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Abstract

Timber construction offers a number of advantages in terms of sustainability in
comparison with other construction technologies. This can partly be attributed to the
fact that structural timber products often require less processing for their
manufacturing compared to other construction products and their sustainability is
therefore relatively increased. As a result, structures such as timber buildings are
associated with increased sustainability potential and are therefore selected as
sustainable solutions for the construction of housing, commercial or other types of
building projects. The current research, described in this paper, is aimed at the
quantification of the environmental impact caused by the construction of timber
buildings. A case study is used as the basis for the calculations which take into
account the whole life cycle of the timber building examined. A life cycle
assessment is conducted and the environmental impact assessment results are
calculated according to the Eco-Indicator 99 methodology. The interpretation of the
results leads to conclusions regarding the level and type of environmental impact
caused by the life cycle of timber building projects.

Keywords: timber structures, timber buildings, environmental impact, life cycle
assessment.

1 Introduction

The movement for sustainable development aims at the optimization of the whole of
human activity in terms of environmental, economic and social impact. Thus, it has
become one of the priorities of the whole world, fact that is proved from the plethora
of relevant events such as United Nations conferences and reports [1, 2]. This goal is
achieved through the adoption of solutions that will ensure the future of next
generations without the need of conciliation. As an upshot, this goal attracted the
interest of many researchers dealing with the development of methodologies that



reduce the environmental impact caused by all business sectors and especially by the
construction sector. The latter is the largest sector in the world that is responsible for
the consumption of vast amounts of raw materials and energy, while it also produces
significant quantities of waste [3]. Traditional construction materials and techniques
such as concrete do not hold adequate potential in terms of minimization of
environmental impact while steel and timber construction present increased
opportunities in regard to environmental sustainability due to their potential for
retrieving, recycling and reuse after the decision for demolition has been made.

Many methodologies have been developed for the quantification of the
environmental impact of construction projects, while the most widely known and
used is Life Cycle Assessment (LCA) [4]. Although LCA was developed for other
types of products, its efficiency has led to its utilization in construction projects [5].
LCA has four interdependent phases: goal and scope definition; life-cycle inventory
(LCI); life-cycle impact assessment (LCIA) and interpretation. The environmental
impact assessment results by LCA are calculated by some methods like impact
2002+, CML 2001, EPS 2000, and Eco-indicador’99. The realization of the LCA for
timber structures is achieved by the use of suitable software like GaBi [6] or
SimaPro. LCA is a method for quantifying the environmental impact of the life-
cycle of individual products or services from cradle to grave and it is the most
important method for assessing the overall environmental impact of products from
design to disposal. Nevertheless, till now, the environmental sustainability for
timber construction and the potential of its life-cycle is not completely explored.
LCA of timber construction has to take into account, among others, during the
analysis, many data; forest harvesting and processing, the role of wood as both
material and fuel, the fact that the trees store CO in their tissues that is released by
the decomposition of wood which happens at the end of life of it [7, 8].

Wood is a material that requires a lower processing power in order to be prepared
for building construction in comparison with most common construction materials
like concrete. During the process of “manufacturing” the wood for use in the
construction sector there is no waste, after the “waste” can be used for derivative
products of wood or fuel, with result the decreasing of the demand for fossil fuels.
Partial displacement and repairing is feasible in a timber building without
jeopardised the safety and operation of the whole structure. Fossil fuel consumption,
contributions to GHG emissions and quantities of solid waste are less for
manufacturing a building by wood than by other materials [9]. A timber building has
lower environmental burdens than buildings made of other materials [10]. The
timber buildings present increased energy efficiency since wood has thermal
conductivity. After demolishing a timber structure the wood can be retrieved for use
in new timber buildings or can be used as raw material for the production of wood-
based products or as a fuel. In case that wood goes to recycling to landfills, it is
biodegradable and does not constitute any kind of environmental threat [11].

This research deals with the examination of the potential of timber construction
and the quantification of the environmental impact caused by its application. An
existing timber truss construction is used as case study and a LCA is conducted
taking into account issues such as raw material acquisition, construction and waste
management, recycling. The latter is applied by means of SimaPro software and the



environmental impact assessment results are calculated by Eco-indicator 99 method
[12].

