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Abstract: The construction sector has a high environmental impact throughout the entire life cycle of buildings. One
way to reduce the impact is to use building materials with the lowest possible environmental impact — such as wood.
The use of wood-based building materials can improve the overall environmental balance of buildings. Compared
to other materials, wood probably has the best environmental performance. These findings are particularly significant
in the context of the environmental and legislative situation in Europe and the Czech Republic and may be one of the
reasons for the increasing number of new wood-based buildings. The main reason for the research is to highlight
the potential of wood as an ecological renewable material with multiple applications in all sectors of the national econ-
omy, especially in the construction industry. This paper aims to deepen the knowledge of the environmental specifica-
tions of building materials, especially wood, highlight its benefits and verify that building with natural and eco-friendly
materials is less costly with lower environmental impacts. To illustrate the environmental impact of the construction
industry, a case study comparing house variants was conducted to find the most suitable combinations of materials
in terms of economic, environmental, and social aspects. It was found that from a sustainable development perspective,
building with green materials generally means lower environmental impacts measured e.g. by global warming potential
and embodied energy. This is particularly evident in the case of wood, which is not only a renewable material with
advantageous thermo-technical and construction properties despite its low weight, but also stores carbon as it grows.
The findings show that wood in the structure can reduce the cumulative environmental impact of the whole structure.

Keywords: circular economy; eco-design; forestry; life cycle assessment; timber supply chain; wood-based construc-
tion; wood utilisation

Wood, as one of the main products of forestry,
is a renewable raw material with large application
in all sectors of the national economy [as evidenced,
for example, by Saidur et al. (2011), Kromoser
et al. (2022), or Zastempowski (2023)] and whose use
helps to protect the environment and meet sustain-
able development goals. The consumption of wood
is supported by various international and European
documents that are binding for the Czech Republic,

such as the Green Deal (European Commission 2019)
and the New EU Forest Strategy for 2030 (Europe-
an Commission 2021) and their successors. Wood
is an energy-efficient, low-carbon building material
that can make a significant contribution to achieving
European climate policy objectives in urban envi-
ronments if managed carefully (Sikkema et al. 2023).

The construction industry, along with its associ-
ated materials industry, consumes a huge volume
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of natural resources — in the 1990s it was over
40% of consumption (Rees 2010), a figure that
has subsequently fallen to around 32% (Yeheyis
et al. 2013). Thus, it is a very significant contribu-
tor to the current unsustainable development of the
world economy (Spence, Mulligan 1995). The con-
struction industry is also responsible for a quarter
of the solid waste amount generated worldwide (Ye-
heyis et al. 2013), but in developing countries, it can
reach even higher numbers and there are additional
problems with illegal disposal of construction waste
(incineration, illegal dumpsites) (Mahayuddin
et al. 2008; Nagapan et al. 2013; and others).

Timber structures offer great potential in promot-
ing a more sustainable approach in the construction
industry. From the growth of the tree, through the
stage where the wood is used, to the dismantling and
recycling of the wood as a building material, wood
represents a completely closed material cycle (if the
associated emissions are neglected). In addition,
wood partially stores CO, during the tree's growth
phase. Since half of the weight of wood is carbon,
one kilogram of carbon corresponds to 3.6 kg
of CO,, i.e. one kilogram of wood binds approxi-
mately 1.8 kg of CO,. However, despite its renewa-
ble nature, wood is a limited resource and currently
a significant amount of processed raw material that
ends up in secondary streams is used as fuel (Kro-
moser et al. 2022). Compared to other building ma-
terials used for the construction of frame buildings,
wood probably has the best environmental proper-
ties and sustainability, especially in terms of life cy-
cle assessment (Woodard, Milner 2016).

According to the Intergovernmental Panel
on Climate Change (IPCC) report, global climate
change is a reality and most of its impacts are the
result of human activity and anthropogenic green-
house gas (GHG) emissions (IPCC 2007). These
emissions, which are one of the main drivers lead-
ing to climate change, coupled with unpredictable
extreme weather events, can cause negative im-
pacts on food supply, electricity, transport, indus-
try, buildings and land use (IPCC 2014).

