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Abstract

Purpose Recent developments in life cycle impact assessment (LCIA) target at better addressing biodiversity impacts, includ-
ing the extended modeling of drivers of biodiversity loss. This led to the development of multiple LCIA methods addressing
the area of protection of ecosystem quality (i.e, biodiversity loss) over time. This paper aims at systematically comparing
available operational LCIA methods and models for assessing the main drivers of biodiversity impacts of EU consumption
and unveiling similarities and differences among current methods.

Methods This paper compares the biodiversity impacts of EU consumption by implementing eight LCIA methods and mod-
els: five full LCIA methods (namely, LC-IMPACT, Impact World +, Ecological Scarcity 2013, ReCiPe 2016, and Stepwise),
a land-use intensity-specific LCIA model, and two approaches based on the GLOBIO model. The EU Consumption Footprint
model is adopted as case study. The comparative analysis between the assessed methods aimed at identifying convergent and
divergent results regarding the drivers of biodiversity impacts of EU consumption. The analysis focused on four different
levels: impact category, representative product (modeled consumed products), inventory process, and elementary flow. The
agreement among the methods in defining an element as relevant was evaluated. Finally, gaps among methods were assessed
in terms of coverage of impact categories and elementary flows.

Results and discussion The analysis unveiled that there is a certain level of agreement among available LCIA methods
and models regarding the most contributing impact categories and products to the overall biodiversity footprint due to EU
consumption. Land use, climate change, and ecotoxicity had a major contribution to overall impacts, thereby highlighting
their role as drivers of biodiversity loss. Biodiversity impacts were due to a limited number of consumed products, where
food (meat), mobility, and household goods were identified as top contributors. Most contributing inventory processes and
elementary flows were associated to most contributing representative products (e.g, animal feed). The relevance and presence
of elementary flows in LCIA methods and models were heterogeneous for most of the impact categories.

Conclusions The results of this study highlight the importance of impact category coverage in the assessment of biodiversity
impacts. Limited coverage of impact categories (e.g, methods limited to assess land use) might underestimate the impacts of
other drivers of biodiversity loss, especially climate change and ecotoxicity. Further efforts are required to assess the effects
of spatial regionalization and the inclusion of missing drivers, recently developed in LCIA.
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compromising the quality of ecosystems and their support
to human well-being and socioeconomic systems (Cardinale
et al. 2012; IPBES 2019; Portner et al. 2021). The urgency
to address biodiversity loss and to measure the contribution
of supply chains has been recently restated by the Kunming-
Montreal Global Biodiversity Framework (Target 15), agreed
at the 15th meeting of the Conference of Parties to the UN
CBD (CBD 2022). Biodiversity loss occurs at multiple levels
such as decreased species population size, extinct species, or
reduced species habitat. The Living Planet Index developed
by the World Wide Fund for Nature (WWF) quantified a
decrease of 68% of the size of monitored populations between
1970 and 2016, including mammals, birds, amphibians, rep-
tiles, and fish (WWF 2020). This decrease of biodiversity had
a different intensity among world regions (with the highest
value of 94% observed for the Latin America and Caribbean)
and was more intense for freshwater ecosystems (decrease of
84%) due to pressures such as overexploitation and habitat
degradation through pollution or flow modification (Dudgeon
et al. 2006). The Red List Index of the International Union for
Conservation of Nature (IUCN) shows an increased global
list of critically endangered species (IUCN 2021). The Spe-
cies Habitat Index registered a 2% loss of suitable habitat for
wildlife between 2000 and 2018, with projected scenarios of
socioeconomic development being far from optimistic and
projecting habitat loss due to land use change that would put
at risk hundreds of species worldwide (Powers and Jetz 2019).
To face this global challenge, international organizations have
defined targets to reduce current biodiversity loss, namely,
the United Nations’ Sustainable Development Goals (SDGs)
(UN 2015), with two specific goals on life below water (SDG
14) and life on land (SDG 15), or the CBD’s Aichi targets
(CBD 2010), with several 2020 targets missed (e.g, target 5
on habitat loss halved or reduced) and only some of them
partially achieved (e.g, target 9 on invasive alien species
prevented and controlled) (CBD 2020). Also, international
efforts target specific practices transversally causing biodi-
versity loss, such as the Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES) with
the global wildlife market contributing to invasive species
as well as a pathway for diseases and an international wild-
life demand exceeding supply capacity (Liew et al. 2021).
At the European level, the EU Biodiversity strategy for 2030
(EC 2020a) and the Farm to Fork Strategy (EC 2020b) set
targets and commitments to achieve healthy and resilient eco-
systems, including to minimize products coming from supply
chains associated with deforestation or forest degradation on
the EU market (EC 2021).

The Global Assessment of the Intergovernmental Plat-
form on Biodiversity and Ecosystem Services (IPBES)
identifies five direct drivers of biodiversity loss: land use
change, climate change, invasive species, environmental pol-
lution, and direct exploitation of organisms (IPBES 2019).

The IPBES assessment outlined the important contribution
of unsustainable patterns of production and consumption to
these direct drivers. This puts into the spotlight the need to
understand the role of consumption patterns on biodiver-
sity impacts as well as of providing quantitative information
on products and supply chains. With regard to biodiversity
impacts, a supply chain perspective is essential to consider
the indirect impacts in other world regions through imports
(e.g, Scherer and Pfister 2016), which could rely on pro-
ductive regions with higher concentration of vulnerable
species (e.g, palm oil, rubber, and coffee) (Chaudhary and
Kastner 2016). In this context, life cycle assessment (LCA)
can support the assessment of biodiversity impacts result-
ing from the entire life cycle and supply chain of products
(ISO 20064, b).

The assessment of biodiversity loss at the endpoint level
(i.e, ecosystem quality) is an environmental aspect still
under refinement in the LCA community, with several
life cycle impact assessment (LCIA) methods and models
being developed with different levels of operationalization
(Crenna et al. 2020; Curran et al. 2016; Winter et al. 2017).
According to Crenna et al. (2020), there are five LCIA meth-
ods covering biodiversity loss that are operational, i.e, meth-
ods available in LCA software and those that are widely used
by LCA practitioners (Crenna et al. 2020). These operational
LCIA methods include Ecological Scarcity 2013 (Frischknecht
and Biisser 2013), Impact World + (Bulle et al. 2019), LC-
IMPACT (Verones et al. 2020), ReCiPe 2016 (Huijbregts
et al. 2016), and Stepwise 2006 (Weidema et al. 2008). These
methods address three direct drivers of biodiversity loss: land
use change, climate change and environmental pollution,
and water use as other driver. Recent advancements in LCIA
target the assessment of missing drivers, including invasive
species (e.g, Hanafiah et al. 2013) and overexploitation (e.g,
Crenna et al. 2018; Helias et al. 2018). These recent LCIA
models are, however, not operational yet and not always
providing an assessment at the endpoint level (Crenna et al.
2020). A recent proposal combined LCA-based quantita-
tive indicators with semiquantitative indicators for missing
direct drivers of biodiversity loss (Asselin et al. 2020). Inter-
national and multi-stakeholder efforts are taking place with
the aim of harmonizing the assessment of biodiversity loss
in LCA. The Global Guidance on Environmental Life Cycle
Impact Assessment Indicators project aims at recommend-
ing a global LCIA method for selected impact categories,
including a taskforce devoted to ecosystem quality aiming
at harmonizing existing impact categories, addressing new
impact categories (e.g, marine plastic pollution) and better
assessing extinction probabilities (UNEP 2020).

Notwithstanding the need to advance in biodiversity
impact assessment in LCA, a comparison among operational
LCIA methods addressing biodiversity loss is not available in
the literature yet. Several studies comparing LCIA methods
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for other environmental impacts are available in the LCA lit-
erature. These are mainly focusing on differences in absolute
impacts and hotspot contribution (e.g, Dreyer et al. 2003;
Monteiro and Freire 2012), specific impact categories and
underlying impact assessment models (e.g, Pant et al. 2004;
Pizzol et al. 2011), and divergences in results at the level
of equivalent environmental impact categories and resulting
single score (e.g, Cavalett et al. 2013). Owsianiak and
colleagues (2014) summarized the reasons for disagreement
and agreement among LCIA methods. On the one hand, disa-
greement can result from differences in the underlying impact
assessment models, substance coverage, normalization refer-
ences, aggregation of substances into groups, and weighting
approaches. On the other hand, agreement among methods
relied mainly on similar characterization models, a limited
number of elementary flows contributing to specific impact
categories, impacts driven by a small number of substances,
and compensation of differences. Overall, in the literature,
the authors identified that the selection of the LCIA method
was determinant not only in ranking different options and
in defining the best one in comparative exercises, but also
in identifying hotspots (including life cycle stage, process,
and substances). In this context, exploring similarities and
differences between available LCIA methods and models to
address biodiversity loss is essential towards a consensus in
the community.

