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Construction industry is responsible for a significant part of global biodiversity loss.
Biodiversity impacts should be measured to be able to analyze and mitigate them. This thesis
consists of two parts: analyzation of available methods for biodiversity impact calculation
and their suitability for construction industry, and biodiversity calculation for a case
building. The research included four methods: LC-IMPACT, Impact World+, ReCiPe2016
and Biodiversity Net Gain. LC-IMPACT was found to be the most suitable method for the
purposes of this study and was chosen for the calculation. The LCA calculation was
conducted for a case apartment building, including the main materials of the building and
their production phase. The biodiversity calculation included impacts of global warming,
land stress, water stress and pollution.

The case building has 2.10 nPDF*y impact on terrestrial ecosystem, 1.89 nPDF*y impact on
freshwater ecosystem and 0.03 nPDF*y impact on marine ecosystems. Climate change is the
biggest driver of biodiversity in the case building (52 %), with water stress being the second
biggest driver (45 %). Land stress and pollution have lower impact on biodiversity in the
case building (3 %). Due to the impacts of climate change, the construction of the case
building impacts mostly terrestrial ecosystems. Moreover, due to the impacts of water stress,
the impacts on freshwater ecosystem are high as well. The case building is concrete framed
building, and hence concrete and reinforcing steel were the most impactful materials in most
of the categories. In land stress category wooden materials, such as wooden internal doors
have the greatest impact.
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Rakennusala vaikuttaa merkittdvésti globaaliin luontokatoon. Luontovaikutuksia tulee voida
mitata, jotta niiden vaikutusta voidaan analysoida ja pienentdd. Tama tyo siséltaa kaksi osa-
aluetta: saatavilla olevien menetelmien analysointi luontovaikutusten laskemiseksi ja niiden
soveltuvuus rakennusalan kiyttoon, sekd luontovaikutusten laskenta case rakennukselle.
Tyosséd tutkittiin neljad eri menetelmédd: LC-IMPACT, Impact World+, ReCiPe2016 ja
Biodiversity Net Gain. LC-IMPACT todettiin parhaiten soveltuvaksi tyon laskentaan. LCA
laskenta toteutettiin case asuinrakennukselle, huomioiden rakennuksen paddmateriaalit ja
tuotteiden valmistusvaihe. Laskennassa huomioidaan ilmastonmuutoksen, maank&yton,
veden kiyton seki saasteiden vaikutuksen luontokatoon.

Case rakennuksella on 2,10 nPDF*y vaikutus maaekosysteemeihin, 1,89 nPDF*y vaikutus
makean veden ekosysteemeihin ja 0,03 nPDF*y vaikutus meriekosysteemeihin.
Ilmastonmuutos on suurin luontokadon ajuri case rakennuksen osalta (52 %), veden kéyton
ollessa seuraavaksi suurin ajuri (45 %). Maankiyton sekd saasteiden vaikutus case
rakennuksen osalta on véhdisempi (3 %). Ilmastonmuutoksen suuresta vaikutuksesta
johtuen, case rakennuksen rakentamisen luontovaikutukset kohdistuvat eniten
maaekosysteemeihin. Veden kulutuksesta johtuen toiseksi suurin vaikutus kohdistuu
makean veden ekosysteemeihin. [Imastonmuutos vaikuttaa eniten maaekosysteemeihin, kun
taas veden kéyttd vaikuttaa vesiekosysteemeihin. Case rakennus on betonirunkoinen
rakennus, joten betoni ja terdsraudoite ovat vaikuttavimmat materiaalit kaikissa
kategorioissa lukuun ottamatta maankdyttod, jossa puiset materiaalit, kuten puiset viliovet
vaikuttavat eniten.



SYMBOLS

CH4 Methane

CO2 Carbon dioxide

CO2e Carbon dioxide equivalent

GTPioo Global Temperature change Potential over 100 years
GWPi00 Average warming potential over 100 years

m? Square meter

N Nitrogen

NH; Ammonia

NMVOC  Non-methane volatile organic compounds

NO«x Nitrogen oxides

nPDF*y Nano PDF (nPDF = PDF x 10) over time

P Phosphorus

PDF*yr Potentially disappeared fraction of species over time

SOz Sulphur dioxides



ABBREVATIONS

AoC
AoP
CF
CFCI
CSRD
EF
EPD
ERF
FF
FSC
GHG
IPBES

Areas of concern

Areas of protection
Characterization factor
Confederation of Finnish Construction Industries
Corporate sustainability directive
Effect factor

Environmental product declaration
Exposure-response factor matrix
Fate factor

Forest Stewardship Council
Greenhouse gas emissions

The Intergovernmental Science-Policy Platform on Biodiversity and

Ecosystem Services

IUCN
LCA
LCI
LCIA
NNL
NSDC
NPP
PEFC
RIVM
SF

VF
VS
XF

The International Union for Conservation of Nature
Life cycle assessment

Life cycle inventory analysis

Life cycle impact assessment

No Net Loss

Nordic Superblocks as Decarbonization Catalyst -project
Net primary productivity

Programme for the Endorsement of Forest Certification
Ministerie van Volksgezondheid, Welzijn en Sport
Severity factor

Vulnerability factor

Vulnerability score

Exposure factor
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1 Introduction

Biodiversity, and assessment of biodiversity impacts are an emerging topic in the
construction industry. Many industries and companies are currently discussing about
biodiversity impacts and aiming to include biodiversity in the whole field of sustainability.
Up until now, the construction sector has primarily addressed biodiversity at the site level.
To be able to analyze the impacts further and extend assessment to the whole life cycle, more
research and studies are needed, which drives the urge to study biodiversity impacts deeper.
The first study that concerns biodiversity impacts and management of the whole Finnish
construction industry was published in 2022, by RT and Gaia Consulting, which discussed
briefly about the current state of biodiversity in construction industry and the methods and
strategies to assess biodiversity. (Rakennusteollisuus 2022. 3) As the topic is broad and has
only recently been gained attention as part of sustainability efforts within construction, there

is a significant potential for wider research of this topic.

Scientific research confirms that carbon neutrality, and keeping global warming below 1.5
degree increase, cannot be achieved without prevention of biodiversity loss (Science based
targets network. 2023). Analyzing biodiversity impacts is essential, since nature is crucial
for human existence and quality of life and biodiversity loss impacts significantly on human
health and nature. Nature around the globe is significantly altered by human actions. 75 %
land surface is altered, 66 % of ocean area is facing cumulative impacts of human actions,
such as overfishing, and 85 % of wetlands are already lost. The area of forests is also
declining, especially in tropical and subtropical areas. At this moment, more species are
threatened with global extinction than ever before in human history, and this is mainly due
to human actions. Around 25 % of animal and plant species groups are threatened, which
means that 1 million species will face extinction unless action is taken in order to reduce the
intensity of the drivers of biodiversity loss. If no action is taken, the number of extinctions

will even accelerate. (IPBES 2019, XV, XIV)



Biodiversity impacts are divided into five drivers, which causes biodiversity loss. These are
changing use of sea and land, direct exploitation of organisms, climate change, pollution and
invasive non-native species (IPBES 2019, XXIX). Construction industry is the sixth biggest
industry impacting on biodiversity in Finland, which means that construction industry has
significant importance in reducing biodiversity loss (Rakennusteollisuus RT 2023, §, 11).
Globally, construction sector is responsible for 30 % of biodiversity loss (Expedition
Engineering 2023). However, only 1 % of planet’s surface area is used for buildings and
infrastructure (UK GBC 2023), which means that focusing only on impacts on site level, is
not enough. Construction uses significant amount of resources, in Finland approximately 34
% of material resources is used in construction (Rakennusteollisuus RT 2023, 8). Hence the
resource use, building materials extraction phase and their biodiversity impacts are studied

in this thesis.

1.1 The aim of the study

The aim of this thesis is to conduct a quantitative analysis of biodiversity impacts of a
building, focusing on impacts on biodiversity due to land use change, climate change, water
use and pollution. This study consists of two parts, a literature review and biodiversity
impacts calculation of a case building. Literature review of biodiversity impacts of
construction industry is conducted, by studying research papers and studies related to this
topic. The literature research covers how the legislation and other regulations puts pressure
in this field and what kind of aims and strategies there are now and in the future. Literature
research covers identification of methods and tools available, and analysis on how these

methods correspond to the needs of building industry.

The other part of the study is calculation of biodiversity impacts of a case building. The aim
is to calculate the impacts of the building materials extraction phase. Life cycle assessment
(LCA) approach is used for calculation. This study offers important insights into the
biodiversity impacts of a building and building materials and offers tools how to minimize
the impacts in the future. The need of construction industry in terms of biodiversity

assessments, is to be able to quantify the impacts of whole value chain and building life
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cycle. The study helps to understand how the calculation of biodiversity impacts with the
available methods corresponds to the needs of the building industry and what kind of further

research is needed to develop biodiversity impacts assessments for buildings.

1.2 Research questions

The research questions for this study are formulated as follows:

e How do the available tools and methods to quantify biodiversity impacts correspond

to the need of construction industry?

e What impact categories are most significant considering biodiversity impacts of a
building? What biodiversity drivers are of largest importance considering the case

building?

e Which types of building materials causes the most biodiversity impacts considering

climate change, land use change, water use and pollution?

e How can biodiversity impacts of a building be reduced considering the building

materials?

1.3 Limitations

The analysis focuses on the main building materials. Finishing materials and other material
with smaller volume are left out of the scope. In this study, land use change, pollution, water

use and climate change are considered and their impact on biodiversity loss are assessed.

This study focuses the assessment on the impacts of the building materials extraction phase.
Figure 1 below demonstrates the life cycle of a building and the included life cycle stages
that are required in LCA by EN 15978 (Sustainability of construction works) standard. This

thesis focuses on the impacts of the material extraction, transport and manufacturing phase
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(A1-A3), since the resource use is significant in construction sector. Other life cycle stages

are left out of the scope in this thesis.

7 2 &2

PRODUCT CONSTRUCTION USA PHASE END OF LIFE
A1 Raw material PROCESS B4 Repairs C1 Demolition
suppl i
A MTranspor?atlon B6 Operational C2 Transport
to construction
A2 Transport : energy use i
site (3 Waste processing

A3 Manufacturing AS Construction o e ]

installation process

Figure 1 Life cycle stages of a building according to EN15978 and Method for the whole life carbon assessment
of buildings by Ministry of Environment
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2 Biodiversity in the construction industry

This chapter explains why biodiversity is important, what causes the loss of it and why it is
urgent to take action to prevent biodiversity loss. The impacts of the construction industry

to biodiversity are also explained.

2.1 Biodiversity and biodiversity loss

Biodiversity is all kinds of life that is found in one area and means the totality of genes,
species and ecosystems of a region. Meaning, for example, the variety of animals, plants,
fungi and other micro-organisms and variation within the species as well as the amount of
ecosystems that the species combine into. These species and organisms make up an
ecosystem and biodiversity in ecosystems supports everything we need to survive, for
example food and clean water. Human life puts increasing pressure on biodiversity, by
consuming more and more natural resources, which causes a huge risk on losing the balance
of ecosystems. (WWF 2023) Biodiversity loss occurs naturally and by human actions and

human actions are accelerating the speed of extinctions significantly (IPBES 2019, XXIX).

Material extraction, construction and harvesting have a significant impact on biodiversity of
an area since they cause significant land use and land use change. Direct exploitation of
organisms is caused by overconsumption of animals and plants for food and materials, for
example over-fishing or harvesting. Climate affects to biodiversity by changing living
conditions. Species may for example have difficulties surviving in changing temperatures.
Pollution can be seen in many forms, microplastics pollution, pesticides or phosphorus and
nitrogen overuse. Phosphorus and nitrogen overuse is caused by e.g. intense agriculture.
Invasive non-native species encroach on native species, which makes the ecosystems

unbalanced. (Scotlands Nature Agency 2023)
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IPBES identifies the indirect drivers as people’s disconnection with nature and lack of
recognition for the value and importance of nature (IPBES 2019, 73). When people feel
disconnected from nature and do not see its value, they are more likely to disregard climate
change and biodiversity loss. In addition, biodiversity is difficult to quantify, hence it is

difficult to see the loss of it. (Scotlands Nature Agency 2023)

DRIVERS

INDIRECT DRIVERS

Demographic

and
sociocultural

Economic
and

governance

Values and behaviours

Conflicts
and
epidemics M | and/sea use change
Bl Direct exploitation
B Climate change
Pollution
M |nvasive alien species
B Others

Figure 2 Direct drivers and their contribution to overall biodiversity loss (IPBES 2019, XXIX)

Figure 2 highlights which drivers primarily affect each ecosystem type. Land and sea use
change and direct exploitation of species are the two most impacting drivers in all ecosystem
types. Climate change, pollution and invasive species have had lower impact to this date, but

their importance is accelerating. (IPBES 2019, XXIX)

Land use change is mainly affected by agriculture, forestry and urbanization and all of these
sectors cause significant air, water and soil pollution as well. In marine ecosystems,
overfishing has caused the most impact in the past 50 years. Climate change has increased
its significance in recent years, and it is already causing impact on ecosystems, and its
importance is expected to even grow. One increasing threat is the expansion of infrastructure
and unsustainable use of Earth’s resources, and this causes the planet being exposed to whole

new threats. (IPBES 2019, XXXI)
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2.2 Biodiversity in construction industry

As explained in the introduction chapter, the biodiversity impacts of construction have been
previously considered as the land use change of the construction site, which are direct
impacts and easily viable impacts. However, there are also other impacts, the extraction of
the building materials causes impacts on biodiversity, as well as production of energy and
fuels. It is essential to consider the whole supply chain and life cycle of the building.

(Rakennusteollisuus RT 2022, 19)

In Finland, biodiversity has been under discussion lately in the construction industry. Some
research has been conducted, for example ‘’Biodiversiteetti rakennusalalla’’ (Biodiversity
in construction industry) conducted by Gaia Consulting for Confederation of Finnish
Construction Industries (Rakennusteollisuus RT 2022), “’Biodiversiteetin huomioiminen
rakentamisessa’’ (Considering biodiversity in construction) published by Green Building
Council (Green Building Counsil Finland 2023) and ‘’Rakennusalan biodiversiteettitieckartta
2030’ (Biodiversity roadmap 2030 for construction sector) published by Confederation of
Finnish Construction Industries (CFCI) in October 2023 (Rakennusteollisuus RT 2023). The
publication of Green Building Council Finland is mainly a document which has gathered
information of the biodiversity related publications, regulations, strategies and projects
(Green Building Counsil Finland 2023). The main findings of the other publications are

summarized in the following chapters.

