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ABSTRACT

Nowadays, there is a progressive concern with a view to a sustainable future. In this
context, the construction sector, one of the main sources of carbon emissions and resource

consumption, is striving to find sustainable solutions to mitigate its ecological impact.

The present study explores the transition from traditional materials, concrete and steel,
to sustainable materials, CLT and bamboo, in Portugal, by 2050, positioning the country
in compliance with the decarbonization objectives of the Paris Agreement. The
dissertation focuses on demonstrating the benefits of using and applying these materials,
highlighting how they will minimize CO2 emissions, while simultaneously enabling
faster and more efficient construction. Creative destruction will happen as traditional
practices will be replaced by innovative solutions, with technological change helping to

promote sustainability.

The advances will happen as the current state of art of building construction in
Portugal is still very much concentrated on materials and typologies that have been rooted

and unchanged for more than 80 years.

The quantitative and qualitative results of the research carried out addresses the main
obstacles that will be faced in this trajectory of change, assessing whether the transition

from traditional materials to sustainable materials will be possible in Portugal by 2050.
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RESUMO

Nos dias de hoje, existe uma preocupacdo progressista com vista a obter-se um
futuro sustentdvel. Neste contexto, o setor da constru¢do civil, um dos principais
responsaveis pelas emissdes de carbono e consumo de recursos, empenha-se na procura

de solucdes sustentaveis para mitigar o seu impacto ecologico.

Este estudo explora a transicdo dos materiais tradicionais, betdo e ago, para
materiais sustentaveis, CLT e bambu, em Portugal, até 2050, com vista a permitir que o
pais se posicione em conformidade com os objetivos de descarbonizacdo do Acordo de
Paris. Concentra-se na demonstragdo dos beneficios da utilizagdo e aplicagdo desses
materiais, tanto por permitirem a reducdo de emissdes de CO2, como por proporcionarem
construgdes mais rapidas e eficientes. Nesta transigdo, a destruicdo criativa levard a
substitui¢do de praticas tradicionais por solugdes inovadoras, proporcionando solugdes

de base tecnoldgica para a promogao da sustentabilidade.

O ponto de partida para esta mudanca ¢ o atual estado da arte da construcao de
edificios em Portugal, ainda intrinsecamente baseado nos materiais e nas tipologias mais

utilizadas no setor, numa situag@o enraizada e inalterada ha mais de 80 anos.

Os resultados quantitativos e qualitativos da investigacdo desenvolvida, apesar dos
principais obstaculos enfrentados, permitem discutir criticamente se a transicdo de

materiais tradicionais para materiais sustentaveis € possivel em Portugal até 2050.

Palavras-Chave:

Sustentabilidade; Sustentabilidade Ambiental; Materiais Sustentaveis; CLT; Bambu;

Materiais Construgdo; Recursos Renovaveis; Inovagao;
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1. INTRODUCTION

The building construction sector, known for traditionally being a huge consumer
of resources and consequently a generator of waste, is currently witnessing a
transformation within the scope of growing concern with sustainability. The Paris
Agreement triggered a transformation in global environmental policies. So, in order to
limit climate change by achieving goals of cutting emissions down to netzero by 2050,
stronger efforts are needed to reduce the whole life cycle emissions of buildings. The
transition to sustainable construction materials represents a unique opportunity to
transform the construction sector in Portugal, making it more competitive, efficient and

aligned with the Paris Agreement objective.

In that regard, concrete and steel, the two dominant materials in building
construction, are highly energy-intensive to produce and result in substantial carbon
dioxide emissions making construction one of the most polluting activities. Therefore,
there is an increasing demand for innovative, ecological and efficient solutions to shape
the future of construction. As the global demand for sustainable construction practices
continues to rise, innovative materials and renewable resources such as cross-laminated
timber (CLT) and bamboo are gaining prominence due to their strength, durability, and
low carbon footprint. CLT is one of the most propitious materials reassuring sustainable
requirements (O’Ceallaigh, 2018) and, on the other hand, bamboo structures are

becoming more in demand due to the increasing environmental problems (Maikol, 2020).

This investigation will address the adoption of new technologies as a solution to
solving environmental problems, promoting sustainability in Portugal. Likewise, the
benefits and advantages that exist in the application of sustainable solutions in the
construction of buildings will be alluded. In this context, the current status of the use of
materials and construction techniques for buildings currently most used in civil
construction in Portugal will be analysed. Also, the results of this investigation will
identify the current state of the construction sector and what the main obstacles to be

faced in the transition in Portugal will be by 2050.

In sum, this dissertation will address how it is the transition in Portugal for more

sustainable building and, what are the prospects for the diffusion of this new paradigm.



This dissertation has 8 chapters, this one being the introduction to the research.
Chapter 2 focuses on the literature review of the main traditional and sustainable
materials. Chapter 3 is designed as a definition of the civil construction sector in Portugal,
the dominant typologies and the most used construction techniques. It also presents the
existing housing crisis. In chapter 4, the data collection methodology and data analysis
will be discussed. In relation to chapter 5, the discussion of results from the questionnaires
carried out and the interview will be presented. Next, in chapter 6 the conclusions of the
work will be introduced in relation to the previous chapter. Finally, bibliographical

references, next to the appendices, chapters 7 and 8, will be presented.
2. LITERATURE REVIEW

This chapter will present a theoretical framework about the paradigm shift towards
sustainable construction through Schumpeter's Theory of Destructive Creation and
Everett's Theory of Diffusion of Innovation. Subsequently, the traditional materials and
sustainable materials, along with their respective advantages and disadvantages, will be

presented.
2.1 Framework

Creative destruction, a central concept in Schumpeter's theory, is fundamental to
economic progress. According to the economist, this is a process that continuously
revolutionizes the economic structure from within, constantly destroying the old one and
creating a new one (Schumpeter, 1942). In other words, it is based on the introduction of
new products, services or technologies that aim to replace old ones already on the market,
creating new markets and business opportunities. The long-term survival of companies
and economic agents depends on their ability to adapt to the emergence of innovations on
the market. Those companies which are unable to adapt will be outplaced, resulting in
their extinction. In this theory, Schumpeter argues that the entrepreneur is a driving force
capable of challenging the status quo and foresting economic development through new
ideas, products and processes (Tiiliice & Yurtkur, 2015), playing the central role as the

transformative agent responsible for promoting change through innovation.

The transition from traditional to sustainable materials in building construction may

be perceived as an example of Joseph Schumpeter's theory of creative destruction, where



innovation drives the development of sustainable materials, eventually leading to the

decline of traditional ones.

The traditional materials used in building construction, which rely on non-renewable
resources and polluting processes, have significant and growing implications for global
material flows and emissions (Fishman, Mastrucci, & Peled, 2024). Nowadays, building
construction accounts for approximately 39% of total CO2 emissions related to energy
consumption worldwide (Kovalchuk & Shcherbakova, 2024). Thus, the continuous
process of creative destruction of traditional materials, such as concrete and steel, seeks
to replace them with innovative sustainable alternatives that reduce resource

consumption, minimize emissions to the atmosphere and enhance energy efficiency.

On the other hand, in building construction, its technologies and agents are part
of the wider National Innovation Systems. NIS are established through the connection
between various actors such as construction companies, universities, Government and
investors, with the aim to promote innovation and contributions to the economic and
technological development of the sector. Each actor plays a distinct but independent role
in processes ranging from R&D to the implementation of new technologies and practices.
In this way, the weight of culture and tradition in the behavior of actors is vital. In
traditional sectors, the introduction of new technologies can be slow due to attachment to
established practices. In contrast, in markets with a culture more open to innovation,

exactly the opposite would be observed, with a tendency more conducive to innovation.

In the context of this dissertation, the construction sector is looking for sustainable
alternatives, as well as the adoption of technologies to increase efficiency and reduce
waste. Such changes may not only require the reconfiguration of production processes
but also in consumption patterns. The shift to sustainable construction has been a
significant driver of this transformation. With increasing awareness of the environmental
impact of buildings and the use of renewable and low-impact materials such as CLT and
bamboo, these materials align with society's broader demand for greener living and
healthy environments. Thus, the role of public policies is considered vital to align the
interests of different actors. These frameworks push industries to innovate while

providing a pathway for consumers and developers to make more informed choices.



Consequently, Schumpeter can be considered the "grandfather" of innovation
theories, as he highlights the role of creative destruction as a driver of economic progress.
National innovation systems, in turn, can be seen as the "child", as they organize networks
of actors and institutions to foster innovation on a macroeconomic scale. Finally, socio-
technical transitions would be the "grandchild", focusing on evolution that integrates

technological, social and cultural dimensions.

The Diffusion of Innovation Theory by Everett Rogers can be better understood
under the light of the previously mentioned Schumpeterian Theory. Rogers focuses on
the process of dissemination of innovations subsequent to their introduction into the
market and which lead to the transformation of practices and behaviours on a large scale
among the actors in an economic sector (McGrath & Zell, 2001). Also, this helps us
understand how there can be a substitution of non-sustainable construction practices with
sustainable ones, allowing the latter to gain greater momentum. Rogers argues that there
are different adoption groups, classifying innovators as pioneers who do have less averse
to financial risk, and are the first to try innovative solutions, paving the way for
dissemination. On the other hand, laggards are those who resist the adoption of
sustainable materials due to conservatism, high risk aversion or lack of R&D, ending up
giving in to innovation only due to regulated obligations or discontinuity (Ssebalamu,
2024). In this context, diffusion is the process by which an innovation is communicated
through certain channels over time among the members of a social system (Orr, 2003),
highlighting the vital role of communication in promoting the application of changes and
how the process of adopting to them can be accelerated to achieve more sustainable
building construction in Portugal. Although this is not a dissertation adopting quantitative
methods to estimate diffusion models, there is a particular interest in considering what

could eventually facilitate or limit the diffusion of the new paradigm in Portugal.
2.2 Concrete

Concrete is a construction material made by adding sand and gravel to cement,
whisking the mixture with water and pouring it into molds before it dries (Nature, 2021).
This material possesses adaptability and enduring qualities that facilitate the construction
of lasting buildings (Monteiro, Miller, & Horvath, 2017), and beyond its strength and

resilience, it is also a staple of building construction because it is relatively cheap and



simple to make (Nature, 2021). Concrete is the most widely used man-made material in
existence (Rodgers, 2018), being used in different countries in their constructions. An
impressive example and probably the most remarkable in the world is China which
between 2011 and 2013 used more concrete than the United States did in the entire 20th

century (Skinner & Lalit, 2023) due to the country’s massive urbanization.

The typical composition of concrete, according to Industries (2023), consists of
the following materials: cement, which comprises between 10% and 15% ; water, which
represents between 15% and 20%; and aggregates, such as sand and gravel, which add up
to between 65% and 75%, as visible in Table I (in Appendices). The production method
starts when cement and water interact chemically to bind the aggregate particles (sand
and gravel) into a solid mass (Garcia, 2012) giving the mixture the workability that
enables it to fill the forms. This chemical reaction is called hydration (Babor, Plian, &
Judele, 2009). After placement it is vital the compaction step which is a process by which
entrapped air is removed from the concrete’s plastic matrix (Howes, Hadi, & South, 2019)

with the goals of reducing permeability and hence increasing durability.

