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ABSTRACT

In the second half of the 20th century, it seemed that wooden architecture would be replaced by other,
increasingly used, technologies. Wood was primarily used in hybrid systems, rather than as the dominant
construction and finishing material. However, the turn of the 20th and 21st centuries reversed this trend.
There is now a growing interest in wooden structures and finishes. Wood is becoming a “fashionable”
material. This shift is influenced by new technologies that provide innovative construction possibilities,
as well as by new methods of protecting wood. Wood is a renewable, ecological material with a small
built-in carbon footprint, making it easy to recycle and suitable for a circular economy. The aim of
the study is to compare the features of wooden single-family houses in Poland and Portugal. The methods
necessary for this purpose were employed: critical analysis, observation without intervention and case
studies to compare contemporary architectural trends. The results of research on current trends in shaping
wooden single-family architecture allowed for drawing conclusions regarding formal, functional and
pro-environmental solutions.

Keywords: wooden architecture, wooden construction, single-family house, climate crisis, sustainable
development, circular economy

INTRODUCTION

Wood is one of the primary building materials. It has been with us since the beginning of the period when
humanity began to create shelters (Xu, 2022). Wood was a material that was easy to obtain, transport,
process. Most importantly, was renewable. As technology and sources of raw materials progressed, wood
fell into the background, remaining a material for the internal partitions of buildings and roof structures,
and then becoming a finishing material (Youngs & Hamza, 2016). Importantly, most pitched roof structures
are made of wood. In the second half of the 20th century, wooden architecture as a structure made entirely
of wood was in decline. The reason for this state of affairs was low competitiveness in relation to brick
technologies. It is also crucial to consider the public’s perception of wooden structures as having lower
durability and the necessity for ongoing maintenance and repair of components that, if not adequately
protected, are susceptible to biological deterioration. However, this trend did not change on a large scale
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at the turn of the 20th and 21st centuries (Viholainen et al., 2021a). We are currently observing an increased
interest in wooden structures. This is primarily due to the growing ecological awareness of users and,
no less importantly, also to the search for alternative technologies in relation to the traditional ones, as masonry
structures are called. This search results primarily from an attempt to reduce construction costs, not only in
terms of material prices, but also labour inputs and the time needed to construct the building (Branco & Alves,
2020). The trend of returning to wooden structures is noticeable (Viholainen, Kylkilahti, Autio & Toppinen,
2020), but not dominant; wood is becoming “fashionable” again, but full trust is not yet there (L&htinen,
Harju & Toppinen, 2019; Viholainen et al., 2021a). An opportunity to increase the share of wooden structures
in the market is emerging through new technologies that can compete with masonry structures, providing
much greater opportunities than traditional wooden construction (Alves, 2022; Dukarska & Mirski, 2023)
and new methods of securing wooden structures that ensure modern utility and fire protection requirements
are met. A building is classified as wooden when its supporting structure and most of its components are
made of wood. We can mention here materials based on chips (laminated strand lumber — LSL and parallel
strand lumber — PSL), glulam beams and columns, cross-laminated timber — CLT, mechanically joined
timber — NLT and construction timber — KVH (De Araujo et al., 2016; Almeida, Barbosa & Malheiro, 2020;
Lechén, La Rua & Lechon, 2021; Tavares & Freire, 2022). What is important is its low built-in carbon
footprint and the fact that it is an ecological material that can be easily recycled (Buchanan & Levine, 1999;
Geng, Yang, Chen & Hong, 2017; Monteiro, Freire & Fernandez, 2020; Mendonca & Vieira, 2022; Valyova,
Parzhov, Hua & Koynov, 2023).

Nowadays, the construction sector is responsible for a significant part of the negative impact on
the environment (Zabalza Bribian, Valero Capilla & Aranda Uson, 2011; Grygierek & Ferdyn-Grygierek,
2022). Its share in total emissions is 42% in the case of energy consumption, 50% in the case of greenhouse
gas emissions and 22% of the total amount of waste in 2020 (Coelho & Brito, 2013; Onat & Kucukvar, 2020).
In this context, the European Union establishes targets and policies to reduce the environmental impact of
the construction sector (Wang, Toppinen & Juslin, 2014; Vil¢ekova, Culékova, Burdova & Katunska, 2015;
Morton, Pencheon & Bickler, 2019). Wood has an advantage over other building materials, mainly masonry
and steel structures, due to the fact that it is a renewable material, it binds carbon dioxide during tree
growth and provides more optimised and cleaner forms of construction than other technologies (Borjesson
& Gustavsson, 2000; Gustavsson, Pingoud & Sathre, 2006; Hoibe, Hansen & Nybakk, 2015; Heréjarvi,
2019; Amiri, Ottelin, Sorvari & Junnila, 2020; Schau, Niemel, Niemeli, Alencar Gavric & Sustersic, 2022).

There are regions where traditionally smaller buildings, mainly residential ones, are made of wooden
structures. A significant rate of such constructions occurs in countries such as the United States of America
(90-94%), Canada (76—-85%), the Scandinavian countries (80-85%) and Scotland (approximately 60%).
These countries have a rich tradition of this form of construction. It should be borne in mind that wooden
structures must be adapted to the specificity of a given country. Important factors here include climatic
conditions (dry or wet environments), the wood’s greater susceptibility to biological conditions and access to
good quality wood, which also ensures the renewable resources to meet the demand for the raw materials
(Quintana-Gallardo, Schau, Niemeld & Burnard, 2021). In the absence of a continuing tradition of wooden
structures in most countries, factors such as the lack of experience in the construction industry, a lack
of developed wood processing technologies, unspecialised workers, low awareness of the design and
construction sector, as well as a lack of detailed regulations and standards, will be important (Arlet, 2021;
Viholainen et al., 2021b).

Wooden constructions in Portugal and Poland have a rich tradition from the 13th to the 20th century.
Mixed construction solutions were most often used, because wood was rarely utilised as the only material
in buildings, being most often applied as a complement to a stone masonry structure (Marcal Goncalves,
Perez Cano & Rosendahl, 2019). Therefore, currently, the number of wooden buildings is relatively small
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in the country. The result is that a small number of companies have specialised in wooden buildings.
These are usually small construction companies specialising in this type of construction (Departamento
de Edificios Nucleo de Arquitectura e Urbanismo, 2011). This is compounded by the fact that a significant
portion of wooden products in Portugal is imported as raw materials or components of ready-made solutions
(Lerink et al., 2023). In Poland, unlike in Portugal, the supply of wood was abundant, which facilitated
the development of wood-based structures (Terlikowski, 2022).