The ‘’Biodiversiteetti rakennusalalla’’ publication explains how construction affects on
biodiversity and what drivers aims on reducing biodiversity loss through strategies and
policy. The publication also covers how biodiversity impacts can be calculated and
measured. For example, ReCiPe and Biodiversity Metric are briefly explained. Biodiversity
impacts can be controlled and mitigated through mitigation hierarchy aspect, according to
which first choice is to avoid impacts, then mitigate the impact. If these are not possible,
restoration and other management are implemented, and lastly, if none of the other options

are possible, impacts are compensated. (Rakennusteollisuus RT 2022)
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The biodiversity roadmap gives a good overview of what the construction sector aims to do
with regards to biodiversity. The roadmap has identified the construction sector as one of
the biggest industries causing biodiversity loss. It identifies multiple ways how the sector
can prevent biodiversity loss and aims on participating so that by 2030 nature is visibly on

restoration path. (Rakennusteollisuus RT 2023, 19)

The road map identifies the different stakeholders that are crucial in order to achieve the
goals. Actions are needed from designers, architects, public and private clients, users of the
built environment, among of others. The confederation of Finnish Construction Industries
(CFCD) has a significant role in impacting on systematic change by bringing together
different stakeholders working in the construction industry. The biodiversity road map
spreads information to the stakeholders, which helps raise awareness about the importance

of biodiversity. (Rakennusteollisuus RT 2023, 27-29)

The road map provides measures for different industries how to control biodiversity impacts.
The measures are divided based to the five drivers of biodiversity loss. The measures are
classified based on mitigation hierarchy and divided to three industries: building
construction, construction materials and infrastructure construction (Rakennusteollisuus RT
2023, 27-29). CFCI identifies also indicators on how biodiversity impacts can be measured.
There are many challenges related to these indicators, for example, there is not a single
specific indicator that could cover all aspects and the indicators include significant
uncertainties. Biodiversity is a complex entity, which makes it difficult to understand the
cause-and-effect relations. The impacts on biodiversity caused by human life appears on
delay, which is why also research and studies are published with delay. (Rakennusteollisuus
RT 2023, 31-32) These publications do not include methods or guidance on how biodiversity
impacts should be calculated in the value chain of buildings. Biodiversity impact calculation

has been discussed more in the section 4.2 of this thesis.
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These publications do not include methods or guidance on how biodiversity impacts should
be calculated in the value chain of buildings. Hence, the widely used method is missing and
there is a risk that different organizations calculate the impacts by different methods, which
can lead to different results that are not comparable. At least a few organizations in the
construction sector have started calculating their biodiversity impacts. SRV is the first
construction company who will calculate their biodiversity footprint using the method
developed by University of Jyvaskyld (LC-IMPACT) (SRV 2024). Also, Ylva has started
developing their biodiversity work and calculation in their organization, similarly, applying

the same mentioned method (Lamminaho, Teams interview 16 September 2024).

2.3 Biodiversity impacts connected to construction and extraction of building

materials

Construction affects on biodiversity through different drivers. For example, land use on the
construction site has a direct impact on changing use of land. Also, the extraction of materials
impacts on this category. Material extraction takes place in multiple locations beyond the
construction site, which makes it challenging to trace. In construction, the use of water,
minerals, wood and other materials, impacts on category *’direct exploitation of organisms’’.
Greenhouse gas emissions are a driver of climate change. Pollution can be considered in
different ways, noise-, light- and vibration pollution occurred during construction as well as
other pollution to air, soil and water which can be caused through fuel leakage at the
construction site, for example. Also, waste is produced during construction and demolition
which causes biodiversity loss through carbon emissions and pollution. Transportation of

soil and land may spread invasive species. (Rakennusteollisuus RT 2022, 19)

This chapter explains how the extraction of raw materials used for the main construction
materials affects biodiversity. The main building materials covered in this chapter are the
materials that are used normally in building frame construction: concrete, wood, and steel.
In addition, buildings include a wide range of materials, insulation, glass, plastics, gypsym,

ceramic products, bitumen etc. However, most of the mass is formed by the main materials
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used in the building frame, which is why this chapter only covers the tree main materials.

(Civil Engineering 2024)

This thesis focuses on the calculation of a concrete frame apartment building. Hence, in this
analysis concrete is the main material, accounting for 84 % of the total mass of the case
building. Soil-based building materials make up a significant portion of the remaining
materials. Approximately 12 % of the total mass of the materials are soil materials, such as
gravel, light gravel and crushed stone. Steel, mainly in the form of concrete reinforcement,
represents 2 % of the building's total mass. In the case building, wood is only used in window
frames, internal walls and roof trusses. However, wood is included in this chapter, since in

many buildings, wood is used as building frame material instead of or in addition to concrete.

2.3.1 Concrete

The production of concrete starts with extraction of limestone in limestone quarries.
Limestone is the main raw material in the production of cement, and the limestone used in
Finnish cement production, is extracted domestically. In Finland, most of the cement is
produced by Finnsementti Oy, in factories that are located in Parainen and Lappeenranta.
After extraction, limestone is crushed and the clinker is produced by burning the crushed
limestone. After that other required materials such as sand are added to the mix, to make the

material suitable for construction. (Finnsementti 2023)

The impacts on biodiversity related to concrete and cement production are mostly related to
carbon dioxide emissions and land use change due to extraction of limestone, gravel and
sand. (Mohamad et al. 2022) Cement manufacturing also forms significant amounts of
pollution, such as sulfur dioxide, nitrogen oxides and carbon monoxides (NRDC 2022). Sand
and gravel accounts for the largest volume of solid material extracted globally. They are
often extracted from riverine and marine ecosystems which causes river and coastal erosion,
threats to fresh and marine ecosystems. (UNEP 2019, 19) There has been significant effort

on development of low carbon concrete products and carbon sequestration. Biodiversity is
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considered in cement factories by landscaping old unused quarries. (Betoni 2023) As
explained in the chapter 2.1, climate change is one of the biggest contributors to biodiversity.
Hence, if the carbon dioxide emissions of concrete are lowered, this affects to biodiversity
impacts as well. Many concrete producers already have targets and plans related to lowering
their emissions and lowering emissions of the products, but specific biodiversity targets or
biodiversity impacts analyzation are not considered. Rudus (which is the biggest producer
of ready-mix concrete in Finland in 2021 (Rakennusteollisuus 2022)) has a programme
called LUMO which aims to preserve and promote biodiversity and has been ongoing since
2012. The programme sets targets and practical measures for sustainable excavation,

restoration in soil extraction areas and nearby areas of industrial plants. (Rudus 2023)

As mentioned in previous chapter, the development of low carbon concrete has been under
research lately. Most of the carbon dioxide emissions of concrete are from the production of
cement. In low-carbon concrete, the emissions are decreased by other aggregates that
replaces cement, such as fly ash, blast furnace slag, limestone powder and silica. (Betoni
2023) Fly ash is a side product from coal burning, and blast furnace slag is a side product
that is formed in iron production (Betonitieto 2023). As carbon dioxide emissions are
lowered when using recycled materials, this affects also to the impacts on biodiversity.
Therefore it can be concluded that biodiversity impacts are also lower, since the requirement

for raw materials and carbon dioxide emissions are lower.

2.3.2 Steel

The production of steel begins with the extraction of iron ore from nature. This causes similar
environmental impacts as other mining activities. The environmental impacts are caused by
drilling holes to the ground causing impacts on soil and nature. The most significant impact
on biodiversity is caused by the drilling machines (transportation and fuels). There might be
accidental leaks to the ground. The surrounding ground might need clearing and trees

cutting. (Kaiva 2023)
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SSAB and Outokumpu are the biggest metal product producers in Finland (Takoma 2023).
Raw materials used in steel production are extracted globally. For example, SSAB uses
significant amounts of imported raw materials. On the other hand, steel can be recycled very
efficiently and used as raw material the production of new steel products. (Tyo- ja

elinkeinoministerid 2015)

Raw materials for steel production are extracted globally since not all materials can be
extracted domestically. For example, SSAB purchases iron ore pellets, coal and scrap mainly
from Sweden, Finland, other European countries and the US. In 2022, 55% of the purchases
came from Europe, 31% from the US and a small proportion from other countries, mainly
Australia. SSAB uses recycled steel, but it does not meet the growing demand for steel
materials. In the US factory, almost 100% of raw materials in steel production are recycled
steel, but in the Nordics, the amount is approximately 20%. (SSAB Annual Report 2022, 50,
43) Outokumpu uses mainly recycled steel in their production. In 2022, the share of recycled
steel was as high as 93.9%. The supply chain of Outokumpu is global, and in 2022 45% of
procurements were domestic. Most of the recycled steel comes from the US or Europe and
the required chrome comes from the chrome mine owned by Outokumpu in Finland.

(Outokummun vuosikertomus 2022, 45)

2.3.3 Wood

Biodiversity impacts of wood products are more visible to consumers and hence more
tangible, as the raw material is extracted from forests, and harvesting causes direct impacts
and significant land use changes. Using wood products in construction, is considered an
environmentally friendly solution, especially when compared to steel or concrete materials
(Lehtonen 2022, 12). Forest industry companies are assumed by consumers to take actions
to enhance biodiversity. The pressure is higher for forestry companies compared for example

to concrete and steel industry, since the impact due to harvesting is more visible.
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The biggest forestry companies in Finland (2021) are Stora Enso, UPM and Metsd Group
(Tekniikka & Talous 2022). All three of these companies have biodiversity action plans
presented in their websites. In Finland, most of the wood is sourced from certified forests.

Most of the forests are PEFC certified (90 %), and FSC certified (10 %) (Metsdkeskus 2023).

PEFC and FSC certificates are used as a warranty for sustainably managed forests, also
Finnish forestry companies present this in their biodiversity action plans. However, these
certificates have received a lot of criticism from scientists and Finnish Environmental
institute (SYKE), for example. SYKE and Centre for Economic Development, Transport and
the Environment (ELY-keskus) have withdrawn from development of the PEFC
certification. During the development process of PEFC certification, they found multiple
grievances, that led to that they cannot stand by the result of the development process. They
are arguing, for example, that legislative requirements are not considered in the criteria of
the certification in case of Water act (the protective area nearby water areas required in
PEFC, is not wide enough to secure ecological condition of the water areas). Newest research
was not considered during the development, even though both SYKE and ELY were raising
information of these research papers related to ecological sustainability of forest economy.
One argument was also that the criteria do not meet the aim of the certification, and the
criteria are ambiguous. PEFC certification do not give any extra value compared to
legislative requirements. The criteria for ecological requirements were even lowered, for
example regarding cutting down old forests and securing the carbon sequestration of forests.

(Elinkeino-, litkenne- ja ympéristokeskus 2021)

The economic use of forests is one of the most significant reasons for biodiversity loss in
Finland. In Finland, 76 % of Finnish 34 forest habitat types are endangered and 21 % are
near threatened. Forestry causes significant changes in natural habitat, which endangers
various species types. This is the main cause of the threat for 732 endangered species and
611 near threat species. (Peura et al. 2022, 24) In Finland, the amount of forests is significant,
it is estimated that the forests grow approximately 100 000 000 m® in a year. It is also
estimated that the amount of wood used in construction in a year, is grown in Finnish forests

in a day. Hence, construction sector does not endanger the amount of forests according to
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this calculation. However, harvesting always impacts on biodiversity and the quality of
nature. If forests need to be harvested, it is better to use the wood in construction than in
energy production. (Lehtonen 2022, 8-9) If the amount of wood in construction would
increase by replacing concrete with wooden materials, it raises concerns if there is enough
wood to meet the growing demand. On the other hand, the demand for the future is
decreasing in some sectors, for example paper used for communication is decreasing which
means that less wood is needed. Also in energy sector, solar-, hydro- and wind power
solutions and energy efficiency may decrease the demand of wood for energy production

purposes. (Hetemiki L. 2022)
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3 Legislation and regulations

This section covers the main legislative requirements regarding biodiversity, on national and
continental level. There are EU level regulation as well as national legislation steer the
construction industry. This section covers EU and Finnish level biodiversity strategies,

nature restoration and conservation laws, and the main requirements from EU taxonomy.

3.1 European Union

This section provides information on the legislation and regulations related to biodiversity
at the EU level. The EU has developed a Biodiversity Strategy and a Nature Restoration
Law, which provide guidance to member states on addressing biodiversity at the national
level. Additionally, this section covers the EU Taxonomy, which is a tool for promoting

sustainable investments and CSRD, which is corporate sustainability directive.

