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Abstract: To date, studies that provide a comprehensive understanding of residents’ attitudes towards
wooden facade renovation and additional floor construction are lacking in the literature. This paper
examined these important practices from the perspective of Finnish residents via a questionnaire
survey. The 243 responses received highlighted the following: (1) residents’ attitude towards wooden
facade renovation and additional floor construction was generally positive; (2) younger and more
educated people welcomed these practices more; (3) respondents mostly thought that wooden
facade renovation and additional floor construction will increase the attractiveness of residential
areas; (4) vast majority were positive about facade renovation, especially with wood; (5) apartment
owners welcomed the housing association’s decision to build additional floors to fund the facade
renovation; (6) participants assessed the combination of additional floors with outbuildings, followed
by additional floor construction alone as the most suitable ways to expand residential areas; and (7)
respondents’ attitudes towards all renovation proposals aimed at improving the initial condition of
suburban apartments were positive and differed only slightly from each other in terms of popularity.
It is believed that this study will provide insights to interested parties, e.g., architects, developers,
contractors to better meet users’ needs in the renovation of suburban apartments.

Keywords: residents; attitudes; wood; facade renovation; additional floor construction; Finland

1. Introduction

In parallel with the 2050 Energy Roadmap [1], which emphasizes the importance of
decarbonizing the growing share of renewable energy and utilizing energy more effectively,
Finnish building codes have been adapted and improved accordingly, paving the way
for new construction methods to become more energy-efficient [2,3]. The stock of Finnish
buildings, most of which were built before the 1990s, was poor in energy efficiency com-
pared to newly constructed buildings, and many were due for renovations [4,5]. About
a third of the residential buildings, which make up a significant portion of the Finnish
building stock, were apartments built in the suburbs in the 1960s and 1970s and were also
in need of renovation [6-8].

Suburban apartment buildings of the 1960-1970s were poorly insulated and no en-
ergy efficiency targets were set for Finland, which could not be achieved without energy
upgrades in those apartments of the period [9]. Energy upgrades to the old building stock
should be taken as a way to improve energy efficiency as building stock has been replaced
very slowly through new construction, only 1-1.5% per year [10]. The main problems
identified in Finnish suburban apartments are poor technical condition, low energy effi-
ciency, lack of equipment, lack of balconies for small apartments, lack of elevators, and
unpleasant appearance [11,12]. Additionally, suburbs often have a worse reputation than
other residential areas in Finland [12].

Renovating an apartment by improving accessibility and energy efficiency, necessitates
a lot of capital and government subsidies [13-16]. One of the effective methods of financing
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property development and renovation measures such as facade renovation by increasing
energy efficiency and functionality is the construction of additional floors [17]. The terms
additional floor, roof, or elevation construction are used when the roof shape of the building
changes, the height of the building, and the number of floors increase. Additional floor
construction has many advantages such as increasing property owners’ income, having a
lower carbon footprint than demolition and new construction, significantly increasing the
total floor area without significantly affecting the building’s total energy consumption, and
enlivening the image and appearance of the building [18,19].

On the other hand, the materials used in additional floor construction and renovation,
e.g., facade renovation should be renewable, recyclable, long-lasting, and their production
should consume minimum energy and produce minimum emissions [17,20]. Studies have
shown that wood has many advantages over conventional building materials such as steel
and concrete, especially in terms of environmental properties, contributing to making it an
ideal material for renovation [21-25]. In this sense, timber buildings are considered lower
carbon (less fossil fuel-intensive) structures than non-timbered buildings [26-29], and wood
construction represents a lower embodied energy consumption compared to concrete and
steel production [30], while concrete production accounts for around 8% of world CO,
emissions [31]. Additionally, buildings using steel and concrete embody and consume 12%
and 20% more energy, respectively, than timber buildings [32]. Therefore, embodied carbon
can contribute up to 80% of the total lifecycle emissions of a residential building [33,34],
and the choice of structural materials has a significant impact on embodied carbon [25,35].
On the other hand, using bio-based materials with high carbon storage capacity, e.g.,
timber, can create a man-made global carbon sink while also reducing CO, emissions
associated with construction industry activities [24]. Furthermore, both in manufacturing
and on-site construction, steel, and concrete buildings use 7% and 50% more resources
than timber, producing 6% and 16% more solid waste [32]. Today, wood structures are
becoming popular for tall buildings (over 8-story) due to the rapid growth of engineered
wood products such as cross-laminated timber (CLT) [36]. In particular, the construction
phase of engineered wood construction can yield significant savings with faster assembly
times that are over 50% faster than other alternative materials [37].

On the other hand, the use of timber products strongly supports the European Union’s
updated Bioeconomy Strategy [38]; here these products are accepted as a measure to reduce
carbon emissions in the construction industry, thus facilitating the transition to a sustainable
bioeconomy. Moreover, thanks to their load-bearing capacity and flat roof arrangements,
Finnish suburban apartment blocks built in the 1960s and 1970s often allow the construction
of additional floors using lightweight structures such as timber construction, which also
complies with Finland’s new national fire regulations [17].

Residents’ attitudes towards new construction methods, such as timber facade ren-
ovation and additional floor construction, play a critical role in the diffusion of these
practices and contribute to the transition to a forest-based bioeconomy in Finland [39].
While there are many studies on various building solutions based on the use of engineered
wood products in construction with their technological aspects [40-50], few studies are
concentrating on wood as a structural material in buildings from the standpoint of key
professionals such as architects, structural engineers, contractors (e.g., [51-56]) or users
(e.g., [57-61]).

Moreover, there are very limited studies on wooden additional floor construction, and
these are not perceptual studies. Among them, Karjalainen et al. [62] scrutinized different
phases and advantages of wooden additional floor construction from the perspective of
Finnish housing and real estate companies through interviews with professionals involved
in these projects, while Soikkeli [17] presented the research project aiming to develop an
industrial scale, economical and efficient concept for renovating, expanding, and adding
floors to apartment blocks. Therefore, there is no study in the literature on the perception
of the residents about wooden facade renovation and additional floor projects.

In this study, the following main research questions were identified:
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How do residents react to the timber facade renovation and additional floor construction?
How do wooden facade renovation and additional floor construction affect the attrac-
tiveness of residential areas?

What are the participants’ preferences regarding additional construction issues?
How do residents perceive different wood renovation alternatives?

Overall, this research aimed to provide a representative understanding of Finnish
residents’ attitudes towards wooden facade renovation and additional floor construction
through a questionnaire survey. In doing so, this study sought to identify the main
parameters behind the effect of wooden facade renovation and additional floor construction
on the attractiveness of residential areas, residents’ preferences for additional construction,
attitudes of apartment building owners towards their own housing company’s wooden
additional floor project to finance facade renovation, residents’ attitudes towards different
wooden renovation alternatives, as well as residents” attitude towards wooden facade
renovation and wooden additional floor construction in Finland. The results are believed
to provide critical stakeholders with a roadmap for renovating suburban apartments
to better meet residents’ needs. This will contribute to increasing the acceptability and
attractiveness of wooden facade renovation and additional floor construction for Finland
and other countries. It is worth noting here that resident willingness is an important
factor in speeding up or slowing down the successful implementation of comprehensive
renovation [63].