Table 1. Population and area

Specification Poland Portugal Ratio
Area [km?] 322 575 92 152 1/3.5
Population [million residents] 37.75 10.33 1/3.6

Source: Glowny Urzad Statystyczny database; Instituto Nacional de Estatistica database.

Table 2. Forests’ area

Forest resources Poland Portugal Ratio
Per 1 000 ha 8331 2199 1/3.7
Per capita 0.22 0.21 1/1

Source: Forest Europe (2020).

Table 3. Wood production

Specification Poland Portugal Ratio
Roundwood [1 000 m?] 46 586 13957 1/3.3
Sawnwood [1 000 m?] 5190 1140 1/4.5

Source: Food and Agriculture Organization of the United Nations (2018).

As early as the 1980s, it was discovered that architects bear greater responsibility for the state of
the natural environment than other professional groups. Pro-environmental design, in addition to direct and
indirect benefits for the environment, also leads to better health and well-being for users. Design decisions
influence the architectural form of structures, as well as the effectiveness of implementation and operating
costs (Stasiak-Betlejewska & Potkany, 2015).

In light of this, the present article aims to compare wooden architecture, taking into account single-family
houses in two countries at the opposite ends of the European Union: Poland and Portugal. Such a comparison
is justified by significant differences, not only cultural and geographical ones, but also resulting climate factors
such as differences in temperature, humidity, hours of sunlight and amount of rainfall. These countries also
differ in terms of vegetation (i.e., raw materials, technologies, methods of design and construction, as well
as the way of planning space and using buildings). The purpose of this is to compare and show differences
and common points, which is intended to help in planning activities aimed at promoting and developing
the wooden construction sector for both geographies.
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MATERIAL AND METHODS

The following research methods were adopted: critical analysis method, observation method (without
intervention), case study and comparative analysis of contemporary architectural trends. In contemporary
architecture, it is difficult to talk about styles due to the fact that designers avoid clear definitions and
attempts to assign them to a clearly defined style. The language of architecture is diverse, but user
expectations are also aesthetically diverse. Historical periods usually had a consistent definition of beauty
for a given era; today, it has many variations. Hence, the terms “trend” is used more often than “style”.
The work used publicly available materials regarding the examined objects, as well as the designers’ own
materials. Formal and substantive criteria for selecting the research sample were adopted, and comparable
criteria were applied to all research subjects.

Formal criteria for selecting the research sample

Formal criteria for the subject of research were determined based on the availability of materials in
the following areas: location, year of implementation, designer and graphic material. The criteria were
defined in detail and the assessment of their fulfilment described (Table 4). Comparable criteria were
adopted for all research subjects.

Table 4. Formal criteria for selecting the research sample

Description

No Criterion name Criterion definition ..
of the criterion

The evaluation criteria will include:
1F Location — for all research subjects — the ability to determine at least the country
and city.
The evaluation criterion will include the possibility of determining
the year of implementation.
The evaluation criterion will include the possibility of identifying at least
the design studio and/or the author(s) of the project. . .

- — - —— — involves assigning
The.evaluatlon criterion Wlu include the possibility of obtaining the fol- the logical value
lowing for the research subjects: “ves”.
4F Graphic material — at least one illustration of the exterior,

— at least one interior illustration,
— floor plans of all residential floors.

Ju—

. Obligatory criterion.
2. Assessment

of the fulfilment

of the criterion

2F Year of implementation

3F Designer

Source: team’s fieldwork.

Substantive criteria for selecting the research sample

The substantive criteria of the subject of research were divided into general (function of the building,
independence of the building, year of construction of the building, structure and finishing materials)
and classification (type of location, contemporary formal and aesthetic trends, contemporary functional/
/spatial trends and contemporary pro-environmental trends). The criteria were defined in detail, and
the assessment of their fulfilment was described (Table 5). Comparable criteria were adopted for all
research subjects.
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Table 5. Formal criteria for selecting the research sample

Description

No Criterion name Criterion definition .
of the criterion
General substantive criteria
The evaluation criteria will include:
IM Building function — residential function,

— original residential function.

2M

Building
independence

The assessment criterion will include the independence of the building
for its residential function:
— single-family detached building.

3M

Year of construction

The dating criteria will include:

1. Obligatory criterion.

2. Assessment

of the fulfilment
of the criterion

of the building — 21st century. involves assigning
The following criteria will be assessed based on the building structure: ~  the logical value
4M Construction — wooden structure, “yes”.
— hybrid structure, dominantly wooden.
S . The criteria for evaluation will include the building’s finishing materials:
SM Finishing materials . .
— wood as the dominant material.
Substantive classification criteria
1. Obligatory criterion.

1K

Location type

The evaluation criteria will include the type of location:
— downtown, urban,
— on the outskirts (peripheral), outside the city.

2. Assessment of the ful-

filment of the criterion
involves assigning
the logical value

[13 i)

yes”.

2K

Contemporary formal
and aesthetic trends

As part of the classification criterion, the following will be assessed:
— features of contemporary trends/currents,
— features of pro-environmental architecture.

3K

Contemporary
functional and spatial
trends

The criterion will verify the impact of:

— cultural conditions, expected standard, legislation,
— location and climate conditions,

— climate crisis.

4K

Contemporary
pro-environmental
trends

The evaluation criteria will include:

— a place in line with the principles of sustainable development, mini-
mising the impact on the environment,

— materials and/or innovative pro-environmental technologies, including:
* use of materials that do not disturb the balance of environmen-

tal resources,

« cffective use of water resources,
« efficiency of heating systems.

—

. Optional criterion.

2. Assessment of fulfil-

ment of the criterion
consists in assigning
the logical value “yes’
to at least one group.

s

Source: team’s fieldwork.

RESULTS

Nowadays, the profession of an architect is not limited only to design; it requires knowledge of research tools,
among other things, in order to conduct interdisciplinary pre-design research before each new task. On the other
hand, a new research trend in architecture is being formed — research through design. So far, the vast majority
of research has been theoretical. In times of climate crisis and global social and economic problems, this
approach seems to be insufficient. Practice-related research, defined as research by design, evidence-based
design or action research, assumes that during design, knowledge is generated to solve a specific research
problem (European Association for Architectural Education [EAAE], 2022).
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Research on single-family residential houses located in Poland and Portugal

Single-family residential buildings that can obtain the status of exemplification of the thesis were selected
for the study based on the established criteria. The subject of the research is a contemporary single-family

residential building, constructed in a wooden or mixed structure, but with a predominant share of wood.

