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ABSTRACT

The consequences of climate change have comprehensive effects on the entire field of civil engineering. Therefore, not only scientists, but
also engineers and economists, are interested in the application of life cycle assessment (LCA) models. This paper presents different case
studies applying an environmental LCA model for soil and water bioengineering as well as conventional structures. The aim is to detect the
hotspots of potential negative effects caused by implementing these structures. The results show that in most cases bioengineering structures
cause less emissions than conventional structures, but in general it depends on the regionality of the materials and the connected transport

distances. Additionally, the type of machines and their time of use on site are contributing to the potential negative impacts.

INTRODUCTION

The consequences of climate change are forcing society to develop adaption and mitigation strategies in different kind of working fields. In
view of these challenges it can be stated that climate change has comprehensive effects on the entire field of civil engineering. Optimizing
the life cycles of services and products is becoming increasingly important. Besides, not only scientists, but also engineers and economists,
are interested in the application of life cycle assessment (LCA) models. LCA has become something of a certificate for more ecologically
produced products and more sustainable services. In the field of civil engineering construction, this method has become an important tool
for assessing the environmental burdens of any construction site and enabling to have another basis of argumentation for “greener” ways
of building. Whereas LCA has already been well established in the field of building construction, the application of this method is not very
popular for nature-based solutions (NBS), including conventional as well as soil and water bioengineering structures. In the field of natural
hazard protection, only few and limited case studies, such as those undertaken by Gebauer et al. (2021), Noda et al. (2014), Storesund et
al. (2008), von der Thannen et al. (2017, 2018, 2021) and Paratscha et al. (2018), are available. This paper presents different case studies
applying an environmental LCA model for such structures. A first model for application has been developed 6 years ago in the frame of a
research project at the University of Natural Resources and Life Sciences, Vienna, Austria. Since then, different types of projects focussing on
NBS have been assessed with the LCA method, pointing out the potential negative impacts during construction stage, but also considering

potential positive effects after implementation due to the ecosystem services provided by the living components of the structures.

The paper focuses on the following research questions:

a) What are the potential negative impacts (in terms of the global warming potential GWP100 in t CO2-eq.) of a wooden and concrete
structure in terms of construction (case study 1)?

b) Is there a difference of the GWP100 of a soil and water bioengineering construction type compared to a conventional engineering type
(case study 2 and 3)?

¢) How do the environmental impacts of transports, machine use on site and materials used distribute (case studies 1, 2 and 3)?

d) How do the results look like, if we take into account the service life time of the structures (case study 1)?

METHODS

To assess the use of energy, and detect potential environmental burdens such as emissions, the concept of LCA has been developed and
described in the standard EN ISO 14040. The objective of an LCA is the compilation and evaluation of the inputs, the outputs and the poten-
tial environmental impacts of a product system throughout its entire life cycle: production and acquisition of raw materials, the production/
construction of the product, the use/maintenance and the end-of-life treatment, recycling and the final disposal. The focus of this paper is
on displaying the construction stage of the NBS, including the acquisition and further processing of materials, transport, energy supply and
all other building processes. The main goal is to conduct a hotspot analysis in order to find out which processes are causing most of the
emissions. Opportunities for improving the environmental properties of NBS based on the LCA model can be shown. For the purpose of
the application of the LCA method, the software OpenLCA and the Swiss Ecoinvent database were used as a means of analysing the case
studies. A large amount of important data for civil engineering has been collected in the Ecoinvent database, which is adaptable for NBS
materials and processes. As impact assessment method the global warming potential (GWP100) is most common in LCA studies and also

applied in the following case studies.
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The first case study (von der Thannen & Paratscha et al., 2018) is located in the catchment of the Oselitzenbach (Carinthia, Austria), a section
with consolidation check dams in timber (figure 2) and concrete (figure 1) was chosen. To show the impact of transport distances, there are
two alternative calculations presented: alternative H1 represents the wooden structure and alternative B1 the concrete structure with real
transport distances, whereas H2 (wood) and B2 (concrete) represent the alternatives with extended transport distances. The basis data for
the LCA calculation is collected from the construction reports provided by the regional construction management of the Forest Engineering
Service in Torrent and Avalanche Control (WLV). Construction site facilities, and secondary construction works were assumed at the same
label for comparability of both kind of check dams.