In this research, wood or timber refers to engineered timber products [64,65] such as
cross-laminated timber ((CLT) a prefabricated multi-layer EWP, manufactured from at least
three layers of boards by gluing their surfaces together with an adhesive under pressure),
laminated veneer lumber ((LVL) made by bonding together thin vertical softwood veneers
with their grain parallel to the longitudinal axis of the section, under heat and pressure)),
and glue-laminated timber (glulam) ((GL) made by gluing together several graded timber
laminations with their grain parallel to the longitudinal axis of the section)).

The remainder of this paper was structured as follows: First, an explanation of the
research methods used in the study was provided. This was followed by findings of
residents’ attitudes towards wooden facade renovation and additional floor construction in
Finland. In Section 4, the discussion part was given. Finally, the results of the study were
presented with suggestions for future research.

2. Research Methods

This study was carried out mainly as a literature review including international peer-
reviewed journals and similar research projects, supported by materials collected during
“the Wood at Visibility at the Tampere University”—a project that is part of the Ministry of
the Environment’s Growth and Development from Wood support program involves cross-
sectional data from the Pukinméki-Savela area in the City of Helsinki (Finland). The main
emphasis of the project was to increase the competitiveness of wooden apartment buildings
and to demonstrate the potential of wood in energy enhancement and the construction of
additional floors in suburban apartments.

In the survey, a combination of postal and online questionnaire surveys was adminis-
trated, in which online inquiry and paper forms contained the same questions in principle.
The main population of the material was 800 Finnish-speaking people aged 18-70 in the
postcode 00720, or Pukinméki-Savela area (Figure 1), which has the permanent address
of the region according to the population information system. The sample was chosen
randomly, the responses were handled anonymously, and no personally identifiable data
was collected or used in the analysis stage. The Pukinméki-Savela area was chosen because
it represents a typical Finnish suburban district in terms of building stock and density and
is suitable for suburban development research on this basis.
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Figure 1. Pukinméki-Savela area in the City of Helsinki (Finland); (a) position of Pukinméki—Savela area within Helsinki
subdivision map; (b) district boundaries and postal code area of Pukinméiki-Savela area.

The mailing of the surveys started on 18 May 2020. The first responses to the online
survey arrived on 25 May; based on which it can be assumed that the paper forms reached
residents by mail the same day. Forms for initial mail submission, return deadline was
1 June, with residents just one week left to respond. Response time was shorter than
planned due to mail delay. Initially, a total of 149 responses were received to the survey.
Responses were distributed with 110 responses on paper forms and 39 responses in an
online questionnaire. Reminder round questionnaires were delivered to the post office on
June 10. The actual deadline for response was abandoned and instead, respondents were
asked to return a completed questionnaire one week after it arrived. This was to avoid the
impact of the mail delay response time. Paper surveys for the reminder round reached
residents based on online survey responses on 15 June. During the reminder round, 94 new
people arrived, 67 on paper and 27 online. A total of 243 responses were received for the
entire questionnaire, which corresponds to a response rate of 30%.

At the beginning of the survey, the topic was carefully explained to allow residents to
form ideas on how to create and answer questions about it. Participants were first briefly
introduced to the topic with an explanatory text and a series of pictures on the economic
benefits of additional floor construction, followed by actual questions about wooden facade
renovation and additional floor construction.

The questionnaire focusing on facade renovation and additional floor construction
was divided into 6 parts as seen in Table 1.

Since most of Finland’s suburbs were built in the 1970s [66], the base image (Image
1/initial situation) was chosen to represent the typical apartment building of that era
and consider the suitability of additional floor construction. Image 1, a 4-story suburban
apartment building, was meant to be ordinary and was rendered anonymous by an image
editing program. The concrete-framed building had a flat roof, and its first floor was
the so-called “above ground basement”, i.e., a floor where no dwellings are located, only
housing support functions, such as bicycle storage (and sometimes garages). The facades
had a painted concrete surface up to the balconies. To enliven the facade, part of the
concrete facade was in a different color.
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Table 1. The questionnaire used in this study.

#

Part

Explanation

Ist

A

After the participants were introduced to the topic with a series of pictures from the
questionnaire, they were asked to describe their attitude towards wooden facade
renovation at a general level. A Likert-type scale was used ((1) negatively to (5)
positively). Here “I don’t know” option was also provided.

2nd

Using the same Likert-type scale in Part A, they were asked to explain their attitude
towards additional floor construction.

3rd

Residents were asked to describe their opinions on the combination of wooden
facade renovation and additional floor construction. Another Likert-type scale was
used ((1) completely disagree to (5) completely agree). Here “I don’t know” was
provided, too.

4th

Participants were asked about their preferences for additional construction (e.g.,
with an additional floor, new outbuildings) in residential areas.

5th

Respondents who own an apartment were asked to indicate how they would react if
their housing association decided to build an additional wooden floor to finance the
renovation of the facade by using the same Likert type scale in Part A and B to
improve the features that respondents considered to be a failure in a suburban
apartment building. Participants were allowed to provide feedback on facade
renovation and additional floor construction in open responses.

6th

Residents surveyed were presented with a series of six pictures of wood facade
renovation and additional floor construction projects implemented in a typical
Finnish suburban apartment building in the 1970s, as seen in Figure 2. The initial
situation of the suburban apartment building before the renovation was shown first
in the series picture (Image 1). Images 2-5 of the series were visualization images of
possible wooden facade renovation and additional floor implementations, all of
which are based on the typical suburban apartment building of Image 1.
Participants were asked to look at pictures of facade renovation and additional floor
construction and then rate them. School grading scale (from 4 (I don't like the look
of the building and I have a negative attitude like this building) to 10 (appearance of
the building is beautiful and I welcome this building)) was employed.

Image 4

Image 5 Image 6

Figure 2. Original concrete apartment building (Image 1) and proposed renovation alternatives (Image 2-6).
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The series of images aimed to find the participants’ attitudes towards wooden facade
renovation with additional floors and compare them to an unrenovated suburban apart-
ment. These visuals were also deemed necessary for the participants to understand what
the construction methods meant. While facade renovation and additional floor construction
alternatives were produced, it was tried to present as many options as possible so that the
participants did not have a single idea about the construction method. If only one design
solution had been made for the construction site, the participants could have considered
wooden facade repair and additional floor construction could only produce solutions such
as this plan. On the other hand, the plans were kept in moderation so as not to arouse too
strong feelings towards the architecture.

The goal in Image 2 (style with minimal solution) renovation alternative was to keep
the building height suitable for low-rise cityscape, so there was only one wooden additional
floor. This design solution was the most subtle of the options, but at the same time brings
the least additional housing to the building. The wooden facade was renovated, and the
building was upgraded with an additional floor. The spaces between the balconies were left
lighter than the other wooden parts. The bright part continued up to the top floor balconies
that gave life to the facade of the building. The first layer remained on a concrete surface.

In the design of Image 3 (modern look), the aim was to get the participants’ views on a
powerful reimagining of a renovation solution, in which the old building was modernized
beyond recognition. The building was raised one and a half floors, and additional wooden
floors, facades, and balconies were converted to wood. The entire building character
was transformed into a playful asymmetrical layout with a more modern aspect and a
more attractive new entrance, enlivening the facade of the building with the asymmetrical
arrangement of the balconies.

The objective of the remediation alternative in Image 4 (inspiration from suburban
architecture) was to get the views of the respondents in the traditional suburban landscape
fitting in shape and color the plan. The architecture of this proposal largely followed
the baseline of the formal language of a suburban apartment building with a simple
elevator solution. The wooden facade was renovated, the upper part of the building was
retracted, and the second upper floor was raised with two additional floors in harmony
with the appearance of the lower ones. The retracted additional layer was separated by
the other paste color. The application was facilitated by adding new elevators that were
completely outside the old building mass. The dark color at the entrance continued along
with the protruding elevators to the top floor. The other wooden parts of the facade were
painted white. The coloring contrast separated additional elements of a different nature
from the building.