The territorial and temporal scope of the research was defined as Poland and Portugal during the 21st century.

The examined facilities in both countries are listed in Tables 6 and 7.

Table 6. Surveyed single-family residential houses located in Poland

= Object
number Photography - formal First floor plan - Second floor plan -
= Author's Basic information about the object and aesthetic functional and functional and spatial
name of the solutions spatial solutions solutions
building
= 01PL = Location: Poland, Krakéw
=House Be- = Year: 2018 = Area: 189 m?
hind The = Architects: Superhelix Pracownia
Roof Projektowa = T—I
= 02PL = Location: Poland, Rosnéwko
= One Family = Year: 2018 = Area: 240 m?
House “Dr = Architects: minimalDEsign not applicable
House”
= 03PL * Location: Poland, Gowidlino
= Kashubian = Year: 2016 » Area: 67 m?
House = Architects: Grzegorz Layer E
= 04PL = Location: Poland, Greater Poland
= Wooden = Year: 2020 = Area: 150 m?
House on a = Architects: Ultra Architects not applicable
Meadow
= 05PL = Location: Poland, Pokrzydowo
= House = Year: 2017 = Area: 160 m?
View on = Architects: House of Architects not applicable
Brodnica
Landscape
Park
* 06PL * Location: Poland, Poznar
= Cedar = Year: 2013 = Area: 166 m?
House = Architects: Mariusz Wrzeszcz Of- not applicable
fice
= 07PL = Location: Poland, Pszczyna
= Standard * Year: 2011 = Area: 224 m?
House = Architects: KWK PROMES Robert
Konieczny
= 08PL = Location: Poland, Poznan
=Poz7 = Year: 2019 = Area: 272 m?
House = Architects: PL.Architekci not applicable
= 09PL = Location: Poland, Gtogéw
= Field = Year: 2016 = Area: 175 m?
House = Architects: Blank Architects
not
= 10PL = Location: Poland,
=The Farm- = Year: 2021 = Area: 507 m?
house = Architects: BXBstudio Boguslaw

Barnas

Source: team’s fieldwork.
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Table7. Surveyed single-family residential houses located in Portugal

= Object

number Photography - formal First floor plan - Second floor plan -

= Author's Basic information about the object and aesthetic solutions  functional and spatial ~ functional and spatial

name of the solutions solutions

building

= 01PT = Location: Portugal, Melides

= Columba = Year: 2022

Tree House = Area: 258 ft2 (23.97 m?) —
= Architects: Madeiguincho D

= 02PT = Location: Portugal, Vale Flor

= Chestnut = Year: 2020 = Area: 25 m?

House = Architects: Jodo Mendes Ribeiro not applicable

=03PT = Location: Portugal, Estremoz

= Expan- = Year: 2017 = Area: 150 m?

sion of Bar- = Architects: Carlos Castanheira

rocas not applicable

House

= 04PT = Location: Portugal, Cucujdes

= House = Year: 2001

Quintado = Architects: Carlos Castanheira +

Buraco Il Clara Bastai

= 05PT * Location: Portugal, Baido

= Casa = Year: 2012

Costa = Architects: Carlos Castanheira

Grande

= 06PT = Location: Portugal, Avenal

= Casa Av- * Year: 2004

enal = Architects: Carlos Castanheira not applicable

= 07PT = Location: Portugal, Baido

*Housein = Year:2021 = Area: 243 m?

Baido = Architects: rago Alternativo M.
Arquitectos Associados E g

= 08PT = Location: Portugal

* Mima = Year: 2021

House = Architects: Marta Branddo + S g SR not applicable
Mario Sousa ,TH il F—H

= 09PT = Location: Portugal

=EcoTréia = Year: 2020 = Area: 300 m?

Resort — = Architects: GSS arquitectos

Casa ll

= 10PT = Location: Portugal, Penafiel

= Sister's = Year: 2018 = Area: 264 m? E ]

House = Architects: Balthazar Aroso AT o i

Arquitectos

= g,

1 i not applicable

Source: team’s fieldwork.
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Recapitulation of research results
The adopted substantive classification criteria were used to draw up detailed conclusions for further research
(comparison of Table 5):

1K — Each location is different and requires a separate, in-depth analysis and decisions regarding formal and
functional solutions in connection with pro-environmental solutions. The analysed facilities are located on
the outskirts of the city or outside the city. This is the preferred type of location for wooden single-family
houses; globally, new wooden buildings located in city centres are rare.

2K — The design solutions are similar and are based on a frame structure (Almeida De Araujo et al.,
2016; Monteiro, Freire & Fernandez, 2020). There were no significant implementations in other wood-
-based technologies such as CLT or log structures. Of course, such implementations exist, but they are
not dominant. Visible differences in the construction of building partitions result from local conditions
and the method of thermal insulation protection of buildings (Sousa, Braganca, Almeida & Silva, 2013;
Branddo De Vasconcelos, Pinheiro, Manso & Cabaco, 2015). Due to climatic reasons, buildings in Poland
are better protected against weather conditions in winter, which translates into a thicker number of layers
within the building envelope or building enclosure. This is reflected in the form of the building. Projects
in Portugal are characterised by lightness and greater freedom in creating space. The architectural form
of buildings in Poland and Portugal differs, especially with regard to the roofs of the buildings. Projects
in Portugal are characterised by flat or shed roofs with one slope. In Poland, they most often have a gable
form, which can be related to the climate and current snowfall in winter, but also to historical conditions.
Buildings in Poland often refer in their form to traditional agricultural buildings, often barns with a simple
rectangular form covered with a gable roof. In the case of Portugal, the lack of timber references and
the absence of 100% timber traditional buildings resulted in architectural freedom to explore and design
other forms. All examined objects in Poland and Portugal are characterised by a strong architectural
expression emphasising wood as the main building material. This is not obvious considering the possibility
of using cheaper fagade cladding. The use and emphasis of wood on the fagades of the examined build-
ings results, among other things, from the desire to emphasise the natural character of the building. This
is a manifestation, apart from aesthetic factors, of pro-ecological solutions resulting from the building’s
construction. This creates a trend to notice this type of investment, creating popularity and fashion for
ecological construction among given communities (Stepien et al., 2022; Sano, Saito & Boontharm, 2023).