The construction industry is currently affected
by various factors. Despite the existence of doubts
and opposing opinions regarding the causes of glob-
al warming (perceptions of global warming and
its causes have been dealt with e.g. by Verheggen
etal. 2014, Abeles et al. 2019), it is a fact that govern-
ments exert legislative pressure to reduce greenhouse
gas emissions and energy consumption in many ar-
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eas of human activity. Considering that buildings ac-
count for up to 40% of global energy consumption
and greenhouse gas emissions (Morel et al. 2001;
UNEP 2009; and others), research on minimising en-
ergy consumption and carbon emissions during their
life cycle has received increasing attention in recent
years. In this context, the EU introduced the concept
of nZEB — nearly zero energy building and at the
same time, other frameworks that promote the ener-
gy efficiency of buildings, such as the passive house,
have gained wide recognition. A number of authors
dealt with the evaluation of these concepts (e.g. Tsi-
kaloudaki et al. 2022). In 2007 and in 2014, the Eu-
ropean Council adopted targets to reduce emissions
by 20% by 2020 and by at least 40% by 2030. For 2020
and 2030, these emission reduction targets were sup-
plemented by targets for the share of renewable en-
ergy in total energy consumption (20% by 2020 and
32% by 2030) and for energy efficiency improvements
(20% for 2020 and 32.5% for 2030). By 2030, emis-
sions should be reduced to at least 55% of 1990 levels
(an intermediate step known as Fit for 55). The emis-
sion reduction targets for 2020 and 2030 are legally
binding and provide clear guidance for policymakers
and stakeholders (Oberthiir 2010). The requirements
for the use of environmentally friendly materials are
set out in the Regulation of the European Parliament
and the EU Council No. 305/2011. These require-
ments are an incentive to evaluate products in terms
of environmental impact.

Two consecutive cost shocks have recently had
a significant impact on the European construction
industry: in 2021, during the economic recovery
phase after the COVID-19 pandemic, there was a sig-
nificant increase in costs, which was mainly caused
by an unexpectedly fast economic recovery. The sec-
ond massive cost jump in 12 months followed the war
in Ukraine. Due to the very energy-intensive produc-
tion technology of many building materials, there has
been a significant increase in prices (Klien 2023).

In the area of environmental protection in the
context of the construction industry, new sources
of energy, or energy savings during the use of the
building, have so far been more researched, see
e.g. Harris (2005). In the Czech Republic, energy
management and energy savings during the use
of buildings are dealt with by laws (406/2000 Coll,,
Building Act) and their implementing regulations
(264/2020 Coll., 268/2009 Coll.). In practice, there-
fore, the energy need for the operation of build-
ings is currently the most evaluated, the neglected


https://www.agriculturejournals.cz/web/jfs/

Journal of Forest Science, 69, 2023 (10): 451-462

Original Paper

https://doi.org/10.17221/65/2023-JFS

energy input when calculating the energy balance
is the bound energy of materials [PEI (M])] indicat-
ing the total consumption of natural energy sources
during the life cycle of the product. By including
bound energies in a complex design, it is possible
to assess the energy efficiency of structural com-
ponents and to determine the influence and im-
portance of individual parts on the overall energy
demand. Considering the sustainable development
perspective, green building materials with non-
toxic, natural and organic compounds have the
potential to reduce the overall impact on the envi-
ronment and human health (Khoshnava et al 2020).

One possible alternative path is a construction
approach which seeks to minimise the environ-
mental impact of the design, construction, opera-
tion, and disposal of houses. This includes a wide
range of building systems and materials, all of which
share an emphasis on sustainability. For example,
the energy rating considers not only the energy
used in the operation, but also the energy used for
the production and disposal of building materi-
als. A number of analyses and research studies has
been conducted in the past examining the relation-
ship between construction and sustainability from
a life cycle perspective (e.g. Spence, Mulligan 1995;
Sev 2008; Ortiz et al. 2009; Hwang et al. 2012; Tushar
et al. 2021). For example, it has been demonstrated
to what extent the use of local materials can improve
the overall balance of a building — e.g. according
to Moreletal. (2001), theamount of energy consumed
in construction has been reduced by up to 215% and
the impact of transport by 453% by means of using
local materials (such as stone, clay, wood). Also, the
potential of using circular economy principles has
been explored, which, among other things, keeps
materials and resources in a closed loop, minimises
waste and allows for a reduction in the use of pri-
mary non-renewable resources (Adams et al. 2017;
Ogunmakinde et al. 2022).

