heating by
geothermal energy and solar power. If the energy performance is improved to conventional
level the maximum subsidies per dwelling are 4000 euros and in case of ZEB level is reached
the maximum is then 6000 euros (Kauppinen, 2022). Anyhow, individual and case-specific
guidance is urgently needed for the planning and implementation of energy renovations in
order to meet the performance requirements within the given timeframe. Otherwise, as many
homeowners fear that new regulations for carbon neutral buildings might be unreasonably
expensive to achieve in older houses, depopulation of rural areas evidently continues if

renovating is not economically reasonable. Promoting sustainable lifestyles alongside the
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energy renovations help in the system transition at lower costs and it has been suggested that
the transition cannot even be implemented by efficiency measures only but consumption has
to be reduced to stop environmental degradation (Sandberg, 2021).

At the moment, the sustainability of buildings is considered from the structural and
technological efficiency point of view which does not does not rank different construction
materials in any way as long as the building envelope and HVAC systems meet the efficiency
requirements. Demolition misspends valuable resources and does not therefore support
circularity. Hence, the use of recycled building materials should be promoted by imposing
obligations and demolition on frivolous grounds or to release land for new construction
purposes must be prohibited. The rationality of the harmonisation can also be questioned if
the system requirements are difficult or even impossible to implement by reasonable
methods. There will be additional costs in any case for finding resources to the regulatory
authorities for monitoring the process of meeting these new performance measures in the
national building stock. Especially with regard to low-carbon solutions, individual and case-
specific counselling is needed so that possible measures in everyday life choices would
become more familiar, like for example energy matters already have become. Commercial

actors are not necessarily suitable for this purpose due to biased views.

80% of Finland’s national wealth is tied to the built environment and around 5% of the GDP
is from house construction sector. The construction industry directly and indirectly employs
15 person-years per invested million euros. (Rakennusteollisuus, 2021.) Houses are also
usually the largest single investment for most people. Promoting circularity in the built
environment requires investments primarily in renovation of the already existing spaces and
shifting the focus from new construction to modifications for improved sustainability.
Currently in Finland, buildings are being abandoned and demolished, even if they are not
yet at the end of their useful life. Demolition to make way for new construction is usually
justified by the compaction of the built environment and thereby achieving savings in
infrastructure and mobility needs. Even buildings from the 1990s have been replaced in the
name of improved energy efficiency, leading to wasted material resources and increased

carbon emissions, that cannot in many cases be even compensated during the building’s



69

lifespan, despite the improved energy performance in the use stage. Issuing demolition
permits ostensibly under the guise of recycling CDW distorts the aims to promote carbon
neutrality, when the building stock that could be refurbished is destroyed instead to make
way for a new construction. Incentives for reducing life-cycle emissions should be aimed at
promoting circular economy in construction industry, and quantity-based taxation targeted
to the use of virgin raw materials and demolition waste. Therefore, all new constructions
should be designed and built in an adaptable manner that enables disassembly and further
use of raw materials in other structures. Thus, in addition to historical buildings, other
existing building stock could better be appreciated in the future because of the valuable
natural resources tied to them. (Vesikansa, 2022.) The circular economy model is not in itself
anything novel but something that has been long forgotten and should be revived to ensure
that limited natural resources can be equally distributed in a manner that is socially and
economically sustainable (Huttunen, 2021).

A century ago, all buildings had a massive structure which was made from one solid material
like wood, clay or stone. The massive structure worked as both a supporting element and
thermal insulation. These kinds of structures remained common until industrialisation and
urban development which led to favouring new technological solutions that saved time in
the construction site by using sandwich elements. Those have the load-bearing component,
insulation and a facade layer all attached together in one module making many of these
multilayer structures impossible to renovate. (Koivisto, 2021.) Efforts to bring back into use
the forgotten massive structures are welcome in order to promote carbon neutrality as well

as circularity since both timber and clay are natural and fully recyclable raw materials.

