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Abstract. In 2024, the World Economic Forum identified the loss of biodiversity
and ecosystem collapse as one of the top three global risks to society. The average
size of monitored wildlife populations has shrunk by 73% since 1970. While
climate change has been the primary focus of the construction sector, it is crucial
to recognize that the biodiversity crisis is equally pressing. The construction
industry, characterized by substantial energy and material consumption,
significantly contributes to a large share of the impact of climate change and
biodiversity losses. This study utilizes an automated and refined version of the
Doughnut Biotool to comprehensively map and analyse the off-site biodiversity
impact of 107 projects from Sweco Denmark's Life Cycle Assessment database.
Since the dataset is based on Danish construction, the buildings’ layout and
material composition represent typical new construction in northern Europe. The
study's findings reveal significant burden-shifting associated with transitioning to
a more wood-based construction industry. While increasing the use of wood
effectively lowers the Global Warming Potential, it concurrently elevates the
impact on off-site biodiversity. Furthermore, the study identifies which building
components and material types that impact biodiversity the most. By adopting a
more holistic approach that encompasses both Global Warming Potential and
biodiversity impact, the construction industry can achieve a more comprehensive
understanding of its environmental impact, which is essential for making
informed decisions. The study investigates the off-site biodiversity impact of 11
building typologies and eight structural concepts, laying the groundwork for
future construction practices with a lower biodiversity impact. The scientific
novelty of the study is primarily the broad mapping of an extensive dataset of new
construction and the automation of the calculation for off-site biodiversity impact.

1. Introduction

Since 1970, the average size of monitored wildlife populations has declined by 73% (1). While
the construction sector primarily addresses climate change, the equally pressing biodiversity
crisis demands attention. The sector’s substantial energy and material consumption has major
environmental impact, endangering 29% (2) of all threatened species and is responsible for 37%
(3) of energy and process-related CO; emissions. This highlights how the construction sector is
one of the most impactful sectors when it comes to both the climate and biodiversity crises.
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Previous studies of the relationship between biodiversity and the built environment have
primarily focused on on-site biodiversity, which is the impact that occurs by habitats that are
destroyed when green fields are converted to construction sites or urban areas (4), the
biodiversity impacts of changes to the local environment, e.g. by dam construction (5), or the
potential benefits on biodiversity by introducing planted green roofs in cities (6,7). When a
building is constructed, there will also be impacts associated with the production and disposal of
materials, as well as annual impacts from energy consumption and impacts from materials for
future repairs and replacements. Because the materials and energy are often produced elsewhere
than on the construction site, these are referred to as off-site impacts. Given that housing in the
EU accounts for 52% (8) of resource consumption and 25% (9) of final energy consumption, it is
to be expected that construction will have a relatively sizeable off-site biodiversity impact, but
this is a research area that is currently poorly covered, which means that at this time we do not
have an general overview or broad mapping of the biodiversity impact of construction. With the
transition to bio-based materials in the sector, there is a need for evaluations of the biodiversity
impact of different construction techniques to prevent the climate savings of wooden structures
from resulting in a significant increase in off-site biodiversity impact.

The biodiversity crisis is gradually gaining attention and support from both the public and
political spheres, as demonstrated by initiatives such as the Corporate Sustainability Reporting
Directive (CSRD), the EU taxonomy, and the recently adopted European Nature Restoration Law.
These are all relatively new initiatives, with the CSRD being passed in 2022 and the European
Restoration Law approved in 2024. In Denmark, a new agreement was signed in 2024 aimed at
protecting nature and biodiversity, which includes a commitment to convert approximately 10%
of the country’s total area to nature and forests by 2045, including a target of transforming
100,000 hectares (10) into unexploited forest.

This study aims to map and analyse the off-site biodiversity impact of 107 newly constructed
buildings in Denmark. It examines how different building typologies and structural concepts
influence biodiversity throughout the value chain and explores potential trade-offs between
Global Warming Potential (GWP) and off-site biodiversity impact. Furthermore, the study
estimates the total compensation area needed to compensate for the impact of newly constructed
buildings in Denmark for the year of 2023.