In Image 5 (implementation of the gable roof), the aim was to get respondents’ views
on the additional floored structure of the gable roof and to be embedded in the building’s
collective elevator solution. The building was raised with two wooden additional floors.
The upper additional floor of the building was placed on a partially steep gable roof. New
elevators were installed in the building, partially coming out of the facade. The facade
cladding was a combination of vertical and horizontal cladding, while the facade surface
of the top additional floor was machine-sealed sheet metal. Building coloration ranged
from gray to blue tones.

Finally, in Picture 6 (wood in main parts), the building was elevated with two addi-
tional wooden floors and covered with wooden horizontal cladding. The building had
a slightly flat roof, although, at an angle, the result was unobtrusive. The new elevators
were located partly outside the building and partly inside the old mass. The construction
of the two upper floors was narrower horizontally than the lower floors and allowed the
additional floors to stand out from the old ones. The facade cladding was left to color
the natural wood. The new apartments on the additional floors mainly had French bal-
conies. Additional floor window openings and balcony solutions were deliberately made
to highlight the architectural appearance of the old building mass.
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3. Findings
3.1. Residents” Attitude towards Wooden Facade Renovation

Surveyed residents’ attitude towards wooden facade renovation was generally posi-
tive (the total occurrence of “positively” and “partially positively” options) (91%), with
a negligible minority of respondents having negative perception (1%)—see Figure 3. Ac-
cording to the responses, it was observed that while the positive attitude was generally
preserved in the age groups, “positive” attitude was replaced by “partially positive” in
the older age groups. This may be because young people have a generally positive ap-
preciation of wood for its health and sustainability impacts in the housing context [67,68].
Moreover, the fact that higher age can deter people from investing in activities due to
shorter lifespans, health problems, diminishing abilities, and financial constraints may
have contributed to this attitude [69]. They thus tend to leave energy-efficient retrofits such
as facade renovation to younger generations. Here, the “I do not know” option had low
occurrences compared to others.

How do you think about wooden facade renovation?

ol respondent I N

female 0 1

male o B

under age of 30 o

age of 30-45 o

age of 4660 o !

over age of 60 [T S o 5
primary school graduate —_—
high school graduatc [T S oo M
wniversty gradnate 0 1%
detached house owner
apartment buiding owner T S s
apartment buiding tenant T S S 5%

00% 200% 400% B0.0% 800% 100.0%
M negatively [ partially negatively = I do not know
W positively W partially positively neutral

Figure 3. Attitudes towards wooden facade renovation.

With the increase in the level of education, the attitude towards facade renovation
evolved towards a more positive one. This may be because higher educated people have
relatively higher awareness and prior knowledge of the advantages of wooden facade
renovation [70]. The gender of the respondents did not affect attitudes. The owner of
detached houses was slightly more positive about facade renovation than residents of
apartments. Those who live in a small house were probably more connected to existing
housing areas and therefore view suburban development more positively.

3.2. Residents” Attitude towards Wooden Additional Floor Construction

As shown in Figure 4, respondents were also in favor of wooden additional floor
construction (the total occurrence of “positively” and “partially positively” options) (85%),
while a little more resistance (4%) was observed against the construction of additional
floor compared to the facade renovation. In the open answers, the attitude towards
additional floor construction was mainly reflected as positive comments. When the effect
of background variables on the attitudes of building additional floors was examined in
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more detail, it was seen that it had a parallel effect with the age and education level of the
participants, as in the case of wooden facade renovation. As the education level increased,
the positive attitude increased. This can be attributed to the fact that higher education is
assumed to be linked to greater abilities to gather information, understand it, and put it
into action [69], and highly educated people e.g., university graduates may further explore
the possibilities of new technological systems [71]. In addition, as the age group increased,
the total percentage of positive and partially positive attitudes decreased, excluding the
group under the age of 30. On the other hand, males had a more positive perception
than females.

How do you think about wooden additional floor construction?
all respondents 56% 1% '/o

female 51% 9% 1% 4% 1%
male 62% 14% 1‘.%
under age of 30 68% 0% 3%8%
age of 30-45 59% % .
age of 46-60 60% 9% 2908

over age of 60 16%

|
8% 1% 4% 8
10% 2%
10% (6%
1% 3%
1% 3"‘.%

primary school graduate 22%
high school graduate
university graduate
detached house owner

apartment building owner
apartment building tenant

0% 200% 400% B00% 80.0% 1000%
M negatively [ partially negatively I do not know
M positively [ partially positively '~ neutral

Figure 4. Attitudes towards wooden additional floor construction.

3.3. Effect of Wooden Facade Renovation and Additional Floor Construction on the Attractiveness
of Residential Areas

As seen in Figure 5, while 67% of the participants thought that wooden facade reno-
vation and additional floor construction would increase the attractiveness of residential
areas, 17% thought that this would not affect the situation. Although females (68%) and
males (64%) thought that these changes would increase the attractiveness of the residential
areas, the ratio of females who did not express their opinion (18%), that is, chose the option
“I do not know”, was higher than males (13%). As the age group increased, the view that
the attractiveness of the areas would increase turned into a negative one and the rate of
neutral perception increased (i.e., the dark blue ratio dropped from 85% (for those under
30) to 50% (for those over 60)), but this trend reverses as the education level increased
((i-e., the dark blue ratio increased from 52% (for primary school graduates) to 71% (for
university graduates)) as highlighted in Figure 5. Similar to residents” attitudes towards
wooden facade renovation as shown in Figure 3, the negative impact of age (e.g., [69]) and
the positive impact of education (e.g., [70]) were reflected in the residents’ views on the
attractiveness of the residential areas due to wooden facade renovation and additional
floor construction.
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How do you think wooden facade renovation and additional floor construction
affect the attractiveness of residential areas?

all respondents

female

male

under age of 30

age of 3045

age of 46-60

over age of 60

primary school graduate
high school graduate
umiversity graduate
detached house owner
apartment building owner
apartment building tenant

0% 200% 400% 600% 800% 1000%

M Reduce attractiveness of the area I do not know
Do not affect attractiveness of the area [l Increase attractiveness of the area

Figure 5. Effect of wooden facade renovation and additional floor construction on the attractiveness of residential areas.

3.4. Residents’ Preferences for Additional Construction

Residents’ attitude towards wooden facade renovation and additional floor construc-
tion for their residential areas was generally positive (the total occurrence of “completely
agree” and “partially agree” options) (89%), with a minority of respondents having neg-
ative perception (5%)—see Figure 6. Less than two-thirds (65%) of respondents thought
that the choice of materials was at least partially unimportant and that the beauty of ar-
chitecture was at least partially more important than the choice of materials. Just over a
fifth (21%) of participants rated the importance of wood as being of primary importance
when performing facade renovation and additional floor construction. When the building
reached the age of renovation, survey respondents felt that wood can be inserted into facade
renovation and additional floors. The open answers indicated that old buildings should be
built on additional floors rather than demolished. Residents of the Pukinméaki—Savela area
were therefore surprisingly positive about bringing a better wood renovation to their area
of residence.

How do you think about the following statements?
Please answer according to your own views.

omal Hloor constaetion could be 2l g
additional floor construction could be <3 -

carried out in my residential area.
Facade renovation and addition floor

construction should be applied with 2% o T

wood rather than other materials.
Facade renovation and additional

floor construction materials don't matter 23% 1% 3%_

as long as the buildings look nice.