3.1.1 EU biodiversity strategy and nature restoration law

EU has developed a strategy, that aims on turning Europe’s biodiversity on the path on

recovery by 2030. This strategy has 14 main commitments by 2030 which are:
1. Restoring carbon-rich ecosystems,
2. Decline in pollinators is reversed,
3. Risk and use of chemical and hazardous pesticides is reduced by 50 %,
4. Atleast 10 % of agricultural area is under high-diversity landscape features,
5. Atleast 25 % of agricultural land is under organic farming management,
6. Three billion new trees planted in EU,
7. Significant progress in remediation of contaminated soils,

8. At least 25 000 km of free-flowing rivers restored,
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9. 50 % reduction in number of Red List Species threated by invasive alien species,
10. Nutrient losses from fertilizers are reduced by 50 %,

11. Cities with at least 20 000 inhabitants have ambitious Urban Green Planning,

12. No chemical pesticides used in sensitive areas,

13. Negative impacts on sensitive species and habitats are reduced and

14. By-catch of species eliminated or reduced to level that allows species recovery and

conservation. (European commission 2020, 3, 14-15)

EU aims, that 30 % of the land and 30 % of the sea will be protected in EU, which means 4
% increase in protected lands and even 19 % increase in protected seas at EU level. In
addition, there are specific guidelines, on that 10 % of sea and land should be strictly
protected. At the moment, only 3 % of land and less than 1 % of sea meets the requirements

for strictly protected areas. (European commission 2020, 4-5)

To restore and protect Europe’s biodiversity and to achieve the goals set in the strategy,
actions are required from all EU countries, as well as other parties, companies etc. The goals
are required to be integrated into company targets and actions. The strategy will be reviewed
in 2024, to assess the progress if further actions are needed to fulfill the objectives.
(European commission 2020, 5) In construction industry not all targets are relevant. Out of
the key targets, target 2, 6, 7, 9, 11 are 13 considerable in construction sector. The number
of pollinators can be increased by providing suitable living conditions for pollinators in green
roofs or building site. Planting new trees in building site, where possible and considering
carefully contaminated lands, when constructing to a site with contaminated lands.
Construction can prevent invasive alien species spreading in their supply chain and suppliers
need to consider negative impacts on sensitive species and habitats due to material
extractions, as well as considering sensitive species in building site. EU highlights, that
nature needs to be brought back to urban spaces. COVID-19 pandemic and lockdowns have
shown the value of green spaces in urban areas for the health and quality of citizens. First

step is for EU cities with more than 20 000 inhabitants, to conduct Urban Green plans to
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enhance biodiversity in cities, minimize harmful practices and improve connections between

green spaces. (European commission 2021, 19)

European union has legislation for nature restoration, that sets guidelines for restoration
actions that are required for all member states. The legislation came into force in August
2024. Restoration actions are directed to restoration of forest, marine, agricultural and urban
ecosystems, restoration of natural connectivity of rivers and reserving the decline of
pollinator populations. Generally, at least 20 % of EU’s land and sea areas needs to be
covered with restoration measures by 2030 and all ecosystems in need by 2050. (European

commission 2024a)

Specific targets have been established for each type of ecosystem, and these targets align
with the actions outlined in the Biodiversity Strategy. The targets established for urban
ecosystems are particularly relevant for the construction sector, as they provide guidance for
urban design and construction practices. The objective is to achieve no net loss of green
urban spaces compared to year 2024 level. Member states should achieve an increasing trend
in the total area of green space and urban tree canopy cover. This requires actions to be taken

in both existing and new buildings. (European commission 2024a, 26)

3.1.2 EU Taxonomy and CSRD

EU taxonomy is a classification system that sets environmentally sustainable activities to
ensure sustainable investments (European commission 2023). Eu taxonomy includes criteria
for new buildings as well as on existing buildings on adaptation to climate change, circular
economy and reserving biological biodiversity and ecosystem protection. In terms of
biodiversity and construction of new buildings (EU taxonomy criteria 7.1 ‘Construction of
new buildings’), the criteria are set for the site in which the building is located. The building
cannot be constructed on an area which is a) LUCAS (Land Use-Land Cover Area Frame
Survey) farmland where fertility or biodiversity belowground is medium or high, b)

unoccupied grassland with high biodiversity, or land are that is endangered or c) forest area.
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For specific construction projects, an environmental impact assessment is also required.

(European commission 2023)

Corporate sustainability directive (CSRD) came into force in the beginning of 2023. This
directive guides companies to report the risks and opportunities regarding environmental and
social aspects and the impact of their activities on environment and people. ESRS E4 is a
chapter of CSRD, which sets disclosure requirements related to biodiversity and ecosystem
services. This means, that corporates are obligated to report biodiversity related issues
according to this standard. Companies are required to evaluate their supply chain and make
sure that their operations consider planetary boundaries and follows EU’s biodiversity
strategy. This potentially affects to construction industry and obligates organizations to
report embodied impacts of construction. Other ESRS’s are also related to biodiversity, for
example ESRS E1 considers climate change, ESRS E2 Pollution, ESRS E4 Water and

Marine Resources and ESRS ES5 Circular Economy. (European commission 2024b)

3.2 National legislation and guidance

Finland has set its own biodiversity strategy and renewed its nature conservation legislation
in 2023. These regulations set guidelines in construction sector for land use in the

construction site, and these are explained in this section.

3.2.1 Finnish biodiversity strategy

National Finnish biodiversity strategy is currently under preparation. The strategy will
include an action plan until 2035. This strategy will be based on EU biodiversity strategy
and global agreement of United Nations regarding biodiversity policy. As in EU’s
biodiversity strategy, the aim is to end biodiversity loss, and turn biodiversity on the path of

restoration by year 2030. (Ymparistoministerio 2023 a)
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Previous biodiversity strategy was established to years 2012 - 2020. The implementation and
functionality of the strategy has been evaluated by Finnish government. According to the
evaluation report, many actions and aims have been accomplished, such as aims related to
education and actions towards forests and Baltic Sea, but the positive impacts of these
actions remain small. This is due to the unclarity and lack of ambition of the actions. The
report recommends this to be considered in the following strategy by adding more concrete
actions, and the actions should be focused and measurable, so that impacts can be measured
and evaluated. Also, the report concludes, that supporting actions are needed such as
communication, education and research, for example. (Valtioneuvoston selvitys- ja

tutkimustoiminta 2020, 13-15)

The evaluation report from Finnish Government has considered construction as one of the
main sectors that causes pressure on biodiversity. Due to structural change of society
construction focuses on bigger cities, lowering the amount of natural land area. This destroys
the natural habitat of ecosystems, which causes forced migration of species from their natural
habitat. Many actions are specified in the report how to mitigate and prevent the significant
harms. The most important aspect is to locate construction to areas, where the impact on
biodiversity remains small. This requires evaluation of the impacts of construction activities
on the site, for example by assessing the natural state of the area and what harm will be
caused by constructing to the site, and can the impact be avoided or mitigated. In recent
years, there has been an increase in the use of green roofs and other green areas in
construction sites, as also the implementation of ecological compensation has started. It
appears that there is a growing trend towards compensating for and mitigating the harm
caused by construction activities, so that the net loss of biodiversity can be halted in the near

future. (Valtioneuvoston selvitys- ja tutkimustoiminta. 2020, 65-68)

3.2.2 Nature conservation legislation

Finnish nature conservation legislation has been renewed in 2023, the law came into force
1°* of June 2023. The aim of Nature conservation law is to protect biodiversity of nature,

protect value of nature and landscape, promote actions on adaptation to climate change,
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support sustainable use of natural resources and promote citizens environmental knowledge,

as well as mature research. (Ymparistoministerio 2023 b)

The updates in the nature restoration law concerns for example protection of different nature
types, banning the exploration of minerals in natural parks and introducing a framework for
voluntary ecological compensation. Adding more protected areas and protecting different
nature types are key actions to impact on biodiversity loss. (Nature conservation legislation,
5 January 9/2023) In the construction sector, this impacts mainly on construction sites, where

the land can be occupied and where not.

Ecological compensation is one newly added aspect to nature conservation legislation. This
is optional for developers to apply, and compensation is always the least favorable option,
when negative impacts cannot be avoided or mitigated, and applicable only if no other
choices are available. Ecological compensation means when human behavior causes
negative impacts on biodiversity in an area, these impacts are compensated by adding
positive impacts on biodiversity elsewhere. (Ympéristoministerié 2023 c) Ministry of
environment has set guidelines for ecological compensation. Ecological value is analyzed
quantitatively and qualitatively, and it is measured in natural value hectares which presents
the natural value of a specific area compared to a hectare of an area in its original natural
state. The natural state is evaluated by using a measure classification where the lowest point
0 is “’area which has completely lost its natural value’” to 1 “’area in its original natural
state’’. The change in the natural value is then evaluated and the compensation is required
to be equal or more compared to the amount of change that occurs in the site. (933/2023,

section 1, 2,4)
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4 Methods and tools to quantify biodiversity impacts

This section contains a literature review of available tools and methods to quantify
biodiversity impacts. These methods are reviewed and analyzed emphasizing on how they
could be applied in the construction industry and calculating impacts of building materials
and building life cycle. This chapter answers to the first research question of this thesis: How
the tools and methods available to quantify biodiversity impacts corresponds to the need of
construction industry? As mentioned earlier in this thesis, biodiversity impacts of the
construction industry have been focusing on the impacts of the building site. It is important
to expand the analysis, hence one criterion is that the method should enable quantifying the
impacts of material extraction phase. Also, the method should enable calculation of

biodiversity impacts related to climate change, land use change and pollution, as minimum.

There are several methods available, hence limitation had been made on what methods are
chosen for further investigation. A study conducted by Damiani et al. concluded that life
cycle impact assessment methods ReCiPe, LC-IMPACT and IMPACT World+ are the best
performing methods available at the moment for biodiversity impact assessment (Damiani
et al. 2023, 8). Biodiversity Metric came up in various studies, and for example Ramboll
uses this method to quantify biodiversity impacts in the construction sector (Ramboll 2023).
Hence, LCIA ReCiPe, Biodiversity Metric, LC-IMPACT and IMPACT World+ were
chosen to be further researched. Biodiversity impacts can be calculated by using Life cycle
impact assessment (LCIA) methodology. The basics of LCIA approach is explained in
section 4.1. In chapter 4.6, a summary and comparison of the methods is presented as well

as argumentation on why one method was chosen to this study.

4.1 Life cycle assessment (LCA)

Life cycle assessment (LCA) is a standardized method to analyze environmental
performance of a product or service. LCA method is based on ISO 14040 and ISO 14044

standards, which present the framework, principles, requirements and guidelines for LCA



29

implementation. LCA recognizes environmental impacts of a product’s whole life cycle
from raw material extraction to use and end of life treatment, recycling and final disposal
(cradle-to-grave). LCA process consists of four phases: 1) Goal and scope definition, 2) Life
cycle inventory analysis (LCI) 3) Life cycle impact assessment (LCIA) and 4) Interpretation
phase. (SFS EN ISO 14044: 2006, 9)

Goal and scope definition is an important phase of the LCA. This section presents the general
information of the study: the product system chosen for the study, functional unit, system
boundaries and limitations, data quality requirements and any assumptions. LCI phase is
collection of data that is needed to conduct the LCA. This part also consists of validation of
data with the quality requirements set in goal and scope phase and relating data to unit
process and functional unit. In the LCIA phase, the impact categories and category indicators
are selected, LCI results are assigned to selected impact categories, and finally the impact
categories are calculated. The interpretation phase is where the results are analyzed,
evaluated in terms of completeness, sensitivity and consistency. Also conclusions,
limitations and recommendations are provided in this part of the study. (SFS EN ISO 14044:
2006, 7-23) This study also follows this structure and is conducted according to these

standards.

Life cycle impact assessment translates the results of LCA into their potential contributions
to environmental impacts, into a number of selected impact category and selected unit. LCA
can be made at endpoint or midpoint level, depending on the goal and scope of the
assessment. Endpoint assessment analyzes impacts at the level of ‘Areas of protection’
(AoP), which usually are considered as human health, ecosystem health, and natural
resources. Midpoint level approach means that impacts are analyzed between the emission
and endpoint. As an example, climate change is a midpoint indicator, where greenhouse gas
emissions such as CO2 and CHy are expressed as midpoint indicator ‘climate change’ in unit
of CO» equivalents. Climate change is changing global environment and climate, which
eventually causes damage in each area of protection: human health, natural environment and

natural resources. (Finnveden et al. 2014)
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4.2 LCA in the construction sector

In the construction sector, there are standardized methods for assessing the environmental
performance of buildings. European standard EN 15978:2011 provides rules and guidelines
for assessing these environmental impacts of buildings. EN 15804 is a standard, which sets
the core rules for the product category of construction products and is used in environmental
product declarations. (SFS EN 15978:2011, SFS EN 15804:2012) In addition to these
European standards, local methods are applied for carbon footprint calculation. For example,
in Finland, the Ministry of Environment is developing a legislative regulation for carbon
footprint calculation for buildings and this method is already widely used in Finland

(Ympaéristoministerio 2022).

An additional technical paper (CEN/TR 17005) has been published in 2016 about the
Sustainability of construction works, which assesses the functionality of additional
environmental impact categories, indicators, background information and possibilities. This
technical paper evaluates the additional environmental impact categories that are not
included in EN 15978 and EN 15804, what is the relevance of these impact categories,
should they be included and how they can be included. (CEN/TR 17005:2016)

CEN/TR 17005:2016 states, that impact categories, that are not included in the standards

are:
e human toxicity (cancer and non-cancer affects)
e ccotoxicity (terrestrial, freshwater and marine)
e particulate matter formation (or respiratory inorganics)
e ionizing radiation (human health and ecosystem health)
e land use (occupation and transformation) / biodiversity

e water depletion/scarcity. (CEN/TR 17005:2016)
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Product level standard EN 15804 has an wupdated version released in 2021
(EN15804:2012+A2:2019/AC:2021) which has included additional impact categories:
particulate matter, ionizing radiation, ecotoxicity (freshwater), human toxicity (cancer and
non-cancer) and land use related impacts/soil quality. However, these are optional impact
categories, according to the standard. (EN15804:2012+A2:2019/AC:2021) Since they are
optional impact categories, most of the environmental product declarations do not include

this information, yet.

In the scope of this study, land use (occupation and transformation) is the most relevant
impact category. The standard assesses the relevance of land use for buildings. There is a
need to differentiate two types of land use: in situ land use (the land used physically in the
building site to build the building) and embodied land use (the land transformed and
occupied in the supply chain, production of the materials, transportation and end of life
treatment). The standard addresses that land use related impacts of buildings causes
significant environmental impacts, especially the impacts of the whole supply chain are
significant. The inclusion is recommended, however there are some weaknesses such as lack
of data and lack of one standardized and widely used method. For example, a study
conducted by Brachet et al. calculates biodiversity impacts of building roofs and concludes
that ex situ biodiversity impacts are 10 times higher compared with in situ biodiversity

(Brachet et al. 2019, 1).

The technical paper CEN/TR 17005:2016 concludes that Recipe is the best available method
for biodiversity analyzation. (CEN/TR 17005:2016) However, the methods have developed
significantly since. Therefore, Recipe was not directly chosen for this study but will be
compared to other methods. Next chapters analyzes the performance of available methods

in the scope of this study.

4.3 LCIA ReCiPe 2016

LCIA ReCiPe tool was first developed in 2008 by RIVM (Ministerie van Volksgezondheid,
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Welzijn en Sport), Raddbound University Nijmegen, Leiden University and PRe
Sustainability. The method was improved in 2016, and updates have been made continuously

to the method. (PRe sustainability 2016)

ReCiPe is a harmonized method which divides life cycle impacts to midpoint and endpoint
levels. ReCiPe method uses characterization factors, which divide the environmental impact

per unit of stressor, eg. per kg of resource / emission released. (Huijbregts et al. 2016, 138)
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Figure 3 Overview of the impact categories in ReCiPe 2016 method (Huijbregts et al. 2016, 140)

Figure 3 presents an overview of the impact categories assessed in ReCiPe 2016 method. An
LCA calculation is conducted for 17 different midpoint categories. When calculating
impacts on ecosystems, 9 midpoint categories are calculated, giving the results in different
units. For example, for global warming potential used unit is kg CO2e. When analyzing
impacts on ecosystems, damage to pathways is divided into three categories: damage to
terrestrial, freshwater and marine ecosystems. Finally, by using characterization factors, the
total impact “’damage to ecosystems’’ is given in the unit of potential disappeared fraction
of species (PDF) In ReCiPe the unit PDF represents the absolute number of species lost.
(Huijbregts et al. 2016, 139)
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ReCiPe 2016 method enables calculation of the impacts of land use change and global
warming potential. Resources usage (mineral and fossil) can be calculated, but their relation
into damage in ecosystems is not included. Pollution is included through acidification,
eutrophication and ecotoxicity. ReCiPe allows quantification of three biodiversity drivers,
which means two are not yet included (invasive species and overexploitation of species).
ReCiPe 2016 has received criticism on spatialization, the important impact pathways, such

as land use and land transformation are not spatialized (Manders, E. 2022, 18).