2.1.1 Advantages of Concrete

Concrete is characterized by being versatile and long-lasting (Nature, 2021) making

it an indispensable material in construction.

Also, another advantage of concrete over other building materials is its inherent fire-
resistant properties (Bilow & Kamara, 2008) which are considered exceptional. Concrete
doesn't burn (Sustainable Concrete, 2018), it cannot be set on fire and does not emit any
toxic fumes, acting as a thermal barrier preventing fire. However, it is fundamental to
understand that if the material is not at 100% of its capacity it can sometimes be damaged
or it can fail. This phenomenon may occur if there are cracks or chips (known as spalling)
in the material due to prolonged exposure to intense heat (Fletcher, Welch, Torero,

Carvel, & Usmani, 2007) resulting in structural failures.

2.1.2 Disadvantages of Concrete

The main environmental issue associated with cement production and
consequently concrete production, is the high level of energy consumption. Cement
production is one of the most energy-intensive industrial process (Babor, Plian, & Judele,

2009) making it a significant environmental challenge for the concrete and building



construction industry. In 2022, the amount of electricity consumed per ton of cement

produced reached around 100 kWh/t (IEA, 2023).

Apart from energy consumption, with the increasing reliance on concrete and
ready-mix applications, countless gallons of water are used every day to mix concrete and
clean equipment. These actions end up contributing to high water waste. Also, a
significant challenge in concrete production is the highly alkaline nature of the
wastewater it generates, with pH levels often exceeding 12 (ChemReady, 2020) it’s
classified as dangerous. This elevated pH complicates efforts to reuse or recycle the

wastewater, contributing to water pollution concerns.

Also, concrete production has become a significant contributor to global
greenhouse gas emissions. Forthwith, it accounts for at least 8% of all worldwide CO2
emissions (Tigue, 2022). The increased demand for concrete has led to a substantial rise
in production. Nowadays, around 30 billion tons of concrete are used annually on a global
scale, with each one emitting up to 622 kg of carbon dioxide (Brogan, 2021) contributing
directly to greenhouse gas emissions to the atmosphere. From a production perspective,

on a per capita basis that is 3 times as much as 40 years ago (Nature, 2021).

Besides being strong and resilient, concrete becomes vulnerable when it is
exposed to chemicals, water or weather for long periods of time (Kaushal & Saeed, 2024).
The exposure can cause material deterioration, which is a problem that can significantly
compromise the integrity and consequently structural safety of the buildings which are

built by concrete.
2.3 Steel

Steel is a metallic alloy and its composition consists of approximately 98% to 99%
iron and 1% to 2% carbon, as visible in Table 2Table (in Appendices). In its pure form,
iron is soft and is not normally practical as an engineering material. So, there is a need to
reinforce it. Its transformation into steel is carried out by adding carbon (Nutting, Wente,

& Wondris, 2023) which is crucial to increasing the strength and durability of the iron.

2.3.1 Steel Production: BOF vs EAF (CO2 emissions and cost comparison)

Nowadays, steel is chiefly created through two fundamental processes: the basic

oxygen furnace (BOF) and the electric arc furnace (EAF).



In the BOF method, also known as Blast Furnace, coal is utilized as the primary
carbon source for steel production. This technique is commonly used for large-scale steel
manufacturing and results in higher CO2 emissions due to the use of coke and the overall
scale of operations. The EAF technique produces steel primarily from recycled steel
scrap. This approach is generally more adaptable and environmentally friendly, with

lower CO2 emissions compared to the BOF method.

The difference between the two processes is enormous. Comparing the CO2
emissions, BOF production has cradle-to-gate (CTG) CO2 emissions of 1,990 kg per
metric ton (MT) of steel contrasting with EAF process that has CTG CO2 emissions of
270 kg per MT of steel (Zang, et al., 2023). The difference is also noticeable in terms of
prices. BOF production costs $439 per MT, while a typical EAF process has a cost of
$365 per MT, offering better economic viability.

In 2023, global steel production reached 1,849.7 Mt (million tons) (WorldSteel,
2021). Despite that, adopting the EAF method to produce steel is producing less landfill
waste, using less energy and generating fewer emissions from production (Charter Steel,

2024) raising awareness of the contribution of the circular economy.

2.3.2 Advantages of Steel

Steel is considered one of the most widely used material in the world due to the
innumerable properties that make it useful in various industries (Ulma, 2023). In the
building construction sector, steel structures are characterized by being consistent, having
great elasticity and being ductile (Structural Community, 2020). These characteristics
make steel ideal for buildings applications, as it meets the requirements for ensuring long-

lasting and resilient structures.

In the United States and the United Kingdom, the use of steel is more popular due
to its use in large structures, such as industrial structures and skyscrapers, and is widely
preferred over reinforced concrete due to its ability to withstand tensile forces and
extreme specifications (FedSteel, 2023). Steel also allows greater architectural freedom
and is a preferred choice for large urban projects, particularly those that need to be

completed in short deadlines.

Nevertheless, reinforced concrete is a technique that combines steel and cement

to form a highly resistant and versatile structure. The combination of the two materials



merges their respective qualities, providing efficiency and structural safety. This
technique is widely applied in public and housing infrastructure in Portugal, and when
properly designed, reinforced concrete provides durability and the ability to support large
structural loads (Almeida, 2022). This characteristic is crucial for building infrastructures

in a country located in a region susceptible to earthquakes.

2.3.3 Disadvantages of Steel

Water plays a vital role in the entirety of all steelmaking processes. It is used
extensively especially for cooling purposes and to clean exhaust gases in blast furnaces,
for removing scale in hot rolling mills and mainly as a resource for steam production.
Aquatic ecosystems can be significantly affected by the discharge of cooling water. The
average water intake of an integrated plant is 28.6 m? per ton of steel produced, with the

average water flow being 25.3 m* (World Steel Association, 2011).

Steel, despite being a material considered homogeneous and uniform, is
susceptible to corrosion when freely exposed to air and water. This proves that steel
requires high maintenance and periodic inspections. If that is not carried out, exposed

steel can lose weight by up to 35% during its useful life (Structural Community, 2020).

On the other hand, material presents a significant vulnerability due to its
susceptibility to fire. When the material is exposed to high temperatures, it can go through
a softening process, compromising the resistance and rigidity found in its normal state.
Additionally, steel is capable to transmit enough heat from a burning compartment of a
building to start a fire in other parts of the building (Structural Community, 2020), so it

is counterproductive to fireproofing.
2.4 Cross Laminated Timber

Cross Laminated Timber (CLT) is an innovative structural composite panel
product developed in the early 1990s in Germany and Austria. CLT production has grown
globally in recent years, with Europe leading the charge in its widespread adoption. In
2017, around 70% of global CLT production originated in Europe, with countries such as
Germany, Switzerland and Austria making the most significant contributions (Ilgin,
Karjalainen, & & Mikkola, 2023). On the other hand, in the markets of North America
and Australia, although still at an embryonic stage, the introduction of CLT technology

has been well received (Mallo & Espinoza, 2016). Expanding into these markets is



expected to contribute to an increase in the material's use worldwide. Nowadays, the
global CLT market is flourishing, with its value expected to reach 3.7 billion dollars by
2030, compared to its current value of 1.4 billion dollars, in 2024 (Analysts, 2024). As
concerns about climate change and sustainability continue to grow, builders are

increasingly turning to CLT as a greener alternative to traditional construction materials.

Cross-laminated timber (CLT) is made from multiple layers of kiln-dried lumber
and commonly used wood species include pine, spruce and larch (WIGO, 2024). Each
layer is bonded with high-strength adhesives to ensure durability and structural integrity.
Then, layers are fitted perpendicular to the adjacent one. This method aims to follow a
sustainable design which is surging in popularity fueled by consumer preferences,
technological advancements and environmental conscious building practices (Albee,
2019). Afterwards, layers are pressed together under significant pressure to form a single,
solid rectangular panel. Once the adhesive has set, the large CLT panels are cut to precise
dimensions allowing to meet specific design requirements, being possible to manufacture
panels up to 4.8m tall, 30m long and 60-500 mm thickness (Swedish Wood, 2019). This
way of fitting offers new CLT application features such as be used as room dividing of

construction such as walls, roofs and ceiling boards (Holzleimbau, 2010).

2.4.1 Advantages of CLT

The surge in popularity of CLT for construction likely stems from its many
benefits, particularly its positive environmental impact. During its life time , CLT has the
capability to store carbon dioxide (Younis & Dodoo, 2022) and at the end of its service
time it can be used as biofuel replacing fossil fuel (Swedish Wood, 2019). Comparing to
concrete production, if approximately 10% of cement were replaced with CLT, carbon
emissions could be reduced by up to 750 million tons each year, which is a reduction of
2% of global emissions (Czigler, Reiter, Schulze, & Somers, 2020). So, it can be used as
a concrete substitute, replacing a highly carbon-intensive resource with a renewable, low-
carbon similar. In this process, wood acts as a carbon sink, sequestering carbon dioxide
and helping to reduce greenhouse gas levels, making CLT crucial for mitigating climate

change and promoting sustainable building practices.

Moreover, the production of CLT requires less energy contrasting with steel

(McCutcheon, 2024). In a study was found that mass timber structures have a lower



carbon footprint than steel structures. The mass timber structure has a carbon footprint of
2853 tons of CO2 which has a significant less environmental impact compared to a steel
structure with a carbon footprint of 4478 tons of CO2 (Hemmati, Messadi, Gu,,
Seddelmeyer, & Hemmati, 2024). CLT panels can also compete with other traditional
structural materials (Swedish Wood, 2019), such as steel and concrete (D’Amico,
Pomponi, & Hart, 2021), in the construction of buildings due their excellent stiffness and
strength properties. Nevertheless, these characteristics also provide an excellent seismic
response (Sandoli, D’Ambra, Ceraldi, Calderoni, & Prota, 2021), positioning CLT as a

sustainable structural alternative.

In addition, CLT innovation offers the unique possibility of prefabricated 3D
modules (Scalet T. , 2015) in addition to the standard 2D panels (also achievable with
concrete), changing dramatically the paradigm and playing a critical role in project
economics and competitiveness. Construction prefabrication is revolutionizing the sector
by reducing construction times and on-site labor needs, transferring production to a more
efficient factory assembly line and consequently minimizing the risk of accidents (Scalet
T. , 2015). In this innovative construction model, CLT panels have structural
performance like concrete but have a significant advantage due to their significantly lower
weight (Swedish Wood, 2019). Notwithstanding, the lightweight nature of CLT provides
cost savings across the entire building construction process, including foundation work,
on-site handling and assembly (Falk, 2013) which translates to a more economical
building approach. While concrete prefabrication is also common, CLT is becoming more
popular due to its advantages in weight, sustainability, and ease of transportation (Melton,
2024). This popularity is further enhanced by the speed with which CLT buildings can be

raised (Albee, 2019), resulting in economies of scale.