Suburban apartments that have reached
the renovation age can be renovated with 9%
wooden facades and additional floors.

00% 200% 400% 60.0% 80.0% 100.0%
M completely disagree W partially disagree I do not know
M completely agree M partially agree neutral

Figure 6. Preferences for additional construction.
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As seen in Figure 7, additional floor construction had a lot of potential because more
than half (55%) residents opted for this method. The most popular option for additional
construction was the additional floor construction with the new outbuilding, supported by
one-third of the respondents, followed by additional floor construction with 22% occurrence.
Survey respondents perceived the demolition of old buildings and the construction of new,
more efficient buildings as a more viable solution than simply building new outbuildings.
Males were somewhat more positive about the demolition reorganization. Feedback from
open answers showed that residents feared that their residential areas would be built too
much; this can partly explain the popularity of demolition.

40%

37%

30%

20%

10%

0%
All respondents Female Male

B® With the construction of additional floor and new outbuilding
B With additional floor construction
B By demolishing old building and building new, more efficient building
I By constructing new outbuilding
I do not know

Figure 7. Preferred ways to implement additional construction in residential areas.

3.5. Attitudes of Apartment Building Owners towards Their Own Housing Company’s Wooden
Additional Floor Project to Finance Facade Renovation

Surveyed apartment building owners’ attitudes towards wooden additional floor were
generally positive (the total occurrence of “positively” and “partially positively” options)
(63%), while about one-fifth (21%) of respondents had a negative view of this—see Figure 8.
This high rate of positive attitudes may be due to the economic advantages of additional
floor construction, for example its revenues can be used to finance the renovation of the
existing property (renovation of an elevator to improve the accessibility and commercial
conditions of the building) [17,62].

Should your housing association decide to build an wooden additional floor
to finance facade renovation, you would be in a position to:

0.0% 20.0% 40.0% 60.0% 80.0% 100.0%
M negatively [l partially negatively = I do not know
M positively [ partially positively neutral

Figure 8. Attitudes of apartment building owners towards their own housing company’s wooden
additional floor project to finance facade renovation.
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3.6. Residents” Attitudes towards Different Wooden Renovation Alternatives

Participants’ attitudes towards all types of wooden facade improvements were positive
as seen in Figure 9. While the original suburban apartment (Image 1) received a score of
5.44 on a scale of (4-10), the average of the proposed projects was 7.65. Facade renovation
and additional floor construction proposals were consistently strong and did not differ
significantly in popularity. The mutual order of their popularity among residents, from
most to least: Image 5 (implementation of the gable roof), Image 2 (style with minimal
solution), Image 3 (modern look), Image 4 (inspiration from suburban architecture), and
Image 6 (wood in main parts).

10.0

9.0

8.0

7.0

6.0

5.0

4.0

Image 1 Image 2 Image 3 Image 4 Image 5 Image 6

Figure 9. Residents’ attitudes towards different wooden renovation alternatives.

Figure 10 shows the distribution of the ratings in the series by Image. The concrete
suburban apartment building (Image 1) was rather weaker than the proposals’ scores.
The vast majority (>80%) had at least a partially negative opinion of the apartment at
baseline (at least partially negative = less than 7, neutral attitude = 7, at least partially
positive = more than 7). The gable roof design proposal (Image 5) received the largest share,
which can also be seen in the rating distribution. As a generalization, it can be said that
about half of the respondents welcome at least partially solution options (Image 2-6); one-
quarter neutral and about one-sixth are at least partially negative. Respondents justified
their ratings with open answers, in which coloring, bare concrete surface, above-ground
basement, architecture (boredom/box-like), flat roof, lack of balcony glazing, and lack of
elevators were considered as the most major problems.
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Figure 10. Distribution of grades in the proposed renovation alternatives.

4. Discussion

Due to the lack of literature, it has not been possible to conduct a comprehensive
discussion to provide information on the similarities and differences of Finnish residents’
attitudes with examples from other countries, as reported by Karjalainen et al. [62] in the
study on wooden additional floor construction from the standpoint of Finnish housing and
real estate companies.

According to the survey results, residents’” attitudes towards wooden facade reno-
vation and additional floor construction were generally positive. This finding resembled
the finding in a Chinese study on the issues and challenges of implementing comprehen-
sive renovation at aged communities [72], where residents were willing to accept basic
renovation measures.

Our results also showed that younger and more educated people had more positive
attitudes towards these applications. Similarly, a Slovenian study based on analysis of more
than 1000 single-family-house owners by Hrovatin and Zori¢ [69] reported that higher
homeowners’ age may be the main barrier to facade refurbishment, and the high level of
education positively affected the attitudes of homeowners towards facade renovation. Like-
wise, the positive effect of education [73-75] and the negative impact of age [70,73,74,76]
were demonstrated in many studies on renovation or energy-saving measures.

Most of the surveyed residents considered that wooden facade renovation and addi-
tional floor construction would increase the attractiveness of residential areas. This can
be associated with the recommendation by Viholainen et al. [77] that the use of wood on
surfaces (also in non-timber urban buildings) should be increased to generate attractive
soundscapes. Similarly, Sandberg et al. [78] reported that the use of prefabricated wooden
elements for the sustainable renovation of residential building facades increases the at-
tractiveness of the environment and housing blocks according to the surveyed residents.
Additionally, increased living comfort and thermal comfort were underlined in the study
by Hrovatin and Zori¢ [69] on the renovation of the building envelope.

Respondents in the survey generally approached the facade renovation in residential
areas positively and thought that it should be done with wood. The emphasis on wood
here can be associated with the emphasis of the residents on well-being, aesthetic, and
environmentally friendly features of wood as a construction material and timber frame
houses, as stated in the study by Gold and Rubik [59].
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The vast majority found the renovations with wooden facades and additional floors
suitable for the apartments in the renovation age. It should be noted here that the age and
service life of the building elements were important reasons for the decision to renovate in
many studies [79,80].

Apartment owners welcomed the housing association’s decision to implement addi-
tional floor construction to finance the facade renovation. On the other hand, participants
assessed the combination of the construction of additional floors with outbuildings, fol-
lowed by the construction of an additional floor alone as the most popular way to expand
their residential areas. Moreover, open answers indicated that because it is desirable to
preserve environmental spaciousness in residential environments, residents prefer to have
a stock of buildings that will expand the existing rather than concentrate.

Thus, additional construction should be moderate, as the survey respondents’ biggest
fear was that residential areas would be built too densely. Additionally, respondents did
not prefer additional construction taking up space in park-like and unspoiled areas, which
was why additional floor construction is in many situations the best option. Finally, the
attitudes of the participants towards all kinds of wooden facade improvements (e.g., style
with minimal solution, with gable roof) were positive and differed only slightly from each
other in terms of popularity.

According to the survey results, considerations such as architectural boredom, bare
concrete surface, flat roof, lack of elevator were considered as the most important problems
of suburban apartments among the participants. Proposed solutions to these problems are
shown in Figure 11.

IDENTIFIED PROBLEMS » PROPOSED SOLUTIONS

Chlocng® e
/ e Wooden facade renovation
Bare concrete surface

Above ground basement o ¢ Additional floor construction
Architecture :
(boredom / box-like) . ¢ Changing the roof shape
Flat roof e . .
e New balconies / glazing
Lack of balcony glazing e

/ * Adding elevator(s)
Lack of elevator e

Figure 11. Identified problems of Finnish suburban apartments and their proposed solutions.