2. Methods

2.1. Case studies

The LCA mapping covers 107 buildings that began construction from 2019 until 2024. The 107
buildings cover 1,083,344 m2 of new construction distributed across 11 building types with eight
different structural concepts (See Table 1). The LCI data collected for the various case studies
comes from LCAs performed in the Danish LCA software LCAbyg. The program uses the
Okobaudat database with the CML LCIA method as well as product specific and industry wide
environmental product declarations (EPDs). 37 of the case studies are based on input data from
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the beginning of the construction period, and the remaining 70 case studies are based on data
from after the final approval of the newly constructed building.

Table 1. Distribution of case studies on building use and structural concepts

Concrete | Aerated Wood Concrete Steel Cr.o s Steel
elements | concrete Wood modules columns | columns Larfunated modules Total
& beams | & beams | Timber
Apartments 37 1 4 5 1 1 49
Terraced house 3 12 4 3 22
Office 10 1 1 12
Day care centre 3 2 5
School 4 1 5
Logistics 1 3 1 5
Store 3 3
Hotel 1 1 2
Production 1 1 2
Sports facility 1 1
Nursing home 1 1
Total 63 13 11 10 4 3 2 1 107
2.2.Scope

According to the Danish building legislation for LCA, only life-stage modules A1-A3, B4, B6, and
C3-C4 for end-of-life are included (See Figure 1). The D module, which covers future opportunities
for circular use, are not allowed to be included in the Danish LCA framework for construction and
is therefore excluded from the scope of this study. Transport to the construction site and waste

Background system | Production of 1 kWh from |
| energy sources |
Al: Raw materials T I \
¢ I Modelling of dyn-amic | B6: Operational Energy
| energyscenarios use
- |
A2: Transport
o T T T 1 C3:waste
¢ I' Material input : =T -~ ! p-| handling
_ | to construction |—>: EolL '
A3: Building > ! L >
component | | T T T T T T 77 C4: Disposal
production

B4: Replacements

Foreground system

Figure 1. Boundaries for the life-cycle modelling
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generation during construction are also not included since they first will be covered by the Danish
LCA framework from summer 2025. A reference service life of 50 years and a reference area of 1
m2 have been used for all buildings.

This study's functional unit (FU) is defined as "New construction, use, and disposal after 50
years of 1 m2 of building in Denmark built between 2019 and 2024 in compliance with the Danish
building regulation BR18."

2.3. Calculation of impact on biodiversity

A refined and automated version of the Doughnut Biotool (11) has been used for the LCA with the
input of emission data from the Ecoinvent cut-off version 3.9 database. The LCIA method used is
the ReCiPe 2016 V. 1.03. (H). Since this study focuses on biodiversity, only the Damage to
Ecosystems Endpoint category is assessed with the unit of species.year, which has afterwards
been converted to mZ. restored unexploited forest/m?/year based on the transformation
coefficient from Huijbregt. The conversion factor used in this study is 3.064E+6 m2.q restored
unexploited forest/species.year.

2.4. Calculation of the total impact of Danish new built in 2023

The impacts of the building typologies identified in this study, along with 2023 statistics on newly
constructed square meters from Statistics Denmark (12), have been utilized to estimate the total
compensation area needed to be converted from agricultural land to unexploited forest to
compensate for the impact of Danish new built. This is done by aligning the average impact of the
building typologies from this study with the corresponding or similar building typologies from
Statistics Denmark. Simplifications were needed for this exercise because data on specific
building typologies, for example detached houses, were not available from the Sweco LCA
database. For the purposes of this study, the impact of detached houses is assumed to be similar
to terraced houses.

2.5. Dynamic heating and electricity scenarios

Since the study has a long reference service life of 50 years, it would not be representative to use
a static emission coefficient for district heating and electricity production. To obtain a more
accurate estimate of the impact associated with the ongoing operation of the building, two
dynamic energy scenarios were created for district heating and electricity, respectively. The
prospective forecasting scenarios used for modelling the energy scenarios is based on the national
projections for development of the energy mix for 2020, 2025, 2030, 2035, and 2040 (13). It is
assumed in this study that there will be no development in the energy mix after 2040. Of the case
studies, 94 buildings are heated with district heating, 12 with heat pumps, and one with electric
heating.