In recent vyears, particularly in Europe and
North America, increased attention has also been
paid to multi-story wood buildings (MSWBs),
which provide space for renewability, recyclabil-
ity, and carbon storage that multi-story buildings
made of other load-bearing materials do not offer
(Hurmekoski et al. 2018). Wood-based buildings
show overall better environmental performance,
as shown, for instance, in a comparison of concrete
and wood-based building technologies in a Euro-
pean framework (Guardigli 2014). However, there

is also interest in wood-based buildings in other
countries — for example, research has been con-
ducted in China comparing a high-rise building
made of CLT (cross laminated timber) with a con-
crete building located in a cold and very cold cli-
mate region of the country. The results showed that
the use of CLT as a replacement for conventional
carbon-intensive material (concrete) would re-
duce energy consumption by more than 30% and
reduce CO, emissions by more than 40% in the cra-
dle-to-grave LCA study (Liu et al. 2016).

The aim of the paper is to analyse the use of wood
and its potential as a renewable and sustainable
material in the construction industry. To illustrate
the environmental impact of the construction in-
dustry, a case study comparing different variants
of one type of new house construction project was
compiled. In this way, different compositions of tim-
ber-based construction could be compared with
the outcome of finding the most suitable combina-
tion of the specified parameters in terms of sustain-
able construction, i.e. from an ecological, economic
and social perspective. For the compositions of the
structures, materials were selected from conven-
tional building materials (CBMs) (e.g. polystyrene,
mineral wool, asphalt strips) and from available eco-
logical materials (wood, wood-fibre thermal insula-
tion etc.). The compositions were assembled to have
a comparable heat transfer coefficient and to comply
with the basic design principles and the standard
CSN 73 0540-2/2011. This case study documents
wood as a renewable resource that is an environmen-
tally friendly material suitable for use in construction.

MATERIAL AND METHODS

The research was carried out according to a pro-
cedure consisting of the following steps: (i) develop-
ment of the main hypothesis and sub-hypotheses,
(i) operationalisation of the established hypothe-
ses into a research tool (calculation schemes for the
evaluation of individual proposed structures and
buildings), (iii) data collection, (iv) data evaluation,
and (v) overall evaluation.

Hypotheses. The main hypothesis and sub-
hypotheses were formulated. Construction using
wood and wood-based materials is beneficial to the
construction industry from a sustainable devel-
opment perspective. The sub-hypotheses are the
claims that wood-based construction has lower en-
vironmental impacts and is less costly.
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Data collection and evaluation. Empirical and
logical methods (such as analysis and synthesis,
comparison, deduction, generalisation) of scientific
work and creative solutions were used to meet the
research objectives. The collection and classification
of scientific and technical information on the cur-
rent state of the problem is based on the principle
of analysis of available scientific publications with
subsequent synthesis into a comprehensive over-
view. First, the current situation in the construc-
tion industry in Europe and especially in the Czech
Republic was analysed, with a focus on the field
of wood-based buildings. For this purpose, the out-
puts of the EUROCONSTRUCT research group
which deals with research and analysis of the con-
struction industry, data provided by the Czech Sta-
tistical Office, and scientific articles on this topic
were examined. The current requirements for build-
ings and their energy ratings, and the requirements
for materials and their properties were summa-
rised. The area of trends in EU climate policy (such
as various Regulations of the European Parliament
and of the Council of the EU, European standards,
Green Deal) affecting the construction sector was
examined. Attention was also given to environmen-
tal protection, environmental impacts, and waste re-
duction in the context of the construction industry.

The necessary information to assess and compare
the technical, environmental and economic aspects
of the materials proposed for the construction of the
model building was obtained from available litera-
ture sources and tables, professional publications,
databases (e.g. Envimat 2013; Baubook 2023) and
documents, such as EPDs (Environmental Product
Declarations) from specific manufacturers (which
are generally available via Baubook). The selection
of values considered their comparability (method-
ology, legislation) and timeliness.

The constructed model design solutions of the type
building were assessed from the structural (structur-
al and thermal technical properties — thermal resist-
ance and heat transfer coefficient of the structure),
environmental (determination of environmental im-
pactsin the selected impact categories — global warm-
ing, acidification of environment and non-renewable
primary energy) and economic [model calculations
of material costs based on the indicative price
per m? of built-up area provided by RTS, a.s. (2023)]
point of view and the system boundaries were deter-
mined. The results were further processed and com-
pared in absolute and percentage terms.