5.2. Recommendations based on findings

Through energy efficient technological solutions and structural performance, the total energy
consumption during the life cycle of a building can be reduced. Effective resource use
emphasizes utilisation of already existing buildings and remodelling those to serve the
current needs instead of favouring new construction as a primary alternative. In most cases,

new construction is actually the least recommended option when trying to decrease carbon
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emissions (Hakkinen & Kuittinen, 2020). Cost-effective renovation requires measures only
when based on the lifespan of building components that would be anyhow replaced or
improved in other ways. There is no reason to fix otherwise functional parts of the structure.

It is not realistic that all people living in rural areas would move to urban settlements or
modern apartments that already meet the requirements of low-carbon housing. Utilizing
existing houses and improving their performance helps to limit the emissions that originate
from construction processes and production of virgin raw materials. The most effective
development measures have to be identified and renovations supported in order to
decarbonize the national building stock. An option for single-family housing must be offered
to those who want it, also in the future. Guidance and clear instructions enable the residents
to start modifying their homes to comply with the regulations in a reasonable time. Lifestyle
carbon footprint is assessed from all aspects of living and consumption, in this study the
focus is on carbon emissions from housing originating from the use of energy, materials and

water consumption in a dwelling (Figure 20).

LIFESTYLE CARBON FOOTPRINT =

?@" Carbon emissions from food

Energy demand (kWh) x Carbon intensity (kg COe/kWh}

ﬁ Carbon emissions from housing = + Livingarea (m?) x Carbon intensity (kg COze/m?)
3 + Water consumption (m?} x Carbon intensity (kg CO,e/m?)

Carbon emissions from mobility

l B Carbon emissions from goods and services

Figure 20. Assessment of lifestyle carbon footprint from energy & water consumption and construction &

maintenance of housing (Adapted from: Sitra, 2019).
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According to Hanninen (2022) the future of single-family housing might be a combination
of old building traditions and modern technology to promote efficiency in changing climate
conditions and resilience in scarcity of resources. Houses must be compact to guarantee
enough land for dwelling as well as for self-sufficient food production. Necessary materials
must be chosen so that those can be repaired and recycled. In general, consumption should
be based on needs rather than desires, and the focus be on buying services instead of
purchasing goods. As housing is a combination of many daily activities, sustainability can
be achieved by various measures and lifestyles. It is clear that in these Nordic climate
conditions houses and water have to be heated also in the future. Heating related emission
can be reduced by improved efficiency on system level to a certain extent, but after switching
energy to renewables savings can be only accomplished by changes in operational energy

consumption that depends on individual actions.

When aiming for low-carbon built environments and lifestyles, living in a detached house is
generally thought to be a way of living that is wasting resources and energy compared to
apartment buildings. Possibilities for cutting the annual housing emissions during use from
2500 kg to less than 400 kg CO-e per person living in single-family houses by 2050 in
Finland are illustrated in Table 9. The results can be interpreted in such a way that sustainable
housing in the 2050s requires renovation of the existing building stock to meet the ZEB
criteria and utilize only renewable energy forms or otherwise housing emissions have to be
compensated from other areas of life, e.g. mobility or modified dietary choices. However,
the intermediate goal of emission reductions for the 2030s seems achievable which gives
additional time to carry out renovations within the normal renovation cycle making the

improvements more likely to be carried out before the decarbonisation target.



Table 9. Demonstrative examples of annual carbon emissions from different lifestyles.
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Carbon House 1940s House House New ZEB
emissions 2000s 2018 (Electric heating, 120 m?)
[kgCO2e/a]
Operational
QOil: Geothermal:

emissions 2871 881 612

13524 1520
(B6, B7)
Embodied

Structurel: | Structure2: | Structure3:
emissions 702 490
159 385 850

(A1-A5)
Household

13524 1520 3573 1371 771 997 1462
total
Housing  /
person

5202 585 1374 527 297 384 562
2,6
inhabitants
Housing /
person 3381 380 893 343 193 249 366
4 inhabitants

Emission reduction potentials [kgCOe/a)
1C lower
indoor -676
-76 -179 -69 -39 -50 -73

temperature (household)
1
Solar power
, -90 (household)
Mobility Electric car -2440 (household)
Food Vegetarian diet -800 (person) / Meat only once a week -685 (person)

1) One degree reduction in temperature corresponds to a 5% energy saving (Motiva, 2022a). 2) 5 kWp system, production 4500 kWh/a

(Motiva, 2022b). Savings from purchased electricity, emission factor for solar power 0,04 kgCO2e/kWh (Hanninen, 2022).