The analysis focused on the contribution of consumption
patterns to the final potential biodiversity loss depending
on the LCIA methods and models at different levels, from
the area of consumption to the environmental pressure. For
this purpose, this paper analyzes the biodiversity impacts
of EU consumption by employing the Consumption Foot-
print model developed by the European Commission—Joint
Research Centre (EC-JRC) (Sanyé Mengual and Sala 2023;
Sala and Castellani 2019). This indicator has been employed
to evaluate the environmental impacts of EU consumption
from both relative (e.g, decoupling assessment (Sanyé-
Mengual et al. 2019)) and absolute (e.g, against Planetary
Boundaries (Sala et al. 2020)) sustainability perspectives.
However, the analysis of biodiversity impacts has been lim-
ited to EU food consumption and a specific LCIA method
(ReCiPe version 2008 and 2016) (Crenna et al. 2019). This
analysis will cover all consumption areas (i.e, food, housing,
mobility, appliances, and household goods) included in the
Consumption Footprint model. Compared to available stud-
ies employing a multi-regional input—output approaches (e.g,
Lenzen et al. 2012), an analysis of the biodiversity impacts
due to consumption based on a full bottom-up approach (i.e,
process-based LCA) allows for a higher level of detail to
assess drivers of impacts beyond the economic sector (e.g,
products, life cycle stages, and inventory processes).

This paper aims at assessing the main drivers of biodiver-
sity impacts due to EU consumption by comparing available
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LCIA methods and models. For this purpose, specific objec-
tives are (a) identifying convergent and divergent messages
among LCIA methods and models in terms of ranking and
hotspot contributors at the level of impact category, repre-
sentative product, elementary flow, and inventory process
and (b) evaluating gaps in current method and models.

2 Methods

This section presents the case study, the selected LCIA
methods and models, and describes the performed compara-
tive analysis to unveil convergent and divergent results from
the different methods applied.

2.1 Case study: EU consumption footprint

The case study is the biodiversity impacts of EU consump-
tion in 2015 through the implementation of the Consump-
tion Footprint model, which was developed by the EC-JRC
to monitor SDG12 (Sanyé Mengual and Sala 2023; Sala
and Sanyé Mengual 2022; Sala and Castellani 2019). The
functional unit of the analysis is the consumption patterns
of the overall EU in the year 2015, which was selected as
a representative year at the time this analysis started. The
Consumption Footprint is a full bottom-up LCA-based indi-
cator that includes the EU consumption of 164 representa-
tive products of five areas of consumption, namely, food
(45 food products), housing (30 archetypes), mobility (34
vehicles), appliances (18 household appliances), and house-
hold goods (37 consumer goods). A representative product
is a consumed product selected for the Consumption Foot-
print model based on consumption statistics to represent the
most consumed products within an area of consumption and
product group (e.g, almonds and cashew are the two representa-
tive products for the product group “nuts” within the “food” area
of consumption). For each representative product, consumption
intensity data are gathered and a Life Cycle Inventory (LCI)
is modelled. The indicator combines statistical data on con-
sumption intensity at the EU level (e.g, Eurostat 2020, as
detailed in Sanyé Mengual and Sala 2023) and process-based
LCI data covering the entire life cycle of products (cradle-
to-grave approach). Regarding consumption statistics, the
Consumption Footprint considers the apparent consumption
for a given year as production plus imports minus exports.
LCI data are in line with the International Life Cycle Data
system guidelines (EC-JRC 2010) and primary data are col-
lected from background reports of EU policies and literature
(e.g, EU Ecolabel preparatory reports). Trade statistics were
employed to define the average EU market and the respective
share of exporting countries to the EU to model international
trade, which considered associated environmental pressures
due to raw material extraction, production processes, and
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logistics (e.g, the share of imported clothes produced in
South-East Asia to consider specific energy consumption mix
in manufacturing stages). The case study relies on LCI data-
bases for background processes, including ecoinvent v3.6
(Wernet et al. 2016) and agrifootprint 2.0 (Durlinger et al.
2014), and was evaluated with Simapro 9.1 (Pré Consultants
2020). Note that for the ecoinvent background process, the
datasets representing the allocation at the point of substitu-
tion system model were selected, which can lead to negative
technosphere flows as expansion of product systems is used
to avoid allocation within treatment systems.

This case study was selected due to two main reasons.
Firstly, the model covers the different areas of consump-
tion thereby including a large range of different products,
which might be associated to different environmental pres-
sures and associated impacts. Secondly, the granularity of
the model as a process-based LCA approach that allows for
different levels of detail in the contribution analysis (i.e,
area of consumption, product group, representative product,
life cycle stage, inventory processes, and elementary flow).
Such detail supports an identification of the most contribut-
ing elements in the consumption patterns of EU citizens to
biodiversity impacts.

2.2 LCIA methods and models for biodiversity
endpoint assessment

The selected LCIA methods and models addressing biodiver-
sity loss are based on a recent review of approaches to assess
biodiversity impacts (Crenna et al. 2020). Operational LCIA
methods and models as well as a business-applied approach
have been included. The selection of LCIA methods and
models has followed four criteria, targeting the inclusion of
(a) midpoint and/or endpoint impact assessment methods, (b)
methods addressing either single or multiple impact catego-
ries, (c) methods with different level of operationalization
(from approaches that require self-derivation of characteriza-
tion factors (CFs) to methods available in commercial soft-
ware), and (d) methods with diverse levels of regionalization
(from only global factors by default to highly regionalized
methods). Note that LCIA assesses potential impacts rather
than actual impacts based on impact assessment models.

Overall, eight different LCIA methods and models have
been evaluated (Table 1), including five full LCIA methods,
a land use-specific model, and two approaches based on the
GLOBIO model (Schipper et al. 2016).

The eight LCIA methods and models are the following:

— Land use intensity-specific global CFs (LUIS) (Chaudhary
and Brooks 2018), using “potentially disappeared fraction
of species over time” (PDF-y) as unit of damage on global
biodiversity.

— Ecological Scarcity 2013 (ES) (Frischknecht and Biisser
2013), whose impacts on biodiversity are assessed as
Umweltbelastungspunkte (UBP), which means “envi-
ronmental burden points”.

— GLOBIO, approach to derive CFs based on the biodi-
versity footprint (GLO-BF) (Wilting et al. 2017; Wilting
and van Oorschot 2017; Hanafiah et al. 2012), assessing
biodiversity loss as Mean Species Abundance (MSA)
loss on a square meter and year (MSA loss-m>-y).

— GLOBIO, approach to derive CFs based the Global Biodi-
versity Score (GLO-GBS) (CDC Biodiversité, 2019), using
the units MSA loss-m? to quantify biodiversity impacts.

— Stepwise 2006 (SW) (Weidema et al. 2008), with impacts
on biodiversity expressed as Biodiversity Adjusted Hec-
tare Year (BAHY).

— LC-IMPACT (LC) (Verones et al. 2020), using PDF-y as
the unit of damage on global biodiversity. In the case of
ecotoxicity categories, impacts are assessed in PDF-m>.d
and a conversion procedure was implemented following
the recommendations of method developers (personal
communication Francesca Verones and Peter Fantke)
(detailed in Supplementary Material in Methods SM17).

— ReCiPe 2016 (RCP) (Huijbregts et al. 2017), whose
impacts on biodiversity are assessed as species years
(species-y). The hierarchical perspective was considered
as recommended by the method authors.

— Impact World + (IW) (Bulle et al. 2019), quantifying
impacts on biodiversity as PDF of species on a square
meter and year (PDF-m2.y).