454

https://doi.org/10.17221/65/2023-JES

As far as environmental performance is concerned,
values from the production phase of the products,
i.e. cradle-to-gate [according to EN 15978 (2011)]
— from the extraction of raw materials, through
transport to the plant to the actual production — were
used. This method is often used in practice. The en-
vironmental impact categories to be examined were
selected. The output was then a set of impact catego-
ry indicator results with specific values and clearly
defined units. For a simplified comparison of the
proposed designs, the identified impact category
values were scored and subsequently compared.

Overall evaluation. The shape, building layout,
and structural systems were designed to meet the
legislative and technical requirements for build-
ings. The structural systems were used for the
proposed building so that the external dimensions
and therefore the built-up area were maintained.
The structural compositions were designed to have
a comparable heat transfer coefficient and to com-
ply with the standard CSN 73 0540-2/2011. Thus,
the main structures of the gross building — the ver-
tical load-bearing structures (external and internal
walls), the horizontal load-bearing structures (ceil-
ings), the roof structures, and the components of the
structure, such as windows or tiles, were assessed.

The hypotheses are tested by comparing the as-
sumptions with the data obtained. When hypothe-
ses (assumptions) agree with data, they inductively
support the truth of a logical construct or universal
statement (and theory). If the data obtained con-
tradict the stated hypotheses, either the construct
(theory) was flawed, or there was an error in de-
ductive hypothesis generation, or an error in data
collection and evaluation (Ochrana 2009).

For the purposes of this case study, a new construc-
tion of a single-family house without a basement was
chosen, with a simple rectangular floor plan on foun-
dation passes with a foundation slab, with a gable
roof. Variants of the structural design with uniform
external dimensions and thus equal built-up area
were developed. The external plan dimensions are
identical for all variants — 12.5 m x 8 m. The house
meets the technical requirements for buildings
specified by Decree No. 268/2009 Coll. and the re-
quired values of the heat transfer coefficient given
by the standard CSN 73 0540-2.

The upper structure is then designed in three
main types (see Table 1 for further details):

(i) Timber-frame construction, 'green' variant:
timber-framed post-and-beam construction with
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Table 1. Details on individual variants
Building features Variant.A Var'iant B ‘ Variant C
(frame construction — green) (frame construction — conventional) (CLT)

Building shape and
size

Overall dimensions
(total floor area)

Structural system
and foundations

Frame (beams,
columns, slabs)

Non-load-bearing
elements

External walls

Windows

Roof

Internal walls

Flooring

Floors

rectangular floor plan
12.5 m x 8 m, gable roof,
residential attic, no basement

floor area 1%t floor 79.9 m?,
attic 78.2 m? — total 158.1 m?

frame wooden construc-

tion on foundation belts

and slab, gable roof with
wooden truss

walls made of wooden
columns with a cross-section

of 160/60 mm (KVH),

axial distance 625 mm

non-load-bearing walls
made of wooden posts
measuring 60 mm x 100 mm

walls made of wooden
posts with a cross-section

of 160/60 mm (KVH),

axial distance 625 mm

wooden windows
with triple glazing

roof pitch 40°, carpentry roof,
roof covering — concrete tiles,
skylights

load-bearing walls made
of wooden posts (cross
section 60 mm x 160 mm);
non-load-bearing walls made
of wooden posts with a cross
section 60 mm x 100 mm

15t floor on RC slab — thermal
insulation, cement screed
(with heating element),
levelling screed and
flooring layer;
2™ floor on frame
construction — thermal and
noise insulation, distribution
layer, flooring layer

floor construction
with KVH joists 60/240 mm,
axial distance 625 mm

rectangular floor plan
12.5 m x 8 m, gable roof,
residential attic, no basement

floor area 1% floor 79.9 m?,
attic 78.2 m? — total 158.1 m?

frame wooden construction
on foundation belts and slab,
gable roof with wooden truss

walls made of wooden columns
with a cross-section of 160/60 mm

(KVH), axial distance 625 mm

non-load-bearing walls
made of wooden posts
measuring 60 mm x 100 mm

walls made of wooden
posts with a cross-section

of 160/60 mm (KVH),

axial distance 625 mm

PVC windows
with triple glazing

roof pitch 40°, carpentry roof,
roof covering — concrete tiles,
skylights

load-bearing walls made
of wooden posts (cross section
60 mm x 160 mm);
non-load-bearing walls made
of wooden posts with a cross
section 60 mm x 100 mm