Land use indicator is expressed as m? year annual crop equivalents. Six land use types are
included (annual crops, permanent crops, mosaic agriculture, forestry, urban land and
pasture), but as mentioned in previous chapter, land use does not consider regional
differences. Climate change indicator is expressed as widely used global warming potential

in kg CO» equivalents. (Huijbregts et al. 2016, 139)

4.4 LC-IMPACT

LC-IMPACT is another method to quantify biodiversity impacts by using life cycle impact
assessment. This method uses endpoint approach and provides characterization factors for
11 impact categories at the damage level. Impacts are divided into three areas of protection:
human health, ecosystem quality and natural resources. Considering the aim of this thesis,
ecosystem quality area is the one to be considered in this assessment. As in ReCiPe method,
the result is given in PDF, the number of potentially disappeared fraction of species.
However, in LC-IMPACT the unit describes the relative fraction of species that disappears.
(Verones et al. 2020b, 90) ReCiPe method describes the actual amount of species that
disappears (Huijbregts et al. 2016, 141-142).
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Figure 4 Overview of the impact categories and areas of protection in LC-IMPACT method (Verones et al.
2020q, 3)

Figure 4 presents the impact categories to be assessed in LCIA. Seven of these impact
categories affect ecosystem quality. Global warming affects on terrestrial and freshwater
ecosystems, but not in marine ecosystems. Land use change affects on terrestrial ecosystems.
In LC-IMPACT, the characterization factors that are used consider also spatial differences,
with the exception of global warming, since the impact of global warming is considered to
occur at a global level. Other impact categories have characterization factors for four levels:

ecoregion, country, continental and global. (Verones et al. 2020a, 3)

The LC-IMPACT method enables calculation of the impacts of land stress and climate
change. As in ReCiPe, resource usage (named as mineral resource scarcity) can be
calculated, but it’s relation to the damage in ecosystems is not included. Pollution is included
through acidification, eutrophication and toxicity. This means that LC-IMPACT allows
quantification of three biodiversity drivers. Invasive species and the overexploitation of

species are not yet included in LC-impact or ReCiPe 2016.

In LC-IMPACT the impact on Ecosystem quality is expressed as potentially disappeared

fraction of species over time (PDF yr) per functional unit at global level. The aim of LC-



35

IMPACT unit is to quantify global scale PDF, which means an irreversible extinction of
species on global level. This is important, species can extinct regionally as well, but
regionally lost species have the possibility to recover through repopulation. It is important
to understand the share of globally lost species, to understand the magnitude of impact.
Values for regional loss are higher, but this does not mean that the affects are more
significant. Regional level assessment is still important, to make sure that local ecosystems

can maintain their diversity. (Verones et al. 2020a, 6)

In the unit PDF yr the time is included because impacts should be counted so that more
weight is given to long-lasting interventions compared to short-lasting ones. The exposure
duration is included in the unit, because changes in species diversity does not occur right
after e.g. land occupation, but gradually over time. The loss of species will be more likely to
occur as the time continues. The time unit does not mean, that species will be lost in a certain
time period. PDF of 0,01 means, that 1% of global species are more likely to become globally
extinct. (Verones et al. 2020a, 6)

CFecosystem quality = VF x EF x XF x FF

CF of ecosystem quality consists of vulnerability factor (VF), effect factor (EF), exposure
factor (XF) and fate factor (FF). XF can be equal to 1, for example for land stress, where
exposure does not have conceptual meaning. EF and VF can be specific for different
taxonomic groups such as mammals, reptiles, amphibians and fish. Plants and animals have
been chosen to have equal weighting in LC-IMPACT, 50% each. Vulnerability factor
considers the differences between taxonomic groups and their vulnerability on
environmental pressures, which is based on IUCN red list status and geographical range
areas of species. (Verones et al. 2020a, 6) There are four provided CF’s that can be chosen
depending on the goal and scope of the study, CF considers 100 year impacts or longer terms
impacts, and it includes all impacts or only certain impacts. It also makes distinction between
marginal and average impacts. Certain impacts factor considers only the impacts where there
is high degree of scientific confidence. (Verones et al. 2020a, 7) In terms of Land Stress

impact category, LC-IMPACT provides CF’s for five taxa (mammals, birds, reptiles,
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amphibians and vascular plants) and CF’s for six land use types (annual crops, permanent

crops, pastures, urban, extensive forestry and intensive forestry). (LC-IMPACT 2023)

4.5 IMPACT World+

Impact World+ was developed when the need for regionalized LCIA development increased.
Impact World+ method is an updated version of the IMPACT 2002+, LUCAS and EDIP
methods, and it is a midpoint-endpoint level method, where four different viewpoints are
included. There are three AoP’s (areas of protection) included: human health, ecosystem
quality and resources & ecosystems services. Fourth viewpoint is added, which is Area of
Concern (AoC) which includes water and carbon related damages to human health and

ecosystem quality. (Bulle et al. 2019, 1653)
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IMPACT World+ provides four supplementary viewpoints in analyzing LCIA profile: 1)
midpoint impacts, 2) damage impacts, 3) damages on human health, ecosystem quality and
resources & ecosystem service areas of protection (endpoints) and 4) damages on water and
carbon areas of concern. This whole framework is presented in Figure 5. (Bulle et al. 2019,

1656)

Impact World+ has four different characterization factors; global, continental, country and
ecoregion. Biodiversity impacts are presented in PDF/year. Climate change and land use
have the biggest impact on ecosystem quality AoP. Also, marine acidification and freshwater
ecotoxicity have significant impact. (Krijgsheld et al. 2022, 12) CF’s are calculated by
multiplying fate factor (FF), exposure factor matrix (XF), exposure-response factor matrix
(ERF) and severity factor (SF). Impact World+ includes CF’s for 21 damage level indicators
and 23 interim level indicators, see Figure 5. Interim indicators are presented to provide
additional information for sensitivity analysis, rather than assuming zero impact for interim
indicators. Midpoint level indicators are limited to 18 indicators, and all represent the
integrated impacts over infinite time horizon. Integration over a defined specific time
horizon is considered only at damage level, expect for climate change, where short-term
indicator GWP100 and long-term indicator GTP1¢o are considered. (Bulle et al. 2019, 1657,
1662)

This methodology considers midpoint impact approach more robust compared to damage
level approach, because the aggregation of midpoint impacts to a single unit in AoP has some
limitations in value judgements. Hence, IMPACT World+ only provides normalization
factors at damage level since midpoint impact approach is considered as more robust based
on natural science. Including also Areas of Concern (AoP) for carbon and water related
impacts, creates a risk for double counting the impacts, but this is avoided by grouping
impact scores of recommended damage categories by AoC in each AoP. (Bulle et al. 2019,

1657, 1662)

The IMPACT World+ method was updated in July 2023. Released version is IMPACT

World+ 2.0.1. The main objective was to separate the method into three distinct versions:
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Midpoint version, Expert version and Footprint version. The expert and midpoint versions
are for more experienced LCA experts, and follow the principles explained previously in
this chapter. There was a separation made between midpoint level and damage level
approach, to mitigate the risk of double counting, since the distinction between midpoint and
damage levels is sometimes not allowed in available LCA software’s. Footprint version
presents a “’simplified”” method but considering all environmental issues as in Expert
version. The expressed categories, indicators and used units are presented below in Figure 6

below. (IMPACT World+ Version 2.0.1 2023)

Carbon footprint Climate change, short term kg CO2 eq (short)
Water scarcity footprint Water scarcity m3 world-eq
Resource depletion Fossil and nuclear energy use MJ deprived
Rest of human health AoP* Rest of human health DALY

Rest of ecosystem quality AoP* Rest of ecosystem quality PDF.m*yr

*minus the contribution of climate change and water related issues

Figure 6 Categories, indicators and units used in Footprint version (IMPACT World+ Version 2.0.1 2023)

4.6 Biodiversity Metric

Biodiversity metric (4.0) is a calculation tool used to calculate biodiversity net gain. The
newest version 4.0 was released in March 2023 (CIEEM 2023). This tool can be used to
calculate biodiversity losses and gains, which occur in development site area and the purpose
is that the habitats for wildlife are left in better state than they were before the development
at the site (Natural England 2021). Biodiversity Metric is different compared to methods
previously described, since it is not LCA based and can not be used to calculate impacts of

whole value chain of a building.

The metric uses ‘biodiversity units’ to describe biodiversity. There are three types of units
of the metric; (area units, hedgerow units and watercourse units), and these units cannot be
summed up. The assessment by using biodiversity metric occurs in four steps. 1. Project

planning, where the site where the metric will be used is identified. Step 2. Data collection:
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to implement the assessment, sufficient data of the habitat is needed to be collected from the
site to determine the habitat baseline. For example, data of the habitat type, size, condition
and target condition of the assessed area, are needed as data input. The metric includes
scoring to determine the condition of the area. A desk study is required to determine strategic
significance. Finally, the planned actions and interventions to be occurred in the site that
change the habitats, are determined. Step 3 is the calculation part, where used metric modules
are identified (weather all of the three units are applicable) and metric tool is used to generate
unit scores. Step 4 is analyzing the results. Results are given in percentage, if changes are
occurred to the site during development. This can be used to development design of the area
or decision making, for example. The units used in Biodiversity Metric are unique to this
tool, hence the results are not comparable to any other calculations made by other tools.

(Natural England Joint Publication JP039 2023, 9)

There are also other methods to quantify impacts of specific site. Finnish Environment
Institute (SYKE) provides one method, which is developed to calculate biodiversity
compensations. Ecological compensation is an optional part of the new nature restoration
law (see section 3.2.3). Ecological compensation is based on No Net Loss of Biodiversity
(NNL) principle and the aim is to compensate biodiversity losses elsewhere. To be able to
make the compensation, the losses and value are needed to be quantified. (Kujala et al. 2021)
There are calculation excels available to make the calculation of ecological compensation
possible, however the development is currently ongoing and the available calculation excels
are rough versions which are continuously developed together with the calculation
methodology. The unit used in ecological compensation is habitat hectares. (BOOST for

biodiversity offsets 2023)

4.7 Summary of the methods

Overall, LC-IMPACT, ReCiPe2016 and IMPACT World+ have similar kind of approach,
when Biodiversity Metric is generally different tool and approach. Biodiversity Metric only
enables quantification of the impacts occurring on a specific area or building site, hence it

was concluded quite rapidly, that it is not suitable for calculation in this thesis.



40

LC-IMPACT and IMPACT World+ are spatialized methods, and they enable quantification
of biodiversity impacts of building material extraction phase, which was the most important
criteria. Also, ReCiPe enables quantification of the material extraction phase. They all also
enable quantification of three biodiversity drivers, but they do not consider invasive species
or overexploitation of species. Hence, the criteria set for this analysis gives equally good

results for each method.

When analyzing the performance of these methods deeper, there are significant differences
between the methods. One of the biggest differences between LC-IMPACT, ReCiPe2016
and IMPACT World+ is that LC-IMPACT only provides CF’s at end point level, when
ReCiPe2016 and IMPACT World+ provides them at midpoint level. The methods also have
different point of view and justification on that. Bulle et al. (IMPACT World+) justifies that
midpoint approach is more robust method compared to endpoint approach (Bulle et al. 2019,
1662), when Verones et al. (LC-IMPACT) states that all required data is not available, to
provide all midpoint indicators at sufficient level (Verones et al. 2020, 15). For calculation

of biodiversity impacts, only endpoint level is needed.

One big difference is also the use of vulnerability factors, which is important aspect when
addressing consistently the global extinction of species (Verones et al. 2020a, 15). LC-
IMPACT is the only method that includes this factor. ReCiPe2016 is the most general of
these three methods. Impact World+ has three possible levels on the assessment, general and
expert levels, however, this is not relevant for this case assignment. It also covers the
different taxonomic groups and habitat types a bit wider, when ReCiPe has least taxonomic
coverage. Based on the analysis, a summary of the performance of these methods was

included in table 1.



Table 1 Summary of the performance of selected methods.
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Method Advantages Disadvantages
LCIA Allows quantification of building materials | Very general
ReCiPe extraction phase.

Midboi d Does not take account the differences
( dl P .Omlt anl Both midpoint and endpoint level between ecoregions/taxa or geographical
endpoint level) locations

Updated 2016
Global warming only affects on terrestrial
and freshwater ecosystems.
Not all taxonomic groups are included
LC- Allows quantification of building materials | Global warming only affects on terrestrial
IMPACT extraction phase. and freshwater ecosystems.
) Uses VF factors
(Endpoint
level) Five taxa and six land use types included in
CF’s at country level.
Different taxonomic groups are sufficiently
included.
Method is continuously developing, new
version release is expected in the end of
2024 (Verones, email 19 February 2024)
IMPACT Updated in 2023 Midpoint level approach more robust,
World+ however biodiversity needs to be assessed
Allows quantification of building materials | in end point level. AoC’s included in

Midooi extraction phase. addition to AoP’s which also creates a risk
f ! lpomt for double counting.
evel) Different taxonomic groups are sufficiently

included. Includes also chloro-, rhodo- and | Global warming only on general level, not
heterokontophytas, which are not included | specifically on different ecosystems.
in LC-IMPACT.
Allows selection between three additional
versions (expert, midpoint and footprint)
Biodiversity | User friendly tool Allows quantification of only site impacts.
Metric 4.0 : .
Does not consider changes on species types
Requires assessor’s site visit and specific
biological knowledge

When considering the needs of construction industry, the goal is to enable analyzing the

impacts of the whole building life cycle and get the results in understandable unit. The

method should not be too complex, but it should also cover all important aspects, such as

spatialization of land use change. Based on this analysis, LC-IMPACT was chosen to
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calculate the biodiversity impacts. It fulfills the criteria that was set for this study. Verones
et al. summarizes that improvements to the method will be made on including more
biodiversity drivers such as invasive species, salinization, plastics, ocean acidification, ocean
climate change, pollutants and toxicants. (Verones et al. 2020a, 16) In addition, LC-
IMPACT seems to be the most used method in Finland currently (method is widely used in
calculations of University of Jyvéskyld (Pokkinen et al. 2023, 10)), which supports the

selection for comparability.