When exposed to fire, cross laminated timber panel chars on the surface to create
a protective layer (Swedish Wood, 2019) demonstrating fire resistance. However, CLT's
fire performance can be improved by incorporating fire retardant treatments into the
material, such as plasterboard or a suspended ceiling flooring (Swedish Wood, 2019),

which act as a complement.

Cross-laminated timber (CLT) offers a win-win solution across the construction

sector. Lumber producers find new markets for their materials, while CLT manufacturers
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capitalize on the mass timber trend. Designers and builders benefit from CLT's design
flexibility and strong performance, leading to faster construction and more project
possibilities. Finally, occupants enjoy the livability and potential health benefits of living

in a CLT structure as visible in Table 3 (in Appendices).
2.4.2 Disadvantages of CLT

Transporting CLT material from production sites to the construction site may generate
significant costs, especially when the locations are remote (Green Building, 2022).
However, these shipping costs, although still high, become more bearable in large-scale
orders. Therefore, ordering only a few units is a disadvantage, as the order ends up being

relatively expensive.

On the other hand, CLT panels must be properly protected during installation, as any
absorption of water by the boards can result in mold and rot (Green Building, 2022),
although the glue on CLT boards is waterproof.

2.5 Bamboo

Bamboo is an all-natural and renewable resource (Fahim, Haris, Khan, & Zaman,
2022) and a type of grass that grows from its roots, which regrow quickly when cut, and
does not require pesticides or herbicides to grow well. Some species can even grow at a
staggering rate of five centimeters per hour, reaching a towering height of 18 meters in
just three months (Emamverdian, Ding, Ranaei, & Ahmad, 2020). On the other hand,
compared to conventional trees that take around 20 years to mature, bamboo only needs
3-5 years. The plant typically reaches its maturation phase in approximately 3-4 months
and then reduces its growth in order to survive. Despite during the initial stages it exhibits
rapid growth, as shown in Table 4 (in Appendices), the deceleration occurs due to the
difficulty to draw nutrients and water up from the soil to support the aerial parts of the
plant (PlantIn, 2024). This plant which is used as construction material is reputed by being
the fastest-growing plant on Earth (Plantln, 2024), boasting a rich history as a building
material dating back to ancient times. However, during the 1980s, there was a renewed
interest in this multifaceted construction material (Manandhar, Kim, & Kim, 2019).

Bamboo forests represent 3.2% of the world's total forest area, covering a vast 36
million hectares across the world (Bose, 2019). Globally, there are approximately 1,500

different species of bamboo which grow in subtropical regions including China, South
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America and Africa (Elliot, 2021). Furthermore, from an economic perspective, bamboo
is a significant player in international trade, with an estimated value of 2.5 billion dollars

in business carried out every year (Emamverdian, Ding, Ranaei, & Ahmad, 2020).

Bamboo's composition is characterized by having parallel fibers that act as
bundles, while the high lignin content glues them together, distinguishing bamboo as a
trump card (Stkikwood, 2020). This dense structure resists impacts and its flexibility
bends under tension, absorbing the pressure and emerging unharmed. This construction
material is commonly used as a substitute for steel due to its tensile strength, if it is
protected from moisture penetration (Shine, 2023). In addition, the use of bamboo in
building construction has twice the compression resistance of concrete (Zhao, Yu, Xu, &
Guo, 2023). Due to its characteristics, from foundation to finish, bamboo can be used
throughout a house building process, including structural walls, columns, roofs, doors and
windows (Manandhar, Kim, & Kim, 2019) . This material offers sustainable and versatile
construction material, being a viable alternative to the traditional building materials (Tan,

etal., 2011).
2.5.1 Advantages of Bamboo

Bamboo swanks impressive environmental credentials playing a crucial role in
regulating atmospheric oxygen and carbon dioxide (Bioproducts, 2022) being
distinguished as an energy saver. Annually, a single hectare of bamboo can be a carbon-
sequestration powerhouse, absorbing up to 17 tons of carbon dioxide (Bose, 2019)
helping combat climate change. Also, processing bamboo only requires 1/8 of the energy
that concrete needs and barely 1/50 of the amount of energy used in steel’s production
(Roach, 1996) to create a building material with similar capacity. Besides, it has a
remarkable versatility making it a popular choice for production of fuels like ethanol with

a smaller footprint than fossil fuels (Bioproducts, 2022).

Furthermore, the material possesses thermal insulation characteristics, which implies
it can assist in maintaining the temperature. This results in a cooler atmosphere during
the summer and a warmer, more comfortable setting in the winter (Li & Yao, 2017). This
is vindicated by its cellular structure that concedes exceptional thermal insulation
properties due to its cavity filled with entrapped air (Bonivento & Vieira, 2017), a low

thermal conductor.
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Favorable elastic properties and resistance make bamboo a highly suitable building
material in seismic and disaster-prone areas (Paudel, 2008). This attributes offers highly
earthquake resistance, withstanding up to 7.6 on the Richter scale (Jayanetti, 2005). Also,
bamboo has high-water content, so it possesses natural fire resistance. When it’s treated
with organic compounds, the resistance is slightly enhanced, allowing bamboo to
withstand temperatures up to 400 degrees Celsius (van de Heuvel, 2023), showing
durability abilities to withstand.

2.5.2 Disadvantages of Bamboo

In its natural state, bamboo has a disadvantage as it becomes a buffet for insects
and fungi. Furthermore, direct contact with the ground can lead to the decomposition of
the material within approximately one year (Jayanetti & Follett, 2008) realizing its
greatest weakness (Silverman, 2024). Therefore, protection by design is crucial to unlock
the full potential of this material. This includes the application of measures such as
keeping the bamboo dry, out of the ground contact and ensuring good air circulation and

visibility (Jayanetti & Follett, 2008).

On the other hand, while bamboo has a competitive price compared to other
hardwoods, the sustainable material continues to be more expensive than traditional ones,

such as steel or concrete (Coastal Custom Products, 2023).
3. PORTUGAL: CURRENT STATUS OF TRANSITION TO SUSTAINABLE BUILDING

The objective of this chapter is to provide an overview of the indicators and evidence
that shape the construction sector in Portugal. This includes a close look into the sector's
current state, the dominant materials used in building construction and the status of the

adoption of sustainable building materials such as CLT and bamboo.
3.1 Overview of the Building Sector: Some Major Indicators

Domestic Material Consumption (DMC), a metric gauging a nation's total resource
utilization allows to evaluate the efficiency of materials use. Portugal reached 162.7
million tons in 2022. This means a decline of 10.5% compared to 2021 and a 0.9% dip
relative to the average value for the 2012-2021 decade. Non-metallic minerals, which are
heavily used in construction, account for the largest share of DMC, at around 60.7% in

2022, as observed in Graphic I (in Appendices). Despite the overall decrease in DMC,
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Portugal's per capita DMC still contains higher than the Horizon Europe 2027 objectives
average as its visible in Graphic 2 (in Appendices). In 2022, Portugal's per capita DMC
was 15.8 tons, while the EU-27 average was 14.4 tons per capita. The difference between
the two variables under study means that there was a greater expenditure of resources in

Portugal contributing to a lower efficiency compared to the EU-27 (REA, 2024).

In Portugal, the Construction Production Index observed a rise of 2% in 2022,
following a 3% increase in 2021 and a 3.3% decline in 2020. The two components of the
index, Civil Engineering and Building Construction, demonstrated trends aligned with
the aforementioned index, as illustrated in Graphic 3 (in Appendices). Both segments
exhibited growth rates of 2.0% and 2.1%, respectively. This trend indicates that the
construction sector is on a steady path to recover from the decline observed, after the early

COVID-19 impact.

In Portugal’s territory, 20% of national energy resources and 6.7% of water
consumption stems from residential buildings and services uses (CCDR LVT, 2019). This
shows that this sector is a huge consumer of these resources in the country. The
percentages observed are intrinsically linked to the main materials used, which are
concrete and steel. Consequently, its large-scale production and use, reinforces the need

to prioritize resource efficiency in the Portuguese building sector.
3.2 Portugal Construction Sector

The construction sector in Portugal obtained positive values compared to the previous
year. This is proven mainly in the Construction Production Index whose increase was 2%,
perhaps employment increased by 3.5%, GVA increased by 0.7% and investment was

0.8% higher compared to 2021, visible in Table 5 (in Appendices).

In addition, this economic sector represented 6.4% of total employment in 2022 in
Portugal. Since 2013, the GVA variation rates were negative until 2015, when the rate
was zero. In the following years, only positive values were recorded until 2020, when the
zero value was recorded again and from then on, the values remain positive, revealing a
large oscillation in the last decade, as perceived in Graphic 4 (in Appendices). Regarding
quantitative data at the end of 2022, the number of valid licenses for construction
activities increased by 4002 and the number of valid certificates increased by 1605

compared to 2021 (IMPIC, 2023).
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Analysis of the construction sector from a production perspective is, therefore,
essential to understand the existing and historical economic dynamics of the sector. It’s
possible to notice that the construction sector shows a decrease of more than double the
percentage value of GDP from a production perspective between 1982 and 2022 (11%
and 4.4%, respectively), by observing Table 6 (in Appendices).

The sharp decline is justified by the various economic crises throughout the aforesaid
period that severely affected the construction sector, especially with the financial crisis
of 2008. This had a huge impact on the Portuguese economy, which ended up resulting
in a drop in financing and investment in the sector. Furthermore, the Portuguese economy
has diversified over the years. There has been an increase in the importance of sectors
such as tourism, technology and services. Another plausible justification is the changes
in buildings construction policies that increased the costs and consequently the
complexity of new construction projects, discouraging new investments in the sector,
reducing the need for new construction. Furthermore, in 2021, the construction sector
presents a total of 8,620 million euros compared to the 9,166.2 million euros recorded in

2022, as can be seen in Table 7 (in Appendices).