2 Methodology

The building which is selected as the basis for the calculations of the environmental
impact caused throughout the life cycle of timber buildings is a ground-floor
industrial building constructed of a series of timber load-bearing frames as displayed
in Figures 1 and 2a, 2b.
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Figure 1: Timber load-bearing frame

Life cycle assessment (LCA) is used to quantify the environmental impact
associated with each stage of the building’s life cycle. Based on the quantities of
materials required for the construction of the selected building, the LCA analysis is
conducted using environmental data as made available in existing life cycle
inventory (LCI) databases such as the Ecoinvent LCI database. The materials
required for the construction of the timber building that were taken into account are
resented in Table 1.

Construction materials Unit Quantity
Structural timber (pine wood) m> 22.54
Roof covering panels (steel) m? 156.60
Wall panels (steel) m° 265.00

Table 1: Main materials required for the construction of the timber building
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Figure 2a: Side view of timber building
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Figure 2b: Plan view of timber building



2.1 Goal, scope and functional unit

The goal of the current LCA analysis is the calculation of the environmental impact
caused throughout the life cycle of the examined timber building. As the purpose of
the research is to investigate the sustainability potential of timber as a construction
material, the stages of the building’s life cycle that are taken into account are
selected accordingly, so as to enable the provision of results directly related to the
quantity of timber used. The stages taken into account include the acquisition of the
raw materials and energy required for the manufacturing of the building’s
components, the transport of the building materials to the site and their handling at
the end of the building’s service life.

The distance taken into account for the transport of the timber materials to the site
is 50 km, based on the assumption that it is not always possible to use local
materials in the case of timber. In regard to the rest of the materials a 10 km
transport distance is assumed as they can usually be acquired from local suppliers or
manufacturers.

The functional unit for the LCA analysis is the construction of one timber
building according to the aforementioned specifications. As the analysis refers to the
conditions surrounding timber structures in Greece, the geographic coverage of the
LCA is initially the Greek region but could also be generalized for the wider
European region.

2.2 End scenarios

As one of wood’s most important properties in terms of its sustainability as a
construction material is its potential for recycling or reuse, a set of end scenarios was
developed for the current LCA analysis. In specific, three end scenarios were
assumed, each corresponding to a different way of handling the retrieved materials
at the end of the timber building’s service life and after the decision for demolition
has been made. The first scenario refers to the recycling of the retrieved timber
components, the second one to their reuse and the third to their incineration. All
three end scenarios were developed with the aim to quantify the environmental
impact of each waste treatment and therefore clearly display their sustainability
potential. The assumptions taken into account for each end scenario are presented in
Table 2. It is also noted that in regard to the cladding materials used for the
construction of the timber building, the same waste treatments are taken into account
for all three end scenarios. A 100 km distance is assumed for the transport of the
retrieved materials to the various end-of-life faculties at the end of the timber
building’s service life.



End scenario Waste treatment

Recycling 80% of timber recycled, 20% considered
irretrievable and disposed in landfill
90% of cladding materials recycled, 10%
considered irretrievable and disposed in landfill

Reuse 80% of timber reused, 20% considered
irretrievable and disposed in landfill
90% of cladding materials recycled, 10%
considered irretrievable and disposed in landfill

Incineration 80% of timber incinerated, 20% considered
irretrievable and disposed in landfill
90% of cladding materials recycled, 10%
considered irretrievable and disposed in landfill

Table 2: End-of-life scenarios developed for the handling of the retrieved materials

3 Life cycle inventory (LCI)

The results obtained from the LCA analysis of the life cycle of the timber building
include a detailed list of environmental inputs and outputs, referring to the
consumption of raw materials and energy (inputs) and the emission of substances to
the air, water and soil or as waste (outputs). A selection of the most important
environmental inputs and outputs is presented in Table 3 for the life cycle of the
timber building and for each end-of-life scenario. The negative values refer to
environmental benefits rather than burdens, which are derived from the effective
handling of materials at the end scenarios, for example, recycling.