The understandable unit is important in biodiversity impact assessment. LC-IMPACT uses
unit PDF which describes the share of extinction of species over time per functional unit on
global level. Global level assessment is justified, since in most cases, the supply chains are
taking place in several regions and continents. In LC-IMPACT method the value of PDF yr
is expressed as global scale PDF, which is important since knowing the amount of lost
species globally, helps us understand the magnitude of the impact. Species can extinct
regionally as well, but these species have the possibility to recover through repopulation, but
globally extinct species are lost for good. Regional PDF’s are higher, but that does not mean

that the affects are more significant. (Verones et al. 2020a, 6)

There is not a single standardized method available for quantification of biodiversity impacts
of a building. There are several approaches, from which them all have some limitations and
knowledge gaps. In the future, there should be one widely used method to be used nationally
in construction sector, to be able to calculate, monitor, and research further the biodiversity
impacts of a building. Before that, there is need for pilots, where the calculation of
biodiversity impacts is implemented, to gain more information of the knowledge gaps and

needs for further research.
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5 Methodology & Calculation

This chapter includes goal and scope definition, description of the case example used in this
thesis, inventory analysis and description of the methodology. This section has been defined
according to the ISO 14040 and ISO 14044 standards. The impact assessment results and

interpretation have been presented in the next chapters.

5.1 Goal and scope definition

The goal of the study is to calculate biodiversity impacts of a building due to climate change,
land use change, water use and pollution, including acidification, eutrophication and
photochemical ozone formation. This study is a pilot project on how LCA can be used in
biodiversity impact calculations in the construction sector. LC-IMPACT is used as a method
in this calculation. Open LCA is used as a software to carry out the calculation and Ecoinvent
database for data gathering. The reason to carry out this study is to find out which building
materials have the greatest impact on biodiversity and what impact categories are the biggest
drivers on biodiversity in the case building. In addition, one reason is to find out how the
method available corresponds to the needs of construction industry. This thesis is conducted
as a Master’s thesis in LUT University, Circular economy master’s programme. Client is
Granlund Oy and the work has been conducted as a part of a Nordic Superblocks as
Decarbonization Catalysts -project (NSDC). Contractor Skanska is involved in the NSDC

project and hence, the case example for the study is provided from Skanska.

As mentioned in the previous chapter, the product system to be analyzed is building As. Oy
Tampereen Konttilukinkatu 7, developed by Skanska. The building is an apartment building
and includes six to seven floors and 105 apartments. The main material used in the building
structure is concrete. The gross floor area of the building is 6294 m?. Area of the building
site is 1648 m2. The building is already finished, it has been constructed in 2021. Figure 7
includes a picture of the building from the IFC-model.
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Figure 7 Konttilukinkatu 7, picture from IFC-model

The functional unit (FU) in the calculation is ‘number of items’ meaning calculation is
conducted for one building and all materials needed to build this one building. The system
boundary of the calculation is identified as follows: only impacts due to building material
extraction and production phase (A1-3) are included, meaning the scope of cradle to gate.
Calculation includes the main materials of the building. Surface materials and other materials
with smaller volume are excluded. Table 2 includes more specific description based on

Building 2000 Project classification, on what parts of the building are included or excluded.

Table 2 System boundary and included building elements according to building 2000 Project classification
(Rakennustietosddtié RTS 2010)

Building elements Included /| Specification
Excluded

111 Ground elements | Excluded 111 Ground elements such as clearing elements,
trenches, channels, fillings, draining elements and
embankments are excluded, since these are not part
of the building structure.

112 Soil stabilization | Included 1121 Piles are included. No other soil stabilization

and  reinforcement elements are installed in the building.

elements

113 Paved and green | Excluded 113 Pavel and green areas includes traffic areas and

areas pavings, parking areas, play areas and other green
areas. These are excluded of the calculation since
these are not part of the building structure.

114 Site equipment Excluded 114 Site equipment includes building-, leisure- and
play equipments and site signages. These are




excluded of the calculation since these are not part of
the building structure.

115 Site construction

Excluded

115 Site construction means yard shelds and shelters,
fences, site stairs ramps and terraces and site parking
facilities. Any elements in the site are excluded of
the scope of calculation.

121 Foundations

Included

121 Foundations are included. This means footings,
foundation columns and beams, and other
foundations. Mass and materials of the foundations
are taken from structural designs plans (IFC-model
and other structural design plans).

122 Ground floors

Included

122 Ground floors are included. Mass and materials
of the ground floor are taken from structural designs
plans (IFC-model and other structural design plans).

123 Structural frame

Included

123 Structural frame includes bearing walls,
columns, beams, intermediate floors, roofing decks
and structural frame stairs. These are all included.
Mass and materials are taken from structural and
architectural designs plans (IFC-model and other
design plans).

124 Facades

Included

124 Facades includes external walls, windows,
external doors, and other facade attachments. These
are all included. Mass and materials are taken from
structural and architectural designs plans (IFC-
model and other design plans).

125 External decks

Included

125 External decks includes balconies, shelters and
pergolas. Balcony structures are included (walls,
slabs, glazings and shelters). Other special external
decks such as railing and water drainage systems are
excluded, since their proportion is very small.

126 Roofs

Included

126 Roof substructures and roofings are included.
However smaller parts of the roof are excluded, such
as eaves and hatches. There are no skylights or glass
roofs in the building.

131 Internal dividers

Included

131 Internal dividers includes all non-bearing walls
in the building, internal doors and space stairs, there
are included in the calculation. Balustrades and
railings are excluded, since their proportion of the
mass is so small.

132 Space surfaces

Excluded

132 Space surfaces includes floor surface elements
and floorings, ceilings and ceiling finishes as well as
wall surfaces and finishes. These are excluded of the
scope since the aim is to analyze only structural
materials.

133 Internal fixtures

Excluded

133 Internal fixtures consists of fixtures,
equipment’s and other installations, for example
closets and sinks. These are excluded since the scope
was to analyze only structural materials.

134 Other internal
space elements

Excluded

134 Other internal space elements such as
maintenance platforms and fireplaces and their ducts
are excluded since the scope was to analyze only
structural materials.
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135 Box units Excluded 135 Box units are excluded since the scope was to
analyze only structural materials.
2 Service elements Excluded 2 Service elements consists of plumbing, air

conditioning, electrical and data transfer elements.

These are excluded of the scope of the calculation.

5.2 Inventory analysis

46

Inventory analysis is a part of LCIA calculation and includes data collection and calculation

procedures to gather all inputs and outputs of a product system (SFS EN ISO 14044: 2006,

13). In case of an LCA of a building, the building itself is the product system in the LCA

calculation. Material types and amounts used in building are gathered and calculated

according to the scope that was defined in the previous chapter. Data was gathered by using

design plans of the building. As mentioned in previous chapter, building is already

constructed, and hence all as-built building documents were available. Also, data of suppliers

who have delivered materials to the site was gathered from Skanska, to investigate the

original location of each material and their value chain. Table 3 presents information on what

building documents were used in data gathering.

Table 3 Building documents used in data gathering.

Type of the document

Name of the document

Date of the document

building specification

document

pohjoiseen
7-056 105-002 Julkisivut itddn ja ldnteen
Rakennustapaselostus

Konttilukinkatu 7 20190213

IFC model ARK ARK KTLK?7.ifc 2021
IFC model RAK RAK Konttilukinkatu7.ifc 2021
Structural design plans | 22705078 Konttilukinkatu 7 RT 9.9.2021
Architectural ~ plans, | 7-056 103-001 Pohjapiirustus 1. kerros - 9.9.2021
floor plans, fagade | 7-056 103-008 Pohjapiirustus 7. kerros

design  plans and | 7-056 105-001 Julkisivut etelddn ja

Table 4 includes results of the inventory analysis. Materials have been summed up to

categories presented in table 4.
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Table 4 Results of the inventory analysis

Material* Amount | Unit | Producer and country of origin

Concrete 3432.7 m3 Rudus and Betoco Oy, Finland

EPS insulation 212.9 m3 Rudus, Finland

Windows 653.2 m2 Pihla Group and Metallity6 Vilimaki, Finland,
Germany

Sand-lime brick 14.2 m3 Saint Gobain, Finland

Light gravel 287.3 m3 Unknown, Finland

Gypsum board 66.5 m3 Saint Gobain, Finland (production), Spain (raw-

material extraction (gypsum))

Rockwool 858.8 m3 Paroc Oy, Unknown

Rubber bitumen coating | 5275.6 kg Kerabit Katto Oy, Unknown

Glass (balcony glazings) | 11.3 m3 Lumon, Finland (production), Germany/Belgia
(raw-material extraction (quartz sand))

Gravel 439.0 m3 Unknown, Finland

Hollow core slabs 2942 m3 Suomen Kovabetoni, Finland

Polyurethane insulation | 12.3 m3 Rudus, Finland (production), Norway (raw
material)

Internal doors 8712.2 kg JELD-WEN Suomi Oy, Finland

Wood 61.1 kg Pirkanmaan Ristikko Oy, Finland

Steel reinforcements 197979.8 | kg SIA BaltMetExport, Latvia (production), raw
material recycled

Crushed stone 263.4 m3 Unknown, Finland

Filler 53.6 m3 Kangasalan Pumppaskeskus, Finland

Steel 4557.7 kg Saint Gobain, Finland, raw material recycled

External doors 155459 | kg Pihla Group and Metallityd Véliméki, Finland,
Germany

*Some materials have been summed up to simplify the calculation. For example, ‘’concrete’’
category includes pre-cast concrete and concrete elements and ‘’rockwool’” includes

different types of rockwool products such as Paroc COS5 and Paroc BLT6.

Open LCA -tool was used to implement the LCA model and calculation. Open LCA is an
open source and free software for life cycle assessments (Open LCA 2024). Materials listed

in table 4 are modelled in Open LCA by using Ecoinvent v3.10 Cutoff System Process
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database. Construction sector uses EN15804 standard in LCA calculation, which is based on
the cut-off system model fundamentals, hence cut-off system model is used in this
calculation as well, to use convergent approach. Ecoinvent system models have different
assumptions mainly regarding to waste treatment and recyclable materials. Cut-off system
model is based on the “’polluter pays’’ principle, which means that the wastes are always on
producer’s responsibility, which creates an incentivization to use recyclable products which
are available burden free. (Ecoinvent support 2024) The cut-off system model includes two
databases, Unit process and System process database. The system process database is used
for this calculation, since it is more suitable for the purposes of this thesis, when creating an

LCA-model of a building.

The LCA model was created by using basic product processes from Ecoinvent, which
includes material production from cradle, including all upstream activities. European data
was used, and country of origin of raw-materials was modelled, when the country of origin
was known. Tracing the whole value chain of each material was a challenge since all
producers do not report their imports very specifically. Hence assumptions had to be made,

when the specific data of country of origin was not known (see table 4).

5.3 Impact assessment methodology

Calculation is conducted by using LC-IMPACT method. Chapter 4 describes basics of LC-
IMPACT method, when this chapter replenishes methodology description in more detail and

explains used assumptions and chosen calculation factors.

This study analyzes land use, climate change, water use and pollution impact categories.
Open LCA tool is used to implement the calculation. The tool was selected, because the LC-
IMPACT assessment method is included in it. The unit used in LC-IMPACT method is
PDF*y (see chapter 4.4). In this work results are presented in nPDF*y, to get more
understandable results (nano PDF = PDF x 10”). Results are very small, when the unit

describes the impact of one building to global biodiversity loss, hence prefix nano is used.
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As described in chapter 4, LC-IMPACT is an endpoint level approach, covering three areas
of protection: Human health, Ecosystem quality and Natural resources. When assessing
impacts on biodiversity, in this thesis we are calculating impacts on Ecosystem quality
covering three ecosystems: terrestrial, freshwater and marine ecosystems. From impact
categories we are analyzing impacts of climate change, land stress, water stress and pollution
on these three ecosystem types. In pollution category, impacts of eutrophication,
acidification and photochemical ozone formation have been considered. Ecotoxicity is
excluded from this analysis. Figure 8 below presents impact categories included in this thesis
and their relation to each ecosystem type. It can be seen that climate change affects terrestrial
and freshwater ecosystem types, land stress affects terrestrial ecosystem, water stress
freshwater and terrestrial, and pollution affects all ecosystem types. The impact of climate
change and water stress to marine ecosystems is not included in LC-IMPACT methodology
at the moment. Verones et al. states that, these three ecosystems should be kept separate
since there are no generally agreed weighting mechanism to sum up the impacts across

different ecosystem types (Verones et al. 2020b).

Impact categories Ecosystem type

\ Terrestrial

Land stress ~

Climate change

~ —= | Freshwater
Water stress —

Marine

Pollution (Eutrophication,
acidification, photochemical
ozone formation)

Figure 8 Impact categories included in this thesis and their relation to each ecosystem type in LC-impact
(Verones et al. 2020b)

LC-IMPACT methodology has different potential approaches for calculating the effect

factors, either marginal approach or average/linear approach. Marginal approach means that
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today’s reference state is used of the current background pressures and additional impact of
marginal change is quantified and investigated how additional impacts are caused by small
increases in pressures. The impacts are defined at the point of current situation in a cause-
effect curve. In average level approach, current situation is also used as a reference state, but
the change is related to a state of zero effect, preferred state or a possible future state. In
average approach the background level is known, while in marginal approach it is assumed
to be 0,5 (50 % of species in the ecosystem are potentially affected) due to lack of
information on background pollution levels. (Verones et al. 2020b, 10) LC-IMPACT method
does not cover both average and marginal approaches for all impact categories. Approaches
used in LC-IMPACT method in Open LCA are presented in table 5. Of the impact categories
included in this study, only land stress includes both approaches available in Open LCA.
Hence, a choice had to be made between average and marginal approach for land stress. The
average approach was chosen, since Verones et al. states that the level of robustness is high
for land stress. Average level approach is based on actual background information, and hence

it is justified to use average approach for the calculation.