3K — The trends in shaping wooden buildings in Poland and Portugal in terms of functional solutions are similar.
The functional division of living space and zoning into general/daytime and private/nighttime areas result from
contemporary design trends and is universal for continental Europe. The functional layout dominates, with three
bedrooms in the private/night zone. In the case of Portugal, more often than in Poland, one can observe a more
extensive external part of the area functionally connected to the interior of the house. This is due to the climate
and the longer period of time that allows for staying outdoors. Houses in Portugal are generally characterised by
greater openness to the surroundings, most often through the use of large glazing in the living areas. In the case
of Polish houses, the dominant feature is to allocate space for a garage for cars, which is also determined by
the climate and winter protection (Morgado, Correia Guedes, Gomes Ferreira & Cruz, 2020).

4K — Contemporary wooden single-family buildings are designed and implemented with awareness of environ-
mental problems. The location is not accidental; various ecological aspects are analysed in order to minimise
the impact of the investment on the environment. Wood is an ecological, renewable material, which means it
does not disturb the balance of environmental resources. Moreover, the case studies are characterised by effi-
cient use of water resources through the harvesting and use of rainwater and, to a lesser extent, grey water.
The examined facilities have various heating systems; most of them are energy-saving or passive. Most of them
use renewable energy sources (RES) systems, mainly photovoltaic panels. Due to diverse location conditions,
regional environmental priorities were taken into account in the design and implementation process.
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On the basis of the analysed single-family buildings with wooden structures constructed in the 21st century
and located in Poland and Portugal, an attempt was made to identify contemporary trends in shaping
wooden residential architecture. The context of the place — urban, historical or natural — differs in each case.
The single-family houses presented are mainly located mainly on the outskirts of cities or outside urban areas.
They reference to local history or present universal aesthetic solutions. The natural context is crucial. It was
necessary to ascertain whether, in connection with the above, it was possible to identify clear directions for
shaping the architecture of wooden single-family houses and, if so, whether the conclusions could be described
as general or specific. The authors aimed to indicate general directions based on their own observations and
features important for designers highlighted in the authors’ descriptions, divided into two problem areas that
often co-occur.

1. Formal-aesthetic and functional-spatial trends — combinations of various types of shapes, more or less
ordered, repeatable or single, related to greenery and terrain. Often shaped according to the principles of
addition or subtraction, mainly of cubic elements, but also of rotational forms or displacements of solids
relative to each other. Moreover, the examined objects can be classified according to their essential and
common features: contextual and acontextual/universal, compact and fragmented, atrial and opening to
the surroundings, single-storey and two- or more-storeys, modular and non-modular/single-storey.

2. Pro-environmental trends — all facilities examined were designed with ecological sensitivity in the context
of the climate crisis, but the assumptions translate into implementation solutions to varying degrees.
The importance of such solutions also varies, but the direction of ecological/sustainable architecture and
the related bioclimatic architecture is clearly evident. The principle is the design of single-family residential
buildings in functional harmony with the surrounding natural environment, making maximum use of its
natural conditions without negative intervention and ensuring full comfort for all users in a friendly space.

DISCUSSION

Wooden house constructions in Poland and Portugal have a rich tradition. Based on the study’s findings,
it was found that in Portugal, the entire structure was less often made of wood and more often used wood
as a cladding material, which was mainly due to the availability and ease of obtaining raw materials. This
influenced the construction methods and the character of the architecture compared to Poland, where wood
was a widely material (Silva, Mendonga & Branco, 2012).

Nowadays, the great importance of wooden structures in the context of climate change (Sulaiman, Abdul-
-Rahim & Ofozor, 2020; Rybak-Niedziotka et al., 2023), circular economy solutions (Kaziolas, Zygomalas,
Stavroulakis & Baniotopoulos, 2013; Lacek & Starzyk, 2023), especially in relation to the Green Deal
arrangements for the European Union area (Sikkema, Styles, Jonsson, Tobin & Byrne, 2023), is indicated.
Prefabricated solutions in particular should be pointed out here, which may make such solutions more
widespread due to their lower price and speed of installation (Araujo et al., 2022; Tenorio, Branco & Silva,
2023; Svajlenka & Kozlovska, 2023). The main future solution is a system based on CLT (Balasbaneh & Sher,
2021; Krzosek & Klosinska, 2021; Leszczyszyn et al., 2022). Both in Poland and Portugal, there is a market and
realisations of such solutions (Oliveira, Couto, Mendonga, Silva & Reis, 2013; Radziszewska-Zielina & Glen,
2014). These markets differ in housing issues, but common features can be found in terms of housing space
requirements (Racka & Khalil Ur Rehman, 2018; Instituto Nacional de Estatistica, 2022; Starzyk et al., 2023).

The main differences that can be demonstrated are due to solutions resulting from climatic conditions. In
the case of Poland, it is necessary to use more resistant buildings to the effects of mainly low temperatures,
which is not left without an impact on the external form (Grygierek et al., 2020).
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CONCLUSIONS

The authors conducted architectural research on single-family buildings with wooden structures in Poland
and Portugal. The projects examined were created in the 21st century. Poland and Portugal differ in their
geographical location, climate, land area and population. These factors influence the development of buildings
and the adopted technological solutions adopted. However, some commonalities can be identified. One should
begin by comparing conditions based on area, population and estimated forest production for construction
purposes. Considering the proportion of differences in these indicators, it can be noted that Poland and
Portugal are similar in terms of population density and the area of wood resources per inhabitant. A similar
proportion was obtained when comparing the domestic production of wooden assortments and sawmill wood
(Forest Europe, 2020). This allows us to conclude that, despite geographical, economic and social differences,
Poland and Portugal have similar conditions for the development of the construction sector based on wooden
structures (Nunes, Meireles, Pinto Gomes & De Almeida Ribeiro, 2019).

The results of research on contemporary trends in shaping wooden single-family architecture allowed for
drawing general conclusions regarding formal solutions. The dominant forms are based on a combination of
various shapes, repeatable or single, more or less ordered, often shaped on the basis of addition or subtraction.
Houses take into account the context of the place; relatively few can be classified as acontextual. Mostly,
they are related to the topography and greenery, taking into account the pro-environmental factor. The above
important and common formal features served as the basis for the author’s classification of contemporary
wooden single-family houses into two main trends — neo-vernacular and neo-modernist. There are objects
created with reference to the features of other trends, but these are rare cases. Both main trends can and most
often coexist with the ecological trend.