In Portugal, demographic census studies, known as Census, are carried out every ten
years. The last study was executed in 2021. Therefore, we take now a longer perspective,
taking in consideration these 10 years periods. There was a peak in construction in
Portugal between 1961 and 1980 where 967,182 buildings were built (approximately
27.1% of the total) visible in Table 8§ and Table 9 (both in Appendices). This period had
the highest number of constructions, indicating a significant boom in civil construction,
which in turn reflected urban expansion in Portugal. From 1981 onwards, a steady
slowdown in the number of new buildings constructed in each subsequent decade is
notable. The period 2011-2021 was the one with the lowest number of constructions
(representing just 3.1% of the total). The visible decrease in the number of new building
constructions in Portugal in recent decades is naturally related to what was previously
mentioned. Next, it is clear to notice that the total of existing buildings in Portugal, more
than 99% are residential, 3,572,128 contrasting with only 1,288 non-residential, after
viewing Table (in Appendices).
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3.3 Portugal’s Dominant Materials Used in Civil Construction

There has been a constant evolution over the centuries in civil construction,
observable in Table (in Appendices). The development of different typologies in house
construction in Portugal mirrors the nation's toughness and resourcefulness throughout
requirements and markable events. After the 1755 earthquake, profound changes
occurred. In the past, the materials used were primitive and did not provide safe and
livable conditions for people. After that huge disaster, there was not only a change in
materials but also in structures. In fact, a housing transformation took place as a result of
the use of different materials as anti-seismic prevention. Although used in different ways,
stone is a traditional material that has been one of the most used in Portugal for more than
200 years. Meanwhile, in Portugal, materials such as stone, wood and earth have been
replaced by materials like industrial iron (component of steel), cement, concrete and glass
(Andrade, Aleixo, & Faustino, 2019). This transition started to occur during the 1940s
not only with a change in the building materials but also in structural systems and
construction typology. Despite the constant development once envisioned, the
introduction of concrete created a huge sensation in Portugal. Very quickly, it became the
preferred material used, standing out for its ability to increase the speed and stability of
construction levels. The importance of the material was such that it is dubbed as the
material of the 20th century (Nero, 2022). This constituted an increase never seen in the
construction of buildings in Portugal perceived in Table 8§ and Table 9 (both in
Appendices). The importance of concrete in Portugal is still visible today, with 65% of
the total concrete produced being used for the construction of residential buildings

(APEB, 2024), and as a result, it is the most used construction material in the country.

Currently, there are three techniques that dominate the construction of houses in
Portugal, which are masonry, LSF and CPRC, as shown in 7able 12 (in Appendices).
These techniques incorporate concrete, confirming the thesis that Portugal's buildings are
mostly built by concrete, apart from LSF, which is an alternative to the use of this material
(Idealista, 2024), using steel. These techniques used in Portuguese construction and the
materials applied in building construction since 1940 contributed significantly to ensuring
that the architectural heritage remained practically unchanged for 80 years. In an era that
is increasingly moving towards sustainable construction through the use of innovative

technologies, there are no significant disruptive changes in civil construction in Portugal.
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3.4 Portugal’s Housing Crisis

The movement of a considerable part of the Portuguese population to the large urban
centres, Lisbon and Porto, also known as rural exodus, culminated in a severe
depopulation of towns and villages, leaving behind a large number of abandoned houses
in the interior of the country (Rodrigues, 2022). Currently, Portugal faces criticism of its
housing shortage, which has worsened in recent years due to the imbalance between the
explosion in demand, in the big cities for housing and the anaemic supply (Martins, 2024).
That said, in Portugal there aren’t houses in the urban centres at affordable prices and
compatible with family salaries (Oliveira, 2024), even though some are deteriorating and
are in unsafe conditions. Therefore, the concept of technology fix emerges as a possible
answer to this problem. Instead of building new houses or demolishing the abandoned
ones, the rehabilitation of these properties using sustainable materials and sustainable
construction techniques can be a more efficient alternative, increasing the supply of
housing, promoting the rehabilitation and even reducing the price of houses (Sousa,
2024). Possible solutions in order to mitigate housing crisis are the investment in different
construction materials, cheaper and more efficient, and resorting to prefabrication

(Construir, 2024), thus CLT and bamboo are correspondences.
3.5 CLT in Portugal

The use of the CLT construction method in Portugal is relatively recent and it was
once seen as an expensive and uncommon option due to the need to import wood from

long distances and its associated high prices (Guerreiro, 2023).

Although CLT has intrinsic qualities and a lower environmental impact compared to
concrete and steel, in Portugal, until then it was a primitive method that was only available
in a very restricted segment, without any significance in the Portuguese market. In recent
years, despite the emergence of new companies in the sector and consumers becoming
increasingly more informed and no longer limited to traditional materials (steel and
concrete), but also recognizing the advantages of the sustainable construction material,
the numbers are not relevant at a national level. Only in 2023 was reported that the
construction of CLT houses 100% produced in Portugal began in Portuguese territory in
2023 (Diéario Imobiliario, 2023), in what could be the first big step towards establishing

this material in the Portuguese market. The pioneering companies sought to innovate with
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a view to sustainability in order to fill a gap in the market. Therefore, its insertion into the
Portuguese market aims to change the productivity of CLT construction in Portugal,
which is still considered very low. On the other hand, through the use of this material, a
house takes an average of two years to build, with CLT technology it reduces the average

time to around five to six months (Figueiredo, 2023), reducing time and costs.

In this way, awareness and an increase in local wood production accompany greater
accessibility to the resource transforming it into a more affordable construction option,
mitigating possible high transport costs and external dependence. More, the vast forest
area that covers Portugal, with around 36% of the national territory and totaling more
than three million hectares, places the country above the global average in terms of the
proportion of territory covered by forests (Florestas, 2022). The development of the
timber construction sector not only demonstrates its potential, but also highlights its
significant ability to influence sustainable forestry practices in the face of a heritage that
can translate into a competitive advantage. Portugal faces the challenge of, if the paradigm
changes to the increased use of CLT, harmonizing environmental preservation with needs
that include the demand for wood for construction. This scenario also reflects a growing
interest in the use of national raw materials (FLORESTAS, 2024), contributing to the
valorization of local resources and promoting a more sustainable construction sector that

is less dependent on exports.
3.6 Bamboo in Portugal

In temperate climates, such as Portugal, there are less favorable conditions for the
development of fungi (previously referred as a disadvantage to the use of bamboo)
compared to tropical ones. Furthermore, the degradation of the material is also not as
serious because the relative humidity of the air is considerably lower, resulting in a
competitive advantage for Portugal. Besides that, bamboo as a construction material, has

no significance in the Portuguese market.

Related to this, Portugal does not have relevant resources of this material. This leads
that countries that have local bamboo resources are the few that have legal bases for
construction with the material. An engineer or organization in a country without bamboo
resources is considered mandatory to rely on legislation adapted to the conditions and

characteristics of a country other than their own (Pereira, 2017). Currently, Portugal does
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not have specific national standards that exclusively regulate the use of bamboo as a
construction material. However, a set of international standards and local guidelines
adapted to the national reality are followed to ensure adequate use. Portugal operates

within the following framework of international economic and commercial standards:

e [SO22156:2004 - establishes requirements to ensure the safety and efficiency
of bamboo constructions;
e [SO22157-1:2004 & ISO 22157-2:2004 - define the methods used to evaluate

the physical and mechanical characteristics of bamboo;

However, ISO standards are still the first step in the construction sector needing to be
updated and improved (Pereira, 2017) so that they can be implemented in Europe and

serve as support for engineers.

Although Portugal is ruled by international standards, there are also local guidelines
adapted to the national reality that come from results obtained by academic studies (still
considered embryonic) and by organizations, such as the Portuguese Environment
Agency (APA) (Pereira, 2017). These local standards essentially seek to promote the use
of sustainable materials through the adaptation of international standards to the

Portuguese context (Soares, 2013).
3.7 Portugal and Sustainable Construction

Portugal's duty to sustainability is aligned with the global objectives established by
the Paris Agreement, having been the first nation in the world to make this commitment
(Silva & Fernandes, 2016), aiming for carbon neutrality by 2050. To meet the goals of
the Paris Agreement, Portugal developed the National Energy and Climate Plan 2021-
2030 (PNEC 2030), which establishes objectives for an energy transition and a reduction
in greenhouse gas emissions, as the sector of civil construction, responsible of 20% of
national energy resources, is considered one of the main contributors to energy
consumption. Furthermore, Portugal also adopts the European Standard EN 15804, which
provides a framework for the Life Cycle Assessment (LCA) of construction materials.
This standard is crucial for sustainability in building construction, as it allows the

environmental impact of the materials used to be assessed and reduced.
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4. METHODOLOGY

The objective of this thesis is to analyze the transition from traditional materials to
sustainable materials in the construction of buildings in Portugal. For this, the time
horizon defined was 2050 as it is a sufficient period for possible major changes to occur
in the sector. In this context, 2050 also marks the year of the end of the Paris Agreement

to achieve carbon neutrality, a goal that Portugal is committed to.

Given the complexity of the topic and the diversity of actors involved, a
methodological approach that incorporates both qualitative and quantitative data
collection for subsequent analysis was employed. This dissertation adopts an exploratory
perspective in an attempt to answer to our initial research questions. Therefore, the present
study was carried out using two different questionnaires to evaluate two different views.
The questions were closed-ended, with easy-to-understand language to be understood by

all respondents (Barnett, 1991).

The first questionnaire (Q1) was aimed at companies that are included in the sector,
operate in the construction market and have experience in building construction projects
in Portugal. The scope of its preparation focused on understanding the perceptions and
opinions of companies on the forecast and challenges of the transition to a more
sustainable construction model, by using materials like cross-laminated timber (CLT) and
bamboo by 2050. The questionnaire was created online (via Word). First, a telephone call
was made to the companies using the contacts that are available online. Then, the
objective was presented and subsequently their availability to participate in the
questionnaire was asked. Contacts were made to the companies that are included in the
Ranking of Companies list in the building construction sector (residential and non-
residential) from Dinheiro Vivo website. Then, the questionnaire was sent by email. In
the end, 120 emails were sent, obtaining a total of 20 responses, with the response rate

from companies recorded at 16.67%.

Type of enterprises surveyed

Micro Enterprise 0
SME 18
Large Enterprise 2
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Table 13 - Type of enterprises surveyed (source: own elaboration)

The sample is mainly made up of SMEs, with 18 interviewees, leaving the focus of
the investigation on these types of companies. On the other hand, only 2 large companies
participated in the survey, indicating that these types of companies may have been less
accessible or less interested in participating. Thus, no micro enterprises were included in

the sample.

Geographic location of the companies surveyed

Lisbon 8 (40%)
Porto 4 (20%)
Setiibal 5(25%)
Aveiro 2 (10%)
Guimaraes 1 (5%)

Table 14 - Geographic location of the companies surveyed (source: own elaboration)

In terms of geography, most companies are based in the districts of Lisbon, Porto and
Setubal. Even though there is a concentration in the aforementioned regions, the research
included companies from other districts, such as Aveiro and Guimardes, which
contributes to a greater geographic coverage of the investigation. However, the study has
the following limitations: only 20 companies responded to the questionnaire and only
companies from 5 of the 18 existing districts were included. In other words, the sample

is considered small and doesn't allow generalizing the results to all Portuguese companies.

The second questionnaire (Q2) was directed at the general community. This was
carried out with the aim of measuring the interests of the community related to sustainable
construction, recognizing the flip side of the coin by understanding the “consumers”
preferences. The questionnaire was created online (via Google Forms) and has 217
responses. The respective link was sent to family, friends and acquaintances. However,
the means of dissemination used was social media, namely Instagram and Youtube, in

order to increase its reach.

To conduct the interview, an informal telephone interview was previously scheduled
with engineer Jorge, from the company Imperalum. The questions were asked while

answers were recorded using notes in real time.
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5. DISCUSSION OF RESULTS

5.1 Results of Q1

Q1Q1 - Has the company ever been involved in construction projects that use bamboo and CLT?