The inclusion of impact categories contributing to end-
point impacts on biodiversity loss (area of protection eco-
system quality) varies among the LCIA methods and models
(Table 1). The evaluated methods include approaches with
both midpoints and endpoints or endpoints only. A detailed
description of these methods is provided in Supplementary
Materials (Table SM1). The two approaches to derive CFs
for the GLOBIO model are described in Sanyé-Mengual et al.
(2022). LC and LUIS consider vulnerability factors in the
derivation of CFs in order to convert species loss from local or
regional (PDF-y-m?) to global (PDF-y) in a consistent manner
by considering the variance of vulnerability among taxonomic
groups to environmental pressures (Verones et al. 2020). The
temporal perspective is included in most of the LCIA methods
and models (apart from GLO-GBS and SW), thereby pro-
viding impacts integrated for one year allocating the overall
impact along the temporal horizon. The temporal perspective
can be integrated through the LCI flow (e.g, land occupation
as m>-y) or in the CF (e.g, for climate change as PDF-y/kg of
CH,). Regarding ES, the temporal horizon is determined by
the political targets considered in the weighting procedure
establishing the critical flows (Frischknecht and Biisser 2013).
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Table 1 Coverage of biodiversity loss drivers (as in IPBES) and the associated LCIA impact categories, by LCIA method and model

Biodiversity loss LCIA impact LUIS (EP) ES®(EP) GLOBIO- GLOBIO- SW® (MP,EP) LC® RCP®  TW® (MP,
direct driver (IPBES  category (endpoint) BF (EP) GBS (EP) (EP) (MP, EP) EP)
classification)
Land use and land Land use: land X X X X X X X
use change (habitat occupation
transformation) Land use change: land X X X X X
transformation
Climate change Climate change (c) X X X X X
Environmental Ecotoxicity
pollution Terrestrial ©) X X X
Freshwater () X X X X
Marine X X
Acidification
Terrestrial X X X X
Freshwater X
Photochemical ozone X X X X
formation
Eutrophication
Terrestrial X X
Freshwater X X X X
Marine X X X
Thermal pollution X
Ionizing radiation X
Other Water use X X X

Methods can include midpoint impact categories (MP) and endpoint impact categories (EP), as indicated in the table header
LUIS land use intensity-specific, ES ecological scarcity, GLOBIO-BF GLOBIO-biodiversity footprint, GLOBIO-GBS GLOBIO-Global Biodi-

versity Score, SW Stepwise, LC LC-IMPACT, RCP ReCiPe, IW Impact World +

*These methods were available in LCA software when this exercise started (spring 2020)

"These methods were not available in LCA software when this exercise started (spring 2020), while they are now available (autumn 2022)

“Impact categories covered by the method but not linked to biodiversity loss, but to other areas of protection or targets

2.3 Comparative analysis among LCIA methods
and models

The comparative analysis between the assessed methods
aimed at identifying common and divergent messages
regarding the drivers of biodiversity impacts of EU con-
sumption. The analysis focused on four different levels,
which were individually evaluated: impact category, repre-
sentative product, process, and elementary flow.

To systematically compare LCIA methods and models
at each level, a multiple step analysis was followed (Fig. 1).

(a) Contribution analysis:

a. LCIA results: the impact assessment analysis of the
case study was performed. Since most of the meth-
ods were not implemented in the LCA software, a
mapping between the LCI and LCIA nomenclatures
was required. The followed mapping process and
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an analysis of the resulting mapped methods and
uncharacterized elementary flows are detailed in
Sanyé-Mengual et al. (2022).

Identification of most relevant elements: relevant
elements are those with a substantial contribution
to the overall biodiversity impact. The distinction
between relevant and irrelevant contributors to the
impacts was performed based on a contribution
threshold of 1%. A relevant element (i.e., impact
category, representative product, and inventory pro-
cess) was defined as an element with an individual
contribution of at least 1% to the overall impact.
Note that in the case of elementary flows, relevance
was defined as an individual contribution to at least
1% of the LCIA results of the associated impact
category (e.g., carbon dioxide to climate change).
This threshold is a value choice, and the effect of
the contribution threshold on the results is later dis-
cussed. The analysis of most relevant elements was



The International Journal of Life Cycle Assessment (2023) 28:1194-1210

1199

Fig. 1 Methodological steps
followed in this analysis and
definition of the method agree-
ment curve

LCIA results ‘

Identification of
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Contribution analysis
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agreement
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* Case study contribution to at * Methods impact categories
analysis least 1% of agreement
overall impact H
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40%

20%
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performed for those present in at least two of the
LCIA methods and models evaluated, as in other
studies comparing LCIA methods (e.g., Owsianiak
et al. 2014).

c. Analysis of agreement among methods: the core of
the comparative analysis included the analysis of the
agreement among methods, which was performed in
two main steps. First, a ranking assessment was per-
formed to evaluate the main drivers of biodiversity
impacts (i.e., top contributors at impact, product,
process, and elementary flow levels). Second, the
agreement among the methods in defining an ele-
ment as relevant (i.e., threshold of 1% contribution
to overall impact) was evaluated through a method
agreement curve (Fig. 1). The agreement among
methods ranges between 0 and 100%, representing
to what extent the contributing element is identified
as relevant among the methods. For example, if two
methods consider climate change, an agreement of
100% would indicate that both methods consider
this impact category either relevant or non-relevant,
while a lack of agreement (0%) would result from
one method signaling the impact category as rele-
vant and the other as non-relevant. A detailed expla-
nation on the calculation principles of the method
agreement curve is provided in the Supplementary
Material Methods SM18.

Non-relevant
in all methods

Methods agreement curve

Relevant
in all methods

0% 25% 50% 75%
'Relevance’ share among methods

100%

(b) Gap analysis: the coverage of impact categories and
elementary flows in the methods was considered to dis-
cuss current gaps in the assessed methods towards fully
addressing impacts on biodiversity.

3 Results

This section presents the results of the comparative analysis
of biodiversity impacts of EU consumption among LCIA
methods and models at four different levels: impact category,
representative product, process, and elementary flow.

3.1 Contribution of impact categories

The contribution of the different impact categories to the
overall endpoint impact to biodiversity loss (area of protec-
tion ecosystem quality) varies among the different assessed
LCIA methods and models (Table SM2). Impact indicators
for subcompartments or pathways are merged together for
the analysis into impact category groups (e.g, land use
includes both land occupation and land transformation,
or acidification includes both terrestrial and freshwater)
(Fig. 2a). Land use, climate change, and ecotoxicity were
the impact category groups with the largest contribution to
the overall impact among the different methods. Differences
among methods and models in terms of ranking of impact
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Fig.2 Comparative analysis

at impact category level: a
contribution of impact category
groups to overall biodiversity
impact, by LCIA method or
model, and b relation between
presence in the methods and
level of agreement among
methods

categories depend on the inclusion of impact categories
and the characteristics of the underlying impact assessment
model, namely the scope of the model (e.g, distance to
target or monetization-based approaches), the coverage of
aspects (e.g, land occupation and transformation for land
use impacts), the coverage of elementary flows (as further
detailed in Sect. 3.4), and the consideration of ecosystem
compartments (e.g, emissions to the environment for toxic-
ity impacts).

Firstly, land use contributed between 1% (LC) and 100%
(LUIS, ES), being the major contributor in three LCIA meth-
ods and models (LUIS—100%, ES—100%, and IW—61%)
(Table 1). Among these three approaches, LUIS and ITW
considered impacts due to land occupation and transfor-
mation, while ES does not address land transformation
(Table SM2). For the remaining methods, land use was
the second most contributing impact category group: 32%
(RCP), 34% (GLO-BF), 13% (GLO-GBS), and 24% (SW).
The two GLOBIO-based approaches cover only two impacts:
land use and climate change (Table 1). The main difference
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between GLOBIO approaches regarding the contribution of
land use impacts to the overall impact was the coverage of
land occupation, which was only considered in GLO-BF.
The low contribution of land use for SW was associated to
a different underlying impact assessment model, compared
to the other methods, as well as to the exclusion of land
transformation impacts (Table SM1). Among the different
methods, only GLO-GBS assessed exclusively impacts due
to land transformation, while ES and SW only considered
impacts due to land occupation (Fig. SM1).

Secondly, climate change was the most contributing impact
category for four methods: the two GLOBIO approaches
(GLO-BF, GLO-GBS), RCP, and SW. Among these methods,
the relative contribution of climate change ranged from 43%
(RCP) to 87% (GLO-GBS), mainly due to the different role of
land use in these approaches, as abovementioned. For SW, cli-
mate change contributed to 68% of the impacts, highlighting
the outstanding role of climate change on biodiversity impacts.
This confirms the indications of SW authors (Weidema
et al. 2008), who estimated the damage CFs for climate
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change based on available scientific studies on lost species
area, that climate change would dominate the assessment of
most product systems with this method despite the provided
low CF estimate. For RCP, instead, the role of climate change
was less dominant (43%), with other categories contributing
to 32% (land use) and 17% (acidification) of the impacts.
Climate change was the second highest contribution for IW
(24%) and LC (2.7%). Note that the nomenclature and disag-
gregation of climate change damage differ among the different
methods (Fig. SM1). All methods consider a time horizon of
100 years for the Global Warming Potential CFs (Table SM1).