Polish and Portuguese people are aware of climate change and the need to reduce the environmental
burden of the construction sector (Correia Guedes, Pinheiro & Manuel Alves, 2009; Lee, Markowitz, Howe,
Ko & Leiserowitz, 2015). Hence, there are more and more ecological solutions with wooden structures in these
areas. This is not a dominant trend; traditional construction methods are still the most popular. This is still due
to the lack of trust in wooden structures, the lack of specialised companies and the low price competitiveness
of building a wooden house compared to traditional solutions (Viholainen et al., 2020; Palma, Gouveia
& Barbosa, 2022). This applies equally to Poland and Portugal, despite the relatively good and comparable
conditions of both countries for the development of the wooden building construction sector.

While Polish and Portuguese people are aware of climate change and the need to reduce the construction
sector’s environmental footprint, increasing the share of wood presents a potentially viable solution. Although
there are challenges — such as timber construction not a being a dominant trend and trust in its structural
integrity not yet being fully established — a long-term perspective reveals significant environmental benefits
without compromising the buildings architectural and construction quality of buildings. Consequently,
discussions on incentives for wood construction incentives through government policies or awareness
sensibilisation campaigns should be pursued with the aim of broader implementation.

Authors’ contributions
Conceptualisation: A.S., N.D.C. and C.C.D.; methodology: A.S.; formal analysis: A.S., N.D.C. and C.C.D,;
investigation: A.S.; writing — original draft preparation: A.S., N.D.C., C.C.D. and P.L.; writing — review
and editing: A.S., N.D.C., C.C.D. and P.L.; visualisation: A.S., N.D.C., C.C.D. and P.L.; supervision: A.S.
and N.D.C.; funding acquisition and project administration: A.S.

All authors have read and agreed to the published version of the manuscript.

aspa.sggw.edu.pl 313



Starzyk, A., Corticos, N. D., Duarte, C. C., tacek, P. (2024). Environmental and architectural aspects of wooden construction:
a comparative analysis of selected issues of single-family housing in Poland and Portugal. Acta Sci. Pol. Architectura, 23, 304-318,
DOI: 10.22630/ASPA.2024.23.23

REFERENCES

Almeida De Araujo, V., Cortez-Barbosa, J., Garcia, J. N., Gava, M., Laroca, C. & César, S. F. (2016). Woodframe: Light
Framing Houses for Developing Countries. Revista de la Construccion, 15, 78-87. https://doi.org/10.4067/S0718-
915X2016000200008

Almeida, M., Barbosa, R. & Malheiro, R. (2020). Effect of Embodied Energy on Cost-Effectiveness of a Prefabricated
Modular Solution on Renovation Scenarios in Social Housing in Porto, Portugal. Sustainability, 12, 1631. https://doi.
org/10.3390/su12041631

Alves, S. (2022). Divergence in Planning for Affordable Housing: A Comparative Analysis of England and Portugal. Progress
in Planning, 156, 100536. 10.1016/j.progress.2020.100536

Amiri, A., Ottelin, J., Sorvari, J. & Junnila, S. (2020). Cities as Carbon Sinks — Classification of Wooden Buildings.
Environmental Research Letters, 15, 094076. https://doi.org/10.1088/1748-9326/abal34

Araujo, V. A. D., Vasconcelos, J. S., Cortez-Barbosa, J., Morales, E. A. M., Gava, M. & Garcia, J. N. (2022). Can timber
houses be productively faster to build than other buildings? Revista Arvore, 46, €4623. https://doi.org/10.1590/1806-
908820220000023

Arlet, J. L. (2021). Innovative Carpentry and Hybrid Joints in Contemporary Wooden Architecture. Arts, 10, 64. https://doi.
org/10.3390/arts 10030064

Balasbaneh, A. T. & Sher, W. (2021). Comparative Sustainability Evaluation of Two Engineered Wood-Based Construction
Materials: Life Cycle Analysis of CLT versus GLT. Building and Environment, 204, 108112. https://doi.org/10.1016/j.
buildenv.2021.108112

Borjesson, P. & Gustavsson, L. (2000). Greenhouse Gas Balances in Building Construction: Wood versus Concrete from Life-
-Cycle and Forest Land-Use Perspectives. Energy Policy, 28, 575-588. https://doi.org/10.1016/S0301-4215(00)00049-5

Branco, R. & Alves, S. (2020). Urban Rehabilitation, Governance, and Housing Affordability: Lessons from Portugal. Urban
Research & Practice, 13, 157-179. https://doi.org/10.1080/17535069.2018.1510540

Branddo De Vasconcelos, A., Pinheiro, M.D., Manso, A. & Cabago, A. (2015). A Portuguese Approach to Define
Reference Buildings for Cost-Optimal Methodologies. Applied Energy, 140, 316-328. https://doi.org/10.1016/j.
apenergy.2014.11.035

Buchanan, A. H. & Levine, S. B. (1999). Wood-Based Building Materials and Atmospheric Carbon Emissions. Environmental
Science & Policy, 2, 427-437. https://doi.org/10.1016/S1462-9011(99)00038-6

Coelho, A. & Brito, J. D. (2023). Environmental Analysis of a Construction and Demolition Waste Recycling Plant in
Portugal — Part I: Energy Consumption and CO, Emissions. Waste Management, 33, 1258—1267. https://doi.org/10.1016/j.
wasman.2013.01.025

Correia Guedes, M., Pinheiro, M. & Manuel Alves, L. (2009). Sustainable Architecture and Urban Design in Portugal: An
Overview. Renewable Energy, 34, 1999-2006. https://doi.org/10.1016/j.renene.2009.02.014

De Araujo, V. A., Cortez-Barbosa, J., Gava, M., Garcia, J. N., Souza, A. J. D. D., Savi, A. F., Morales, E. A. M., Molina, J. C.,
Vasconcelos, J. S., Christoforo, A. L. & Lahr, F. A. R. (2016). Classification of Wooden Housing Building Systems.
BioResources, 11, 7889-7901. https://doi.org/10.15376/biores.11.3.DeAraujo

Departamento de Edificios Nucleo de Arquitectura e Urbanismo (2011). Caracterizag¢do Da Oferta De Casas De Madeira
Em Portugal Inquérito As Empresas de Projecto, Fabrico, Construgio e Comercializagdo. Lisbon.