In demonstrative examples operational emissions for each house have been calculated based

on the house-specific E figures and emission factors for different energy forms as shown in

Table 6. An example of ZEB is also added to show the impact of embodied emissions

depending on the chosen structure to total carbon emission for new construction. These
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structures are presented in detail in Table 8, in which embodied emissions are calculated
over the house’s typical lifetime of 50 years. Material emissions from the 1940s’ house are
not considered as the house has been built so long ago that those do not have an impact on
the current atmospheric CO: level anymore. However, theoretical embodied emissions based
on the amounts per area derived from Table 8 for the conventional structure 2 (= 20 000
kgCO2e) have been added to house 2000s and 2018 for comparison. The emissions have
been then calculated per person on the assumption that an average of 2,6 residents live in the
house, regardless of its size. The house that has been built in 2000 is so large that the energy
demand for heating and therefore emissions caused by that are very high, making the house
as it is unsustainable from efficiency point of view. Due to the large average living area per
person in Finland, the emissions of the sites have also been calculated for a larger number

of inhabitants (=4) to illustrate the effect that reduced living area has on individual emissions.

Potential saving measures and impacts of lifestyle choices are listed also in the Table 9 for
mapping options to reduce one’s own carbon footprint so that living in less energy efficient
houses still could be possible in the upcoming decades. For the existing building stock
energy renovations are necessary to make living in those sustainable and after shifting to
renewable energy and utilisation of local solar power actions are most likely needed in other
consumption as well to achieve sufficiency in resource use and the goal for personal carbon
emissions by 2050. As people tend to do the easy changes and affordable measures first,
consumption of electricity and water can be expected to decrease before new technologies
are installed or electric cars replace gasoline cars across the country. Installation of a 5 kWp
solar power system that is typical for detached houses enables 4500 kWh savings annually
per building. The accomplished emission reduction in the reviewed houses is 90 kgCO.e/a
based on amount of the purchased electricity replaced by solar energy. Emission factor for

electricity in calculations is 0,06 and for solar panels 0,04 kgCO.e/kWh.

In literature sustainable housing often refers to promoting energy efficiency in the use phase
of buildings. Besides improved energy performance, technological transition provides
opportunities for new clean tech innovations. Promoting self-sufficiency and domestic

production improve resilience which is important to remember as the global markets have
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become more turbulent causing economic and political instability. It can be debated if
sustainability should be primarily promoted by supporting ecological practices in production
or consumption, supply or demand. Sufficiency in consumer behaviour would in the long
run make the supply and market more sustainable but for a more rapid transition producers
must be supported by financial means. The circular economy aims to operate within the
limits of planetary boundaries, and it can be used as a method for achieving sustainability in
production and consumption. However, it seems a bit controversial that in many sectors
fossil-based production is still supported through incentives and subsidies while consumers
have to pay the higher price for sustainable consumption choices out of their own pockets.
How can the best measures for achieving emission reductions or green transition be
discovered? Should sustainable lifestyles be supported in addition to production by the state,
so that the change would be faster? As experts in future trend analysis state (Sitra, 2011)
ecological efficiency is only one of the components in creating sustainable development and
measures should include environmental, social and economic aspects through practices that
support health and vitality without compromising the possibilities of future generations. In
single-family housing consumers have the greatest potential to influence their carbon
footprint and energy use compared to other living-forms. Altered consumption patterns form
foundation for comprehensive changes when information society gradually transforms into
a service-based economy. Besides carbon neutrality life cycle thinking will be applied for
value creation in business providing solutions for comprehensive environmental well-being

while simultaneously tackling global challenges.