Table 5 Approaches for different impact categories in LC-impact method in Open LCA considering impacts on
ecosystems

Impact category Average/marginal approach

Climate change Average (marginal not integrated in Open
LCA)

Land stress Average and marginal

Water stress Marginal

Photochemical ozone formation Average

Particulate matter formation Average

Acidification Marginal

Eutrophication Average

In addition, LC-IMPACT includes four sets of CF’s which differ in terms of the time horizon
and what impacts are considered in the CF’s. Value choice can be made between short term
impacts (100 years) or longer term-impacts (1000 years). Generally, the further away the
impact is, the more uncertain are the results. Included impacts are chosen based of the level

of evidence and robustness of the impacts. ’Certain impacts’’ include only the impacts
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where a high degree of scientific confidence is available. The level of evidence is based on
expert judgement, from the model developer, as well as scientific literature. As a result, four
possible sets of CF’s are available: All impacts long term, All impacts short term, Certain
impacts long term and Certain impacts short term. LC-IMPACT recommends, that at least
the two extreme scenarios are included in LCA as a minimum: ‘’long term impacts with all
levels of evidence’ and ’short term impacts with high level of evidence’’. It is
recommended to include the other two scenarios to add completeness to the calculations.
(Verones et al. 2020a) Table 6 presents the value choises and their explanation for different

impact categories, that are included in this study.

Table 6 Included value choises and their explanation per impact category

Impact category All impacts vs. certain | Short term vs. long
impacts term
Climate change (terrestrial) All species included 1000 years and 100 years

Climate change (freshwater) All impact: impacts on fish | 1000 years and 100 years
below 42° latitude, certain
impacts not considered due

to uncertainty

Land stress Occupation and | Total recovery times (up
transformation of six land | to 1,200 years,
use types depending on

ecosystem) and 100

years

Water stress All impacts: surface water | Not relevant
and groundwater
consumption 1impacts on
wetlands. Certain impacts:
only surface water
consumption impacts on

wetlands

Photochemical ozone | Loss of productivity for | Not relevant
formation forest and grassland plant

species
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Acidification Reduction of plant species | Not relevant
richness due to NOy, NHs,

and SOy emissions to air

Eutrophication (freshwater) Reduction of fish species | Not relevant
richness due to P emissions

to water

Eutrophication (marine) Hypoxia-driven reduction of | Not relevant
marine  animal  species
richness due to dissolved
inorganic nitrogen (DIN)

emissions

In the following chapter, all impact categories that are included in this study are explained

more thoroughly.

5.3.1 Land stress

Land use is one of the main drivers of biodiversity loss. In the LC-IMPACT method, the
impact assessment approach proposed by Chaudhary et al. is applied in calculating ecoregion
specific characterization factors (marginal and average) for land occupation and

transformation. The cause-effect pathway is presented below in figure 9.

[Step-2)
Regional biodiversity
loss from SAR model

Land Occupation

2 L e | unit - number of
[m’-vear} regional species lost

(Step-1)
Habitat loss causes
physical changes to -
local flora and fauna (Step-3)
Vulnerability
Unit = local POF weighted biodiversity
loss

Unit — number of
global species eq. lost

Land
Transformation

[m) quality

Unit - global PDF

Figure 9 Cause-effect pathway for land stress in LC-IMPACT method (Verones et al. 2020b)
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Land transformation means that the land is modified to make it suitable for the intended use,
for example cutting down forests to produce wood products when the land transforms from
e.g. natural forest to managed forest. Land occupation means that land is used in the intended
productive way and the land can not develop to natural state anymore, for example
continuous use of land for urban environments. Total land use impacts are a result of these
two. Land use impacts includes five taxa (mammals, birds, reptiles, amphibians and vascular
plants) and six land use types (annual crops, permanent crops, pastures, urban, extensive
forestry and intensive forestry). Method includes 804 ecoregions and provides CF’s for 245
countries. (Verones et al. 2020b, 135)

LC-IMPACT provides different sets of characterization factors for land occupation and
transformation. There is a choice available between average and marginal characterization
factors, and also short and long term impacts. See the description of the differences of these
approaches in the previous chapter. Average approach was chosen for this study, since
Verones et al. states that the level of robustness is high for land stress. Average level
approach is based on actual background information, and hence it is justified to use average
approach for the calculation. Biodiversity recovery times can vary from 80 to 1200 years,

depending on the ecosystem type (Verones et al. 2020b, 142).

5.3.2 Climate change

Greenhouse gas emissions cause changes in earth’s atmospheric temperatures, which causes
damages in ecosystems. Not all species are able to adapt to changing temperatures or are
unable to adapt to changing vegetation. Increased GHG concentration leads to increased
radiative forcing which causes an increase in global mean temperatures because a larger part
of the solar energy is being kept in the atmosphere. These affects causes changes in biome
distribution and river discharge which results in disappeared terrestrial and freshwater
species. Please see figure 10, which presents the cause effect pathway for climate change. In
LC-IMPACT, the impacts of climate change to marine ecosystems are not considered.

(Verones et al. 2020b, 21)
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Figure 10 Cause effect pathway of climate change on ecosystems (Verones et al. 2020b, 21)

In LC-IMPACT, a temperature change of 1-3,5 degrees is used for terrestrial ecosystems
and a change of 1,9 to 4,4 degrees for aquatic ecosystems. Spatial variability is not relevant
when considering impacts of climate change. Climate change is a global phenomenon and
greenhouse gases emitted to the atmosphere are assumed to be spread evenly throughout the
entire atmosphere. LC-IMPACT covers two options for time horizon for climate change:
100 year and 1000 year time horizon. Different greenhouse gases have different atmospheric
lifetimes, hence it is important to carefully state the time horizon over which impacts are
considered. 100 year scenario is more robust, when 1000 year is more complete but also
more uncertain. Other uncertainties are related to impacts on freshwater ecosystems.
Characterization factors are only based on fish species and fish species do not represent the
total freshwater ecosystem. In addition, calculation is based on global river basins below
42°. River basins norther latitude are not considered because of recent glaciation during ice
age, which has caused decrease in the number of species in that area. As presented in table
6, these uncertainties consider only ‘’All impacts’’ characterization factors. (Verones et al.

2020b, 26)

5.3.3 Water use

Water use impacts on biodiversity, when water is extracted from rivers and lakes causing
damage to local aquatic and riparian habitat areas. Quantification of impacts of water use
consists of a fate factor FF (potential change in wetland areas) and an effect factor EF
(potential loss of species diversity for each square meter of lost wetland area). There are two
approaches in water stress methodology. One for aquatic and riparian habitats, see the

description of the cause-effect chain in figure 11. Water consumption causes changes in
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surface water volumes, as well as groundwater tables, which causes change in wetland area.
This leads to disappeared terrestrial and freshwater species. Methodology includes a
vulnerability score (VS) for each taxon in the effect factor. VS informs about the global
vulnerability of species to extinction, which is considered according to IUCN red list status.
Over 20 000 wetland areas are considered, but not all, therefore there might be some

underestimations in the impacts in some areas. (Verones et al. 2020b, 161)

Changed
surface water

consumption wetland area :
a Changed Disappeared

freshwater
species

Disappeared
terrestrial

groundwater
tables

Figure 11 Cause-effect chain for biodiversity loss due to water consumption in aquatic and riparian habitats
(Verones et al. 2020b, 161)

Other cause-effect chain is for terrestrial habitats, please see figure 12. Water consumption
affects terrestrial habitats by water cycles that are interacting with soil and terrestrial
ecosystems. Cause-effect chain starts with inverse of precipitation, where FF indicates for
each watershed the land occupation required to generate a volume of water consumed as the
inverse of precipitation. This results in water limited net primary productivity (NPP) and

species richness. Finally the affects are resulting in the loss of vascular plants. (Verones et
al. 2020b, 161)

Water

s Loss of
precipitation and species plants

richness

Figure 12 Cause-effect chain for biodiversity loss due to water stress in terrestrial habitats (Verones et al.
2020b, 161)

Taxonomic groups included in the methodology are birds, mammals, reptiles and
amphibians. There are some uncertainties specifically related to groundwater-fed wetlands,

hence certain impacts do not cover these wetlands. Certain impacts include terrestrial



56

habitats and surface water consumption. Groundwater wetlands are covered only in all
impacts -characterization factors. Time horizon is not relevant for water stress, since it is an
infinite time horizon, assuming steady-state conditions. Methodology includes spatialized
characterization factors with a resolution of 0,05° x 0,05°, for different countries. (Verones

et al. 2020b, 168)

5.3.4 Pollution

Different pollutants cause changes in terrestrial, marine and freshwater ecosystems. This
study includes terrestrial acidification, freshwater eutrophication, marine eutrophication and

photochemical ozone formation in the calculation.

Acidification

In LC-IMPACT, impacts of acidification are considered only on terrestrial ecosystems.
Marine and freshwater acidification are not included. Acidification causes changes in soil
chemical properties. LC-IMPACT assesses the impacts of nitrogen oxides (NOx), ammonia
(NH3) and sulfur dioxides (SO.), which cause acidification. Figure 13 illustrates the impact

pathway of terrestrial acidification. (Verones et al. 2020b, 69)

Increase in Increase in Increase in Increase in Decrease in the
10% in the concentration of deposition of hydrogen relative richness of
emissionof ——  acidifying —— acidifying —— cation — vascular plants
an acidifying pollutantin the pollutant on concentration
pollutant atmosphere the soil in the soil

Figure 13 Cause-effect chain for biodiversity loss due acidification in terrestrial habitats (Verones et al. 2020b,
69)

The increase in acidifying pollutants in soil, leads to decrease in soil pH (when hydrogen
cation concentration in the soil increases) and decline in base saturation and increase of
aluminum dissolved in soil. This decline in the soil fertility can lead to increase in plant
tissue yellowing and seed germination failure and decrease in new root production.
Moreover, this reduces photosynthetic rates, plant biomass and finally decrease in the

relative richness of vascular plants. (Verones et al. 2020b, 69)
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Acidification model in LC-IMPACT consists of two parts: fate factor models the
atmospheric transport of the emitted pollutants and their impact on soi pH, when effect factor
models the sensitivity of the ecosystem to soil acidity. Effect factor describes the decline in
richness of vascular plants. Characterization factors are at global level and the method uses
marginal effect factor model. Spatial resolution of the CF is 2.0° x 2.5°. Time horizon is not
relevant because it is assumed that the impact occurs at the moment of emission releasing to

the atmosphere. (Verones et al. 2020b, 69, 74)

Eutrophication (freshwater)

Eutrophication is caused by increased nutrient levels (phosphorus and nitrogen) in soil and
freshwaters. Increased nutrient levels in freshwaters cause numerous environmental impacts.
Nutrient level uptake is increased to offset ecological impacts, and this is done increasing
autotrophic organisms in the freshwater, such as cyanobacteria and algae, which then leads
to potential losses in biodiversity. Increased amounts of autotrophic organisms cause
increases in water turbidity, odor, decomposition of organic matter, water temperatures and
depletion of dissolved oxygen. In the LC-IMPACT method, eutrophication of freshwater is
considered based on the transfer of phosphorus from soil to freshwater bodies and its
residence time in freshwater systems. In LC-IMPACT, only phosphorus is considered,
because increased phosphorus levels in freshwater instigates primary production from
enhanced nutrient uptake by autotrophs more than nitrogen. Figure 14 illustrates the impact

pathway of freshwater eutrophication. (Verones et al. 2020b, 83-84)
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Figure 14 Cause-effect chain for biodiversity loss due freshwater eutrophication (Verones et al. 2020b, 84)

The impact of freshwater eutrophication is determined by the amount of phosphorus (P)
emitted to soil and erosion of soil that increases the phosphorus concentration in freshwater,
residence time of phosphorus (fate factor) and ecosystem sensitivity to phosphorus (effect
factor). Geographical coverage of characterization factors is global, and effect factor is based
on linear approach. Fate factors spatial resolution for direct emission to water is 0,5° x 0,5°.
Time horizon is not relevant, since in LC-IMPACT method, it is assumed that the impact
occurs immediately when emission of P is released to soil or freshwaters. (Verones et al.

20200, 84)

Eutrophication (marine)

Eutrophication is caused in marine ecosystems as well. Eutrophication in marine ecosystems
is caused when the marine ecosystems intend to respond to the increased availability of
limiting nutrient. In LC-IMPACT the limiting nutrient is assumed to be nitrogen (N). In LC-
IMPACT, the impact pathway only considers waterborne emissions of N compounds from
human activities to coastal marine waters through soil or rivers. Increased N concentrations
in marine waters leads to increase in phytoplankton biomass and increased sedimentation of
organic matter. The organic matter ends up in bottom waters, where aerobic respiration by
heterotrophic bacteria results in decreased concentration of dissolved oxygen. Decreased

amounts of dissolved oxygen may lead to decrease in species richness in marine species.
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(Verones et al. 2020b, 97) See Figure 15, which illustrates the impact pathway of marine

eutrophication.
Increasa in Increase in Decrease in Decrease in the
waterborme cancentration of Increase in Increase in cancentration of relative richness of
ermissions of N = tatal N in marine + phytoplankton = sadimentation af = dissalved oxygen in =  banthic marine
compaunds coastal walers biomass OFgAAIC MBTTer benthic marine Speies

habitats

Figure 15 Cause-effect chain for biodiversity loss due freshwater eutrophication (Verones et al. 2020b, 97)

The environmental impact of nitrogen emissions is calculated by environmental fate of N,
exposure of coastal ecosystem to the nutrient enrichment, the impact of oxygen depletion to
exposed species and upscaling local species losses to global level by using the vulnerability
scores. Time horizon is infinite and thus there are no choices for the time horizon. (Verones

et al. 2020b, 98, 103)

Photochemical ozone formation

Photochemical ozone is formed to atmosphere by pollutants such as nitrogen oxides (NOx)
and non-methane volatile organic compounds (NMVOC). Atmospheric fate and chemistry
means that NOx and NMVOCs are transformed to ozone in the air. The increase in the
amount of ozone in atmosphere leads to uptake of ozone by plants. This leads to
disappearance of plant species and eventually causes damage to terrestrial ecosystems.

(Verones et al. 2020b, 47)

Emission of Atmospheric Plant uptake Disappearance Damage to
NOX or — | fate and — | of ozone — | of plant — | terrestrial
NMVOC chemistry species ecosystems (PDF)

Figure 16 Cause-effect chain for biodiversity loss due photochemical ozone formation

The environmental impact of ozone is determined by the fate factor FF, quantification of
relation between emission of precursor substances in region and ozone exposure in receiving
grid cell and an Effect factor EF. Then relationship between ozone exposure and damage to
natural vegetation is quantified. Forest and grassland species are included in the calculation.
Time horizon is not relevant, since only short-living substances are involved in the

calculation. In total 56 regions is included in the method. (Verones et al. 2020b, 50-51)
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6 Results and interpretation

This chapter presents the results of the calculation. The results answer the research questions
““What impact categories are the most significant considering biodiversity impacts of a
building?’’ and ‘Which types of building materials causes the most biodiversity impacts
considering climate change, land use change, water use and pollution?’’. As described in
chapter 5.3, LC-IMPACT suggests that at least the two extreme scenarios are included in
LCA as aminimum ’long term impacts with all levels of evidence’’ and *’short term impacts
with high level of evidence’” and the other two are included to add completeness to the
calculation. One scenario, ‘’Certain impacts, short term’’ is chosen as the main results. This
scenario was chosen since it is the most robust and includes the least uncertainties. The other
scenarios are also included as a sensitivity analysis in chapter 6.2 to understand the

difference between the scenarios.