4  Life cycle impact assessment (LCIA)

The substances listed as environmental inputs and outputs are used as the basis for
the calculation of environmental impacts in a set of specific categories or
environmental indicators. The impact assessment methodology used is the Eco-
Indicator 99 methodology (Eco-indicator 99 (E) V2.08 / Europe EI 99 E/E) which
covers a wide range of environmental aspects related to human, health, natural
resources and the quality of the eco-system. The environmental impact of the main
construction materials required for the construction of the timber house as well as
the impact of their transport to the site and to the various end-of-life facilities
(recycling plants, etc.) are displayed in Figure 3. It is noted that the environmental
impact results presented are in Eco-Indicator 99 Points (Pt) where 1 Pt is
representative of one thousandth of the yearly environmental load of one average
European inhabitant.



Substance Category Unit Life cycle  Life cycle Life cycle

(recycling) (reuse) (incineration)
Coal (brown, in ground) Raw material kg -41,6202 -41,6202 -39,1512
Dolomite (CaCOs, in ground)  Raw material kg 0,003662 0,003658 0,016711
Iron (46% in ore, 25% in Raw material kg
crude ore, in ground) -1842,02 -1843,22 -1836,61
Manganese (Mn, 35.7% in
sedimentary deposit, 14.2% Raw material kg
in crude ore, in ground) -0,01318 -0,01318 -0,01191
Oil (crude, in ground) Raw material kg 46,63425 46,63425 52,51164
Water (unspecified natural Raw material m?
origin) -12,5059 -12,5059 -12,228
Zinc (Zn, in ground) Raw material kg 0,000377 7,54E-05 0,000377
Carbon dioxide (CO,) Air emission kg 5907,67 5907,67 5907,67
Carbon dioxide, fossil (CO,) Air emission kg -1640,47 -1640,47 -1578,81
Carbon monoxide (CO) Air emission kg 37,0481 37,0481 37,0481
Carbon monoxide, fossil Air emission K
(CO) 9 -40,4427 -41,441 -40,2547
Dinitrogen monoxide (N,O) Air emission kg 0,014226 0,011374 0,041183
Hydrogen Chloride (HCI) Air emission kg 0,090856 0,090147 0,091885
Hydrogen Sulphide (H,S) Air emission kg -0,02458 -0,02476 -0,02411
Lead (Pb) Air emission kg 0,004256 0,004243 0,004302
Mercury (Hg) Air emission kg -8,4E-05 -8,6E-05 -7,6E-05
Methane (CH,, fossil) Air emission kg -7,54034 -7,54034 -7,40993
Nitrogen oxides (NO,) Air emission kg 8,41582 7,56962 10,75701
Non-methane volatile organic Air emission K
compounds (NMVOC) 9 2,548061 2,155503 2,973164
Particulates, < 2.5 um (PM,5)  Air emission kg -1,24735 -1,25496 -1,19471
Particulates, < 10 um (PMyg) Air emission kg 0,000652 0,00013 0,000652
Sulfur dioxide (SO,) Air emission kg -3,88892 -4,05091 -3,81207
Sulfur oxides (SO,) Air emission kg 12,37607 12,37607 12,37607
Zinc (Zn) Air emission kg -0,00048 -0,0005 -0,00038
Cadmium, ion Water emission kg -9,6E-05 -9,6E-05 -4,4E-05
Chemical Oxygen Demand Water emission K
(COD) 9 173,4805 173,4587 236,3872
Chromium, ion Water emission kg 8,82E-06 7,11E-06 2,67E-05
Iron Water emission kg 1,645044 1,594652 1,645044
Lead (Pb) Water emission kg 0,062346 0,062327 0,075905
Nickel, ion Water emission kg -0,06377 -0,06377 -0,058
Suspended solids Water emission kg -0,41947 -0,41947 -0,4066
Zinc, ion Water emission kg -0,03059 -0,03059 -0,02473
Calcium Soil emission kg 0,00161 0,001597 0,002434
Heat, waste Soil emission MJ 151,357 151,357 152,2174
Iron Soil emission kg -0,0604 -0,0604 -0,0584
Qils, unspecified Soil emission kg 0,065438 0,065438 0,079995

Table 3: Environmental inputs and outputs of the life cycle of the timber building for
each end scenario