Thirdly, ecotoxicity was the most contributing impact cat-
egory group for LC (95.2%), including terrestrial, freshwater,
and marine ecotoxicity (Fig. 2a). Note that ecotoxicity cat-
egories in LC were converted to PDF-y to be evaluated with
the rest of the impact categories and the conversion process
might add uncertainty to this comparison (details provided
in Supplementary Material). Excluding ecotoxicity from the
comparison, climate change would be the most contributing
impact category group (57% of the overall impact) followed
by land use (22%) and water use (15%) for LC. Ecotoxicity
had a different role in the other methods covering this cat-
egory: third contributor for SW (6%), fourth contributor for
IW (2%), and lowest contributor for RCP (0.5%). The four
full LCTA methods showed two different messages regarding
which environmental compartments lead ecotoxicity impacts.
On the one hand, IW and LC highlighted the role of ecotox-
icity impacts on the freshwater environment (>90% of the
overall ecotoxicity impacts). On the other hand, terrestrial
ecotoxicity was the most contributing category in RCP and
SW (> 65% of the overall ecotoxicity impacts) (Table SM2
and Fig. SM1.b). This divergence resulted mainly from dif-
ferent underlying impact assessment models which affect
the number of substances with CFs and the environmental
compartments considered: while the former two employ
USEtox® (around 2500 and 3100 substances, respectively),
RCP is based on USES-LCA 2.0 (around 13,000 elemen-
tary flows) and SW on the IMPACT 2002 model (around
2100 substances). Details of the impact assessment models
by impact category and method are provided in Table SM1.

Lastly, the remaining categories differently contributed
to the overall impact among the LCIA methods and models
(Fig. 2a). Acidification was identified as a relevant impact
category for RCP and IW (17% and 13%, respectively),
while marginal for LC and SW (< 0.6%). Water use, which
was not considered in SW, was the fourth most contribut-
ing category for LC (0.7%) and RCP (3%), while marginal
for IW (<0.1%). Photochemical ozone formation was only
identified as relevant for RCP (4%) and eutrophication had
a minor role in all the methods (< 1%). Although only evalu-
ated in IW, the contribution of thermal pollution and ion-
izing radiation was negligible (< 0.1%).

The analysis of the level of agreement among the methods
revealed similar outputs (Fig. 2b), with an average agree-
ment level around 60% (Table SM3). The relevance of land
use, climate change, and eutrophication was confirmed by
all methods (100% agreement). However, the presence in the
different methods differed: 100%, 75%, and 50%, respec-
tively. The level of agreement decreased for the remaining
categories in the following order: ecotoxicity (50% agree-
ment, 50% presence), photochemical ozone formation and
water use (33% agreement, 37.5% presence), and acidifica-
tion (0% agreement, 50% presence). This highlights a lower
coverage and agreement regarding environmental pollution
as direct driver of biodiversity loss. Furthermore, other envi-
ronmental impacts that can act as indirect drivers, such as
water use, are covered by LCIA methods.

As a general note, it is important in the interpretation of
the results to consider the overall coverage of the impact
categories by models, e.g, when a method accounting only
for land use as a driver, has got 100% of the biodiversity
endpoint impact driven by only land use.

3.2 Contribution of representative products

The analysis of the contribution of the different areas of con-
sumption and representative products to the overall biodiver-
sity impacts of EU consumption emphasized the role of food
consumption (Fig. 3a). Mobility and housing had a signifi-
cant role in most of the methods, apart from ES due to the
impact assessment model employed (i.e, distance-to-target
approach) which only links land use impacts to biodiversity
loss. The contribution of these consumption areas is more
significant for those methods where climate change was the
most contributing impact category to the overall biodiver-
sity loss (i.e, GLOBIO approaches, SW, and RCP (Fig. 2a)).
Household goods had a secondary role, except for LC due
to ecotoxicity impacts of specific consumer goods (e.g,
newspaper, wardrobe, and toilet paper) and for LUIS mainly
due to paper and furniture products (Fig. 2a). These results
highlighted the relationship between areas of consumption
and impact categories in their contribution to biodiversity
impacts. Finally, appliances showed a negligible role for all
the methods. However, this is also associated to a modeling
choice since the energy use in the use phase of these products
(i.e, one of the most contributing life cycle stages to their over-
all impact) is accounted for in the housing area of consump-
tion to prevent double counting. Without considering the use
phase, appliances are mainly associated to impacts due to
mineral resources use (Sala and Sanyé Mengual 2022), which
contribute to a different area of protection not covered here.
At the product level, the contribution to biodiversity
impacts was mainly originating from a number of repre-
sentative products. Among the 164 representative products
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Fig.3 Comparative analysis at representative product level: a con-
tribution of the five areas of consumption to the overall biodiversity
impact, by LCIA method and model, and b distribution of product
share for top 35 contributors, by LCIA method and model

included in the Consumption Footprint model, the number
of products identified as relevant ones (i.e, contributing to
more than 1% of the overall impact on biodiversity) was lim-
ited to a range from 20 (LC—e.g, chocolate and T-shirt) to
28 (RCP—e.g, palm oil products and detergents) (Fig. 3b).
Relevant products were responsible for a large contribution
to the overall impact: between 67% (SW) and 83% (ES)
(Table SM4). The distribution of relevant representative
products among areas of consumption emphasizes the dom-
inant contribution of food consumption, which shows the
largest contribution to the overall impact from a single prod-
uct and the largest number of identified relevant products
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for all the methods and models (Fig. SM2). The methods
showed an average level of agreement of 87% in the iden-
tification of relevant representative products (Table SM5).

Regarding the individual representative products, the top
3 contributing products to the overall biodiversity impacts of
EU consumption were evaluated by LCIA method and model
(Table 2). Broadly, food products led the ranking in all LCIA
methods and models, being underlined as major contribu-
tors, in alignment with the assessment at the consumption
area level (Fig. 3a). Meat (beef and pork) and chocolate were
the most contributing representative products in the differ-
ent methods. While all types of meat were present in the
top 3 among the methods evaluated (including also poultry),
chocolate was only present for those methods that consider
the vulnerability of the species in the derivation of damage
CFs, i.e, LC and LUIS. In particular, chocolate was the top
contributor to LC (20.2% of overall impact). The high contri-
bution of meat to the overall impact was associated to the role
of livestock production in top impact categories, such as land
use and climate change. In the case of GLO-GBS, consump-
tion associated to mobility appeared in the top 3 ranking (i.e,
extra-EU flights) as a result from the high contribution of
climate change to the overall impact in this method. Finally,
household good products (i.e, newspapers) were among the
list of top-3 contributing products for LC, mainly associated
to strong ecotoxicity impacts of metals soil-borne emissions
due to sludge spreading in agricultural fields.

A more detailed analysis of the most contributing repre-
sentative product by area of consumption unveiled conver-
gent messages among the assessed methods (Table SM6). In
general, the different methods agreed on main contributing
products by area of consumption, apart from food with a
more heterogeneous list of top contributing products. Differ-
ences among methods rely on the abovementioned various
contribution of impact categories to the overall biodiver-
sity impact and underlying impact assessment methods. An
assessment of the most contributing representative product
by individual impact category within each method was also
performed (Table SM7). This highlighted the role of meat
pork as main contributor to climate change and land use in
all the methods and the role of extra-EU air transport in pho-
tochemical ozone formation and of beef meat in acidification
for most of the methods. Beef and pork meat often produce
similar impacts (e.g, in average 5.8% and 5.5% contribu-
tion to overall climate change impact, respectively), despite
being generated by different leading elementary flows (e.g,
“carbon dioxide, land transformation” and “methane, bio-
genic” for climate change contribution for pork and beef,
respectively). The remaining categories showed a variability
on top contributor. The role in terms of impact of the top 10
contributing representative products depended on the impact
category and LCIA method and model (Fig. SM3).
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Table 2 Area of consumption and product share of the overall biodiver-
sity impact of the top 3 representative product contributors, by LCIA
method and model

Method Product Area of consumption Product share

LUIS Meat—pork Food 14.2%
Chocolate Food 9.8%
Meat poultry Food 6.1%

ES Meat—pork Food 22.8%
Meat—poultry  Food 9.2%
Meat—beef Food 6.5%

GLO-BF  Meat—pork Food 9.9%
Meat—beef Food 5.4%
Meat—poultry  Food 4.5%

GLO-GBS Meat—pork Food 7.2%
Meat—beef Food 5.6%
Alir transport Mobility 4.5%

(extra-EU
flights)