15t floor on RC slab — thermal
insulation, cement screed
(with heating element),
levelling screed and
flooring layer;

2™ floor on frame construction

— thermal and noise insulation,

distribution layer, flooring layer

floor construction
with KVH joists 60/240 mm,
axial distance 625 mm

rectangular floor plan
12.5 m x 8 m, gable roof,
residential attic, no basement

floor area 1%t floor 82.7 m2,
attic 79.9 m? — total 162.6 m?

wooden construction
from the CLT board system
on foundation belts and slab,
gable roof with wooden truss

load-bearing walls based
on massive wooden panels
— CLT, CLT panel
thickness 84 mm

non-load-bearing walls
based on massive wooden
panels — CLT

load-bearing walls based
on massive wooden panels
— CLT, CLT panel
thickness 84 mm

wooden windows
with triple glazing

roof pitch 40°, carpentry roof,
roof covering — concrete tiles,
skylights

load-bearing walls
based on massive wooden
panels — CLT, CLT panel

thickness 84 mm

15t floor on RC slab — thermal
insulation, cement screed
(with heating element),
levelling screed and
flooring layer;
2" floor on CLT
construction — thermal
and noise insulation,

distribution layer, flooring layer

construction with
a load bearing CLT panel

CLT - cross laminated timber; KVH — solid construction timber (Konstruktionsvollholz); RC — reinforced concrete

Source: Own processing
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blown wood fibre insulation and facade fibreboard
insulation; floor structure with load-bearing timber
beams with blown wood fibre insulation; roof struc-
ture insulated with blown fibre insulation and fibre-
board insulation for the roofs.

(if) Timber-frame construction, conventional var-
iant: timber-framed post-and-beam construction
with mineral wool insulation; floor structure with
supporting wooden beams with mineral wool insu-
lation; roof structure with mineral wool insulation.

(iii) CLT-based construction: load bearing CLT pan-
els with wood fibre insulation, with a wooden facade
with a wood fibre insulation facade board; floor struc-
ture: composition with supporting wooden beams;
roof structure insulated with blown wood fibre insu-
lation and with insulating wood fibre board for roofs.

The characteristic design service life of the building
according to AN CSN EN 1990 is 80 years. For the
purpose of calculating the renewal cycles of indi-
vidual elements and components of the building,
the values of the expected service life from the Valu-
ation Decree No. 441/2013 Coll. — Decree on the
implementation of the Act on the Valuation of Prop-
erty were used. Thus, for example, one replacement
of roofing, one replacement of ceramic tiles in the
interior, etc. was determined.

The thermal resistance and heat transfer coef-
ficient of the structure were determined accord-
ing to the applicable standards. The results were

https://doi.org/10.17221/65/2023-JES

compared with the requirements of the current
CSN 73 0540-2:2011 and with each other. The coef-
ficients used in the work were obtained from avail-
able data of manufacturers, standards, data from the
TZB-info internet portal, Baubook database, etc.

Due to the increasingly stringent legislative re-
quirements for buildings, the most restrictive
requirement was chosen — the recommended value
for passive houses U, -

The next range of construction properties eval-
uated were selected environmental properties:
(i) PEI — primary energy input, (ii) GWP — global
warming potential, (iii) AP — acidification potential.

The environmental values of materials are most
often reported in EPDs and available databases
in the production phase range [modules A1-A3 ac-
cording to EN 15978 (2011)]. These values have also
been used for the purpose of this case study.

RESULTS

Thermal-technical properties. The appropri-
ate assembly of the compositions for the individ-
ual building variants resulted in comparable values
of the heat transfer coefficient (I/) and the resist-
ance of the structures to heat transfer (R;; see Ta-
ble 2). At the same time, the resulting values met the
recommended values for passive values proposed
by CSN 73 0540-4 and CSN EN ISO 6946 (Table 3).