Figure 2: Wooden transverse structures at the Jagdhiittengraben constructed in 2003 (Source: WLV).

The second case study (von der Thannen et al., 2017) is involving a construction site at the river Liesing, located in the south-west of Vienna,
Austria. Three different construction types were implemented at the construction site: a riprap, a log crib wall and a brush mattress with wil-
lows. These construction types were chosen because they all fulfil the same function and pursue the same objective. However, they all differ
with regard to the materials used. The riprap was built of dead and heavy materials such as limestone; the log crib wall combines wooden
logs and stones, but is nevertheless a heavy construction; and the brush mattress was mainly built out of willow branches, supported by
auxiliary material (such as wire and wooden piles). All measures were carried out in 2015 and to compare the structures with LCA method

the functional unit was defined as 100m of river bank protection.
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Case study number three (von der Thannen et al., 2021) is located at the river Thaya in Bernhardsthal, Lower Austria. The river still strongly
meanders and forms part of the border between Austria and the Czech Republic. Water bioengineering measures were already put in place
in 1995 in order to stop the erosion process at the cut bank. At the time, wooden pilots (pine wood) were placed in the riverbed two me-
tres away from the eroding riverbank. Coniferous trees were installed between the pilots and the riverbank, and some stones were placed
underneath the low water level. Living plant material was used sparingly. Thus, the soil was not additionally protected by roots of living
plants and the erosion process continued. The river bank eroded again progressively at the cut bank over the last years and this jeopardised
the forest road which passes above the river bank. The main problem is a consequence of the loss of land and the forest road, which is the
result of the erosion process. From an ecological perspective no interventions would be necessary, because river bank erosion is a natural
process. However, from a legal and technical point of view, erosion control measures must be implemented. The local conditions and the
ecological benefits of bioengineering works indicated the implementation of water bioengineering structures. The water bioengineering
project was organised in 2018 by the viadonau—Osterreichische Wasserstralen-Gesellschaft mbH and supported by the Institute of Soil
Bioengineering and Landscape Construction, University of Natural Resources and Life Sciences Vienna (BOKU). Two different water bioen-
gineering measures were planned in 2017 and implemented in March 2018. The construction site is approximately 150 m long in total and
located at the cut bank of the river Thaya. The implemented water bioengineering constructions consist of a brush mattress with willows

(55 m long) and a pile wall (95 m long).

RESULTS AND DISCUSSION
In general, each implementation work of natural hazard protection measures independently of bioengineering or conventional ones causes
negative ecological impacts in terms of consumptions of energy and resources. The results will be presented by answering the research

questions:

a) What are the potential negative impacts (in terms of the GWP100 in t CO2-eq.) of a wooden and concrete structure in terms of construc-
tion (case study 1)?

The results indicate that the wooden structures (H1 and H2) cause less emissions in the construction stage (see figure 3) than the concrete
structures (B1 and B2). However, this is the result for the impact category GWP100. Analysing any other impact category or considering a
total service life time of 80 years (BMLFUW, 2006) the results could look different, because the wooden structures (with a service life time
of 40 years according to BMLFUW, 2006) must be built twice compared to the conventional concrete structures which need simply mainte-

nance (see results in section (¢)).
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Figure 3: LCA results in terms of GWP100 of the concrete (B) and the wooden (H) check dam, including real (B1, H1) and extended (B2, H2) transport distances.

b) Is there a difference of the GWP100 of a soil and water bioengineering construction type compared to a conventional engineering type
(case study 2 and 3)?