SW Meat—pork Food 9.0%
Meat—beef Food 5.6%
Meat—poultry  Food 4.1%

LC Chocolate Food 20.2%
Meat—beef Food 52%
Newspaper Household goods 4.5%

RCP Meat—pork Food 10.6%
Meat—beef Food 7.3%
Meat—poultry  Food 4.5%

W Meat—pork Food 17.5%
Meat—poultry  Food 11.7%
Meat—beef Food 7.8%

3.3 Contribution of LCl processes

The inventory processes contributing to the biodiversity
impacts of EU consumption were evaluated from a rank-
ing perspective. The top 3 most contributing processes
for each LCIA method and model were underlying pro-
cesses in the life cycle of the most contributing repre-
sentative products (Table 3). Among the analyzed LCIA
methods and models, the processes that contributed the
most to biodiversity loss were those associated to meat
production (e.g, grass, soybean, and beef cattle), crop pro-
duction (e.g, cocoa bean and sunflower seed), mobility
activities (e.g, air mobility), household energy consump-
tion (e.g, heat), and the production of specific consumer
goods (e.g, sulfate pulp used in paper products like books
or newspapers). Analyzing the presence of the processes
among the LCIA methods and models (Fig. 4) highlighted
a broad coverage of processes identified as relevant in the
impact categories of acidification, climate change, and
photochemical ozone formation (100% of presence). In
terms of level of agreement in the relevance among the

methods, ecotoxicity showed the lowest degree of agree-
ment, while eutrophication and land use showed the largest
variation among processes. In general, the average level of
agreement among the methods regarding the relevance of
processes was of 52% (Table SM8). A detailed contribu-
tion analysis of LCI processes with positive contribution
(impact) (Table SM9) and negative contribution (credits)
(Table SM10) is provided in the Supplementary Material.

3.4 Contribution of elementary flows

The elementary flows contributing to the overall biodiver-
sity impacts of EU consumption were analyzed in terms of
presence and agreement in the relevance among the meth-
ods (Fig. 5). Strong agreement and coverage were found for
acidification and climate change. While the remaining impact
categories showed a large variation in terms of level of agree-
ment, photochemical ozone depletion showed a full coverage
of elementary flows (100% of presence). Focusing on those
elementary flows identified as relevant with a 100% agreement
among the LCIA methods and models, some of these flows
are not be covered in all the methods (i.e, presence < 100%).
The flows showing a low presence are usually associated to
impact categories that have a lower contribution to the overall
biodiversity footprint (e.g, ozone depletion and eutrophication)
and that are not considered in all assessed LCIA methods and
model. The exclusion of such impact categories leads in any
case to overlooking relevant individual elementary flows and
potentially underestimate biodiversity impacts.

Analyzing the contribution of individual elementary
flows to each specific category (Table SM11), the methods
agreed on the relevance of around 70% of the elementary
flows. The level of agreement ranged from 100% (climate
change, acidification, and eutrophication) to 40% (ecotoxic-
ity). This analysis outlined the role of the underlying impact
assessment models and the coverage of elementary flows of
the different methods in defining top 3 contributing flows by
impact category (Tables SM12), such as for land transforma-
tion, land occupation, and ecotoxicity. Land transformation
in ReCiPe was not aligned to the rest of the methods with
a more limited scope: only land transformation to and from
natural land (i.e, non-use situation) compared to a larger cov-
erage of land impacts in other methods. As a result, relevant
flows in other methods were not characterized in ReCiPe,
such as “annual crop” and “mineral extraction site”. The
consideration of the intensity of use in LUIS was observed
for land occupation (i.e, where “occupation, forest, inten-
sive” showed a larger relevance compared to other methods).
The relevance of elementary flows contributing to ecotoxic-
ity categories was determined by the underpinning impact
assessment model (e.g, USEtox®, USES-LCA, and Impact
2002) and the compartments considered (i.e, freshwater,
marine, and terrestrial).
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Table3 Top 3 inventory processes contributing to the overall biodiversity
impacts of EU consumption and corresponding process share, by LCIA
method and model. Processes are associated to food production (FP),

mobility (MB), household goods (HG), and underlying processes of
energy and materials production (EMP)

Method Process Process group Process share
LUIS Wood chips, wet, measured as dry mass { CH}| hardwood forestry, mixed species, sustainable forest HG 6.1%
management
Land tenure, arable land, measured as carbon net primary productivity, perennial crop {CI}| FP 4.8%
clear-cutting, secondary forest to arable land, perennial crop
Rapeseed, at farm/AU FP 4.6%
ES Soybean, at farm/BR FP 7.5%
Cocoa bean {CI}I cocoa bean production, sun-dried FP 6.0%
Sunflower seed, at farm/DE FP 5.3%
GLO-BF Heat, central or small-scale, natural gas {Europe without Switzerland }| heat production, natural gas, EMP 4.4%
at boiler atmospheric low-NOx non-modulating < 100 kW
Soybean, at farm/BR FP 3.4%
8 TTW-AIR-extra EU-transport, passenger, aircraft {RER }| intercontinental MB 2.8%
GLO-GBS 8 TTW-AIR-extra EU-transport, passenger, aircraft {RER}| intercontinental MB 4.8%
Land tenure, arable land, measured as carbon net primary productivity, perennial crop {CI}I FP 4.5%
clear-cutting, secondary forest to arable land, perennial crop
Soybean, at farm/BR Fp 4.0%
SW Heat, central or small-scale, natural gas {Europe without Switzerland}| heat production, natural gas, EMP 4.8%
at boiler atmospheric low-NOx non-modulating < 100 kW
Heat, central or small-scale, other than natural gas { CH}| heat production, softwood chips from EMP 4.5%
forest, at furnace 50 kW
8 TTW-AIR-extra EU-transport, passenger, aircraft {RER }| intercontinental MB 3.1%
LC Cocoa bean {CI}I cocoa bean production, sun-dried FP 19.3%
Blasting {RoW }| processing EMP 9.7%
Sludge from pulp and paper production {RoW }| treatment, landfarming HG 7.7%
RCP Heat, central or small-scale, natural gas {Europe without Switzerland}| heat production, natural gas, EMP 2.9%
at boiler atmospheric low-NOx non-modulating < 100 kW
Soybean, at farm/BR FpP 2.9%
Milk raw, at farm/NL FP 2.8%
w Soybean, at farm/BR FP 12.1%
Soybean, at farm/AR FP 8.8%
Rapeseed, at farm/AU FP 4.5%

3.5 Gap analysis

The coverage of impact categories was not homogeneous
among the assessed methods (Table 1). Land use and cli-
mate change were the categories with the largest coverage
among methods: all methods included impacts due to land
use, while climate change impacts were addressed by 6 out
of 8 methods. However, an exclusive focus on land use limits
the assessment to a specific direct driver of biodiversity loss
thereby underestimating the overall impacts on biodiversity.
Notwithstanding the inclusion of climate change expands
the coverage of biodiversity impacts to another direct driver,
this leads to missing the contribution from other impact cat-
egories—which ranged between 9% (SW) and 95% (LC).
Among these other categories, ecotoxicity (up to 95%), acid-
ification (up to 17%), photochemical ozone formation (up
to 4%), and water use (up to 3%) were identified as relevant
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impact categories. These categories mainly addressed envi-
ronmental pollution as a direct driver of biodiversity loss.
On the contrary, eutrophication, thermal pollution, and ion-
izing radiation showed negligible contributions (< 1%).
Most of the relevant elementary flows (listed in
Table SM11) were already covered by all methods for all
impact categories, but ecotoxicity (where aluminum emis-
sions elementary flows were characterized only in IW and
LC). During the analysis of the uncharacterized elementary
flows conducted in the mapping process (Sanyé-Mengual
et al. 2022), SW and ES were the methods with the largest
absolute number of uncharacterized elementary flows among
the five full LCIA methods (Table SM13). This is associated
to the coverage of certain impact categories and the associated
flows, such as water use. Most of uncharacterized elemen-
tary flows were associated to biodiversity-related impact cat-
egories (between 92 and 96% of all uncharacterized flows,
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depending on the method) (Table SM13). When assessing
the number of uncharacterized flows by typology, further
efforts were identified to be required to cover flows regarding
chemicals (organic, inorganic, and radioactive—being these
the largest chemical groups uncharacterized).

4 Discussion

This section further discusses the biodiversity impacts of EU
consumption, the current coverage of biodiversity impacts by
LCIA methods and models, and the limitations of this study.