Table 2. Summary of resulting heat transfer coefficients and thermal resistances of envelope structures

. U (W-m=2K1) Ry (m2K-W1)
Construction type - - - - - -
variant A variant B variant C variant A variant B variant C
Floor on the ground 0.19 0.18 0.19 5.35 5.64 5.35
Perimeter wall 0.16 0.14 0.15 6.41 7.00 6.74
Roof construction 0.15 0.14 0.15 6.76 7.20 6.76

Variant A — timber-frame construction, 'green’ variant; variant B — timber-frame construction, conventional variant;

variant C — CLT-based construction; R — thermal resistance; U — heat transfer coefficient

Table 3. Overview of required values of heat transfer coefficient according to CSN 73 0540-4 and CSN EN ISO 6946

Required value

Construction type Uy o (W-m K )

Recommended value

Demand value for passive buildings

Floor on the ground 0.45
Perimeter wall — lightweight 0.30
Roof up to 45° 0.24

U, (W-m2K™1) U 00 (W-m=2K™)
0.30 0.22-0.15
0.20 0.18-0.12
0.16 0.15-0.10

Uy 50 — required value of the heat transfer coefficient for buildings with a predominant design internal temperature between

18 °C and 22 °C inclusive; U,

T

design internal temperature between 18 °C and 22 °C inclusive;

eco0 — recommended value of the heat transfer coefficient for buildings with a predominant

U500 — recommended value of the heat transfer coefficient

for passive buildings with a predominant design internal temperature between 18 °C and 22 °C inclusive
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Table 4. Comparison of environmental impacts of individual construction alternatives — Quantified for the

whole construction

PEI- GWP. AP
Construction type

(MJ) (kg CO, eq.) (g 50, eq)
Variant A 583 811.07 2 314.20 151 460.65
Variant B 776 606.03 23 684.06 214 008.41
Variant C 672 942.57 -3 855.48 173 176.37

Variant A — timber-frame construction, 'green' variant; variant B — timber-frame construction, conventional variant;

variant C — CLT-based construction; AP — acidification potential of the construction; eq. — equivalent; GWP. — global

warming potential of the construction; PEI- — primary energy input for the construction

Environmental properties. The predicted
replacements of structures and elements have
been included in the summary environmental
performance of the individual options as shown
in Table 1. The comparison is shown in Table 4.
A graphical comparison of the environmen-
tal impacts of the individual options is shown
in Figure 1.

By quantifying the PEI, GWP, and AP values
of individual structures, it was found that the low-
est environmental impact is for structures made
of natural and more environmentally friendly ma-
terials — variants A and C. Variant C even achieved
a negative balance of global warming potential.

Since the individual variables cannot be added
up and thus the constructions cannot be compared
to each other, the individual constructions were
compared using a score (Table 5).

For the basic economic comparison of the individ-
ual variants, the indicative prices per m? of built-up
space provided by RTS, a.s. (RTS 2023) were used.
The development of indicative prices for the pe-
riod 2013-2023 per m? of built-up space is shown
in Figure 2. The year-on-year change in the price
per m3 of built-up space is shown in Figure 3.

According to the data on the average price
per m? of built-up space, since 2017 the average
price of buildings with a wood-based structure

300 000 - 776 606
200 000 - 672 943
583 811

., 600000
i3]
2 500000 -
g
S 400000 -
g
g 300 000 +
g 214008
2200000 151 461 173176
i

100 000 A 5314 23 684 _3 855

0 - — J;
—-100 000
variant A variant B variant C
Variants assessed — results
m PEI (M]) m GWP (kg CO, eq.) AP (g SO, eq.)

Figure 1. Graphical representation of environmental impacts of individual construction variants — Quantified for the

whole construction

Variant A — timber-frame construction, 'green' variant; variant B — timber-frame construction, conventional variant;

variant C — CLT-based construction; AP — acidification potential; eq. — equivalent; GWP — global warming potential;

PEI — primary energy input

457


https://www.agriculturejournals.cz/web/jfs/

Original Paper

Journal of Forest Science, 69, 2023 (10): 451-462

https://doi.org/10.17221/65/2023-JES

Table 5. Scores and comparisons of individual buildings based on environmental values

Assessed characteristics Variant A Score Variant B Score Variant C Score
PEI;, (M]J-m~3) 895.42 1 1191.11 3 1 020.54 2
GWP (kg CO, eq. -m~3) 3.55 2 36.33 3 -6.42 1
AP (g SO, eq. -m™) 232.30 1 328.23 3 262.73 2
PEI,, (MJ-kg™) 4.25 1 6.33 3 4.49 2
GWP (kg CO, eq. kg™) 0.02 2 0.19 3 -0.03 1
AP (g SO, eq. -kg™) 1.10 1 1.74 3 1.15 2
Total - 8 - 18 - 10

Variant A — timber-frame construction, 'green’ variant; variant B — timber-frame construction, conventional variant;

variant C — CLT-based construction; AP — acidification potential; eq. — equivalent; GWP — global warming potential;

PEI,, — primary energy input per 1 kg of construction; PEI, — primary energy input per 1 m? of built-up area

is lower than the average price of masonry build-
ings (RTS, a.s. 2023).