Dukarska, D. & Mirski, R. (2023). Wood-Based Materials in Building. Materials, 16, 2987, https://doi.org/10.3390/
mal6082987

European Association for Architectural Education [EAAE], (2022). Charter on Architectural Research (update March 2022).
Retrieved from: https://www.eaae.be/wp-content/uploads/2022/08/EA AE-Charter-on-Architectural-Research-2022-
update-version-130722.pdf [accessed: 01.07.2024].

Food and Agriculture Organization of the United Nations [FAO], (2018). FAO Yearbook of Forest Products. Rome. Retrieved
from: https://www.fao.org/3/cb0513m/CB0513M.pdf [accessed: 01.07.2024].

Forest Europe (2020). State of Europe’s Forests 2020. Ministerial Conference on the Protection of Forests in Europe.
Bratislava: Forest Europe Liaison Unit Bratislava. https://foresteurope.org/wp-content/uploads/2016/08/SoEF _2020.pdf
[accessed: 01.07.2024].

314 aspa.sggw.edu.pl



Starzyk, A., Corticos, N. D., Duarte, C. C., tacek, P. (2024). Environmental and architectural aspects of wooden construction:
a comparative analysis of selected issues of single-family housing in Poland and Portugal. Acta Sci. Pol. Architectura, 23, 304-318,
DOI: 10.22630/ASPA.2024.23.23

Geng, A., Yang, H., Chen, J. & Hong, Y. (2017). Review of Carbon Storage Function of Harvested Wood Products and
the Potential of Wood Substitution in Greenhouse Gas Mitigation. Forest Policy and Economics, 85, 192-200. https://doi.
org/10.1016/j.forpol.2017.08.007

Gloéwny Urzad Statystyczny Available online: www.stat.gov.pl.

Grygierek, K. & Ferdyn-Grygierek, J. (2022). Analysis of the Environmental Impact in the Life Cycle of a Single-Family
House in Poland. Atmosphere, 13, 245. https://doi.org/10.3390/atmos 13020245

Grygierek, K., Ferdyn-Grygierek, J., Guminska, A., Baran, L., Barwa, M., Czerw, K., Gowik, P., Makselan, K., Potyka, K.
& Psikuta, A. (2020). Energy and Environmental Analysis of Single-Family Houses Located in Poland. Energies, 13,
2740. https://doi.org/10.3390/en13112740

Gustavsson, L., Pingoud, K. & Sathre, R. (2006). Carbon Dioxide Balance of Wood Substitution: Comparing Concrete- and
Wood-Framed Buildings. Mitigation Adaptation Strategies Global Change, 11, 667-691. https://doi.org/10.1007/s11027-
006-7207-1

Hergjarvi, H. (2019). Wooden Buildings as Carbon Storages — Mitigation or Oration? Wood Material Science & Engineering,
14,291-297. https://doi.org/10.1080/17480272.2019.1635205

Hoibe, O., Hansen, E. & Nybakk, E. (2015). Building Material Preferences with a Focus on Wood in Urban Housing:
Durability and Environmental Impacts. Canadian Journal of Forest Research, 45, 1617-1627. https://doi.org/10.1139/
cjfr-2015-0123

Instituto Nacional de Estatistica (2022). Estatisticas Da Construgdo e Habitagdo — 2022. Retrieved from: https://www.ine.pt/
ngt_server/attachfileu.jsp?look parentBoui=620424852&att_display=n&att_download=y [accessed: 01.07.2024].

Instituto Nacional de Estatistica. Available online: www.ine.pt.

Kaziolas, D. N., Zygomalas, 1., Stavroulakis, G. E. & Baniotopoulos, C. C. (2013). Environmental Impact Assessment of
the Life Cycle of a Timber Building. In Proceedings of the Fourteenth International Conference on Civil, Structural and
Environmental Engineering Computing, Civil-Comp Press, Stirlingshire, UK 2013 (Paper 149). https://doi.org/10.4203/
ccp.102.149

Krzosek, S. & Klosinska, T. (2021). CLT — Material for the Measure of the Future. Annals of WULS — SGGW. Forestry and
Wood Technology, 114, 76-85. https://doi.org/10.5604/01.3001.0015.2377

Léahtinen, K., Harju, C. & Toppinen, A. (2019). Consumers’ Perceptions on the Properties of Wood Affecting Their
Willingness to Live in and Prejudices against Houses Made of Timber. Wood Material Science & Engineering, 14,
325-331. https://doi.org/10.1080/17480272.2019.1615548

Lechén, Y., La Rua, C. D. & Lechoén, J. 1. (2021). Environmental Footprint and Life Cycle Costing of a Family House
Built on CLT Structure. Analysis of Hotspots and Improvement Measures. Journal of Building Engineering, 39, 102239.
https://doi.org/10.1016/j.jobe.2021.102239

Lee, T. M., Markowitz, E. M., Howe, P. D., Ko, C-Y. & Leiserowitz, A. A. (2015). Predictors of Public Climate Change
Awareness and Risk Perception around the World. Nature Climae Change, 5, 1014-1020. https://doi.org/10.1038/
nclimate2728

Lerink, B. J. W., Schelhaas, M-J., Schreiber, R., Aurenhammer, P., Kies, U., Vuillermoz, M., Ruch, P., Pupin, C., Kitching, A.,
Kerr, G., Sing, L., Calvert, A., Dhubhain, A. N., Nieuwenhuis, M., Vayreda, J., Reumerman, P., Gustavsonn, G., Jakobsson, R.,
Little, D, ... & Nabuurs, G-J. (2023). How Much Wood Can We Expect from European Forests in the near Future? Forestry:
An International Journal of Forest Research, 96, 434—447. https://doi.org/10.1093/forestry/cpad009

Leszczyszyn, E., Herdjarvi, H., Verkasalo, E., Garcia-Jaca, J., Araya-Letelier, G., Lanvin, J-D., Bidzinska, G., Augustyniak-
-Wysocka, D., Kies, U., Calvillo, A., Wahlstrémh, M., Kouyoumji, J-L. (2022). The Future of Wood Construction:
Opportunities and Barriers Based on Surveys in Europe and Chile. Sustainability, 14, 4358. https://doi.org/10.3390/
sul4074358

Lacek, P. & Starzyk, A. (2023). Recycling of Building Materials: An Overview. Acta Scientiarum Polonorum. Architectura,
21 (3), 67-76. https://doi.org/10.22630/ASPA.2022.21.3.23