From the results it is clear that a holistic approach to sustainability is still lacking from the
construction industry. Energy efficiency solutions are assessed on a component level, not
from the total performance point of view which prevents development and makes it harder
for home owners to analyse the cost-benefit ratio of energy renovation measures. Hence,
there is a great demand for services that would help in the process from planning to applying
a building permit and supervision of the renovation projects but the industry is lacking actors
to implement these measures. Here would be a niche market for SMEs to take over and help
people map out the best and most cost-effective ways to implement energy renovations and
provide guidance and support during the whole process. Growth strategies for future

business success can be found in building renovation by promoting green transition which
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also saves money and increases value of property alongside with environmental benefits and

wellbeing of habitants (Green Building Council Finland, 2012).

Yet, the construction industry is known for its conservatism, and innovations in this sector
have not occurred like in other branches of industry. The apartments are still to a great extent
designed for a nuclear family and the aims to improve energy and material efficiency are
primarily implemented by reducing the floor area through making rooms smaller. The design
and equipment of the apartments are based on normative assumptions of an ideal lifestyle
and therefore the inhabitants’ overall wellbeing and habits that differ from the mainstream
are rarely acknowledged. (Hagbert & Femenias, 2016.) It is important to remember that
household habits have a remarkable impact on the sustainability of housing besides the
resource effectiveness of the structure itself. The gain accomplished by energy effective
solutions and technology might lose their overall impact if the maintenance is neglected and
everyday individual choices do not support the aim of sustainability. In order to change
behavioural patterns to a sustainable direction the impacts of different actions have to be
understood first. Lifestyles that promote acting in a manner that ensures the ability to fulfil
the needs of both, the current and future generations must be everyone’s goal. Spangenberg

& Lorek (2019) summed it up succinctly: “It takes sufficiency to make efficiency effective”.

Compactliving &
resource-wise
SUFFICIENCY consumption

Green local energy
forms & recyclable
materials
RENEWABLES ; EFFICIENCY

Best availabletechnology &
reduced energy losses

Figure 21. Building blocks for a sustainable housing model.
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Figure 21 illustrates the measures for sustainable housing from the chosen thematic
perspectives. To conclude, the best technological measures for sustainable detached housing
(RQ1) are changing to renewable energy forms in order to reduce carbon emissions from
heating and electricity use and proper maintenance and automatization of equipment to
adjust and optimize the use according to circumstances. Reducing the carbon footprint of
housing compared to other countries is more difficult in Finland due to the need for heating.
Therefore, efforts should be made to reduce energy consumption by changing habits and
compromising on living conditions (RQ2). These measures include reducing the living
space, lowering indoor temperature and utilizing local green energy. Also reducing water
and electricity consumption has significant impact on one’s individual GHG emissions.
Emissions can be compensated from other areas of life in order to meet the requirements if
housing generates relatively higher emissions due to dated structure. Choosing
environmentally friendlier transportation, reducing meat and dairy consumption and avoid
acquiring new goods gives leeway for housing options. There is still a long way to
establishing CE into construction industry but with smaller means the 6Rs’ of sustainability
can be introduced to housing habits by individual actors which would create demand for the
circular model also in business (RQ3). Thus, the transition could be accelerated since regime
actors are slow to bring about the necessary change. Obligatory LCA in construction,
renovation and demolition will probably give more detailed answers in the future of the best
practices in CE implementation in construction. After all, capturing the value of existing
resources happens through design for longevity, adaptability and repairability, also in

construction.

5.3. Limitations and suggestions for future research

Renovation construction has not been mapped and recorded like new construction, so the
data used in this thesis is only an estimate and does not necessarily correspond to the real
situations in all respects. Applied values that are gathered from the research data are
speculative and formed by combining different structural and technological solutions with
average consumption amounts and hypothetical lifestyles. Therefore, presented scenarios
only demonstrate possible alternatives that may not be feasible in real life or results may

vary due to environmental factors or case-specific conditions. However, the differences from
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material solutions and mobility or dietary choices can this way be demonstrated to show
their impacts on the carbon footprint from housing.