Fig.5 Comparative analysis at
elementary flow level: presence

Methods agreement [%]

4.1 Biodiversity impacts of EU consumption:
relevant products and impact categories

The biodiversity footprint of EU consumption is driven
by a limited number of products, with only up to 17% (in
number, depending on the method) products being identi-
fied as relevant (> 1% of overall impact) and contributing
to more than 67% of the footprint. A dominant role of food
consumption on biodiversity impacts due to consumption is
aligned with literature findings (IPBES 2019; Wilting et al.;
2017). Ensuring food security (SDG 2) and biodiversity
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conservation (SDGs 14 and 15) are global challenges with
a high level of interconnection (Frison et al. 2011; Fischer
et al. 2017), with biodiversity loss putting at risk food pro-
duction (Crist et al. 2017). For example, 75% of global food
crop types require animal pollination with populations being
affected by biodiversity loss (IPBES 2019). The largest
contribution to biodiversity loss might depend on the food
product, such as large land occupation (e.g, rice and wheat)
or production in rich biodiversity world regions (e.g, palm
oil and cocoa) (Chaudhary and Kastner 2016). In the case
of EU food consumption, animal-based products were the
main contributors to biodiversity loss, in agreement with pre-
vious analyses. The large contribution of this product group is
associated not only to the consumption intensity (amount)
but also to the environmental impact of the product (Crenna
et al. 2019; Notarnicola et al. 2017).

Together with climate change, land use had a major role
in contributing to the overall biodiversity impact, in line
with Crenna et al. (2019). At the EU level, a proposal for a
deforestation regulation aims at limiting the expansion of
agricultural land for a set of products (i.e, cattle, wood, palm
oil, soya, cocoa, or coffee) (EC 2021). However, this might
exclude some relevant product groups responsible for land
use impacts that contribute to biodiversity loss (e.g, other
oils, cereal-based products, and chemicals) (Table SM15).
For LC-IMPACT, ecotoxicity was the most contributing
impact category. This highlighted the role of these three
direct drivers of biodiversity loss due to EU consumption
among the assessed LCIA methods and models. Nonethe-
less, the role of these three categories in absolute terms
was determined by the coverage of impacts by the differ-
ent methods. Some methods were limited to land use or
climate change drivers leading to a limited coverage of
impact categories that underestimates biodiversity impacts,
particularly due to environmental pollution. The methods
covering multiple impact categories allow for observing the
contribution of different impact categories, which can sup-
port prioritizing modeling and refinement efforts in further
LCIA developments regarding biodiversity impacts (e.g, bet-
ter coverage of environmental pollution). However, it has to
be noted that the models are conceptually different for sepa-
rate impact categories within a method. For instance, toxic-
ity, climate change, and land use-related biodiversity loss in
LC-IMPACT are differing a lot. Firstly, toxicity impacts are
based on lab-scale toxicity tests coupled with continental fate
models, and impacts are integrated over the residence time
in the environment capped at 100 years (residence times can
be thousands of years). Secondly, the climate change impact
model for species loss is based on climate change models,
using average temperature increase and resulting species loss
over a time horizon of 100 (core CFs) or 1000 (extended
CFs) years. Thirdly, land use-related species loss is based
on enhanced species-area relationships based on empirical
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studies and endemic species richness data to account for
global species loss. The impacts therefore differ in terms
of time horizon covered and timing of the impacts (short
term for land use and longer term for climate and toxicity).
This should be considered in the interpretation and is an
issue that cannot be solved by changed methods, since the
effect is different and requires normative choices to make
them as comparable as possible. It is important that users
of aggregating methods are aware of these facts and indi-
vidual weighting or modeling choices of impact pathways
and scopes might give higher importance to specific impacts
(e.g, land use vs. climate change or vice versa). Furthermore,
the models translating from local to global species loss and
level of regionalization differ as well, which makes the final
aggregated impacts highly affected by value choices. This is
especially visible for ecotoxicity. USEtox® is the basis for
toxicity impacts in both the IW and LC methods, while cli-
mate change and acidification methods are also sharing the
same underlying concepts. However, the impact contribution
of toxicity is much higher in LC, because of the different
midpoint to endpoint conversion. Further research is sug-
gested to dig into the details of endpoint toxicity assessment.
A direct link was observed between the relevance of rep-
resentative products and of impact categories. The coverage
of different impact categories also influenced the resulting
ranking of products. Mobility arose in the top 3 contributing
products for those methods in which climate change largely
dominates the overall biodiversity impact (i.e, GLO-GBS and
SW). Household goods (particularly paper products) were
identified as top contributing products only in LC-IMPACT,
where ecotoxicity had the largest contribution as impact cat-
egory. On the other hand, the impact assessment approach
was also reflected in the ranking of products. For example,
chocolate was top contributor in LC-IMPACT and LUIS
(1% and 2™, respectively), which derive the CFs considering
also the vulnerability of the species based on the TUCN list
(Verones et al. 2020; Chaudhary and Brooks 2018).

4.2 Current coverage of biodiversity drivers in LCIA
methods and models

The analysis of biodiversity impacts of EU consumption
revealed that the available operational LCIA approaches lack
a complete assessment of the drivers of biodiversity loss.
First, the assessed LCIA methods and models covered only
3 out of 5 direct drivers of biodiversity loss: climate change,
land use, and environmental pollution (although only par-
tially as specific types of pollution are still not addressed
in LCA such as noise or light, Winter et al. 2017). While
advancements in LCIA to cover missing drivers (e.g, inva-
sive species (Hanafiah et al. 2013) and overexploitation
(Helias et al. 2018)) have taken place, these are still not
operational or fully developed at the endpoint level (Crenna
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et al. 2020). Therefore, direct important drivers along the
supply chain of products are missing (e.g, overexploitation of
fisheries, invasive species, and pollination decline affecting
agricultural production). Furthermore, LCIA developments
encompass also emerging environmental pressures on biodi-
versity loss, such as the entanglement of marine species due
to macroplastic waste (Woods et al. 2019). While the LCA
community has started to develop LCIA models towards a
full coverage of these issues and a harmonized framework,
further operationalization and integration in existing meth-
ods are still needed especially for supporting biodiversity
footprinting of supply chains and disclosure of information
to stakeholders. To fulfill the need of practitioners for a com-
prehensive picture of the overall impacts on biodiversity in
an agreed and harmonized approach, LCIA methods still
need to develop consistent models for assessing not only all
direct drivers of biodiversity loss but also emerging environ-
mental issues. However, from a research perspective, vari-
ability of methods is helpful to analyze different aspects of
biodiversity that underlie specific methods.

Second, most of the analyzed LCIA methods and mod-
els addressed community composition (species richness),
which is only one of the six Essential Biodiversity Variables
(EBVs) defined by Pereira et al. (2013) to monitor world-
wide biodiversity change. Only the two approaches based on
GLOBIO evaluate species population through the MSA met-
ric. Among the recent developments in LCIA, the coverage
of EBVs has been widened in the non-operational midpoint
models (Crenna et al. 2020). For example, ecosystem func-
tion is addressed in models on biotic resource use (Crenna
et al. 2018; Langlois et al. 2014), ecosystem structure in a
land use model employing the hemeroby-based biodiversity
footprint potential (Geyer et al. 2010), and species traits in
a land use model based on the functional biodiversity index
metric (de Souza et al. 2013). However, none of the avail-
able methods and models is currently addressing the EBV
on genetic composition (Crenna et al. 2020). In this sense,
comprehensive impact assessment models and metrics con-
sidering the different dimensions of biodiversity might be
further explored and developed for a better coverage of EBV.
For this purpose, LCA might benefit from specific scientific
fields, such as biology conservation (Marques et al. 2021) or
forest management (Gaudreault et al. 2020). In fact, although
biodiversity can be associated with three levels (i.e, eco-
systems, species, and genetic biodiversity), current LCIA
approaches are mainly limited to assess species biodiversity
and partly ecosystem diversity (Winter et al. 2017).

Comparative exercises such as this study are key to be
able to identify the discriminating power of different current
approaches, namely, to which extent, despite differences,
they are pointing to the same ranking of products or to the
same hotspots.

4.3 Limitations of this study

One of the limitations of this study was associated to the
definition of “relevant” element, based on a defined con-
tribution threshold. In the literature, a threshold of 1%
contribution has been already employed. Owsianiak and
colleagues (2014) employed a 1% threshold to discard less
relevant elementary flows into an “others” category, which
represented up to 3% of the impact. In this analysis, a 1%
contribution threshold excluded between 4 and 1% of the
impact depending on the impact category, with the largest
exclusion in ecotoxicity where the largest number of ele-
mentary flows is considered (Table SM14). The sensitivity
of the method agreement to the contribution threshold was
evaluated for a range from 1 to 10%, highlighting a larger
sensitivity of the relevance of impact categories than for
inventory processes and elementary flows (Tables SM14),
due to a more limited number of impact categories. The
variation of the contribution threshold to define relevant
elements affected largely some impact categories (e.g,
acidification, ozone depletion, and water use) than others
(e.g, climate change).