To obtain a more accurate picture of the material
cost of the rough construction of each structure, the
material cost of each structure was quantified accord-

ing to RTS, a.s. data. The resulting prices were deter-
mined for the material used in the scope of the rough
construction, excluding VAT and excludinglossesdue
to e.g. cutting of materials. In terms of materials the
costliest construction is variant C (EUR 108 480),

[

5 350

Fo 300 /

Z & 250

2 200

BT

9 ~ 150

g 100 + T T T T T T T T T T 1
~

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Year

vertical supporting structure made of wood and based on wood material
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followed by variant A (EUR 99 327) and vari-
ant B (EUR 76 909). This finding contradicts the
claim of the sub-hypothesis that construction
with natural and ecological materials is less costly.
The hypothesis is hereby rejected.

DISCUSSION

The construction industry is a major contributor
to global energy consumption and carbon dioxide
emissions throughout the life cycle of buildings
(Gan et al. 2020). Therefore, the use of renewable
materials or materials that are more environmental-
ly friendly and meet sustainability standards is now
gradually gaining ground in the construction sec-
tor. The main motivation for this effort to change
the established model of the construction industry
has been the realisation that the Earth's natural
resources are diminishing (Barnosky et al. 2011;
UNDP 2013) and the ecological footprint (human
demands vs. the Earth's ability to renew itself)
is increasing (Carter 2007). Some of the options
for minimising the impact of construction are eco-
design or green building technologies. Combined
with eco-design principles, green building technol-
ogies and materials such as wood have the potential
to contribute enormously to the required reduc-
tion in energy and material consumption (Wang
et al. 2014), even on a global scale (Rees 2010).
Green building standards and forest certification
have been developed to reduce the environmental
impact caused by the construction sector (Espi-
noza et al. 2012). The use of wood in construction
can in turn help mitigate climate change — through
additional carbon storage in buildings and by re-
placing steel, concrete and other fossil fuel-inten-
sive materials (e.g. Matsumoto et al. 2016; Hafner,
Riiter 2017; Hildebrandt et al. 2017; Piccardo, Gus-
tavsson 2021). The forestry sector can have a sig-
nificant impact on climate change by increasing
carbon stocks (e.g. Canadell, Raupach 2008; Grassi
et al. 2021). This corresponds to the findings from
the case study, where buildings with a higher use
of wood and wood-based materials have a better
carbon balance and a lower potential for acidifica-
tion of the environment (green version of a frame
building, CLT building).

Envimat was created because there was no sim-
ilar database in the Czech Republic (Hodko-
va et al. 2012). Unfortunately, since its creation
in 2010, only a few updates have been made, the last

one in 2013. Most of the data still comes from the
Swiss Ecoinvent, so the data is not sufficiently up-
to-date and relevant for the Czech environment.
It would be advisable to renew the database and
update the data to allow builders to make decisions
based on the environmental performance of mate-
rials as well. It is highly plausible that this aspect
will become more important in the future. Current
policy and legislation [such as Regulations (EU)
2018/410,2018/841,2018/842, and 2018/844 of the
European Parliament and of the Council] indicate
this scenario. This trend is also an opportunity for
more efficient use of Czech wood as a building
material — structural timber, raw material to the
production of complementary materials (thermal
insulation, etc.). It could be a way to valorise lower
quality timber such as pulpwood or calamity wood.

Forestry sector is in the cyclical sector that
is strongly influenced by cyclical calamities.
These calamities also understandably affect tim-
ber prices — largescale calamities drive down wood
prices due to large volumes of harvested timber
(Toth et al. 2020). This cyclical phenomenon in the
logging industry is significant across the whole
of central Europe and the large timber volumes are
accelerated by higher temperatures, drought, and
by negative weather and climatic events (Simtnek
et al. 2020; Hlasny et al. 2021).