Yes 3 (15%)

No 17 (85%)
Table 15 - Has the company ever been involved in construction projects that use bamboo and CLT?
(source: own elaboration)

After analyzing the answers of the first question it is possible to observe that only
15% (3 companies) have already carried out their activities with a view to the
sustainability of buildings, not using traditional materials. On the other hand, and in
contrast, 85% (17 companies) have never had any contact with sustainable materials, nor
when including them in building construction projects. Through this sample, it is
understandable that despite their benefits presented in the literature, they are not yet

widely disseminated in the Portuguese market.

Q1Q2 — What are the main obstacles in changing to sustainable materials?

Option Obstacle Number of times mentioned
A Lack of specific legislation 3
B Lack of know-how 10
2nd & 3rd Place

© Lack of specialized labor 10

D Lack of economies of scale 5

E Lack of consumer knowledge 9

F Resistance to changes 14 —P 1st Place
G Supply limitation 4

H Little investment 4

1 Change in assets 0

J Aesthetic requirements 1

Table 16 - What are the main obstacles in changing to sustainable materials? (source: own elaboration)

Regarding question 2, the three main obstacles identified were: firstly, resistance to
change with 14 references. Then, lack of specialized labour and lack of know-how are the

other two obstacles identified, having obtained the same references equally, 10 each. The
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choice made by companies is extremely relevant because it reflects the existing reality in
the building construction sector. This reality is characterized by being rooted in habits
and practices that have been consolidated for years or decades. It also indicates the need
for a continuous effort to educate and raise awareness of everyone involved in the
construction process about the benefits of material transition through sustainability. The
lack of know-how highlights the need for investment in R&D and insufficiency of
knowledge dissemination in the construction sector. On the other hand, the lack of
specialized labor reveals a gap in the supply of existing human resources. Through this
question, is clear that there is a deficit of professional training courses and programs that

address the specificities of sustainable construction materials and techniques.

Q1Q3 - Which material performs best as a thermal insulator?

Steel
20
10
Bamboo 0 Concrete
CLT
e POsition 1 Position 2 Position 3 Position 4

Table 17 - Which material performs best as a thermal insulator? (source: own elaboration)

Through the answers to question 3, it is possible to highlight that the material
considered the most insulating is CLT. Subsequently, bamboo occupies the second
position and in third and fourth place were concrete and steel, respectively. Therefore,
it is interesting to highlight that according to the results, for companies, sustainable

materials are considered more thermal insulators than traditional materials.

Q1Q4 - Which material has the best seismic performance?

Steel
10
5 /A
7
Bamboo O\ \ Concrete
e POsition 1 Position gL& Position 3 Position 4

Table 18 - Which material has the best seismic performance? (source: own elaboration)
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Addressing question 4, for companies the least vulnerable material is CLT. In the
next position is bamboo, followed by steel in third place, and concrete in fourth place.
According to the results presented, it is possible to note that, for companies, sustainable
materials were classified as the least vulnerable to earthquakes compared to traditional

materials.

Q1Q5 — Can the transition to sustainable materials mitigate the existing housing crisis in Portugal?

Invalid 0 (0%)
Partially Invalid 8 (40%)
Neutral 5(25%)
Partially Valid 7 (35%)
Valid 0 (0%)

Table 19 - Can the transition to sustainable materials mitigate the existing housing crisis in Portugal?
(source: own elaboration)

Regarding question 5, there were no definitive responses from companies, as neither
“Invalid” nor “Valid” answers did not have any votes, being represented by a rate of 0%.
Furthermore, 25% of companies (5 companies) chose the “Neutral” option, admitting a
paucity of sufficient information revealing a lack of strategic vision on the part of these
companies. The remaining responses were quite balanced, with a division. On the one
hand, 35% (7 companies) admit that this scenario is partially invalid, believing that
although there are benefits, such as reduced costs and construction time, they are
insufficient to solve the housing crisis. On the other hand, 40% (8 companies) believe
that the scenario may be partially valid. Thus, companies admit that the problem of the
housing crisis is broad but that sustainable construction through the transition of materials

can really be a tool or a starting point.

Q1Q6 - Can sustainable materials compete with traditional ones in terms of performance to fire?

Agree 3 (15%)
Partially Agree 11 (55%)
Neutral 3 (15%)
Disagree 3 (15%)

Table 20 - Can sustainable materials compete with traditional ones in terms of performance to fire?

(source: own source)
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Observing the table, only 15% (3 companies) disagreed with the question asked
and another 15% (3 companies) abstained, giving a neutral response. However, 70% (14
companies) positively defend the question asked, as they agree or partially agree that
bamboo and CLT have intrinsic properties that can compete with concrete and steel.
Through these results, it is possible to understand that there is agreement on the part of
companies with the literature. In an individual analysis, the vast majority partially agree,
55% (11 companies) meaning that they recognize the fire resistance of sustainable
materials, such as CLT and bamboo, but that more R&D 1is needed, particularly in the
treatment of materials to achieve more competitive results.

Q1Q7 - Can the competitive advantages of bamboo and CLT facilitate the expansion of the use of

these materials in civil construction?

Yes 7 (35%)

No 13 (65%)

Table 21 - Can the competitive advantages of bamboo and CLT facilitate the expansion of the use of these
materials in civil construction? (source: own elaboration)

Considering question 7, it is possible to verify that 35% (7 companies) responded
positively arguing that Portuguese forests together with its temperate climate offer a solid
basis for innovation and the use of local materials in civil construction. In turn, these
factors end up driving a cycle of economic development and environmental conservation
until 2050. On the other hand, 65% (13 companies) highlight the fact that facilitating the
use of materials is negative. In this way, they legitimize that the competitive advantages
listed, although significant and relevant, may not be sufficient to overcome the obstacles
presented in Q1Q2 by 2050.

Q1Q8 - Do you believe that in 2050 there will be a model that favours sustainable materials over

traditional ones, through the use of CLT and bamboo, in Portugal?

Impossible 1 (5%)
Little Possible 12 (60%)
Possible 5(25%)
Very Possible 2 (10%)

Table 22 - Do you believe that in 2050 there will be a model that favors sustainable materials over

traditional ones, through the use of CLT and bamboo, in Portugal? (source: own elaboration)

As shown in the previous table, 60% (12 companies) consider this transition to be

little possible, explaining that it could increase usage but maintain a completely secondary
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role. Subsequently, 5% (1 company) claim that it will be impossible for a transition model
that favors sustainable materials over traditional ones. However, 25% (5 companies)
believe it is possible and 10% (2 companies) believe it is totally possible to exist a model
that favors sustainable materials by 2050. Based on these results and performing a
percentage agglomeration, 65% of companies are not convinced about the transition from
traditional to sustainable materials while 35% of companies are convinced or partially

convinced.
5.2 Results of Q2

Looking at the Table 23 (in Appendices), it is understandable that 13% (28 people)
have no interest in living in houses built with sustainable materials. In contrast, 12% (26
people) showed a lot of interest. In the middle term, 29% (63 people) chose option 3,
which can be considered an average interest. Furthermore, 19% (41 people) and 27% (59
people) rated this issue as little interest and some interest, respectively. By agglomerating
percentages between interest 3 and interest 4, this represents 56% of the total, meaning
more than half of the samples collected. Thus, it is possible to understand that community
interest can be qualified as medium/some interest, which is considered positive. Their
answers to this question emphasize that they are predisposed to live in a building or house

built with sustainable construction materials, such as CLT and bamboo.

Regarding Table 24 (in Appendices), is clear that the least voted option belongs to
thermal insulation, which represents only 13% (28 people). Nevertheless, fire resistance
constitutes 14% (31 people) while seismic performance represents 17% (37 people). On
the other hand, rapid construction accounts for 30% (65 people) and the reduction in
construction costs represents 26% (56 people). These last mentioned characteristics are
visibly highlighted by the community, offering results completely different from the other

choices presented, being the community's preferred options.

Examining the results of 7able 25 (in Appendices), it is conceivable to infer that 63%
(137 people) answered yes while 37% (80 people) replied no. In this way, it can be
emphasized that the community strongly believes in the transition from the use of
traditional materials to sustainable materials in the construction of buildings in Portugal

by 2050.
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5.3 Engineer Jorge Interview

In the first question (I11Q1) it was questioned if it is realistically achievable that most
building construction projects in 2050 could be made from sustainable materials such as
CLT and bamboo. According to the interviewee's response, it can be understood that in
building construction sector, in Portugal, the companies have moved towards
sustainability only in terms of complying with legislation and inspections that have been
increasingly stricter over the recent years. Even so, the transition of materials by
Portuguese companies appears to be a slow process, and therefore, the deadline of 2050

is characterized as short due to the involving complexity that characterizes the transition.

Respecting the second interrogation (I11Q2), the engineer mentions that the expansion
of large-scale production and the use of forest materials in construction could deplete
resources from existing forest areas, compromising biodiversity and coming into conflict
with agriculture. Despite this, engineer Jorge suggests that forests could be replaced by
monoculture tree plantations for timber purpose, offering great potential for forest
materials, but considering a careful and holistic approach to the environment. The
interviewee thus proposes that the production of forest materials for construction could
reach a maximum limit, restricting their availability and consequently production. He also
advocates the development of public policies that legislate the sustainable use of forestry

materials in construction in order to boost this competitive advantage.

The engineer's answer to the third question (I1Q3) states that the transition from
traditional materials to sustainable materials is not enough to mitigate the housing crisis
in Portugal. He also refers to the fact that the existing crisis is a complex problem that is
entirely influenced by other sectors of activity. Even if construction costs using
sustainable materials show an increase in demand, it is not necessarily the solution to the
problem of affordable housing. Pombo highlights that to face the housing crisis, it is
essential to adopt a multidimensional approach, like a combination of efforts involving
policies aimed at different sectors of the economy and society. Engineer Pombo also
emphasizes that the transition to sustainable materials, due to their characteristics, can be

an important piece, but there is a puzzle that is the housing crisis.

Concerning the fourth question (11Q4), engineer Pombo analyzes the differences of

opinion (visible in Q1Q8 and Q2Q3) that occurred between companies and the
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community regarding the transition to sustainable materials in the construction sector in
Portugal by 2050. Although the community expresses belief in this transition, as
awareness about sustainability is increasingly implemented in society, the execution of
this transition on a large scale by 2050, for the interviewee, is considered premature, as
the community does not consider all the existing complexities of the process. Therefore,
engineer Pombo also reports that the transition to a model of using sustainable materials
in the construction of buildings is a complex process that requires significant changes in
several aspects. These include the companies themselves, construction methods, qualified
professionals and training. Even though there is an argumentative difference, for the
engineer, the opinion of the companies prevails, as it is based on the obstacles faced daily

and on realistic facts.
6. CONCLUSION

This chapter attempts to provide answers to the initial research questions — which
were: how it is the transition in Portugal for more sustainable building; and, what are the
prospects for the diffusion of this new paradigm —looking at the main conclusions of the
previous chapters, trying to integrate them now. As highlighted before, this dissertation
was not based on quantitative methods, rather it is essentially exploratory study on the

perspectives of diffusion of the new paradigm.