Marcal Goncalves, M., Perez Cano, M. T. & Rosendahl, S. (2019). From Stone Masonry to Emigrant’s Mansions. Changes
in Vernacular Architecture in Central Portugal. IOP Conference Series: Materials Science and Engineering, 603 (2),
022064. https://doi.org/10.1088/1757-899X/603/2/022064

Mendonca, P. & Vieira, C. (2022). Embodied Carbon and Economic Cost Analysis of a Contemporary House Design Using
Local and Reused Materials. Sustainable Futures, 4, 100100. https://doi.org/10.1016/].sftr.2022.100100

aspa.sggw.edu.pl 315



Starzyk, A., Corticos, N. D., Duarte, C. C., tacek, P. (2024). Environmental and architectural aspects of wooden construction:
a comparative analysis of selected issues of single-family housing in Poland and Portugal. Acta Sci. Pol. Architectura, 23, 304-318,
DOI: 10.22630/ASPA.2024.23.23

Monteiro, H., Freire, F. & Fernandez, J. E. (2020). Life-Cycle Assessment of Alternative Envelope Construction for a New
House in South-Western Europe: Embodied and Operational Magnitude. Energies, 13, 4145. https://doi.org/10.3390/
enl3164145

Morgado, L., Correia Guedes, M., Gomes Ferreira, J. & Cruz, H. (2020). Método Para El Disefio Arquitectonico de Casas
de Madera En Portugal. Informes De La Construccion, 72, €370. https://doi.org/10.3989/ic.73680

Morton, S., Pencheon, D. & Bickler, G. (2019). The Sustainable Development Goals Provide an Important Framework for
Addressing Dangerous Climate Change and Achieving Wider Public Health Benefits. Public Health, 174, 65-68. https://
doi.org/10.1016/j.puhe.2019.05.018

Nunes, L. J. R., Meireles, C. 1. R., Pinto Gomes, C. J. & De Almeida Ribeiro, N. M. C. (2019). Socioeconomic Aspects of
the Forests in Portugal: Recent Evolution and Perspectives of Sustainability of the Resource. Forests, 10, 361. https://doi.
org/10.3390/£10050361

Oliveira, M., Couto, J. P., Mendonga, P., Silva, M. & Reis, P. (2013). Low Cost Construction: State of the Art and Prospects
for Using Structure Wood Apartment Buildings in Portugal. In P. J. Cruz (Ed.), Structures and Architecture: Concepts,
Applications and Challenges (pp. 2168-2175). London: Taylor & Francis Group.

Onat, N. C. & Kucukvar, M. (2020). Carbon Footprint of Construction Industry: A Global Review and Supply Chain
Analysis. Renewable and Sustainable Energy Reviews, 124, 109783. https://doi.org/10.1016/j.rser.2020.109783

Palma, P., Gouveia, J. P. & Barbosa, R. (2022). How Much Will It Cost? An Energy Renovation Analysis for the Portuguese
Dwelling Stock. Sustainable Cities and Society, 78, 103607. 10.1016/j.scs.2021.103607

Quintana-Gallardo, A., Schau, E. M., Niemel4, E. P. & Burnard, M. D. (2021). Comparing the Environmental Impacts
of Wooden Buildings in Spain, Slovenia, and Germany. Journal of Cleaner Production, 329, 129587. https://doi.
org/10.1016/j.jclepro.2021.129587

Racka, I. & Khalil Ur Rehman, S. (2018). Housing Market in Capital Cities — the Case of Poland and Portugal. Geomatics
and Environmental Engineering, 12, 75. https://doi.org/10.7494/geom.2018.12.3.75

Radziszewska-Zielina, E. & Glen, M. (2014). Studies of the Prefabricated Housing Construction Market in Poland. Selected
Scientific Papers — Journal of Civil Engineering, 9, 13-26. https://doi.org/10.2478/sspjce-2014-0012

Rybak-Niedziotka, K., Starzyk, A., Lacek, P., Mazur, L., Myszka, ., Stefanska, A., Kurcjusz, M., Nowysz, A. & Langie, K. (2023).
Use of Waste Building Materials in Architecture and Urban Planning — A Review of Selected Examples. Sustainability,
15, 5047, https://doi.org/10.3390/su15065047

Sano, S., Saito, N. & Boontharm, D. (2023). The Potential of Small Wooden-Frame Building in Aging Japan. Sustainability,
15, 3602. https://doi.org/10.3390/su15043602

Schau, E. M., Niemel4, E. P, Niemel, A. J., Alencar Gavric, T. A. & Sustersi¢, I. (2022). Life Cycle Assessment Benchmark
for Wooden Buildings in Europe. In Z. S. Klos et al. (Eds), Towards a Sustainable Future — Life Cycle Management
(pp- 143—154). Cham: Springer International Publishing.

Sikkema, R., Styles, D., Jonsson, R., Tobin, B. & Byrne, K. A. (2023). A Market Inventory of Construction Wood for
Residential Building in Europe — in the Light of the Green Deal and New Circular Economy Ambitions. Sustainable
Cities and Society, 90, 104370. https://doi.org/10.1016/j.scs.2022.104370

Silva, M., Mendonga, P. & Branco, J. (2012). Traditional Wooden Buildings in Portugal the Avieira House. Paper at
the International Conference “Sustainable Environment in the Mediterranean Region: from Housing to Urban and Land
Scale Construction”, Naples 12—14 February 2012.

Sousa, J., Braganga, L., Almeida, M. & Silva, P. (2013). Research on the Portuguese Building Stock and Its Impacts on Energy
Consumption — An Average U-Value Approach. Archives of Civil Engineering, 59, 523-546. https://doi.org/10.2478/ace-
2013-0029

Starzyk, A., Donderewicz, M., Rybak-Niedzidtka, K., Marchwinski, J., Grochulska-Salak, M., Lacek, P., Mazur, L.,
Voronkova, 1. & Vietrova, P. (2023). The Evolution of Multi-Family Housing Development Standards in the Climate
Crisis: A Comparative Analysis of Selected Issues. Buildings, 13, 1985. https://doi.org/10.3390/buildings13081985

Stasiak-Betlejewska, R. & Potkany, M. (2015). Construction Costs Analysis and Its Importance to the Economy. Procedia
Economics and Finance, 34, 35-42. https://doi.org/10.1016/S2212-5671(15)01598-1

Stepien, A., Piotrowski, J. Z., Munik, S., Balonis, M., Kwiatkowska, M. & Krechowicz, M. (2022). Sustainable Construction —
Technological Aspects of Ecological Wooden Buildings. Energies, 15, 8823. https://doi.org/10.3390/en15238823