5. Conclusions

This study aimed to present a representative analysis of Finnish suburban residents’
attitudes towards wooden facade renovation and additional floor construction, which were
proposed as solutions for neighborhood development. In doing so, this study sought to
identify the main parameters behind the effect of wooden facade renovation and additional
floor construction on the attractiveness of residential areas, residents’ preferences for
additional construction, attitudes of apartment building owners towards their own housing
company’s wooden additional floor project to finance facade renovation, residents” attitudes
towards different wooden renovation alternatives, as well as residents’ attitude towards
wooden facade renovation and wooden additional floor construction in Finland.

This study can be used in the renovation of suburban apartments as a design guide
for interested parties (e.g., architects, contractors, developers, policymakers) emphasizing
the great potential of wooden facade renovation and additional floor construction. In this



Int. J. Environ. Res. Public Health 2021, 18, 12316 14 of 17

References

sense, a better understanding of suburban housing expectations and the possibilities of
future generations can be achieved in Finland.

Moreover, wood construction, and the forest-based industry in general, is not only
an important part of the Finnish economy but also the key to the transition to a bio-based
economy. However, a new generation that is considered more environmentally friendly
and follows a radically different lifestyle from previous generations is on the rise. From the
perspective of the forest-based industry, this presents a great opportunity to place wooden
practices in the minds of future generations of stakeholders, not only as a way to build in
the future, but also to reposition itself as part of the solution to overcome the challenges of
environmental and sustainability issues. It is thought that this research will contribute to
this important issue.

In conclusion, this paper aimed to fill the gap in the literature regarding Finnish subur-
ban residents” attitudes towards wood facade renovation and additional floor construction
and to generate insights into the residential renovation market so that communication
measures can be adapted to users more effectively. In this sense, supporting positive mar-
ket development, making people aware of the needs and benefits of energy savings from
building renovations, creating green retrofit organizations and professionals, providing
various types of financial support for building renovation, further investing in research and
development activities for this, and promoting new modes of energy contracts are critical.

Future research should explore more models of analysis for the qualitative factors (e.g.,
human-centric, personal, and contextual parameters) influencing residents’ decisions about
building renovation, with emphasis on cases where the rise of new policies has focused
on the social dimension of renovation rather than technical improvements for buildings.
Future work may also include other background variables (e.g., residents’” income level,
past residence experience) to get more insight into residents” attitudes towards wooden
facade renovation and additional floor construction. Policy measures need to be introduced
to strengthen the role of residents in the building renovation process. In addition, similar
studies can be carried out in other Scandinavian countries and the subject can be enriched
with comparative analyzes.

Author Contributions: Conceptualization, M.K., H.E.I,, LM. and M.N.; methodology, M.K., H.E.IL,
L.M. and M.N; software, H.E.I. and L.M.; formal analysis, M.K., H.E.I,, L.M. and M.N.; investigation,
MK, HEI, LM. and M.N.; data curation, M.K., HE.I,, LM. and M.N.; writing—original draft
preparation, H.E.I; writing—review and editing, M.K., H.E.I,, L.M. and M.N; visualization, H.E.I
and L.M.; supervision, M.K. and M.N.; project administration, M.K. and M.N.; funding acquisition
M.K., L.M. and M.N. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Wood Construction Program of the Finnish Ministry of
the Environment.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

1. The European Climate Foundation (ECF). Roadmap 2050. Available online: https://www.roadmap2050.eu/ (accessed on

18 November 2021).

2. Allard, I; Nair, G.; Olofsson, T. Energy performance criteria for residential buildings: A comparison of Finnish, Norwegian,
Swedish, and Russian building codes. Energy Build. 2021, 250, 111276. [CrossRef]
3. Kuittinen, M.; Hakkinen, T. Reduced carbon footprints of buildings: New Finnish standards and assessments. Build. Cities 2020,

1,182-197. [CrossRef]

4. Simson, R.; Fadejev, J.; Kurnitski, J.; Kesti, J.; Lautso, P. Assessment of Retrofit Measures for Industrial Halls: Energy Efficiency
and Renovation Budget Estimation. Energy Procedia 2016, 96, 124-133. [CrossRef]


https://www.roadmap2050.eu/
http://doi.org/10.1016/j.enbuild.2021.111276
http://doi.org/10.5334/bc.30
http://doi.org/10.1016/j.egypro.2016.09.114

Int. J. Environ. Res. Public Health 2021, 18, 12316 15 0f 17

10.

11.

12.
13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

European Commission. Long-Term Renovation Strategy 2020-2050 Finland, Report According to Article 2a of Directive
(2010/31/EU) on the Energy Performance of Buildings, as Amended by Directive 2018/844/EU. 10 March 2020. Available online:
https://ec.europa.eu/energy/sites/default/files/documents/fi_2020_ltrs_en.pdf (accessed on 18 November 2021).
Kaasalainen, T.; Huuhka, S. Homogenous homes of Finland: ‘standard’ flats in non-standardized blocks. Build. Res. Inf. 2016, 44,
229-247. [CrossRef]

Hirvonena, J.; Jokisaloa, J.; Heljo, ].; Kosonena, R. Towards the EU emissions targets of 2050: Optimal energy renovation measures
of Finnish apartment buildings. Int. J. Sustain. Energy 2018, 38, 1-24. [CrossRef]

The Housing Finance and Development Centre of Finland (ARA), The Suburban Innova Block of Flats Is Being Renovated into a
Passive House. Available online: https:/ /www.ara.fi/en-US/Housing_development/Development_projects/The_suburban_
Innova_block_of flats_is_be%2817681%29 (accessed on 18 November 2021).

Soikkeli, A.; Sorri, L. A New Suburb Renovation Concept’. World Academy of Science, Engineering and Technology, Open
Science Index 90. Int. |. Archit. Environ. Eng. 2014, 8, 647-655.

Soikkeli, A.; Hagan, H.; Karjalainen, M.; Koiso-Kanttila, J.; Kurnitski, J.; Viljakainen, M.; Hotakainen, T.; Jantti, T.; Murtonen,
N.; Sakki, R.; et al. Puun Mahdollisuudet Lihividen Korjauksessa; Arkkitehtuurin Osasto, Oulun Yliopisto: Oulu, Finland, 2011;
Available online: https://www.oulu.fi/ark/tiedostot/puun_mahdollisuudet_lahioiden_korjauksissa_web.pdf (accessed on
18 November 2021). (In Finnish)

Huttunen, H.; Blomqvist, E.; Ellil§, E.; Hasu, E.; Perdamaki, E.; Tervo, A.; Verma, I.; Ullrich, T.; Utriainen, J. The Finnish Townhouse
as a Home. Starting Points and Interpretations; Habitat Components—Townhouse. Final Report; Aalto University Publication Series
CROSSOVER 8/2017; Aalto University: Helsinki, Finland, 2017; Available online: https://aaltodoc.aalto.fi/bitstream /handle /12
3456789 /30185 /isbn9789526071220.pdf?sequence=1&isAllowed=y (accessed on 18 November 2021).