As the results of study 2 and study 3 show, there is a difference. In case study 2 (figure 4) the conventional alternative (riprap) causes defi-
nitely more emissions regarding transports, machine use on site and materials than the soil and water bioengineering structures.

In case study 3 (figure 5) we can see that the conventional structure causes more emissions in terms of transports, but regarding the ma-

chinery on site and the materials the soil and water bioengineering structure causes more emissions.
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Figure 4: LCA results of case study 2 at the river Liesing.
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Figure 5: LCA results of case study 3 at the river Thaya.
¢) How do the environmental impacts of transports, machine use on site and materials used distribute (case studies 1, 2 and 3)?

The results of all three case studies show that soil and water bioengineering — or more generally, nature-based solutions — are in most cases
the sustainable alternative compared to conventional structures, but it depends on the transport distances, transport vehicles, machine use
on site and also on the kind of materials that are used. Additionally, it depends on the chosen life cycle impact assessment method and the
impact category. Each construction site is individual; therefore, it is necessary to estimate the potential negative impacts during the planning
process. With this kind of pre-calculation, it would be possible to optimize processes before implementation of the structures. But even if
the LCA calculation is done after implementation the real picture of potential impacts can be shown and we can learn where the possibilities

of optimisation are for implementation of future structures.

d) How do the results look like, if we take into account the service life time of the structures (case study 1)?

Considering the life span of 80 years based on case study 1, the results indicate that in most cases the wooden structures (alternative H1, H2)
show a lower energy demand directly after construction (see (1) in figure 6) than the concrete structures (alternative B1, B2). However, the
energy balances change as soon as we consider the construction’s life span of 80 years because the wooden structures (with the service life
time of 40 years) must be built twice compared to the conventional concrete structures which need simply maintenance (see (2) in figure 6).
Therefore, regarding the cumulative energy demand and a scenario with higher transport distances considering the time period of 80 years
the concrete structures show better results than the wooden structures (see (3) in figure 6). Regarding the GWP100 for the same case study
and the same time horizon, the results show that the wooden structure is causing less emissions in any case (figure 7). This demonstrates

that wooden structures are often, but not necessarily always the ecological alternative.
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Figure 6: Results for the cumulative energy demand of the wooden (H1 and HZ (with extended transport distances) in orange) and concrete check dams (B1 and B2 (with extended transport

distances) in blue).
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Figure 7: Results for the GWP100 of the wooden (H1 and H2 (with extended transport distances) in orange) and concrete check dams (B1 and B2 (with extended transport distances) in blug).

CONCLUSIONS

The assessment of the carbon footprint and the use of energy for protective structures (including conventional and soil and water bioengi-
neering) can be managed with the method of the LCA based on data from construction reports and LCA databases. It is essential to record
and collect all relevant data in an appropriate way for the conventional as well as the soil and water bioengineering structures. The results
show that structures that are built of natural and regional materials reduce the transport distances and finally, cause less emissions. Another
opportunity to reduce emissions and energy consumption on a construction site is optimisation of the construction process and the use of
low-emission equipment, machines and vehicles in order to keep the actual emissions as low as possible. Further options to run a construc-
tion site in a more sustainable way would be the substitution of CO2-emitting electricity from the power grid with sustainably generated
electricity, which is either generated directly on the construction site (solar, wind, etc.) or bought in. Furthermore, after the construction
stage itself the real service life time is affecting the results. Therefore, it is important to consider the use stage and the service life time,
especially when comparing different structures built of different materials. For example soil and water bioengineering structures have the
potential to compensate emissions from construction by the carbon sequestration potential of the living plants. Finally, the results should
encourage practitioners in optimising construction processes, transport distances, working methods and usage of materials and machines.
The applied LCA method not only serves for the environmental post-calculation of a construction site, but should also be used as a man-

agement tool for minimizing environmental impacts of protective structures throughout all life cycle stages.
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