6.1 Results, Certain impacts short term

This chapter presents the main results of the calculation. It means the results for scenario
“Certain impacts, short term, which is the most robust scenario and includes least

uncertainties.
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Figure 17 The biodiversity impact of the case building on each ecosystem.

In figure 17, the biodiversity impacts are illustrated dividing the overall impacts for
terrestrial, freshwater and marine ecosystems. It can be seen that majority of the impacts of
the case building, affects to terrestrial ecosystems (52 %). Almost half of the impacts (47 %)
affects to freshwater ecosystems, when impacts on marine ecosystem are only one percent
of the impacts. The result for terrestrial ecosystem is 2.10 nPDF*y, 1.89 nPDF*y for
freshwater ecosystems, and 0.03 nPDF*y for marine ecosystems. This means that 0.0000004
% of global species are more likely to become extinct due to the construction of this single

case building.
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Figure 18 The impact of the case building on each biodiversity driver.

Figure 18 presents the results divided by different impact categories. Major part of the
impacts is from clime change, terrestrial ecosystems (52 %). Climate change, freshwater is
zero in this scenario. Water stress also has a significant impact on biodiversity (45 %). Other

impact categories have lower impact on overall biodiversity impacts of the case building.

Most of the impacts occurs in Finland (approximately 60 %), but significant proportion of
biodiversity impacts occurs in Latvia (approximately 35 %) due to the reinforcement steel
production and water use. The rest of the impacts of the value chain takes place in Spain,
Germany, Norway and Belgium. Impacts of climate change are global, hence they do not
affect to one country specifically. There were challenges in receiving information of all
producers and their value chain for specific materials, hence estimations and assumptions

had to be made to determine the countries of origin.

The next chapters will present the most impacting building materials to each impact

category. Impacts of materials, that contribute less than 1 %, are excluded from the results.
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6.1.1 Climate change
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Figure 19 Building materials of the case building having the greatest impact to Climate change, terrestrial
ecosystems.

Figure 19 present the impacts of different building materials on climate change, terrestrial
ecosystems. It can be seen, predictably, that concrete and its reinforcing steel are the most
impacting material in both. The building is a concrete framed building and over 80 % of the
mass is concrete, hence this is an explicable result. Other significantly impacting materials
are windows, glass (balcony glasses), doors, stone wool, concrete block (hollow core slab)

and polyester fibre (in rubber bitumen coating of the roof).
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6.1.2 Land stress
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Figure 20 Building materials of the case building having the greatest impact to Land stress.

Figure 20 presents the building materials having the greatest impact on land stress. Land
stress impacts are presented in nPDF equivalents. In the impacts on land stress, the wooden
materials play a crucial role, even though production of all materials occupies and transforms
land areas. Wooden doors and wooden window frames are impacting the most, even though
their mass is significantly lower compared to concrete, for example. The mass of the wooden
doors is only 0,1 % of the total mass of the building materials calculated. Extraction of the
resources for the production of wooden window frames occupies large amount of land area.
Production of steel or concrete occupies much less land area. Reinforcing steel is the third
impacting material. Also, outer doors, sawing hardwood in internal walls, stone wool and

gypsum plasterboard are the most impacting materials.

The materials having the biggest impact on land stress are all assumed to be produced in
Finland. The production country could affect to the results if the wood is extracted from
other countries than Finland. Finland is one of the countries with lowest characterization
factors for land occupation and transformation, meaning the impact on biodiversity is smaller

per square meter.
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Based on the results of land stress, it can be concluded that the impact of land use of the
building itself is minimal compared to land use of the material production. If we take a look
deeper to the inventory data of the land use, the total land area occupied to produce all
building materials used in this building, is over 200 000 m?*a, where the wooden materials
such as doors and window frames occupies the biggest share. To compare, the area occupied

by the building itself, is 1648 m?.

6.1.3 Water stress
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Figure 21 Building materials of the case building having the greatest impact to Water stress.

Figure 21 presents the materials with the greatest impact to water stress. Concrete and gravel
have the greatest impact, when reinforcing steel is the third impacting material. Also,
window frames, stone wool, doors, steel and polyester fibre have a significant impact to

water stress.

Water consumption causes impacts locally and the impacts are calculated based on the

production country. Production countries are explained in chapter 5.2 Inventory analysis,
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and majority of the materials are produced in Finland. Reinforcing steel, which is the third
impacting material, is produced in Latvia, where the characterization factor for water use is
a bit lower than in Finland. Gravel production is assumed to take place in Germany, where
the characterization factor is higher compared to Finland, causing more biodiversity impacts
per cubic meters. Water risk is higher in Germany compared to Latvia or Finland (WWF
Water risk filter 2024). However, the risk is at the medium risk level at the highest and if the
production of some material would take place in an area with higher water risk, such as

Spain, it would affect to the results.

6.1.4 Pollution
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Figure 22 Building materials of the case building having the greatest impact to Pollution, terrestrial.

Figure 22 presents the materials having the greatest impact to Pollution, terrestrial, which
includes the impact of photochemical ozone formation and terrestrial acidification.
Reinforcing steel is has the greatest impact and concrete the second. Thirdly comes flat glass.
Gravel, doors, polyester, window frames, stone wool, concrete block and gypsum quarry
operation are also causing significant pollution to terrestrial ecosystems. In pollution
terrestrial ecosystems, the most impact is caused by nitrogen oxides in steel and concrete
production. Other impacts are caused by NMVOC emissions, sulphur dioxides and nitrogen

oxides.
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Figure 23 Building materials of the case building having the greatest impact to Pollution, freshwater.

Figure 23 presents the materials having the greatest impact to Pollution, freshwater, which
includes the impact of freshwater eutrophication. Reinforcing steel has again the greatest
impact, and concrete again the second. Production of reinforcing steel and concrete leaks
phosphorus in wastewater that causes freshwater eutrophication. Thirdly comes window
frames. Doors, stone wool, flat glass, polyester fibre, steel and concrete blocks are also

causing pollution to freshwater ecosystems.
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Figure 24 The Building materials of the case building having the biggest impact to Pollution, marine.
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Figure 24 presents the materials having the greatest impact to Pollution, marine, which
includes the impact of marine eutrophication. Again, reinforcing steel has the greatest
impact, when secondly comes gravel and thirdly unreinforced concrete. Marine
eutrophication is caused by nitrate, nitrogen and ammonium emissions in steel, gravel and
concrete production. From above images, it can be concluded that reinforcing steel is the

most polluting material and causes the most significant impact to all ecosystems.

6.2 Sensitivity analysis

In this chapter, the all other three scenarios provided by LC-IMPACT are included for
sensitivity analysis. The most robust scenario ‘’Certain impacts, short term’’ was chosen as
the main scenario, hence this chapter includes the long-term scenarios as well as “’All

impacts’’ scenarios. It is analyzed, how the chosen scenario affects to the results.

Table 7 and figure 25 presents the results for all four scenarios for different impact
categories. Climate change is the most significant driver of biodiversity loss considering the
case building in all scenarios except ’All impacts, short term”’. In that scenario, water stress
has the biggest impact. Water stress is the second biggest driver in all three other categories,
but it has the most uncertainties, and results between ’All impacts’” and *’Certain impacts’’
differ from each other. The rest of the drivers have lower impact considering the case

building and there are no significant differences between the scenarios.
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Figure 25 Results of all four scenarios for different impact categories in the case building

From table 7, it can be seen, that for pollution categories, all four scenarios give equal results.
This is because time scale is not relevant for pollution, and certain impacts include the same
factors as “’All impacts’’ scenarios. For climate change, in both terrestrial and freshwater
ecosystems, long term impacts are significantly higher. Different greenhouse gas emissions
have different atmospheric lifetimes, which explains the difference between these scenarios
(Verones et al. 2020b, 26). Moreover, long term impacts are more uncertain. Certain impacts
do not cover climate change impacts to freshwater ecosystems at all. These impacts are
excluded in LC-IMPACT due to uncertainty. For water stress, the results for certain impacts
gives lower values, because in LC-IMPACT only surface water consumption impacts on
wetlands are considered, and groundwater impacts are excluded due to uncertainty. For land
stress, all impacts and certain impacts are equal, but long-term impacts are slightly higher
compared to short term impacts. This is because long term scenario considers the total

recovery times of ecosystems.
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Table 7 Main results of the calculation for the case building and comparison between different scenarios

All  impacts, | Certain impacts, | Certain impacts,

All impacts, long |short term | long term | short term
term (nPDF*y) (nPDF*y) (nPDF*y) (nPDF*y)

Climate change, |5.421 0.650 0.000 0.000

freshwater

ecosystems

Climate change,|17.476 2.093 17.476 2.093

terrestrial

ecosystems

Pollution, 0.063 0.063 0.063 0.063

freshwater

Pollution, marine | 0.025 0.025 0.025 0.025

Pollution, 0.001 0.001 0.001 0.001

terrestrial

Water stress 3.719 3.769 1.831 1.831

Land stress 0.010 0.007 0.010 0.007

Total* 26.2 6.6 19.4 4.0

*According to Verones et al. impacts on the three ecosystems should not be summed up, but the total

result is presented to understand the total difference between the four scenarios (Verones et al.

2020a, 6).

Figure 26 presents the results of all four scenarios to terrestrial, freshwater and marine

ecosystems. The impacts of construction of the case building affect terrestrial ecosystems

the most, when considering the long-term impacts. Impacts on marine ecosystem are minor.

In “’All impacts, short term’’, the biggest impact is on freshwater ecosystems, and ’Certain

impacts, short term’’ gives almost equal results for terrestrial and freshwater ecosystems.

The difference here is based on how the impacts of greenhouse gas emissions are interpreted,
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long term or short term, and whether the groundwater impacts are considered in water stress

calculation.
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Figure 26 Impacts of the case building on terrestrial, freshwater and marine ecosystems.

6.2.1 Results, All impacts long term

This chapter presents the results for another extreme scenario “’All impacts, long term’’ to
compare the differences between the two extreme scenarios in more detail. The results are
presented for climate change, land stress and water stress, since in these categories the results
are different between scenarios. Results of pollution category are not presented, since the
results are the same in each scenario and hence matches the results already presented in

chapters 6.1.1 — 6.1.4.
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Figure 27 The biodiversity impact of the case building on each ecosystem.

In figure 27, the biodiversity impacts are illustrated dividing the overall impacts for
terrestrial, freshwater and marine ecosystems. It can be seen that majority of the impacts of
the case building (66 %), affects to terrestrial ecosystems. Approximately one third (34 %)
of the impacts affects to freshwater ecosystems, when impacts on marine ecosystem are
minimal compared to freshwater and terrestrial ecosystems. The result for terrestrial
ecosystem is 17.49 nPDF*y, 9.20 nPDF*y for freshwater ecosystems, and 0.03 nPDF*y for
marine ecosystems for the case building. This means that 0.000003 % of global species are
more likely to become extinct due to the construction of this single case building in “’All

impacts long term’’ scenario.
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Figure 28 The impact of the case building on each biodiversity driver.

Figure 28 presents the results divided by different impact categories. It can be seen that major
part of the impacts is from climate change, which affects mainly terrestrial ecosystems (66
%), but also freshwater ecosystems (20 %). Water stress also has a significant impact on
biodiversity (14 %). Other impact categories have lower impact on overall biodiversity
impacts of the case building. The results shows, that in long term scenarios the impact of
climate change stands out due to the atmospheric lifetime of the greenhouse gas emissions,

and inclusion of climate change impacts on freshwater ecosystems.
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Figure 29 Building materials of the case building having the biggest impact to Climate change, terrestrial
ecosystems.
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Figure 30 Building materials of the case building having the biggest impact to Climate change, freshwater
ecosystems.

Figure 29 and 30 presents the impacts of different building materials on climate change,
terrestrial and freshwater ecosystems. It can be seen, that concrete and its reinforcing steel
have the greatest impact in both. Other materials with a significant impact are windows,
glass (balcony glasses), doors, stone wool, concrete block (hollow core slab) and polyester

fibre (in rubber bitumen coating in ceiling). The only difference to “’certain impacts, short



75

term’’ is that the impact of each material is bigger in long term scenario, because some of
the greenhouse gas emissions have long atmospheric lifetimes and the short term scenario

calculates the impact for 100 years.

Land stress
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Figure 31 Building materials of the case building having the biggest impact to Land stress (average).

Figure 31 presents the building materials with the greatest impact to land stress. Again, as in
the Land stress impacts for certain impacts, the wooden materials play a crucial role. Wooden
doors and wooden window frames have the greatest impact, even though their mass is
significantly lower compared to concrete or steel. Reinforcing steel is the third impacting
material. Also, outer doors, sawed hardwood in internal walls and stone wool are
significantly impacting materials. The difference between ’Certain impacts, short term”’
scenario and ‘’All impacts, long term’’ scenario is that the impact of each material is a bit
smaller in short term scenario. This is because the long term scenario takes into account the

total recovery times of land types, which can be more than 100 years.
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Figure 32 Building materials of the case building having the biggest impact to Water stress.

Figure 32 presents the materials with the greatest impact to water stress. Concrete and
reinforcing steel have the greatest impact, when crushed gravel has the third greatest impact.
Production of concrete and steel is water intensive, hence biodiversity loss is caused due to
water usage. Also, window frames, stone wool, doors, steel and flat glass are significantly
impacting materials to water stress. In water stress category, the difference between the
results of “’Certain impacts short term’’ scenario is that the results are a bit smaller in certain
impacts, because it excludes the uncertain impacts (groundwater impacts). For example, the
impact of gravel stands out more in “’Certain impacts short term’’ than in the “’All impacts,
long term’’ scenario, since according to the source data it has less impact on groundwaters

than concrete and reinforcing steel.
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7 Discussion

The calculation of the biodiversity impacts of a case building included climate change, land
stress, water stress and pollution. This means that only invasive species was impossible to
include, and overexploitation of species was included only partly through water usage. From
pollution category, the impacts of ecotoxicity were excluded. In chapter 2.1, the biodiversity
drivers and their impact on ecosystems was presented, according to the IPBES report. This
picture illustrated, that land use is the biggest driver of biodiversity, followed by
overexploitation and climate change. Results of this study shows a slightly different result
for the case building, since climate change is much more dominating. Other biodiversity
drivers have a minor impact considering the impacts of the case building. In conclusion,
constructing a concrete-framed building causes climate change and water stress, while

pollution and land use impacts are less pressing.