The Finnish Timber of Council (Puuinfo). Available online: https://puuinfo.fi/?lang=enc (accessed on 18 November 2021).
Official Statistics of Finland (OSF). Homeowners and Housing Companies Repaired by EUR 6.0 Billion in 2019. 2019. Available
online: http:/ /www.stat.fi/til/kora/2019/01/kora_2019_01_2020-06-11_tie_001_fi.html%?20 (accessed on 18 November 2021).
Streimikiene, D.; Balezentis, T. Innovative Policy Schemes to Promote Renovation of Multi-Flat Residential Buildings and Address
the Problems of Energy Poverty of Aging Societies in Former Socialist Countries. Sustainability 2019, 11, 2015. [CrossRef]

Paiho, S.; Abdurafikov, R.; Hoang, H.; Castell-Riidenhausen, M.Z.; Hedman, A.; Kuusisto, J. Business Aspects of Energy Efficient
Renovations of Sovietera Residential Districts A Case Study from Moscow; VTT Technology 154 ISSN-L 2242-1211 ISSN 2242-122X
(Online); VTT Technical Research Centre of Finland: Espoo, Finland, 2014; Available online: https:/ /www.vttresearch.com/sites/
default/files/pdf/technology /2014 /T154.pdf (accessed on 18 November 2021).

United Nations Human Settlements Programme, United Nations Economic Commission for Europe. Good Practices for Energy-
Efficient Housing in The Unece Region; United Nations: New York, NY, USA; Geneva, Switzerland, 2013; Available online: https:
/ /unece.org/fileadmin/DAM/hlm/documents/Publications/good.practices.ee. housing.pdf (accessed on 18 November 2021).
Soikkeli, A. Additional Floors in Old Apartment Blocks. Energy Procedia 2016, 96, 815-823. [CrossRef]

Huuhka, S.; Vainio, T.; Moisio, M.; Lampinen, E.; Knuuttinen, M.; Bashmakov, S.; Ko6lio, A.; Lahdensivu, J.; Ala-Kotila, P;
Lahdenperd, P. To Demolish or to Repair? Carbon Footprint Impacts, Life Cycle Costs and Steering Instruments. Publications of the
Ministry of the Environment 2021:9. Built Environment. 2021. Available online: https:/ /julkaisut.valtioneuvosto.fi/bitstream/
handle/10024/162862/YM_2021_9.pdf?sequence=4&isAllowed=y (accessed on 18 November 2021).

Boji¢, M.; Mileti¢, M.; Malegevi¢, J.; Djordjevi¢, S.; Cvetkovi¢, D. Influence of additional storey construction to space heating of a
residential building. Energy Build. 2012, 54, 511-518. [CrossRef]

Lammert, L. Circular Economy in Architecture—Sustainable Principles for Future Design. Master’s Thesis, Oulu School of
Architecture, Faculty of Technology, University of Oulu, Oulu, Finland, 2018. Available online: https://figbc.fi/wp-content/
uploads/sites/4/2020/05/nbnfioulu-201811233096.pdf (accessed on 18 November 2021).

Soikkeli, A. Possibilities in the Renovation of Suburban Apartment Buildings. Case: Porvoonportti. In Improving the Quality of
Suburban Building Stock; COST Action TU0701; Unifepress: Ferrara, Italy, 2012; pp. 127-140.

Franzini, F,; Toivonen, R.; Toppinen, A. Why Not Wood? Benefits and Barriers of Wood as a Multistory Construction Material:
Perceptions of Municipal Civil Servants from Finland. Buildings 2018, 8, 159. [CrossRef]

Hart, J.; D’Amico, B.; Pomponi, F. Whole-life embodied carbon in multistory buildings: Steel, concrete and timber structures. J.
Ind. Ecol. 2021, 25, 403-418. [CrossRef]

Churkina, G.; Organschi, A.; Reyer, C.P.O.; Ruff, A.; Vinke, K,; Liu, Z.; Reck, B.K.; Graedel, T.E.; Schellnhuber, H.]. Buildings as a
global carbon sink. Nat. Sustain. 2020, 3, 269-276. [CrossRef]

Robati, M.; Oldfield, P.; Nezhad, A.A.; Carmichael, D.G.; Kuru, A. Carbon value engineering: A framework for integrating
embodied carbon and cost reduction strategies in building design. Build. Environ. 2021, 192, 107620. [CrossRef]

Pierobon, F; Huang, M.; Simonen, K.; Ganguly, I. Environmental benefits of using hybrid CLT structure in midrise non-residential
construction: An LCA based comparative case study in the U.S. Pacific Northwest. |. Build. Eng. 2019, 26, 100862. [CrossRef]
Ritter, M.; Skog, K.; Bergman, R. Science Supporting the Economic and Environmental Benefits of Using Wood and Wood Products in
Green Building Construction; General Technical Report FPL-GTR-206; Forest Products Laboratory, Forest Service, U.S. Department
of Agriculture: Madison, WI, USA, 2011; pp. 1-9.


https://ec.europa.eu/energy/sites/default/files/documents/fi_2020_ltrs_en.pdf
http://doi.org/10.1080/09613218.2015.1055168
http://doi.org/10.1080/14786451.2018.1559164
https://www.ara.fi/en-US/Housing_development/Development_projects/The_suburban_Innova_block_of_flats_is_be%2817681%29
https://www.ara.fi/en-US/Housing_development/Development_projects/The_suburban_Innova_block_of_flats_is_be%2817681%29
https://www.oulu.fi/ark/tiedostot/puun_mahdollisuudet_lahioiden_korjauksissa_web.pdf
https://aaltodoc.aalto.fi/bitstream/handle/123456789/30185/isbn9789526071220.pdf?sequence=1&isAllowed=y
https://aaltodoc.aalto.fi/bitstream/handle/123456789/30185/isbn9789526071220.pdf?sequence=1&isAllowed=y
https://puuinfo.fi/?lang=en�
http://www.stat.fi/til/kora/2019/01/kora_2019_01_2020-06-11_tie_001_fi.html%20
http://doi.org/10.3390/su11072015
https://www.vttresearch.com/sites/default/files/pdf/technology/2014/T154.pdf
https://www.vttresearch.com/sites/default/files/pdf/technology/2014/T154.pdf
https://unece.org/fileadmin/DAM/hlm/documents/Publications/good.practices.ee.housing.pdf
https://unece.org/fileadmin/DAM/hlm/documents/Publications/good.practices.ee.housing.pdf
http://doi.org/10.1016/j.egypro.2016.09.143
https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/162862/YM_2021_9.pdf?sequence=4&isAllowed=y
https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/162862/YM_2021_9.pdf?sequence=4&isAllowed=y
http://doi.org/10.1016/j.enbuild.2012.02.056
https://figbc.fi/wp-content/uploads/sites/4/2020/05/nbnfioulu-201811233096.pdf
https://figbc.fi/wp-content/uploads/sites/4/2020/05/nbnfioulu-201811233096.pdf
http://doi.org/10.3390/buildings8110159
http://doi.org/10.1111/jiec.13139
http://doi.org/10.1038/s41893-019-0462-4
http://doi.org/10.1016/j.buildenv.2021.107620
http://doi.org/10.1016/j.jobe.2019.100862

Int. J. Environ. Res. Public Health 2021, 18, 12316 16 of 17

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Dong, Y.; Qin, T.; Zhou, S.; Huang, L.; Bo, R.; Guo, H.; Yin, X. Comparative Whole Building Life Cycle Assessment of Energy
Saving and Carbon Reduction Performance of Reinforced Concrete and Timber Stadiums—A Case Study in China. Sustainability
2020, 12, 1566. [CrossRef]

Bergman, R.; Puettmann, M.; Taylor, A.; Skog, K.E. The Carbon Impacts of Wood Products. For. Prod. ]. 2014, 64, 220-231.
[CrossRef]

Wang, L.; Toppinen, A.; Juslin, H. Use of wood in green building: A study of expert perspectives from the UK. J. Clean. Prod. 2014,
65, 350-361. [CrossRef]

Andrew, R.M. Global CO2 emissions from cement production. Earth Syst. Sci. Data 2018, 10, 195-217. [CrossRef]

CWC. Energy and the Environment in Residential Construction; Sustainable Building Series No. 1; Canadian Wood Council: Ottawa,
ON, Canada, 2007; Available online: https://cwc.ca/wp-content/uploads/publications-Energy-and-the-Environment.pdf
(accessed on 18 November 2021).