The Paris Agreement endeavor is to achieve a net zero level of emissions by 2050. As
it was seen in this dissertation, the materials used in the construction of buildings have
enormous implications for global emissions of harmful gases. The transition to the use of
sustainable materials in the construction of buildings aims to minimize the environmental
impact throughout the life cycle of the building, contributing to the achievement of the
2050 net zero emissions objective, with which Portugal is aligned. It must be pointed out
that this transition to more sustainable materials can be perceived as a Schumpeterian
process of creative destruction. By replacing traditional materials with sustainable
alternatives, it generates new business opportunities and boosts economic growth, while
at the same time the companies that don’t have the capacity to adapt to the new

innovations will get out of business.

The transition to sustainable technologies is happening very fast in the renewable

energy sector, which is intrinsically linked to photovoltaic panels that are extensively
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used in residential buildings. The rapid diffusion of these technologies is essentially due
to the economic advantages inherent to their use (Lovegrove, 2023). Once positioned,
these can remain on the roofs of buildings for decades without wasting resources, costing
almost nothing, and generating power (The Economist, 2024) capable to make buildings
self-sufficient. In sum, this revolution leads to the adoption of more sustainable

technologies in the construction of buildings.

The research results reveal that in addition to being economically viable for business
companies, CLT and bamboo are considered superior to traditional ones offering greater
resistance to seismic activities, presenting less vulnerability to the fire with the
appropriate treatments and having better thermal insulation. This perception indicates that
companies believe what was reported in the literature review, that the intrinsic properties
of these materials can compete with concrete or steel in terms of performance and

application in building construction.

Through the research carried out, it's corroborated that the members of the target
community express medium/some interest in living in a house built with sustainable

materials, providing a good indication of social acceptance for the transition to occur.

Despite the numerous benefits of sustainable construction materials, is clear that the
change towards sustainable building will not be enough to solve the problem of the

housing crisis in Portugal, being considered just one piece of a puzzle.

The research also revealed that construction companies expressed skepticism and
resistance to change in relation to the transition to more sustainable materials. The
companies showed aversion to risk, preferring solutions with short-term results and
maintaining their modus operandi by not adopting innovative and sustainable solutions.
The difficulty of the transition also stems from the fact that the Portuguese construction
sector is deeply rooted in decades of established habits and practices. In a broader
approach, the most used building construction materials in Portugal remained unchanged
for 80 years, with concrete and steel still dominating up to the present. On the other hand,
in Portugal, the use of sustainable materials is still in an embryonic phase and therefore
is considered unimportant at a national level. Despite there being a potential for growth

in the bamboo and CLT market, combined with the existence of sustainable benefits in
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their adoption and associated with the competitive advantages that Portugal has, the 2050

deadline is considered short and premature.

In conclusion, through the characterization of Portuguese companies and the current
status quo of the building construction sector in Portugal, the transition from traditional
materials to sustainable materials looks like that will not happen by the target date of
2050.

This dissertation leaves points that remain open. As a result, a suggestion for future
investigations is that there is the need for more systematic and detailed studies, namely
collecting appropriate statistical data with the purpose of carrying out a quantitative

analysis in order to estimate diffusion models.

Based on the deep-rooted characteristics of the building construction sector and the
resistance to change identified in this dissertation, it is recommended that companies
adopt a holistic strategy to raise R&D, knowledge and instruct their employees to
implement sustainable practices. On the other hand, it is suggested that public policies be
aimed at offering tax incentives and financial support in order to create a culture of change

that can be observed in the long term in Portugal.

30



7. BIBLIOGRAPHY
Albee, R. R. (2019). Global overview of the cross-laminated timber industry.

Almeida, L. (2022). Physical and mechanical properties of reinforced concrete from 20th-
century architecture award-winning buildings in Lisbon (Portugal): A

contribution to the knowledge of their evolution and durability.
Analysts, G. L. (2024). Cross laminated timber (CLT) - Global strategic business report.

Andrade, L., Aleixo, S., & Faustino, P. (2019). Materiais e técnicas de construcdao do
inicio do século XX em Portugal na revista A Construccdo Moderna. 3° Congresso
Internacional de Historia da Construcdo Luso-Brasileira, Bahia, Brasil: Nucleo

de Tecnologia da Preservacdo e da Restauragao.

Babor, D., Plian, D., & Judele, L. (2009). Environmental impact of concrete. Buletinul

Institutului Politehnic din lasi. Sectia Constructii, Arhitecturad.

Barnett, V. (1991). Sample survey principles and methods. New Y ork: Oxford University

Press.

Bilow, D. N., & Kamara, M. E. (2008). Fire and concrete structures. Structures Congress

2008: Crossing Borders, 1-10.

Bioproducts, B. (2022). What are the benefits of bamboo plants? Retrieved from Bamboo

Bioproducts: https://www.bamboobioproducts.com/post/bamboo-plants-benefits

Bonivento, J., & Vieira, G. (2017). Thermal performance of bamboo as a multilayer
insulation wall. [International Scientific Conference - SPbWOSCE, Saint

Petersburg, Russia.

Bose, H. (2019). Grow bamboo, capture carbon. Retrieved from Dialogue Earth:

https://dialogue.earth/en/climate/grow-bamboo-capture-carbon

Britannica.  (2024).  Properties of steel. Retrieved from  Britannica:

https://www.britannica.com/technologv/steel#ref81349

31



Brogan, C. (2021). Best ways to cut carbon emissions from the cement industry explored.
Retrieved from Imperial College London:

https://www.imperial.ac.uk/news/221654/best-ways-carbon-emissions-from-

cement/

CCDR LVT (2019). Economia circular no setor da constru¢do civil I - Ciclo dos
materiais. CCDR LVT

Charter Steel. (2024). EAF vs. BOF furnaces in sustainable steelmaking. Retrieved from

Charter Steel: https://www.chartersteel.com/about/news/eat-vs-bof-furnaces-in-

steelmaking

ChemReady. (2020). Dewatering equipment & filter presses material crushing material
washing and screening. Retrieved from GetChemReady:

https://www.getchemready.com/water-facts/concrete-wastewater-treatment/

Coastal Custom Products. (2023). Exploring bamboo as a building material: Pros and
cons. Retrieved from Coastal Custom Products:

https://coastalcustomproducts.com/exploring-bamboo-as-a-building-material-

pros-and-cons-2/

Construir. (2024). Perspectivas 2024: “Inovagao, sustentabilidade e confianga". Retrieved
from Construir: https://www.construir.pt/2024/01/02/perspectivas-2024-

inovacao-sustentabilidade-e-confianca

Czigler, T., Reiter, S., Schulze, P., & Somers, K. (2020). Laying the foundation for zero-

carbon cement. McKinsey & Company.

D’Amico, B., Pomponi, F., & Hart, J. (2021). Global potential for material substitution
in building construction: The case of cross-laminated timber. Journal of Cleaner

Production.

Diario Imobiliario (2023). Construcdo de habitagdo em CLT arranca em Portugal.

Retrieved from Diario Imobiliario: https://www.diarioimobiliario.pt/Construcao-

de-habitacao-em-CLT-arranca-em-Portugal

Elliot, S. (2021). What is bamboo and what products are made from it? Retrieved from

The Bamboo Flooring Company:

32



https://www.bambooflooringcompany.com/bamboo-flooring-blog/what-is-

bamboo-and-what-products-are-made-from-it

Emamverdian, A., Ding, Y., Ranaei, F., & Ahmad, Z. (2020). Application of bamboo

plants in nine aspects. The Scientific World Journal.

Eurostat. (n.d.). Retrieved from https://ec.europa.cu/eurostat/data/database

Fahim, M., Haris, M., Khan, W., & Zaman, S. (2022). Bamboo as a construction material:

prospects and challenges. Advances in Science and Technology Research Journal.

Falk, A. (2013). Cross-laminated timber: Driving forces and innovation. Structures and

Architecture: Concepts, Applications and Challenges, 511-518.

FedSteel. (2023). The evolution of American steel structures. Retrieved from Federal

Steel Supply: https://www.fedsteel.com/industry-trends/the-evolution-of-

american-steel-structures/

Figueiredo, J. (2023). CLT da origem a duas novas areas de negocio da Carmo Wood.

Retrieved from Construir: https://www.construir.pt/2023/08/07/clt-da-origem-a-

duas-novas-areas-de-negocio-da-carmo-wood

Fishman, T., Mastrucci, A., & Peled, Y. (2024). Global ranges of building material
intensities differentiated by region, structure, and function. Scientific Data.

Retrieved from https://doi.org/10.1038/s41597-024-03190-7

Fletcher, 1., Welch, S., Torero, L., Carvel, O., & Usmani, A. (2007). Behaviour of

concrete structures in fire. Thermal Science, 37-52.

Florestas. (2022). Floresta portuguesa ocupa mais de um terco do pais. Retrieved from

AgroPortugal: https://www.agroportal.pt/floresta-portuguesa-ocupa-mais-de-um-
terco-do-pais/
FLORESTAS. (2024). Madeira para construgdo: Solugdes estruturais moldadas pela

engenharia. Retrieved from Florestas: https://florestas.pt/valorizar/madeira-para-

construcao-solucoes-estruturais-moldadas-pela-engenharia/

Garcia, F. (2012). Design of concrete structures.

Gongalves, F. (2022). Madeira e tecnologia: O casamento que vai revolucionar a

construcao. Retrieved from Idealista:

33



https://www.idealista.pt/news/imobiliario/construcao/2022/01/25/50653-

madeira-e-tecnologia-o-casamento-que-vai-revolucionar-a-construcao

Green Building. (2022). The pros and cons of cross-laminated timber construction and its
impact on sustainable building methods. Retrieved from Green Building Canada:

https://greenbuildingcanada.ca/cross-laminated-timber-construction/

Guerreiro, M. (2023). CLT da origem a duas novas areas de negocio da Carmo Wood.

Retrieved from Construir: https://www.construir.pt/2023/08/07/clt-da-origem-a-

duas-novas-areas-de-negocio-da-carmo-wood

Hemmati, M., Messadi, T., G. H., Seddelmeyer, J., & Hemmati, M. (2024). Comparison
of embodied carbon footprint of a mass timber building structure with a steel

equivalent. Buildings.

Holzleimbau, S. (2010). Planning and building with cross-laminated timber. Building

with Cross-Laminated Timber, p. 4.

Howes, R., Hadi, M. N., & South, W. (2019). Concrete strength reduction due to over

compaction. Construction and Building Materials, 725-733.

Idealista. (2024). Construgdo em ago leve: As vantagens deste modelo de construgao.
Retrieved from Idealista Construgdo:

https://www.idealista.pt/news/imobiliario/construcao/2024/05/20/63398-

construcao-em-aco-leve-as-vantagens-deste-modelo-de-construcao#Economia

IEA. (2023). Cement. Retrieved from IEA: https://www.iea.org/energy-

system/industry/cement

llgin, H. E., Karjalainen, M., & Mikkola, P. (2023). Views of cross-laminated timber
(CLT) manufacturer representatives around the world on CLT practices and its

future outlook. Buildings.
IMPIC. (2023). Relatorio do setor da constru¢do em Portugal 2022. IMPIC.

