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h i g h l i g h t s

� Three building designs with increasing biobased material content were modelled and analysed using LCA.
� Dynamic LCA was applied to account for biogenic carbon sequestration, storage and emissions.
� Increasing biobased content reduces climate impact even if biogenic exchanges are assessed.
� Time horizon, timing of forest growth and end-of-life recycling are key assumptions.
� Time horizons lower than 100 years are not enough to capture properly climate impacts from buildings.
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a b s t r a c t

Whenever Life Cycle Assessment (LCA) is used to assess the climate impact of buildings, those with high
content of biobased materials result with the lowest impact. Traditional approaches to LCA fail to capture
aspects such as biogenic carbon exchanges, their timing and the effects from carbon storage. This paper
explores a prospective increase of biobased materials in Swedish buildings, using traditional and dynamic
LCA to assess the climate impact effects of this increase. Three alternative designs are analysed; one
without biobased material content, a CLT building and an alternative timber design with ‘‘increased bio”.
Different scenario setups explore the sensitivity to key assumptions such as the building’s service life,
end-of-life scenario, setting of forest sequestration before (growth) or after (regrowth) harvesting and
time horizon of the dynamic LCA. Results show that increasing the biobased material content in a build-
ing reduces its climate impact when biogenic sequestration and emissions are accounted for using tradi-
tional or dynamic LCA in all the scenarios explored. The extent of these reductions is significantly
sensitive to the end-of-life scenario assumed, the timing of the forest growth or regrowth and the time
horizon of the integrated global warming impact in a dynamic LCA. A time horizon longer than one hun-
dred years is necessary if biogenic flows from forest carbon sequestration and the building’s life cycle are
accounted for. Further climate impact reductions can be obtained by keeping the biogenic carbon dioxide
stored after end-of-life or by extending the building’s service life, but the time horizon and impact
allocation among different life cycles must be properly addressed.

� 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Humanity faces an important challenge in climate change which
requires immediate mitigation measures according to the latest

reports published by the IPCC [1]. As a response to this, several
industrial stakeholders, including the building sector, are increas-
ingly looking at the forest as a source of raw materials which can
contribute to mitigate their climate impacts by substituting tradi-
tional non-biobased materials with biobased alternatives [2].

Life Cycle Assessment (LCA) is a tool which is widely used to
compare the environmental performance of different material
alternatives. Recently published reviews of LCA in the building
sector have concluded that biobased building solutions offer lower
environmental impacts in most of the cases if compared to
non-biobased building solutions [3,4]. With the increasing
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development of low-energy buildings and energy supply systems
with low climate impacts, further reductions can mainly be
achieved by optimizing other life cycle stages [5]. This is why for
low-energy buildings, processes related to the materials are start-
ing to emerge as the most important contributors to the life cycle
impacts of buildings, making the choice of materials more relevant
for the life cycle impact of the building [6].

Climate impact assessment of biobased products is a complex
subject. The biogenic carbon dioxide sequestration and emissions
occur at different times and in different life cycle stages, and some
argue that the timing of these exchanges and the alterations to the
forest carbon stocks should be taken into account in LCA [7]. More-
over, others dispute that the choice of time horizon for global
warming potential (GWP) should be consistent with the studied
life time valid in the study [8]. It has also been argued that bio-
based products with a long service life, such as those used for
buildings, store carbon temporarily in the technosphere, reducing
the carbon dioxide concentrations in the atmosphere and avoiding
radiative forcing [9]. The carbon neutrality of biobased products is
often assumed due to the equivalence between the carbon seques-
tration at the forest level and the biogenic emissions at the end of
life, as they are synchronized with the natural carbon cycle [10]
[11]. However, carbon neutrality is not the same as climate neu-
trality and a concept referred as CO2bio is based on this approach
[12]. It is still not common that LCA practitioners account for these
dynamic aspects related to climate impact when performing LCA of
biobased products [13].

Dynamic LCA is a methodology proposed by Levasseur et al. [8],
which makes it possible to account for most of the aspects men-
tioned above. The method has been used to address the biogenic
carbon storage effects in long-lived products such as chairs [15],
and more recently in low-energy buildings [14]. This study
addresses biogenic carbon using dynamic LCA when comparing
timber houses with two non biobased alternatives, including the
implications from landfilling at the end-of-life. However, the
method has not been used to examine a time horizon that covers
both the forest growth, harvesting and then the building life cycle
in an order that resembles reality.