Chastas, P.; Theodosiou, T.; Kontoleon, K.J.; Bikas, D. Normalising and assessing carbon emissions in the building sector: A
review on the embodied CO, emissions of residential buildings. Build. Environ. 2018, 130, 212-226. [CrossRef]

George, C.B. (Ed.) LETI Climate Emergency Design Guide, How New Buildings Can Meet UK Climate Change Targets; London Energy
Transformation Initiative: London, UK, 2020.

Skullestad, J.L.; Bohne, R.A.; Lohne, J. High-rise Timber Buildings as a Climate Change Mitigation Measure—A Comparative
LCA of Structural System Alternatives. Energy Procedia 2016, 96, 112-123. [CrossRef]

Chen, Z.; Gu, H.; Bergman, R.D.; Liang, S. Comparative Life-Cycle Assessment of a High-Rise Mass Timber Building with
an Equivalent Reinforced Concrete Alternative Using the Athena Impact Estimator for Buildings. Sustainability 2020, 12, 4708.
[CrossRef]

Liang, S.; Gu, H.; Bergman, R.; Kelley, S. Comparative life-cycle assessment of a mass timber building and concrete alternative.
Wood Fiber Sci. 2020, 52, 217-229. [CrossRef]

European Commission. A Sustainable Bioeconomy for Europe: Strengthening the Connection between Economy, Society and the
Environment; Publications Office of the European Union: Luxembourg, 2018.

Karjalainen, M.; Ilgin, H. The Change over Time in Finnish Residents’ Attitudes towards Multi-Story Timber Apartment Buildings.
Sustainability 2021, 13, 5501. [CrossRef]

Loss, C.; Piazza, M.; Zandonini, R. Connections for steel-timber hybrid prefabricated buildings. Part I: Experimental tests. Constr.
Build. Mater. 2016, 30, 781-795. [CrossRef]

Van Damme, B.; Schoenwald, S.; Zemp, A. Modeling the bending vibration of cross-laminated timber beams. Eur. |. Wood Wood
Prod. 2017, 75, 985-994. [CrossRef]

Chiniforush, A.A.; Akbarnezhad, A.; Valipour, H.; Xiao, J. Energy implications of using steel-timber composite (STC) elements in
buildings. Energy Build. 2018, 176, 203-215. [CrossRef]

Toivonen, R.; Lahtinen, K. Sustainability—A Literature Review on Concealed Opportunities for Global Market Diffusion for the Cross-
laminated Timber (CLT) in the Urbanizing Society; The Manuscript for Bioproducts Business; IUFRO: Curitiba, Brazil, 2019.

Yusof, N.M.; Tahir, PM.; Lee, S.H.; Khan, M. A ; James, R.M.S. Mechanical and physical properties of Cross-Laminated Timber
made from Acacia mangium wood as function of adhesive types. J. Wood Sci. 2019, 65, 20. [CrossRef]

Li, M.; Zhang, S.; Gong, Y.; Tian, Z.; Ren, H. Gluing Techniques on Bond Performance and Mechanical Properties of Cross-
Laminated Timber (CLT) Made from Larix kaempferi. Polymers 2021, 13, 733. [CrossRef]

Bahrami, A.; Nexén, O.; Jonsson, ]. Comparing Performance of Cross-Laminated Timber and Reinforced Concrete Walls. Int. |.
Appl. Mech. Eng. 2021, 26, 28-43. [CrossRef]

Sun, Z.; Chang, Z.; Bai, Y.; Gao, Z. Effects of working time on properties of a soybean meal-based adhesive for engineered wood
flooring. J. Adhes. 2021, 1-20. [CrossRef]

Ilgin, H.E.; Karjalainen, M.; Koponen, O. Review of the Current State-of-the-Art of Dovetail Massive Wood Elements; IntechOpen:
London, UK, 2021.

Ilgin, H.E.; Karjalainen, M. Preliminary Design Proposals for Dovetail Wood Board Elements in Multi-Story Building Construction.
Architecture 2021, 1, 56—68. [CrossRef]

Tulonen, L.; Karjalainen, M.; Ilgin, H.E. Tall Wooden Residential Buildings in Finland: What Are the Key Factors for Design and
Implementation? IntechOpen: London, UK, 2021.

Ilgin, H.E.; Karjalainen, M. Perceptions, Attitudes, and Interest of Architects in the Use of Engineered Wood Products for Construction: A
Review; IntechOpen: London, UK, 2021.

Roos, A.; Woxblom, L.; McCluskey, D. The influence of architects and structural engineers on timber in construction—Perceptions
and roles. Silva Fenn. 2010, 44, 871-884. [CrossRef]

Karjalainen, M.; Ilgin, H.; Tulonen, L. Main Design Considerations and Prospects of Contemporary Tall Timber Apartment
Buildings: Views of Key Professionals from Finland. Sustainability 2021, 13, 6593. [CrossRef]

Hemstrom, K.; Mahapatra, K.; Gustavsson, L. Perceptions, attitudes and interest of Swedish architects towards the use of wood
frames in multi-storey buildings. Resour. Conserv. Recycl. 2011, 55, 1013-1021. [CrossRef]

Hemstrém, K.; Gustavsson, L.; Mahapatra, K. The sociotechnical regime and Swedish contractor perceptions of structural frames.
Constr. Manag. Econ. 2017, 35, 184-195. [CrossRef]


http://doi.org/10.3390/su12041566
http://doi.org/10.13073/FPJ-D-14-00047
http://doi.org/10.1016/j.jclepro.2013.08.023
http://doi.org/10.5194/essd-10-195-2018
https://cwc.ca/wp-content/uploads/publications-Energy-and-the-Environment.pdf
http://doi.org/10.1016/j.buildenv.2017.12.032
http://doi.org/10.1016/j.egypro.2016.09.112
http://doi.org/10.3390/su12114708
http://doi.org/10.22382/wfs-2020-019
http://doi.org/10.3390/su13105501
http://doi.org/10.1016/j.conbuildmat.2015.12.002
http://doi.org/10.1007/s00107-016-1152-9
http://doi.org/10.1016/j.enbuild.2018.07.038
http://doi.org/10.1186/s10086-019-1799-z
http://doi.org/10.3390/polym13050733
http://doi.org/10.2478/ijame-2021-0033
http://doi.org/10.1080/00218464.2021.1942854
http://doi.org/10.3390/architecture1010006
http://doi.org/10.14214/sf.126
http://doi.org/10.3390/su13126593
http://doi.org/10.1016/j.resconrec.2011.05.012
http://doi.org/10.1080/01446193.2016.1245428

Int. J. Environ. Res. Public Health 2021, 18, 12316 17 of 17

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Markstrom, E.; Kuzman, M.K,; Bystedt, A.; Sandberg, D.; Fredriksson, M. Swedish architects view of engineered wood products
in buildings. J. Clean. Prod. 2018, 181, 33—41. [CrossRef]