3. Results and discussion

3.1. Building typologies

11 building typologies are present in the dataset. However, it should be emphasized that the data
for some building typologies, such as nursing homes and sports facilities, is limited, which poses
an issue for generalization of the results to other buildings with the same building use. Sports
facilities are the building type with the highest off-site biodiversity impact (See Figure 2) and the
second highest climate change impact. The sporting facility included in this study is a swimming
complex, which demands a high material intensity, as large quantities of concrete and
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reinforcement steel are needed in the ground floor slab. Additionally, the high impact could be
due to large room volumes, possibly resulting in an increased material intensity per square meter
of floor area. Furthermore, large amounts of wood are used in the structural system, which
induces a high off-site biodiversity impact.
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Figure 2. Building typologies - Average off-site biodiversity impact and GWP.

Of the three building typologies with the highest number of projects, terraced houses have the
largest average off-site biodiversity impact, followed by apartments and office buildings. The
opposite is the case when looking at GWP. The difference between the three typologies is relatively
small considering off-site biodiversity impact, whereas the difference is much more significant for
GWP. The results indicate a minor burden shift, where the lower GWP of terraced houses leads to
an increased impact on off-site biodiversity compared to the construction of apartments and
offices.

The logistics typology is the typology with both the lowest off-site biodiversity impact and
GWP. This is primarily due to the simple construction of logistics buildings and warehouses,
resulting in a low material intensity. At the same time, logistics buildings often contain very little
wood due to fire and other conditions. Consequently. This combination of factors contributes to
the low impact of logistics buildings.

Across all building typologies, the production of materials accounted for the largest share of
the total impact in terms of off-site biodiversity (74%) and climate change (75%). The remaining
impact was related to the ongoing operational energy, which on average accounted for 26% of the
biodiversity impact and 25% of the impact on climate change.

Heavy building elements and load-bearing structures (See Figure 3) contribute the most to
GWP and off-site biodiversity impact, with concrete being the most dominant material category.
The high impact of concrete is mainly due to the large quantities of concrete used in construction
today and the fact that approximately 75% of the included projects have a concrete-based
structural concept. Wood ranks as the second highest material type on off-site biodiversity,
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despite only 21.5% of the projects having a wood-based structural concept. Additionally, the
graph highlights a significant difference between GWP and off-site biodiversity impact of wood
compared to mineral-based materials such as concrete and metal. GWP is a primary driver of
biodiversity loss and is factored into the calculations of off-site biodiversity impact. For mineral-
based materials, GWP constitutes a substantial portion of the overall impact, while the impact of
wood predominantly arises from the land use midpoint impact category. Overall, wood exhibits a
much lower GWP than mineral-based materials yet concurrently present a relatively higher off-
site biodiversity impact. A significant increase in wooden construction within the next few years
could mean that wood will become the dominant material category in new construction regarding
off-site biodiversity impact.
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Figure 3. Building components and material types - Average off-site biodiversity impact and GWP for all
107 projects

3.2. Structural concepts

Considering the four structural concepts with at least ten cases each, a clear trend appears in the
correlation between GWP and off-site biodiversity impact (See Figure 4), indicating burden-
shifting between the two impact categories. As the GWP decreases, the impact of off-site
biodiversity increases. The reduction of GWP concurrently elevates the off-site biodiversity
impact, when transitioning from concrete-based structures to wood.

The steel module project contains slightly more steel than the other steel-based structural
type, steel columns/beams, and almost six times as much wood per m2, mainly plywood,
explaining the higher GWP and off-site biodiversity impact. Of the 107 projects, only two had cross
laminated timber slabs (CLT) as the primary construction principle. CLT consists of thick solid
wood elements joined together with glue. The large amount of wood results in the off-site
biodiversity impact being 42% higher compared to other wood-based structural concepts, while
the GWP is also typically higher.
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Figure 5. Comparison between the impact distribution on material type level for two structural concepts.
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As expected, wood is the most dominant material type contributing to the impact of off-site
biodiversity in the wood-based structural concept (See Figure 5). At the same time, concrete is
dominating in the concrete-based structural concept, albeit to a lesser extent than wood in the
wood-based structural concept. In the wood-based structural concept, wood accounts for
approximately 44% of the off-site biodiversity impact from materials. However, in terms of GWP,
concrete and metal are the primary contributors, with wood ranking as the third most significant
material type in this context.