Industries, C. (2023). How is cement made? Concrete vs cement: What's the difference?

Retrieved from Chart Industries: https://www.chartindustries.com/Articles/how-

1s-cement-made

INE. (n.d.). Retrieved from https://www.ine.pt

34



INE. (2024). Estudo parque habitacional 2011-2021.

Jayanetti. (2005). Seismic testing of a bamboo-based building system. INBAR
International Workshop, 24-25.

Jayanetti, D. L., & Follett, P. R. (2008). Bamboo in construction. Modern Bamboo
Structures, 35-44.

Kaushal, V., & Saeed, E. (2024). Sustainable and innovative self-healing concrete

technologies to mitigate environmental impacts in construction. PrePrints.

Kovalchuk, N., & Shcherbakova, 1. (2024). Modern technological solutions for the
construction of energy-efficient buildings. £3S Web of Conferences.

Li, Y., & Yao, J. (2017). Thermal and energy performance of a steel-bamboo composite

wall structure. Energy and Buildings, 225-237.

LNEC. (2005). Evolugdo das tipologias construtivas em Portugal. Retrieved from Nucleo
de Engenharia Sismica e Dinamica de Estruturas: http://www-
ext.Inec.pt/LNEC/DE/NESDE/divulgacao/evol_tipol.html

Lovegrove, P. (2023). Renewables still not replacing fossil fuels in the global energy mix.
Energy Transition Outlook.

Maikol, S. (2020). Bamboo structures for modern sustainable architecture. Journal of the

International Society for the Study of Vernacular.

Mallo, M. F., & Espinoza, O. (2016). Cross-laminated timber vs. concrete/steel: Cost

comparison using a case study. World Conference on Timber Engineering.

Manandhar, R., Kim, J. H., & Kim, J. T. (2019). Environmental, social, and economic
sustainability of bamboo and bamboo-based construction materials in buildings.

Journal of Asian Architecture and Building Engineering, 49-59.

Martins, A. (2024). Mais habitagdo e mais sustentabilidade. E possivel? Retrieved from

Dinheiro  Vivo: https://www.dinheirovivo.pt/1857262660/mais-habitacao-e-

mais-sustentabilidade-e-possivel/

McCutcheon, B. (2024). Eco-friendly building: Understanding the environmental impact
of CLT construction. Retrieved from Beck Beyond Fastening: https://info.beck-

fastening.com/blog/eco-friendly-construction-with-clt

35



McGrath, C., & Zell, D. (2001). The future of innovation diffusion research and its
implications for management: A conversation with Everett Rogers. Journal of

Management Inquiry, 386-391.

Melton, P. (2024). Transportation: A key factor in CLT sustainability. Retrieved from

Building Green: https://www.buildinggreen.com/newsbrief/transportation-key-

factor-clt-sustainability

Monteiro, P., Miller, A., & Horvath, A. (2017). Towards sustainable concrete. Nature
Materials, 698—699.

Nature. (2021). Nature, 593—594. Retrieved from https://doi.org/10.1038/d41586-021-
02612-5

Nero, J. (2022). Episodio 51 — O 1.° betdo armado em Portugal. (IST, Interviewer).

Nutting, J., Wente, F., & Wondris, F. (2023). Steel. Retrieved from Encyclopedia

Britannica: https://www.britannica.com/technology/steel

O’Ceallaigh, C. (2018). The influence of panel lay-up on the characteristic bending and
rolling shear strength of CLT. Buildings, 114.

Oliveira, R. (2024). A crise habitacional em Portugal requer agao imediata, comprometida

e apartidaria. Expresso.
Orr, G. (2003). Diffusion of innovations, by Everett Rogers (1995).

Paudel, S. K. (2008). Engineered bamboo as a building material. Modern Bamboo
Structures, 33-40.

Pereira, V. (2017). Sustentabilidade da arquitetura oriental contemporanea: Uma

abordagem ao uso do bambu no contexto portugués.

Plantln. (2024). How fast does bamboo grow? Retrieved from Plantln:

https://myplantin.com/blog/how-fast-does-bamboo-grow

Pordata. (n.d.). Retrieved from https://www.pordata.pt/pt/estatisticas

REA. (2024). Ambiente e economia: Consumo interno de materiais. Retrieved from REA:

https://rea.apambiente.pt/content/consumo-interno-de-materiais

Roach, M. (1996). Bamboo solution. Discover, 93-96.

36



Rodgers, L. (2018). Climate change: The massive CO2 emitter you may not know about.
Retrieved from BBC:  https://www.bbc.com/news/science-environment-

46455844

Rodrigues, M. (2022). Nem s6 de cidades se faz Portugal. Publico.

Sandoli, A., D’Ambra, C., Ceraldi, C., Calderoni, B., & Prota, A. (2021). Sustainable
cross-laminated timber structures in a seismic area: Overview and future trends.

Applied Sciences.

Scalet, T. (2015). Cross-laminated timber as sustainable construction technology for the

future.

Schumpeter, J. A. (1942). Capitalism, socialism, and democracy. New York: Harper &

Row.

Shine, E. (2023). Bamboo vs. steel: What to consider with each when building. Retrieved

from Building Renewable: https://buildingrenewable.com/bamboo-vs-steel-what-

to-consider-in-building/

Silva, A., & Fernandes, J. (2016). Acordo de Paris 2015-2050.

Silverman, E. (2024). Can bamboo construction replace timber and steel? Retrieved from

Blue Beam: https://blog.bluebeam.com/building-with-bamboo/

Skinner, B., & Lalit, R. (2023). Concrete: 8% of global emissions and rising. Which
innovations can achieve net zero by 2050? Retrieved from Energy Post:

https://energypost.eu/concrete-8-of-global-emissions-and-rising-which-

innovations-can-achieve-net-zero-by-2050/

Soares, S. (2013). Estruturas em bambu. Retrieved from https://repositorio-

aberto.up.pt/bitstream/10216/68733/2/26866.pdf

Sousa, V. (2024). Mais casas (¢ mais baratas) com reabilitagdo de devolutos do Estado.

Idealista.

SPM. (2019). Que técnicas de engenharia e construg@o de casas existem? Retrieved from

SPM - Construcao e Engenharia: https://spm.com.pt/engenharia-e-construcao/

37



Ssebalamu, R. (2024, February 21). Innovation adoption life cycle or Roger’s curve.

Retrieved from Medium: https:/medium.com/(@ronaldssebalamu/innovation-

adoption-life-cycle-or-rogers-curve-97af9ac36da0

Stkikwood. (2020). How strong is bamboo?: Exploring strengths & benefits. Retrieved

from Stikwood: https:/www.stikwood.com/blogs/workbench/how-strong-is-

bamboo-exploring-strengths-benefits

Structural Community. (2020). Advantages & disadvantages of steel construction.
Retrieved from Structural Community:

https://structural.community/articles/advantages-of-steel-construction/

Sustainable Concrete. (2018). Concrete offers resilience in an uncertain future. Ten Years
of the Concrete Industry Sustainable Construction Strategy, 18. Retrieved from

Benefits of Concrete.
Swedish Wood. (2019). CLT structures: Facts and planning. The CLT Handbook.

Tan, T., Rahbar, N., Allameh, S., Kwofie, S., Dissmore, D., & Ghavami, K. (2011).
Mechanical properties of functionally graded hierarchical bamboo structures.

Acta Biomaterialia, 3796-3803.
The Economist. (2024). Sun machines. The Economist.

Tigue, K. (2022). Concrete is worse for the climate than flying. Why aren’t more people
talking  about it?  Retrieved from  Inside Climate  News:

https://insideclimatenews.org/news/24062022/concrete-is-worse-for-the-climate-

than-flying-why-arent-more-people-talking-about-it/

Tiiliice, N. S., & Yurtkur, A. K. (2015). Term of strategic entrepreneurship and
Schumpeter's creative destruction theory. Procedia - Social and Behavioral

Sciences, 207, 720-728.

Ulma. (2023). Steel: Characteristics, properties, and uses. Retrieved from Ulma Forged

Solutions:  https://www.ulmaforge.com/en/new/steel-characteristics-properties-

and-uses/

38



van de Heuvel, R. (2023). How bamboo can help solve the world housing and climate
crises. Retrieved from World Economic Forum:

https://www.weforum.org/agenda/2023/02/bamboo-construction-housing-

climate/

WIGO. (2024). The manufacturing process of CLT timber: From raw lumber to a truly

unique building material. Retrieved from Wigo: https://wigo.info/clt-timber

World Steel Association. (2011). Water intake and discharge. Water management in the

steel industry.

WorldSteel.  (2021). What is  steel? Retrieved from  World  Steel:

https://worldsteel.org/about-steel/what-is-steel/

Younis, A., & Dodoo, A. (2022). Cross-laminated timber for building construction: A

life-cycle-assessment overview. Journal of Building Engineering.

Zang, G., Sun, P., Elgowainy, A., Bobba, P., McMillan, C., Ma, O., ... Koleva, M. (2023).
Cost and life cycle analysis for deep CO2 emissions reduction of steelmaking:
Blast furnace-basic oxygen furnace and electric arc furnace technologies.

International Journal of Greenhouse Gas Control.

Zhao, B., Yu, Y., Xu, Y., & Guo, H. (2023). Bamboo as a sustainable construction
material for residential buildings in the cold and severe cold regions of China.

Architectural Engineering and Design Management, 1-18.