The WWEF’s Living Planet Index showed a range
between —24% (Europe) and — 94% (Central and South
America) (WWF 2020), highlighting the different intensity
of biodiversity loss among world regions and the relevance
of regionalized assessments. Accordingly, regionalization
in LCIA methods and models has been enhanced in recent
developments, including in methods addressed in this paper
(e.g, LC-Impact and Impact World +). However, regionali-
zation was limited in this study to the impact category of
water use (i.e, with country-level CFs) although CFs with
higher spatial resolution were available for several categories
(e.g, ecoregions for land use). This resulted from the spatial
resolution of the LCI of the case study, which was based on
commercial LCI databases including only regionalized flows
at country level for water use. This aspect was already identi-
fied during the mapping phase (Sanye-Mengual et al. 2022),
outlining that LCIA developments towards higher spatial
resolution mismatched data available in LCI databases lead-
ing to a partial implementation of the methods. Being this
a common issue, the LCA community already highlighted
the need for regionalized LCI data to overcome such barrier
(Mutel et al. 2019). Regionalization aspects will be further
elaborated towards integrating the role of spatial resolution in
comparing biodiversity impacts of EU consumption among
different LCIA methods and models.

Towards addressing biodiversity loss impacts of EU con-
sumption, LCI data quality is also crucial. During this exer-
cise, the commercial databases were updated towards a more
robust analysis. In particular, LCI data need to be time rep-
resentative to properly encompass technology development
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(e.g, agricultural yields). In particular, due to the high rel-
evance of food consumption to the overall impacts of EU
consumers, attention should be paid to quality data regarding
crop yield, which can affect the associated land impacts.

Lastly, a sensitivity analysis was performed to understand
how results might vary due to changing consumption pat-
terns along time. A comparison of biodiversity impacts due
to EU food consumption in 2010, 2015, and 2020 was run to
identify potential variability regarding temporal evolution of
impacts and contribution by impact category and by repre-
sentative product (Supplementary Material SM16). The sen-
sitivity analysis focused on food consumption, as an area of
consumption associated with increasing impacts on biodiver-
sity. Results showed that impacts increased in the time range
2010-2020 with similar contribution by impact category in
the three analyzed years (with agreement among all assessed
LCIA methods and models). Lastly, the most contributing
products per impact category barely changed during the ana-
lyzed period, apart from with few exceptions such as the iden-
tification of “cheese” as main contributor to acidification in
2020 instead of “beef meat” (as in 2010 and 2015).

5 Conclusions

Assessing biodiversity impacts at the endpoint is an open
challenge for the LCA community. Towards identifying con-
vergent and divergent messages stemming from the results
of the available methods, this paper compared the biodiver-
sity impacts of EU consumption using five LCIA methods
(namely, Ecological Scarcity 2013, IMPACT World+, LC-
IMPACT, ReCiPe2016, and Stepwise) and three LCIA mod-
els, i.e, a land use-specific model (land use intensity-specific
CFs) and two approaches derived from the Global Biodiver-
sity (GLOBIO) model. The analysis unveiled that there is a
certain level of agreement among available LCIA methods
and models regarding the most contributing impact catego-
ries and products to the overall biodiversity footprint due to
EU consumption. Biodiversity impacts due to EU consump-
tion were due to a limited number of consumed products, with
food (animal-based products and chocolate), mobility, and
household goods as top contributors. Land use and climate
change impacts had a major role in contributing to the over-
all biodiversity footprint, representing more than 75% of the
overall impact, apart from LC-IMPACT with ecotoxicity as
main contributor (95%). Disagreements among methods and
models were based on the inclusion of impact categories and
the characteristics of the underlying impact assessment model
(e.g, consideration of species vulnerability and scope in terms
of environmental compartments). As a result, differences on
top representative products driving biodiversity impacts were
mainly associated to the contribution of impact categories to
the overall biodiversity impacts by method (e.g, substantial

@ Springer

contribution of mobility in methods with a large contribution
of climate change, household goods as top contributors due to
high contribution of ecotoxicity in LC-IMPACT).

The results of this study highlighted the relevance of
impact category coverage in the assessment of biodiver-
sity impacts. A limited coverage of impact categories (e.g,
methods limited to assess land use) might underestimate the
impacts of other drivers of biodiversity loss. Furthermore,
differences in the scope of the methods in terms of elemen-
tary flows characterized (e.g, land use transformation was
partially covered in ReCiPe) influenced the role of the dif-
ferent impact categories and representative products in their
contribution to the overall biodiversity impacts.

Current available LCIA methods and models are focusing
on three direct drivers of biodiversity loss: land use change,
global warming, and environmental pollution. While LCIA
advancements are addressing other drivers (i.e, invasive
species and overexploitation), these are yet to be addressed in
models which could be considered fully operational. Moreo-
ver, further efforts are needed to better assess the effects of
regionalization in a comparative analysis of LCIA methods
and models, due to the large relevance of local conditions
in biodiversity impacts and the recent developments in the
LCA community, leading to models addressing impacts at
increasing spatial resolution.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11367-023-02169-7.

Acknowledgements The authors thank Francesca Rosa for comments
on a previous version of this manuscript.

Funding The present study has been financially supported by the
Directorate General for the Environment (DG ENV) of the European
Commission in the context of the Administrative Arrangement between
DG ENV and the Joint Research Centre of the European Commission
“Application of the consumption footprint indicators in policy analysis
(No. 070201/2018/790087/AA/ENV.B.1).” S. Pfister was supported
through the “DeliDiets” project of FiBL(No 35224), funded by the
Swiss National Science Foundation.

Data availability All data used in the study are available in the refer-
enced studies and in the Supplementary Materials.

Declarations
Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will


https://doi.org/10.1007/s11367-023-02169-7

The International Journal of Life Cycle Assessment (2023) 28:1194-1210

1209

need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Asselin A, Rabaud S, Catalan C, Leveque B, L’Haridon J, Martz P,
Neveux G (2020) Product biodiversity footprint—a novel approach
to compare the impact of products on biodiversity combining Life
Cycle Assessment and Ecology. J Clean Prod 248:119262

Bulle C, Margni M, Patouillard L, Boulay AM, Bourgault G, De Bruille V,
Jolliet O (2019) IMPACT World+: a globally regionalized life cycle
impact assessment method. Int J Life Cycle Assess 24(9):1653-1674

Cardinale BJ, Duffy JE, Gonzalez A, Hooper DU, Perrings C, Venail
P, Naeem S (2012) Biodiversity loss and its impact on humanity.
Nature 486(7401):59-67

Cavalett O, Chagas MF, Seabra JE, Bonomi A (2013) Comparative
LCA of ethanol versus gasoline in Brazil using different LCIA
methods. Int J Life Cycle Assess 18(3):647-658

Convention on Biological Diversity (CBD) (2010) Strategic plan for
biodiversity 2011-2020. UNEP/CBD/COP/10/27/Add.1 Available
from: https://www.cbd.int/doc/meetings/cop/cop-10/official/cop-
10-27-add1-en.pdf. Accessed Dec 2022

Convention on Biological Diversity (CBD) (2020) Global biodiver-
sity outlook 5. Montreal. ISBN-9789292256883. Available from:
https://www.cbd.int/gbo/gbo5/publication/gbo-5-en.pdf. Accessed
Dec 2022

Convention on Biological Diversity (CBD) (2022) Kunming-Montreal
global biodiversity framework. CBD/COP/15/L.25. Available
from: https://www.cbd.int/article/cop15-final-text-kunming-
montreal-gbf-221222. Accessed Jan 2023

CDC Biodiversité (2019). Global biodiversity score: a tool to establish
and measure corporate and financial commitments for biodiver-
sity. 2018 Technical update. CDC Biodiversité, Paris.