As mentioned above, timber from salvage logging
could also be better valorised in this way, so that
builders and the wood industry can profit from ca-
lamities. Lower quality timber can be used as a re-
source for a variety of construction and insulation
materials. This topic is worthy of more research,
considering the insufficient capacity to pro-
cess calamity wood in the Czech Republic (Toth
et al. 2020). The increased use of wood products
in the European Union may contribute to a shift
towards the production of more emission-efficient
building materials, and the market share of wood-
based construction materials (such as LVL — lami-
nated veneer lumber, CLT, OSB — oriented strand
board and others) is already steadily increasing
(Hildebrandt et al. 2017).

Further research is needed to verify the general-
isability of the conclusions and design guidelines.
However, this research is an important step in pro-
moting the use of green building materials and el-
ements and in promoting the use of wood and
wood-based materials in construction, also in the
context of the expected increasing pressure
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and demand for the use of renewable materials
in construction.

Assessing buildings in the context of their lifes-
pan is another topic. The lifespan and durabil-
ity of timber-based buildings are often questioned
by builders and investors. Wood-based build-
ings are often considered to be less durable than
conventional constructions (such as masonry
or concrete buildings), even though, with the ap-
plication of proper design and construction prin-
ciples, wooden buildings can last for centuries,
as evidenced by many surviving buildings around
the world [for example Nanchan Temple in Chi-
na which was built 1200 years ago (Jing, Nishi-
zawa 2022), Scandinavian stave churches from
12th century (Szildgyi, Sand-Eriksen 2021)].

CONCLUSION

The aim of the case study was to assess natu-
ral and ecological materials, especially wood,
in terms of their utility and functional properties,
environmental impacts and economic benefits for
construction companies and builders. The study
verified the hypothesis that building with natu-
ral and eco-friendly materials is beneficial for the
construction industry in terms of sustainable de-
velopment. The sub-objectives were to deepen the
knowledge of energy and environmental specifica-
tions of building materials and to provide a basis
for decision-making in the selection of materials
in the design of new buildings and the rehabilita-
tion of existing buildings. Further research is need-
ed to verify the generalisability of the conclusions
and design guidelines. However, this research
is an important step in promoting the use of green
building materials and elements.

The comparison of variants in the case study
showed that the most environmentally friendly
variant is a timber frame building with a wooden
facade and thermal insulation based on wood fi-
bres, followed by a building made of CLT panels
and in the third place is a standard timber frame
building with thermal insulation based on mineral
wool. The structures that represent a major part
of the buildings (such as foundation structures, pe-
rimeter walls) and the materials contained in the
structures in the highest proportion (i.e. concrete,
masonry blocks, insulation materials) have the
greatest influence on the final values of the individ-
ual buildings. From this, it can be concluded that
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replacing certain structures or materials with more
environmentally friendly options would in many
cases improve the overall balance of the environ-
mental impacts of the building. The findings sup-
port the sub-hypothesis that building with natural
and ecological materials has lower environmental
impacts and is thus not rejected.

These conclusions, together with the current
situation in the construction industry and in the
impacts of human activity in general, suggest that
the assessment of buildings in terms of their en-
ergy and environmental performance may become
increasingly important in the future.

The use of local materials with low environmen-
tal impact can be recommended to builders in gen-
eral when choosing building materials.

The material costs in the scope of the rough
construction were calculated according to the
data of RTS, a.s. The resulting prices are deter-
mined for the material used in the scope of the
rough construction, without VAT and without
losses caused e.g. by cutting through materials.
The CLT-based variant is the costliest construction,
followed by the green frame construction variant
1 and the conventional timber frame construc-
tion variant. This finding contradicts the assertion
of the sub-hypothesis that building with natural
and green materials is less costly. This hypothesis
is hereby rejected.

These findings, in the context of the current
situation in the construction industry and the im-
pacts of human activity in general and the outlook,
suggest that the assessment of buildings in terms
of their energy and environmental performance will
become increasingly important. The article is ben-
eficial for the construction sector as well as for
the forestry sector. From the forestry perspec-
tive, the content of the article and its results can
provide further arguments and a basis for the devel-
opment of forestry policy application documents
in the field of promoting the use and consumption
of wood as a renewable and sustainable material.
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