As can be observed, the largest environmental impacts are caused by the steel roof
and wall panels which are used as cladding materials for the timber building. As
expected, the structural timber used for the construction of the load-bearing frame of
the building cause a much smaller impact. This can be attributed to the fact that
structural timber elements require minimum processing in comparison to other
construction materials such as steel or concrete. Without the need for significant
manufacturing processes that require additional raw materials and energy, wood is
almost directly cut into the final structural product which is then sent for use in



construction projects. As a result, the environmental impact caused by its
manufacturing is considerably minimized. It is therefore shown that timber
construction holds a significant advantage; the environmental impact of timber
materials is significantly lower than other construction materials. It is therefore
suggested that timber products should be used in as many instances as possible
within construction projects, as their utilization decreases the total environmental
impact, subsequently increasing the overall sustainability of the project.
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Figure 3: Environmental impact of the main construction materials and their
transport

The transport of the materials to the site causes an even smaller environmental
impact, while their transport to the end-of-life facilities when the service life of the
timber building has ended causes a relatively higher impact, due to the increased
distance taken into account.

In regard to the type of environmental impact caused, it is the ‘fossil fuels’
environmental indicator which refers to the quality of natural resources that is
mainly burdened. Human health is also negatively affected (‘respiratory inorganics’
indicator), followed by ‘climate change’ which is mainly burdened from the
manufacturing of the steel wall and roof panels.

These results refer to the main materials and processes required for the
construction of the timber building. In order to examine the environmental impact of
the end scenarios in relation to these materials and processes, they are grouped
together and directly compared to the impact of each end scenario. This comparison
is displayed in Figures 4 and 5.
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Figure 4: Environmental impact of the construction and end scenarios of the timber
building
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Figure 5: Environmental impact of the construction and end scenarios of the timber
building



It is obvious that the environmental benefits provided by each end scenario are
capable of reducing the total environmental impact of the construction of the timber
building to a significant degree. The scenario which provides the highest
environmental benefits is the reuse scenario, which maximized the benefits derived
from the reuse of the timber components. Their reuse completely removes the need
for additional manufacturing processes that would increase the environmental
impact caused. Even with recycling, although the environmental benefits are also
considerably high, the need for processing the retrieved wood and re-manufacturing
it into new wood products eliminates the quantities of raw materials, yet still
requires a series of manufacturing processes. As expected, the incineration scenario
provides reduced environmental benefits due to the burden caused by the burning of
the timber components.

The fact that all three end scenarios provide significant environmental benefits is
mainly attributed to the recycling of the steel wall and roof panels which is taken
account. This can be clearly observed in Figure 6, in which the flow of
environmental impact caused throughout the life cycle of the timber building is
presented. The reuse end scenario is used for this illustration and the recycling of the
steel panels is the same in each of the three end scenarios.
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Figure 6: Flow of environmental impact caused by the life cycle of the timber
building (reuse scenario)

5 Conclusions

The purpose of the current research was to investigate the sustainability potential of
timber as a construction material through the quantification of the environmental
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impact caused throughout the life cycle of timber buildings. The calculations were
based on a ground-floor timber building constructed of a series of load-bearing
frames. A LCA analysis was conducted and the life cycle stages taken into account
included the acquisition of raw materials and energy, the transport of the materials to
the site and their handling at the end of the building’s service life. For the later, three
end scenarios were developed -recycling, reuse and incineration.

The results concerning the main materials and processes required for the
construction of the timber building showed that the largest environmental impacts
are caused by the steel cladding materials, while the structural timber causes a much
smaller impact. This was attributed to the fact that structural timber elements require
minimum processing in comparison to other construction materials. It was therefore
suggested that timber products should be considered preferable, as their utilization
decreases the total environmental impact, subsequently increasing the overall
sustainability of a construction project. In regard to the type of environmental
impact caused, it was shown that the construction of the timber building primarily
affects the quality of natural resources, human health and climate change.

The results concerning the end scenarios showed that that the environmental
benefits provided are capable of reducing the total environmental impact of the
construction of the timber building to a significant degree. The highest
environmental benefits are provided by the reuse of the timber components as the
need for additional manufacturing processes is completely removed.
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