3.3. Biodiversity compensation and related challenges

Approximately 40% of the 7.9 million square meters of new construction in 2023 (See Figure 6)
were housing, including detached houses, terraced houses, and apartment building, followed by
approximately 20% office and warehouse buildings. This study estimates that approximately
8,600 ha of agricultural land needs to be converted to unexploited forest to compensate for the
impact of Danish new construction in the year of 2023. The distribution of the biodiversity impact
among the building typologies closely mirrors the distribution of the constructed square meters.

Outbuilding Detached
. house

«

12.87%

9.50%
) Terraced
\\ house
=2 = 8,600
— ~F
7,932,878 m? ’

ha unexploited forest/year

_ Apartment
building

Office and

Farming
warehouse "

building

Figure 6. Annual compensation area for Danish new construction.

[t is important to note that compensation for the impact includes challenges. Biodiversity loss
cannot necessarily be identically replaced or compensated for in new geographies. In general, the
compensation should conserve the same biodiversity values as the ones lost due to the original
project. Additionally, the way compensation is conducted is important, as the compensation
should focus on large, connected areas of high biodiversity quality.

The conversion of the unit to m2-eq. restored unexploited forest used in this study is mainly
to provide the reader with a more tangible unit, indicating the magnitude of the off-site
biodiversity impact of construction. Biodiversity is complex, as are the potential compensation
measures; therefore, the focus should initially be on mitigating the impact rather than promoting
compensation to justify the impact.
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3.4. Limitations and considerations in the study

This study provides baselines for three building typologies with more than 10 projects included
in the dataset, and four structural concepts. However, the size of the dataset may pose challenges
for generalization, as a higher threshold - possibly more than 10 projects - might be necessary for
robust conclusions. Nevertheless, this study serves as a foundation for more in-depth
investigations.

The lack of geographical specific data is an important area to focus on, especially when it
comes to the land use midpoint indicator, as the study shows that land use is the main driver of
biodiversity loss for wood-based materials. Better data and more focus on the land use categories
are especially important since a study from Denmark (14) have shown that a transition to more
fast-growing biobased materials can potentially reduce the impact in the land use category
drastically and therefore also reduce the overall impact in relation to biodiversity. The current
method, ReCiPe2016, has poor spatial resolution of the data and does not provide country specific
characterization factors for the land use midpoint impact category. Other LCIA methods have a
higher spatial resolution of the data, with important research being conducted in this area,
including the Global Guidance for Life Cycle Assessment Indicators and Methods (GLAM) (15),
which introduces a higher spatial resolution to the data, accounting for both the geography and
different forestry practices.

Data is undeniably a critical issue today, and there is an urgent need for more accurate data.
Currently, Biotool primarily relies on generic data from the Ecoinvent database. To effectively
reduce impacts and make informed decisions, more product-specific data is essential.
Additionally, incorporating higher spatial resolution and differentiating between forestry
practices is crucial to develop a nuanced understanding of the impacts associated with various
materials, considering their sourcing and country of origin. Enhancing the underlying data is vital
for establishing a foundation for better-informed decisions in the construction sector.

4. Conclusion

The transition to more bio-based construction methods aimed at reducing CO; emissions from
new construction leads to burden-shifting, significantly affecting off-site biodiversity. While small
reductions in CO; emissions can be achieved by shifting to wood structures, they may come at the
cost of substantial and irreversible losses of species and habitats. Therefore, the considerable off-
site impact on biodiversity must be a key consideration in the design of future constructions, in
particular wood-based construction.

The structural concept based on CLT exhibit a high GWP due to large volumes of wood and
glue used in CLT construction and that alternative wood-based building methods can achieve up
to a 30% reduction in off-site biodiversity impact compared to CLT. At the component level, decks,
walls, and roofs contribute the most to the off-site biodiversity impact and GWP. Consequently,
these components should be prioritized for mitigation efforts to minimize the overall impact of
the building.

Based on the data from this study, concrete is currently the dominating material categories
concerning both GWP and biodiversity impact, primarily due to the extensive use of concrete in
construction. However, if the use of wood increase in new construction, wood will become the
dominant material category and driver of off-site biodiversity impact.

While this study provides valuable insights into the environmental impacts of construction
practices, it also highlights the complexities and uncertainties involved. Moving forward,
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continued research and data refinement is essential to enhance accuracy and broaden
applicability in guiding sustainable construction practices.
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