39



8.APPENDICES

Table 1 — Concrete Composition

Concrete Composition

Material Type Cement Water Aggregates (sand & gravel)

Value (~%) (10— 15 %) (1520 %) (6575 %)

Table 1 - Concrete Composition (source: Chart Industries)

Table 2 — Steel Composition

Steel Composition

Material Type Iron Carbon

Value (~%) (98 -99 %) (1-2%)

Table 2 - Steel Production [source: ( (Britannica, 2024)]

Table 3 — Benefits of CLT use from stakeholders

Benefits of CLT use from stakeholders:

Stakeholder CLT Producer Designer Builder Occupants
o . Design . Construction
Advantages . Flourishing . Cost
flexibility Speed .
market competitiveness
. . Market . Cost
e  Environmental . Cost speed
opportunity competitiveness o
performance . Livability
X . Cost . Environmental
. Construction
competitiveness performance
speed
. Design
. Structural
flexibility

performance

Table 3 - Advantages of CLT use from stakeholders (source: (Albee, 2019))
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Table 4 — Bamboo’s Growth Rate

Bamboo’s Growth Rate

Time Growth
per minute ~ 0.6 mm (0.025 inches)
per hour ~4 cm (1.5 inches)
per day ~ 89 c¢cm (35 inches)
per week ~ 6 m (20 feet)
in a year ~30—45m (100 — 150 feet)

Table 4 - Bamboo’s Growth Rate - (Plantln, 2024))

Table 5 — Portugal Construction Sector in 2022

Portugal Construction Sector in 2022

Construction Gross Value Qualifying Valid
Production Investment Employment .
Added (GVA) Titles Permits
Index
O 29+ © 0,8% * ©0,7% * 0 3,50%* 0 7,1%* O 7,8%*

Table 5 - Portugal Construction Sector in 2022 (source: ( (IMPIC, 2023))

*- variation referring to the previous year (2021)
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Graphic 1 - Evolution of DMC - total and main components
Evolution of Domestic Materials Consumption - total and main components
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Graphic 1 - Evolution of Domestic Materials Consumption - total and main components (source: INE)

Graphic 2 - Evolution of DMC per inhabitant — Portugal and EU-27

Evolution of DMC per inhabitant — Portugal and EU-27
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Graphic 2 - Evolution of DMC per inhabitant — Portugal and EU-27 (source: Eurostat)
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Graphic 3 - Production Index in Construction — YOY Rate of Change (%)

Production Index in Construction — YOY Rate of Change (%)
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Graphic 3 - Production Index in Construction — YOY Rate of Change (%) (source: INE)

Graphic 4 - GVA of the Construction Sector — Annual Rate of Change (%)

GVA of the Construction Sector — Annual Rate of Change (%)
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Graphic 4 - GVA of the Construction Sector — Annual Rate of Change (%) (source. INE)
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Table 6 - GDP from a production perspective (values in percentage)

Table 7 - GDP from a production perspective (millions of euros)

Years

Years

Table 6 - GDP from a production perspective (percentage) (source:PORDATA)

Total

Table 7 - GDP from production perspective (millions of euros) (source: PORDATA)

Total
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Table 8 - In which decade were houses, apartment buildings and other buildings

built for housing or other purposes in Portugal? (in percentage)

Construction time
Year

Total Before 1919 1919 - 1945 1946 - 1960 1961 - 1980 1981 - 1990 1991 - 2000 2001 - 2010 2011 -2021

2021 1000 49 78 105 271 163 156 148 31

Table 8 - In which decade were houses, apartment buildings and other buildings built for housing or

other purposes in Portugal? (in percentage) (source: PORDATA)

Table 9 - In which decade were houses, apartment buildings and other buildings

built for housing or other purposes in Portugal? (exact values)

Construction time
Year

Total Before 1919 1919 - 1945 1946 - 1960 1961 - 1980 1981 - 1990 1991 - 2000 2001 - 2010 2011-2021

2021 3573416 174200 277571 375353 967 182 581768 557048 529510 110784

Table 9 - In which decade were houses, apartment buildings and other buildings built for housing or

other purposes in Portugal? (exact values) (source: PORDATA)

Table 10 - Types of Buildings in Portugal

Building type
Year
Total Residential Non-Residential
2021 3573 416 3572128 1288

Table 10 - Types of Buildings in Portugal (source: PORDATA)
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Table 11 - Evolution of Dominant Typologies in Civil Construction in Portugal

Evolution of Dominant Typologies in Civil Construction in Portugal

Masonry Structure from the Gaioleiro Reinforced Concrete
Type of construction Masonry Structure . . o o
Pombaline Period Buildings Buildings
Construction Period <1775 1755 -1880 1880 - 1930 ~1940 - present
-Stone; -Stone; -Stone; -Concrete;
Used Materials -Earth; -Iron; -Brick; -Steel;
-Sand; -Wood; - Iron; -Brick;
-High density of walls; - Pombaline cage; -Structural -Mixed used
. . . continuity Lack; | buildings;
- No corridors; - Resists earthquakes and is
Characteristics . . anti-seismic; -Balconies -Multiple apartments
-No sanitary facilities;
usage; per floor;
-3 to 4 floors
-5 to 6 floors; -9 to +20 floors;
- the 1755 earthquake | -Portuguese architecture | -Quality decline | -Complex & taller
destroyed most of the | landmark; compared to L
buildings;
buildings; . Pombaline
-UNESCO World Heritage; .
period; -Advancement  in
- surviving ones were R
construction
. heavily damaged, -Vulnerable to
Observations technology;

Table 11 - Evolution of Dominant Typologies in Civil Construction in Portugal (source:

earthquakes and

structural

failures;

-Development of
new architectural

styles and forms;

(LNEC, 2005))

Table 12 - Most Used Construction Techniques for Houses in Portugal

Most Used Construction Techniques for Houses in Portugal

Construction Type

Masonry

Light Steel Frame

Cast-in-Place Reinforced

Concrete

Envolved Materials

-Concrete blocks;
- Stone;

- Bricks;

- Steel;

Concrete;

Steel;
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- Architectural freedom,;

(Eurostat, s.d.) - Durable;

- Strong;

- Faster construction;
- Lightweight materials;

- More cost-effective;

- Resistant to  weather

conditions;

- Quick to construct;

-Time-consuming
construction process;

- Homes that retain less

Disadvantages heat:

- Unstable for buildings with

extreme height;

- Structural inefficiencies for

large spans;

- Poor thermal insulation;

- Poor acoustic insulation;

Table 12 - Most Used Construction Techniques for Houses in Portugal (source: (SPM, 2019))

Table 23 - On a scale of 1 to 5, with 1 being "no interest" and 5 "very interesting", how

would you rate your willingness to live in a house built with CLT or bamboo in Portugal?

Q2Q1 - On a scale of 1 to 5, with 1 being "no interest" and 5 "very interesting", how would you rate

your willingness to live in a house built with CLT or bamboo in Portugal?

1 28 (13%)
2 41 (19%)
3 63 (29%)
4 59 (27%)
5 26 (12%)

Table 23 - On a scale of 1 to 5, with 1 being "no interest” and 5 "very interesting”, how would you rate

your willingness to live in a house built with CLT or bamboo in Portugal? (source: own elaboration)

Table 24 - What’s the best opportunity in the construction of buildings with sustainable

materials?

Q2Q2 — What’s the best opportunity in the construction of buildings with sustainable materials?

Seismic performance 37 (17%)
Fast construction 65 (30%)

Fire resistance 31 (14%)
Reduced construction costs 56 (26%)
Thermal insulation 28 (13%)
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Table 24 - What's the best opportunity in the construction of buildings with sustainable materials?

(source: own elaboration)

Table 25 - Do you consider that construction using sustainable materials, and their
inherent characteristics could replace the traditional model (use of concrete and steel)

in Portugal by 20507

Q2Q3 - Do you consider that construction using sustainable materials, and their inherent characteristics

could replace the traditional model (use of concrete and steel) in Portugal by 2050?

Yes 137 (63%)

No 80 (37%)

Table 25 - Do you consider that construction using sustainable materials, and their inherent
characteristics could replace the traditional model (use of concrete and steel) in Portugal by 2050?

(source: own elaboration)

8.3 Interview (11)

The interview was carried out with Engineer Jorge Pombo, whose company is

Imperalum.

11Q1 - Do you think it is realistic that by 2050 the majority of construction projects
in Portugal will be made with sustainable materials? Do you think the sector's problems

will hinder this change?

JP — “Over the years there has been more and more legislation, more rules and more
awareness regarding the environment and I am not surprised that sustainability is the

future of the sector. Answering the first question, I believe that the sector will move
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towards sustainability as a whole and obviously there will have to be a transition in
materials but being characterized by its slowness over the years. Now, in my opinion it
may not be possible is to occur by 2050. Unfortunately, it should happen, but that

transition is still little compared to the much that needs to be done at national level.”

11Q2 - Portugal has a competitive advantage by making sustainable use of its forests,
which correspond to 36% of its territory, minimizing the need for imports and valuing
local resources. Furthermore, it has a competitive advantage since the climate is
considered temperate and reduces the deterioration of the material (seen as the biggest
disadvantage). Do you believe that these competitive advantages can facilitate the

expansion of the use of these materials in civil construction?

JP — “I think there would be a lack of forest areas that would be necessary if the vast
majority of construction started to use these materials. It is worth remembering that they
would no longer be truly forests representing a diversity of flora and fauna, but would
become a monoculture area, competing with agricultural areas, making agricultural land
and all the food grown on it more expensive. What could eventually occur is an area solely
destined for production, but with a production ceiling. Therefore, modelling, repetition
and standardization, which allow for an effective industrialization of construction, must
be the focus according to a previous legislation. Then we must diversify materials, and,
in this sense, it will be positive to reduce the hegemony of traditional materials in Portugal

(neither steel nor concrete) and diversify towards more hybrid constructions.”

11Q3 — Do you consider that the transition from traditional to sustainable materials

can mitigate the existing housing crisis in Portugal?

JP - “The housing crisis is a problem that is quite general and is linked to many sectors
of activity. In the event of a transition from the so-called traditional materials to
sustainable materials, it is necessary to understand that this transition alone may not
generate major changes. I think that the housing crisis is a problem that is spreading across
sectors of both the economy and the social sectors, which really makes this problem a bit
complex. Obviously, civil construction has some impact on this, but there are much
greater impacts, such as inflation and irregularities in demand and supply at affordable
prices. Now, if there is an adoption of sustainable materials due to the lower costs they

offer, I believe that it could also raise another problem, which is the high demand and
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which only satisfies a very small percentage of people in relation to the generality. Having
said that, I think that the transition of materials can be a measure but there are many other
measures, particularly in terms of other sectors of activities that can complement so that

the housing crisis can be absolved or even reduced.”

11Q4 - Two different questionnaires were carried out. The first aimed at companies
and the second for the community in general. The question: What would be the
accreditation of a transition to sustainable materials compared to traditional materials
in Portugal by 2050, was asked from both perspectives and the different perspectives
under study. Surprisingly or not, the answers were different. Companies argued that they
would not believe in this transition, and, in contrast, the community admitted that they

believe in this transition. What is your opinion?

JP - “Well, first, [ have to tell you that this contrast is actually interesting to observe,
but if it is better analysed I believe that there could actually be a justification. In my
opinion, when companies argue that they do not believe in this transition, I believe it is a
rational response. In other words, it is a response from someone who is involved in the
field and who knows about the sector's difficulties because they face them every day and
who is aware of what is around them. Therefore, I believe it is an answer that can shed
light on what could happen by 2050. The community telling you that it believes in this
transition may be a somewhat premature response because there is increasingly an
induction towards sustainability in all sectors of activity and in all aspects of personal and
professional life. I think people are increasingly familiar with the topic of sustainability,
but in this specific case I think it ends up being a little early. I say this because when
people to give this answer it is clear that they are not aware of the reality of the
construction sector and what this transition will entail. Not only at the level of builders,
at the level of companies, at the level of construction methods, at the level of professionals
and at the level of training. I believe that companies can start to make some changes in
their environment and that they can start to be noticeable in 2050, on the deadline date.
Even though there is this divergence of opinion, the opinion of the companies ends up
prevailing. Companies are aware of the environment, implications, difficulties and

obstacles.”
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