The goal of the work presented in this article is to study the cli-
mate impact implications of increasing the biobased material con-
tents in low-energy multi-family buildings using Dynamic LCA. An
apartmentblock in Swedenhas beenused as case study,where three
different low-energy design alternatives were analysed with
increasing content of biobased materials. The work includes differ-
ent approaches to account for the biogenic carbon storage in prod-
ucts and for the carbon dioxide sequestration at the forest, as well
as alternative service life and end-of-life scenarios. For this, carbon
sequestration data for boreal forests is used as part of the inventory
data for themanufacturing of the biobased products in the building.

2. Materials and methods

This section presents the method, beginning with a description
of the assessed building and the alternative designs analysed with

increased biobased materials content, including an outline of the
system boundaries of the LCA. Section 2.1 describes the climate
impact assessment aspects analysed, and the following subsections
after that illustrate the methodology exercised to analyse these
aspects.

2.1. About the case study

The case study used in this article is a hypothetical building
block located in Stockholm, Sweden. Two designs have been mod-
elled with equivalent functionality in terms of the functional unit
(square meters of living area for fifty years); one with a concrete
structure and another with cross-laminated timber (CLT) structure,
hereby referred to as ‘‘CLT design”. A third design has been
included, referred to onwards as ‘‘Increased bio”, featuring a higher
content of biobased materials than the CLT design. It follows the
building system proposed by ‘‘Urban Timber”, a project recently
carried out by students and researchers in collaboration with
industrial partners [16]. For the ‘‘Increased bio” design, mineral-
based insulation and cladding have been replaced with biobased
products, and a sprinkler system is included in order to comply
with fire protection regulations. In short, the three designs anal-
ysed in this study represent increasing levels of biobased material
content; the concrete design with zero content of biobased materi-
als, the CLT design with around 50% biobased material content, and
the ‘‘increased bio” with a prospective maximized biobased mate-
rial content of 69%.

The main features of the three analysed designs are summa-
rized in Table 1, including exclusions. The excluded materials are
similar for all the designs, and therefore they do not contribute
to differentiate their biobased materials content. The three designs
comply with Swedish passive house standard FEBY12 [17], so
equivalent operational energy uses equal to 55 kWh/m2 have been
assumed. Domestic household energy is not accounted for. The two
timber-based designs are made of elements prefabricated in north-
ern Sweden, meaning that a high amount of transport is required.
The material specifications and amounts for each design used in
this study are provided in Appendix A, while an outline of the data
references is given in Appendix B.

The system boundaries established for this study are displayed
in Fig. 1, which include some of the processes recommended by the
EN15804 standard [25]. The studied system includes the forest
biogenic carbon sequestration as an input for the manufacturing
of biobased products, as well as the emission of this biogenic
carbon at the end-of-life. Since this work is focused on aspects of
climate impact assessment which are specific to biobased materi-
als, generic assumptions have been used to account for life cycle
stages such as transports and construction activities. On the other
hand, life cycle stages such as product manufacturing and disposal
were modelled with higher level of detailing. The operational
energy was modelled using solar power for electricity supply and
heat pumps for heat supply. Most of the inventory data used for
the LCA calculations was obtained from Ecoinvent; with
adjustments to the datasets for material manufacturing and their

Table 1
Main features of the three structures studied.

Key design features CLT design Increased bio design Concrete design

Foundation and ground slab Concrete and EPS
Structural elements Cross-laminated timber (CLT) Cross-laminated timber (CLT) Concrete
Insulation in walls and roof Mineral wool Cellulose fibre insulation Mineral wool
Roof elements Glulam and sawn timber Glulam and sawn timber Concrete
Coverings and details Plywood, sawn timber and gypsum board Oriented stranded board, plywood and sawn timber Gypsum board
Extras None Sprinkler system (PVC pipes) None
Manufacturing of elements In factory In factory On-site
Exclusions Parts that are equal for all designs such as windows, doors, roof asphalt and paint on walls
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