Karjalainen, M.; llgin, H.E.; Metsédranta, L.; Norvasuo, M. Suburban Residents’ Preferences for Livable Residential Area in Finland.
Sustainability 2021, 13, 11841. [CrossRef]

Karjalainen, M. The Finnish Multi-Story Timber Apartment Building as a Pioneer in the Development of Timber Construction; University
of Oulu: Ouly, Finland, 2002. (In Finnish)

Gold, S.; Rubik, F. Consumer attitudes towards timber as a construction material and towards timber frame houses—Selected
findings of a representative survey among the German population. J. Clean. Prod. 2009, 17, 303-309. [CrossRef]

Léhtinen, K.; Harju, C.; Toppinen, A. Consumers’ perceptions on the properties of wood affecting their willingness to live in and
prejudices against houses made of timber. Wood Mater. Sci. Eng. 2019, 14, 325-331. [CrossRef]

Kylkilahti, E.; Berghdll, S.; Autio, M.; Nurminen, J.; Toivonen, R.; Lahtinen, K.; Viheméki, H.; Franzini, F.; Toppinen, A. A
consumer-driven bioeconomy in housing? Combining consumption style with students” perceptions of the use of wood in
multi-story buildings. Ambio 2020, 49, 1943-1957. [CrossRef]

Karjalainen, M.; Ilgin, H.; Somelar, D. Wooden Additional Floors in Old Apartment Buildings: Perspectives of Housing and Real
Estate Companies from Finland. Buildings 2021, 11, 316. [CrossRef]

Jagarajan, R.; Abdullah Mohd Asmoni, M.N.; Mohammed, A.H.; Jaafar, M.N.; Lee Yim Meij, J.; Baba, M. Green retrofitting—A
review of current status, implementations and challenges. Renew. Sustain. Energy Rev. 2017, 67, 1360-1368. [CrossRef]

Rahman, T.; Ashraf, M.; Ghabraie, K.; Subhani, M. Evaluating Timoshenko Method for Analyzing CLT under Out-of-Plane
Loading. Buildings 2020, 10, 184. [CrossRef]

Wang, Z.; Yin, T. Cross-Laminated Timber: A Review on Its Characteristics and an Introduction to Chinese Practices; IntechOpen: London,
UK, 2021.

Vaattovaara, M.; Joutsiniemi, A.; Kortteinen, M.; Stjernberg, M.; Kemppainen, T. Experience of a Preventive Experiment: Spatial
Social Mixing in Post-World War II Housing Estates in Helsinki, Finland. In Housing Estates in Europe; Hess, D., Tammaru, T., van
Ham, M., Eds.; The Urban Book Series; Springer: Cham, Switzerland, 2018.

Hayrinen, L.; Toppinen, A.; Toivonen, R. Finnish young adults’ perceptions of the health, well-being and sustainability of wooden
interior materials. Scand. J. For. Res. 2020, 35, 394-402. [CrossRef]

Petruch, M.; Walcher, D. Timber for future? Attitudes towards timber construction by young millennials in Austria—Marketing
implications from a representative study. J. Clean. Prod. 2021, 294, 126324. [CrossRef]

Hrovatin, N.; Zori¢, J. Determinants of energy-efficient home retrofits in Slovenia: The role of information sources. Energy Build.
2018, 180, 42-50. [CrossRef]

Gamtessa, S.F. An explanation of residential energy-efficiency retrofit behavior in Canada. Energy Build. 2013, 57, 155-164.
[CrossRef]

Karytsas, S.; Theodoropoulou, H. Public awareness and willingness to adopt ground source heat pumps for domestic heating
and cooling. Renew. Sustain. Energy Rev. 2014, 34, 49-57. [CrossRef]

Liu, S.; Ji, W,; Zhang, Q.; Eftekhari, M.; Shen, Y.; Yang, L.; Han, X. Issues and challenges of implementing comprehensive
renovation at aged communities: A case study of residents’ survey. Energy Build. 2021, 249, 111231.

Nair, G.; Gustavsson, L.; Mahapatra, K. Factors influencing energy efficiency investments in existing Swedish residential buildings.
Energy Policy 2010, 38, 2956-2963. [CrossRef]

Achtnicht, M.; Madlener, R. Factors influencing German house owners’ preferences on energy retrofits. Energy Policy 2014, 68,
254-263. [CrossRef]

Achtnicht, M. Do environmental benefits matter? Evidence from a choice experiment among house owners in Germany. Ecol.
Econ. 2011, 70, 2191-2200. [CrossRef]

Poortinga, W.; Steg, L.; Vlek, C.; Wiersma, G. Household preferences for energy- saving measures: A conjoint analysis. J. Econ.
Psychol. 2003, 24, 49-64. [CrossRef]

Viholainen, N.; Kylkilahti, E.; Autio, M.; Toppinen, A. A home made of wood: Consumer experiences of wooden building
materials. Int. |. Consum. Stud. 2020, 44, 542-551. [CrossRef]

Sandberg, K.; Orskaug, T.; Andersson, A. Prefabricated Wood Elements for Sustainable Renovation of Residential Building
Facades. Energy Procedia 2016, 96, 756-767. [CrossRef]

Baumbhof, R.; Decker, T.; Roder, H.; Menrad, K. An expectancy theory approach: What motivates and differentiates German house
owners in the context of energy efficient refurbishment measures? Energy Build. 2017, 152, 483-491. [CrossRef]

Judson, E.P,; Maller, C. Housing renovations and energy efficiency: Insights from homeowners’ practices. Build. Res. Inf. 2014, 42,
501-511. [CrossRef]


http://doi.org/10.1016/j.jclepro.2018.01.216
http://doi.org/10.3390/su132111841
http://doi.org/10.1016/j.jclepro.2008.07.001
http://doi.org/10.1080/17480272.2019.1615548
http://doi.org/10.1007/s13280-020-01397-7
http://doi.org/10.3390/buildings11080316
http://doi.org/10.1016/j.rser.2016.09.091
http://doi.org/10.3390/buildings10100184
http://doi.org/10.1080/02827581.2020.1813798
http://doi.org/10.1016/j.jclepro.2021.126324
http://doi.org/10.1016/j.enbuild.2018.09.029
http://doi.org/10.1016/j.enbuild.2012.11.006
http://doi.org/10.1016/j.rser.2014.02.008
http://doi.org/10.1016/j.enpol.2010.01.033
http://doi.org/10.1016/j.enpol.2014.01.006
http://doi.org/10.1016/j.ecolecon.2011.06.026
http://doi.org/10.1016/S0167-4870(02)00154-X
http://doi.org/10.1111/ijcs.12586
http://doi.org/10.1016/j.egypro.2016.09.138
http://doi.org/10.1016/j.enbuild.2017.07.035
http://doi.org/10.1080/09613218.2014.894808

	Introduction 
	Research Methods 
	Findings 
	Residents’ Attitude towards Wooden Facade Renovation 
	Residents’ Attitude towards Wooden Additional Floor Construction 
	Effect of Wooden Facade Renovation and Additional Floor Construction on the Attractiveness of Residential Areas 
	Residents’ Preferences for Additional Construction 
	Attitudes of Apartment Building Owners towards Their Own Housing Company’s Wooden Additional Floor Project to Finance Facade Renovation 
	Residents’ Attitudes towards Different Wooden Renovation Alternatives 

	Discussion 
	Conclusions 
	References