316 aspa.sggw.edu.pl



Starzyk, A., Corticos, N. D., Duarte, C. C., tacek, P. (2024). Environmental and architectural aspects of wooden construction:
a comparative analysis of selected issues of single-family housing in Poland and Portugal. Acta Sci. Pol. Architectura, 23, 304-318,
DOI: 10.22630/ASPA.2024.23.23

Sulaiman, C., Abdul-Rahim, A. S. & Ofozor, C. A. (2020). Does Wood Biomass Energy Use Reduce CO, Emissions in
European Union Member Countries? Evidence from 27 Members. Journal of Cleaner Production, 253, 119996. https://
doi.org/10.1016/j.jclepro.2020.119996

Svajlenka, J. & Kozlovska, M. (2023). Analysis processes of selected wooden buildings. AIP Conference Proceedings, 2928,
070009. https://doi.org/10.1063/5.0170364

Tavares, V. & Freire, F. (2022). Life Cycle Assessment of a Prefabricated House for Seven Locations in Different Climates.
Journal of Building Engineering, 53, 104504. https://doi.org/10.1016/j.jobe.2022.104504

Tenorio, M., Branco, J. M. & Silva, S. M. (2023). Application of a Prefabricated Wooden-Based System for Collective
Buildings in a Four-Storey Portuguese Building. In F. Gaspar, A. Mateus (Eds), Sustainable and Digital Building
(pp- 183-193). Cham: Springer International Publishing.

Terlikowski, W. (2022). Problems and Technical Issues in the Diagnosis, Conservation, and Rehabilitation of Structures of
Historical Wooden Buildings with a Focus on Wooden Historic Buildings in Poland. Sustainability, 15, 510. https://doi.
org/10.3390/su15010510

Valyova, M., Parzhov, E., Hua, L. S. & Koynov, D. (2023). Utilization of Scots Pine (Pinus sylvestris L.) Timber with Defects
in Production of Engineered Wood Products. Drvna industrija, 74 (1), 71-79. https://doi.org/10.5552/drvind.2023.0048

Viholainen, N., Franzini, F., Lahtinen, K., Nyrud, A. Q., Widmark, C., Hoen, H. F. & Toppinen, A. (2021). Citizen Views on
Wood as a Construction Material: Results from Seven European Countries. Canadian Journal of Forest Research, 51,
647-659. https://doi.org/10.1139/cjfr-2020-0274

Viholainen, N., Kylkilahti, E., Autio, M., Péyhonen, J. & Toppinen, A. (2021). Bringing Ecosystem Thinking to Sustainability-
-Driven Wooden Construction Business. Journal of Cleaner Production, 292, 126029. https://doi.org/10.1016/j.
jelepro.2021.126029

Viholainen, N., Kylkilahti, E., Autio, M. & Toppinen, A. A. (2020). Home Made of Wood: Consumer Experiences of Wooden
Building Materials. International Journal of Consumer Studies, 44 (6), 542-551. https://doi.org/10.1111/ijcs.12586

Viléekova, S., Culakova, M., Burdov, E. & Katunska, J. (2015). Energy and Environmental Evaluation of Non-Transparent
Constructions of Building Envelope for Wooden Houses. Energies, 8, 11047-11075. https://doi.org/10.3390/en81011047

Wang, L., Toppinen, A. & Juslin, H. (2014). Use of Wood in Green Building: A Study of Expert Perspectives from the UK.
Journal of Cleaner Production, 65, 350-361. https://doi.org/10.1016/j.jclepro.2013.08.023

Xu, H. (2022). Wuling Ganlan: Splendid Archi-Tectonic Legacy of Asian Wooden Architecture. Built Heritage, 6, 31, https://
doi.org/10.1186/s43238-022-00079-5

Youngs, R. L. & Hamza, M. F. (2016). Wood: History of Use. In S. Hashmi (Ed.), Reference Module in Materials Science
and Materials Engineering (pp. 1-7). Oxford: Elsevier.

Zabalza Bribian, 1., Valero Capilla, A. & Aranda Uson, A. (2011). Life Cycle Assessment of Building Materials: Comparative
Analysis of Energy and Environmental Impacts and Evaluation of the Eco-Efficiency Improvement Potential. Building
and Environment, 46, 1133—1140. https://doi.org/10.1016/j.buildenv.2010.12.002

SRODOWISKOWE | ARCHITEKTONICZNE ASPEKTY BUDOWNICTWA DREWNIANEGO:
ANALIZA POROWNAWCZA WYBRANYCH ZAGADNIEN BUDOWNICTWA
JEDNORODZINNEGO W POLSCE | PORTUGALII

STRESZCZENIE

W drugiej polowie XX wieku wydawato si¢, ze budownictwo drewniane zostanie wyparte przez inne,
coraz czeg$ciej stosowane technologie. Drewno bylto gléwnie stosowane w uktadach hybrydowych, nie jako
dominujacy material konstrukcyjny i wykonczeniowy. Przelom XX i XXI wieku odwrdcit t¢ tendencjg.
Obecnie obserwuje si¢ zwigkszone zainteresowanie konstrukcjami drewnianymi oraz wykonczeniowymi
drewnianymi. Drewno staje si¢ materiatem ,,modnym”. Maja na to wpltyw nowe technologie dajace nowe
mozliwosci konstrukcyjne, a takze nowe metody zabezpieczania drewna. Drewno jest odnawialnym surowcem
o malym wbudowanym §ladzie we¢glowym, materiatem tatwym do recyklingu i do stosowania w gospodarce
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0 obiegu zamknigtym. Celem badania jest porownanie cech drewnianych doméw jednorodzinnych w Polsce
i Portugalii. Zastosowano metody niezbg¢dne do zalozonego celu: analizy krytycznej, obserwacji bez
interwencji, studium przypadku w celu poréwnania wspotczesnych trendow architektonicznych. Wyniki
badan wspolczesnych trendéw w ksztaltowaniu drewnianej architektury jednorodzinnej pozwolily na
wyciggniecie wnioskow dotyczacych rozwigzan formalnych, funkcjonalnych i prosrodowiskowych.

Stowa kluczowe: architektura drewniana, budownictwo drewniane, dom jednorodzinny, kryzys
klimatyczny, rozw0j zrbwnowazony, gospodarka o obiegu zamknigtym
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