The lifestyle carbon footprints are assessed only in terms of direct emissions, not including
trade that can affect carbon leaks. In assessment of life cycle carbon emissions material
impacts and emissions from energy use are included, but transportation and construction
processes excluded because those vary depending on the project and have to be considered
separately for each case. In this and also in most of reference studies climate impact is
assessed for carbon footprint which only takes into account CO2 emissions and disregards
other GHGs such as, methane (CH4) and nitrous oxide (N2O) related to industry processes.
Also, emissions to water and soil are excluded from the assessment which limits the coverage

of impacts.

The current focus in regulation and readiness for examining the carbon emissions of
buildings is limited to industrial and multi-apartment construction, so instructions and
guidance to serve the owners of single-family houses are needed to accelerate the pace of
implementation for energy renovations. The emphasis in climate action must also be
broadened to lifestyle carbon emissions to stay on schedule with the emission reductions
from housing. Future research should be carried out on the sustainability of old houses and
the life cycle impacts of different kinds of settlements. Also, more extensive studies on
energy renovation measures, their applicability and impacts on the life cycle emissions from
detached houses in Finland are required. Another aspect in efficiency and sufficiency that
needs further research to address sustainability measures is water management that

especially in detached houses could be developed in ecological terms.

6. Conclusions

The energy efficiency of new buildings and the recent change of the energy market towards

increased share of renewable energy forms shifts the focus of necessary measures from
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improving energy efficiency of houses towards reducing the carbon emissions of building
materials related to construction as well as renovation projects and demolition. However,
there are still numerous uncertainties in regulation and guidance for construction
management that have to be fast overcome so that the climate goals can be achieved within
the set timeframe. The difficulties in management of single-family housing due to private
ownership and the diversity of the building stock should not prevent the implementation of
sustainability measures outside urban residential areas. Clear instructions from municipal
building control in addition to help from independent experts and companies to actualize the
renovation projects are urgently needed so that consumers can assess the need, impact and
costs of the necessary sustainability measures on a project basis. Fluctuations in the world
situation have already shown consumers’ willingness to adapt to changing conditions
through their own choices. For example, a quick change in energy use was achieved per
household, when the situation required it. However, in order to make the green transition
happen everyone must know the facts based on which the behaviour can be changed so that
decisions do not have to be made randomly. At this point, lack of knowledge limits the
possible actions for decarbonisation on many levels and education is therefore crucial for

promoting systemic change.

Resource wise and carbon neutral society can be built on a ground founded within the
planetary boundaries and on circular economy construction. Adaptability is a key element
for promoting circularity in the construction industry in the future, as the need for a certain
type of space change over time and building renovation has become more common in
expanding the lifespans of buildings to achieve decarbonisation and tackle climate change.
Improved flexibility promotes resiliency, which should be considered in the design and
construction stages of residential built environments to ensure safe and sound premises for
inhabitants and conservation of biodiversity. With the help of digitalised technologies and
services habitants outside urban areas can also be guided towards resource wise and carbon
neutral consumption in their daily activities for promoting sustainable lifestyles to become

mainstream.
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Unlike in urban environments, residences in rural areas can be located to the best possible
building sites from the landscape and energy efficiency point of view which together with
continuously growing possibilities for decentralized energy and communication systems as
well as local energy production support the sustainable rural development. No one alone can
make a system transition, but actors on all structural levels are expected to put their effort
into solving the sustainability issues and to promote the shift to circularity. Small steps in
many areas of housing bring a big combined effect. Therefore, consumers can start taking
those steps on their own behalf right away. Increase in demand will likely make the supply
follow, when possibilities to profit are acknowledged. Resource-wise consumption and
production based on sufficiency combined with utilisation of renewable energy enable

carbon-neutral housing also in small residential buildings.
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