In the construction sector the biodiversity impacts of a building have been focusing on to the
impacts at the construction site. As mentioned in chapter 6.1.2, based on the results of this
calculation, it can be concluded that the impact of the area used to build the building is very
small compared to the impacts of material extraction and production. Results illustrates that
land use impact in concrete framed building is very small compared to other biodiversity
drivers. Hence, it is important to consider the impacts affecting in the construction site, but
the impact of material extraction and the whole value chain should not be forgotten in the

discussion of biodiversity impacts of a building.

Sustainable construction has been focusing on carbon footprint and developing low-carbon
solutions in recent years. Since climate change is as dominating as the results illustrates,
applying low-carbon solutions and minimizing the carbon footprint of a building also
reduces impacts on biodiversity. Considering the impacts of the case building, to lower the
biodiversity impacts, first step would be to apply low-carbon solutions and minimize the
carbon footprint of the building. Hence, construction sector has already done right actions in

terms of lowering impacts on biodiversity. One research question in the thesis was ‘’"How
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can biodiversity impacts of a building be reduced considering the building materials?’’
Based on the results, the biggest reductions can be achieved by lowering the greenhouse gas
emissions of the main materials, meaning concrete and reinforcing steel. Greenhouse gas
emissions can be lowered in several ways. First option is use of existing buildings, building
structures and materials. Then the material mass should be optimized by designing light
structures which requires less materials. After that, low-carbon materials can be used. In the
case building, biggest reduction can be achieved by low-carbon concrete and steel. Since
concrete is such a dominative material by mass, remarkable reductions in carbon emissions
can be achieved by low-carbon concrete. There are low-carbon products available, which
have 15— 60 % lower carbon emissions compared to average concrete product (Rudus 2024).
There are also reinforcing steel products which have lower carbon emissions compared to a
standard level, for example Celsa Steel uses mainly recycled steel and has lowered emissions
of material production phase by energy efficient production process (Celsa Nordic 2018).
Water use is also significant driver, and hence water use reduction should be applied in order
to reduce biodiversity impacts, especially in concrete, reinforcing steel and gravel

production.

Low-carbon solutions in construction often rely on the use of wooden building materials,
since wood is a renewable material and usually less carbon intensive. The results of this
study do not cover how it would affect the results, if wooden materials would be used more
to reduce greenhouse gas emissions. The results show that wooden materials have significant
impact on land use category, and if a bigger amount of the materials of a building would be
wood based, the impact of land use would be expected to increase. The impact of greenhouse
gas emissions would most likely to be decreased, but the overall impact cannot be known
without proper calculation. If we compare the materials and their biodiversity impact per
kilogram, unreinforced concrete has lower impact compared to wood (considering the
impact of climate change, land stress and water stress). Unreinforced concrete has 64 %
lower biodiversity impact than wood. However, the calculation should be made at the
building level, to understand the total difference between the materials. Hence, this is an
important point of view and needs to be further investigated, is wood-based solutions in a
building good for biodiversity, or should we focus on lowering greenhouse gas emissions

with other solutions, such as low-carbon concrete? On the other hand, also impact of low-
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carbon concrete should be investigated, if greenhouse gas emissions are lowered, what are

the impacts in other biodiversity drivers?

Land and water stress impact assessment have some notable aspects that should be discussed.
LC-IMPACT method does not discuss the positive impacts on biodiversity and does not
cover how this should be assessed. Some actions could have a positive impact on nature
when for example a cropland is shifted back to natural area, or water is moved between
regions which increases the biodiversity in a region. However, this is relatively rare situation
in a case, where building materials are produced and materials, such as wood or gravel are
extracted from nature. During the thesis work, it was noticed that Open LCA tool considers
some flows with a minus sign, which means that they cause positive impacts on nature. For
example, all “’transformation to..”” flows in land stress category, are negative values, and
also water stress gives some negative values. <’ Transformation to..”” flows assumes that land
is transformed to cropland or pasture etc. but whether it is positive or not, depends on the
state of nature before the transformation. Hence, it is not automatically, or even assumable,
considered as a positive transformation. Similar issues have been addressed in other studies
as well, for example Jarvid et al. 2021 concluded in their study that it is not logical for a
production process of microbial protein to have positive impacts on biodiversity and hence
these results were excluded (Jarvio et al. 2021, 9). Negative results were excluded also from
the results in this study, and only positive results, meaning negative impacts were

considered.

When evaluating the reliability of results, it is important to consider certain factors. In this
thesis, it was difficult to trace down the countries of origin of the building materials. Even if
the producer was known, producers were unable to provide information on the source of all
their materials. Provided characterization factors are calculated for different countries. Only
for global warming, the location is irrelevant, and characterization factors are provided only
global level. Hence, it matters where the product is produced, and materials extracted for all
impact categories except climate change. Since the biggest impact considering the case

building is climate change, we can assume that the impact on overall results is small.
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Calculation was done based on general data from Ecoinvent v3.10, which means that the
calculation is not based on specific produced data. In construction sector, many building
materials already have environmental product declarations (EPD), where product specific
environmental impact assessment results have been provided. EPD’s cannot be
straightforwardly used in biodiversity calculations, since it does not include all inventory
data needed for biodiversity calculations, for example the information of land use and
occupation. Also, the results are presented in equivalent units, and when calculating the
impact to PDF, the results are needed for the different emissions separately since the
characterization factors are different for each pollutant. Materials can be modelled in more
detail based on actual producer data, but this was not done in this thesis due to its heavy
workload. Modelling even just concrete with actual producer data, which covers most of the

building material mass, would already increase the reliability of the results significantly.

When assessing the greenhouse gas emissions of a building’s life cycle, the share of
emissions from operational energy use is significant, even over 50 %, depending on the
energy source and emission data used (United Nations Environment programme 2023, 7).
Hence, it can be assumed, that operational energy use has a significant impact on biodiversity
as well. Assessing the greenhouse gas emissions of a building, it is important to consider the
whole life cycle of a building. Hence it would be important to extend the calculation of this

thesis in further studies to cover the impact of other life cycle stages as well.

LC-IMPACT was the chosen method to implement the calculation of this study. A brief
analysis of the different methods suitable for biodiversity calculations was done in the
beginning of the thesis process. In LC-IMPACT, the results are given in global PDF,
meaning the share of species that are more likely to extinct at global level, if the pressure
continues. LC-IMPACT method argues that biodiversity impacts should be analyzed
definitely at global scale to understand the magnitude of the impact (Verones et al. 2020a,
6). This leads to that the results are very small and local impacts are not visible. Considering
the impacts of the case building, most of the building materials are sourced from Finland.
Whole value chain reaches many European countries or even further. Some of the impacts

are very local, for example land use affects significantly on biodiversity of the specific area,
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but global impacts remain small. It would be important to know also regional level PDF,
since regionally lost species is a severe problem as well and these impacts should not be
forgotten. Regionally lost species are a significant decrease in the biodiversity of a region,
even if those species are thriving in other regions. However, assumptions and simplifications
are necessary when calculating PDF’s and actual amounts of species extinction can not be
calculated due to complexity of the topic and the long timespan. Also, distribution of
organisms changes a lot even inside of countries and regions, which means that the

calculation at country level would not be detailed enough.

LC-IMPACT uses end point approach and arguments that there are no sufficient data
available to provide robust midpoint indicators (Verones et al. 2020a, 6). End point level
approach, and the lack of standardized method can result in variations in calculations. This
can lead to differences in the scope of impact categories, with some categories being
excluded from certain calculations. As a result, comparing different calculations may not be
straightforward, and it is necessary to provide detailed specifications in the report regarding

what is included and excluded in the calculation.

The calculation was done by using the LC-IMPACT tool in Open LCA. This means that the
characterization factors and approaches which are provided in Open LCA LC-IMPACT tool
were used, and for example both average and marginal approaches were not always
provided. Hence, some impact categories are calculated by marginal approach and some by
average approach, as described in table 5. Using either marginal or average approach
throughout the study would be more straightforward, and it would ensure that there are no

differences in the results just based on approach or assumptions used.

LC-IMPACT provides characterisation factors for four different scenarios. It is possible to
choose between 100- or 1000-year time scale, and whether all impacts or certain impacts are
included. The user can make the choice between the scenarios. LC-IMPACT recommends,
that at least the two extreme scenarios are included in LCA as a minimum (long term impacts
with all levels of evidence, and short-term impacts with high level of evidence) (Verones et

al. 2020a). This is why these two scenarios were chosen for deeper analysis in this thesis.
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Also, this thesis analyses the differences between scenarios and what aspects creates the
difference between scenarios to understand the whole impact of a building. In terms of
getting comparable and understandable results in the construction industry in the future, one
scenario should be chosen, whilst other scenarios can be provided for background
information. Normally in LCA, the time scale is 100 years and impact model for global
warming potential is calculated for 100 years (SFS EN ISO 14044: 2006, 18). This advocates
the decision to use short term scenarios in the calculation, and also, short term scenarios are
more robust. Now, when the choice is the responsibility of user, different calculations can
use different scenarios, when the results might not be comparable. This increases the risk of
misunderstanding and misuse of the results. For example, in this thesis on scenario (Short
term, all impacts) gives quite different results compared to other scenarios. One can make

different assumptions based on this one scenario, if only one scenario is calculated.

The results of biodiversity calculation with LC-IMPACT method are usually exceedingly
small, because the result illustrates the share of one building of global biodiversity loss. The
magnitude of the impact may be hard to understand when the results are exceedingly small.
The understanding of the significance of impact will increase, if more calculations will be
conducted using the same methodology and eventually, the understanding of the level of
biodiversity impact for a certain product will increase. The important result of the calculation
to understand in the future will be what is the standard level of biodiversity impacts of a
building and how the building is performing based on a standard level. Then, the calculation
can be used to guide projects towards solutions that lowers the building’s impact on

biodiversity.

Calculated result was that 0.0000004 % of global species are more likely to extinct over time
due to construction of this particular case building. This number may be hard to understand,
since the number describes how one building contributes to global biodiversity loss and
hence is exceedingly small. To put that to another way, calculated results are 4.0 nPDF*y in
Certain impacts short term scenario. Eventually the results will be more familiar to many, if
biodiversity calculations become more common. To compare, if we calculate the carbon

footprint of a building, we do not report the results as how much one building contributes to
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global warming by what is the temperature increase by one building. We report the results

as COqequivalents, which is a factor that has become familiar to many.

To put the results into perspective, approximately 40 000 new residential buildings are
constructed each year in Finland (Tilastokeskus 2024). This means that construction of
residential buildings in a year in Finland causes extinction of approximately 0.02% of global
species. These numbers only cover new residential buildings and calculation of building
material extraction phase, hence the actual numbers are higher if we included all building
types, refurbishment buildings and all life cycle stages of a building. The significance of

construction sector is beginning to be noticeable.
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8 Summary

In this thesis, biodiversity impacts of building materials were calculated. The impact on
biodiversity of construction sector is an emerging topic. Biodiversity impacts of construction
site have been assessed before, but biodiversity impacts of the whole value chain are still
quite unfamiliar. The aim of this thesis was to analyse what methods there are currently
available for biodiversity impacts calculation, and how they are suitable for construction
industry. Then, a calculation was conducted for a case building using the selected method.
This thesis consists of literature part, review of available methods for biodiversity calculation

and calculation of biodiversity impacts of the case building.

The literature part discussed the status of biodiversity assessments in construction industry,
what are biodiversity impacts of a building and how the production of different materials
impact biodiversity. Also, different drivers by legislation and regulations were considered.
One of the research questions was that how the tools and methods to quantify biodiversity
impacts of a building corresponds the need of construction industry. A brief analysis of the
mostly used methods was conducted, to investigate how they can be used to calculate
biodiversity impacts of a building. LC-IMPACT, Impact World+ and ReCiPe2016 are the
most used methods that enables the calculation of biodiversity impacts for the whole value

chain. LC-IMPACT was found to be the best suitable for the purposes of this study.

Calculation was done for a case building, which is a concrete framed apartment building.
Biodiversity impacts were calculated including impacts of global warming, pollution
(excluding ecotoxicity), land stress and water stress. The case building has the biggest impact
on terrestrial ecosystems and secondly, to freshwater ecosystems. LC-IMPACT includes
four sets of CF’s, which is why one scenario was chosen as the main results, and the results
of other three scenarios were included in the sensitivity analysis. The sensitivity analysis
was conducted to understand the difference the selection between scenarios might cause.
The main difference comes from impacts of greenhouse gas emissions in long term scenario,

where the impact is much more dominating compared to other impact categories.
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Greenhouse gas emissions are the most impacting category in almost all scenarios, water
stress being the second. Only in “’All impacts, short term’’, the impact of water stress is the
biggest. The impacts of other impact categories were minor according to the calculations.
Concrete and reinforcing steel were the main impacting materials in almost all categories,
except land stress, where wood-based materials are impacting the most. The case building
has 2.10 nPDF*y impact on terrestrial ecosystem, 1.89 nPDF*y impact on freshwater

ecosystem and 0.03 nPDF*y impact on marine ecosystems (Certain impacts short term).

Biodiversity impacts of the case building can be reduced by minimizing the use of materials
by utilizing existing building, building structures and materials. Since climate change is the
most impacting category in almost all scenarios, biodiversity impacts of the case building
can be reduced by reducing greenhouse gas emissions. Since concrete is such a dominative
material in the case building the biggest reduction can be achieved by low-carbon concrete
and reinforcement steel. However, low-carbon materials such as wood-based materials
requires further research on their biodiversity impacts before concluding, that low-carbon

materials are also reducing biodiversity impacts.

The aim of the study was well achieved, and research questions were answered. The
calculation shows that greenhouse gas emissions is the main driver for biodiversity in a
concrete framed building, hence the carbon footprint calculations and low-carbon guidance
in projects is already a step to a right direction. However, this thesis concludes, that
biodiversity impact calculation requires further research in several topics, such as expanding
the calculation to all life cycle stages, including more materials into the analysis, such as
wood and low-carbon concrete. More research and calculations are needed to gain more
knowledge and data to the industry to be able to steer projects from the biodiversity

perspective.
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