Chaudhary A, Brooks TM (2018) Land use intensity-specific global
characterization factors to assess product biodiversity footprints.
Environ Sci Technol 52(9):5094-5104

Chaudhary A, Kastner T (2016) Land use biodiversity impacts embod-
ied in international food trade. Glob Environ Change 38:195-204

Crenna E, Sozzo S, Sala S (2018) Natural biotic resources in LCA:
towards an impact assessment model for sustainable supply chain
management. J Clean Prod 172:3669-3684

Crenna E, Sinkko T, Sala S (2019) Biodiversity impacts due to food
consumption in Europe. J Clean Prod 227:378-391

Crenna E, Marques A, La Notte A, Sala S (2020) Biodiversity assess-
ment of value chains: state of the art and emerging challenges.
Environ Sci Technol 54(16):9715-9728

Crist E, Mora C, Engelman R (2017) The interaction of human popu-
lation, food production, and biodiversity protection. Science
356(6335):260-264

Curran M, Maia de Souza D, Antén A, Teixeira RF, Michelsen O, Vidal-
Legaz B, Mila i Canals L (2016) How well does LCA model land
use impacts on biodiversity? A comparison with approaches from
ecology and conservation. Environ Sci Technol 50(6):2782-2795

de Souza DM, Flynn DFB, DeClerck F, Rosenbaum RK, de Melo
Lisboa H, Koellner T (2013) Land use impacts on biodiversity
in LCA: proposal of characterization factors based on functional
diversity. Int J Life Cycle Assess 18(6):1231-1242

Dreyer LC, Niemann AL, Hauschild MZ (2003) Comparison of three
different LCIA methods: EDIP97, CML2001 and Eco-indicator
99. Int J Life Cycle Assess 8(4):191-200

Dudgeon D, Arthington AH, Gessner MO, Kawabata Z-1, Knowler DJ
et al (2006) Freshwater biodiversity: importance, threats, status
and conservation challenges. Biological Rev 81:163—182. https://
doi.org/10.1017/51464793105006950

Durlinger B, Tyszler M, Scholten J, Broekema R, Blonk H (2014) Agri-
footprint; A life cycle inventory database covering food and feed
production and processing. In Proceedings of the 9th International
Conference on Life Cycle Assessment in the Agri-Food Sector
(LCA Food 2014), San Francisco, California, USA pp. 310-317.
Am Center Life Cycle Assess

European Commission (EC) (2020a) Biodiversity strategy for 2030:
bringing nature back into our lives. COM/2020/380 final

European Commission (EC) (2020b) A farm to fork strategy for a fair, healthy
and environmentally-friendly food system. COM/2020/381 final

European Commission (EC) (2021) Proposal for a Regulation of the
European Parliament and the Council on the making available
on the Union market as well as export from the Union of cer-
tain commodities and products associated with deforestation and
forest degradation and repealing Regulation (EU) No 995/2010.
COM(2021) 706 final

European Commission — Joint Research Centre (EC-JRC) (2010)
International reference life cycle data system (ILCD) handbook -
general guide for life cycle assessment - detailed guidance. EUR
24708 EN. ISBN 978-92-79-19092-6, Publications Office of the
European Union, Luxembourg

Eurostat (2020) Statistics on the production of manufactured goods.
Eurostat database. Available from: http://ec.europa.eu/eurostat/
web/prodcom/data/database. Accessed Nov 2020

Fischer J, Abson DJ, Bergsten A, Collier NF, Dorresteijn I, Hanspach
J, Hylander K, Schultner J, Senbeta F (2017) Reframing the food—
biodiversity challenge. Trends Ecol Evol 32(5):335-345

Frischknecht R, Biisser S (2013) Swiss eco-factors 2013 according to
the ecological scarcity method. Methodological fundamentals and
their application in Switzerland. Environmental studies no. 1330.
Federal Office for the Environment, Bern, p 254

Frison EA, Cherfas J, Hodgkin T (2011) Agricultural biodiversity is
essential for a sustainable improvement in food and nutrition secu-
rity. Sustain 3(1):238-253

Gaudreault C, Loehle C, Prisley S, Solarik KA, Verschuyl JP (2020) Are
the factors recommended by UNEP-SETAC for evaluating biodi-
versity in LCA achieving their promises: a case study of corrugated
boxes produced in the US. Int J Life Cycle Assess 25:1013-1026

Geyer R, Lindner JP, Stoms DM, Davis FW, Wittstock B (2010) Cou-
pling GIS and LCA for biodiversity assessments of land use. Part
2: impact assessment. Int J Life Cycle Assess 15(7):692— 703

Hanafiah MM, Hendriks AJ, Huijbregts MAJ (2012) Comparing the
ecological footprint with the biodiversity footprint of products. J
Clean Prod 37:107-114

Hanafiah MM, Leuven RSEW, Sommerwerk N, Tockner K, Huijbregts
MALIJ (2013) Including the introduction of exotic species in life
cycle impact assessment: the case of inland shipping. Environ Sci
Technol 47(24):13934-13940

Helias A, Langlois J, Freon P (2018) Fisheries in life cycle assessment:
operational factors for biotic resources depletion. Fish Fisheries
19(6):951-963

Huijbregts MA, Steinmann ZJ, Elshout PM, Stam G, Verones F, Vieira
M, van Zelm R (2017) ReCiPe2016: a harmonised life cycle
impact assessment method at midpoint and endpoint level. Int J
Life Cycle Assess 22(2):138-147

Intergovernmental Science-Policy Platform on Biodiversity and Eco-
system Services (IPBES) (2019) Summary for policymakers of
the global assessment report on biodiversity and ecosystem ser-
vices of the Intergovernmental Science-Policy Platform on Biodi-
versity and Ecosystem Services. IPBES secretariat, Bonn.

International Organization for Standardization (ISO) (2006a) ISO
14040: environmental management - life cycle assessment -
principles and framework. International Organization for Stand-
ardization, Geneva.

International Organization for Standardization (ISO) (2006b) ISO
14044: environmental management - life cycle assessment

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://www.cbd.int/doc/meetings/cop/cop-10/official/cop-10-27-add1-en.pdf
https://www.cbd.int/doc/meetings/cop/cop-10/official/cop-10-27-add1-en.pdf
https://www.cbd.int/gbo/gbo5/publication/gbo-5-en.pdf
https://www.cbd.int/article/cop15-final-text-kunming-montreal-gbf-221222
https://www.cbd.int/article/cop15-final-text-kunming-montreal-gbf-221222
https://doi.org/10.1017/s1464793105006950
https://doi.org/10.1017/s1464793105006950
http://ec.europa.eu/eurostat/web/prodcom/data/database
http://ec.europa.eu/eurostat/web/prodcom/data/database

1210

The International Journal of Life Cycle Assessment (2023) 28:1194-1210

- requirements and guidelines. International Organization for
Standardization, Geneva.

International Union for Conservation of Nature (IUCN) (2021) The IUCN
red list of threatened species. Version 2020-2. International Union
for Conservation of Nature, Cambridge https://www.iucnredlist.org

Langlois J, Fréon P, Delgenes JP, Steyer JP, Hélias A (2014) New methods
for impact assessment of biotic-resource depletion in life cycle assess-
ment of fisheries: theory and application. J Clean Prod 73:63-71

Lenzen M, Moran D, Kanemoto K, Foran B, Lobefaro L, Geschke A (2012).
International trade drives biodiversity threats in developing nations.
Nature 486(7401):109-112

Liew JH, Kho ZY, Lim RBH, Dingle C, Bonebrake TC, Sung,YH, Dudg-
eon D (2021) International socioeconomic inequality drives trade
patterns in the global wildlife market. Sci Adv 7(19):eabf7679

Marques A, Robuchon M, Hellweg S, Newbold T, Beher J, Bekker
S, Sala S (2021) A research perspective towards a more com-
plete biodiversity footprint: a report from the World Biodiversity
Forum. Int J Life Cycle Assess 26:238-243

Monteiro H, Freire F (2012) Life-cycle assessment of a house with
alternative exterior walls: comparison of three impact assessment
methods. Energy Build 47:572-583

Mutel C, Liao X, Patouillard L, Bare J, Fantke P, Frischknecht R, Verones
F (2019) Overview and recommendations for regionalized life cycle
impact assessment. Int J Life Cycle Assess 24(5):856-865

Notarnicola B, Tassielli G, Renzulli PA, Castellani V, Sala S (2017) Envi-
ronmental impacts of food consumption in Europe. J Clean Prod
140:753-765

Owsianiak M, Laurent A, Bjgrn A, Hauschild MZ (2014) IMPACT
2002+, ReCiPe 2008 and ILCD’s recommended practice for
characterization modelling in life cycle impact assessment: a case
study-based comparison. Int J Life Cycle Assess 19(5):1007-1021

Pant R, Van Hoof G, Schowanek D, Feijtel TC, De Koning A, Hauschild
M, Pennington DW, Olsen SI, Rosenbaum R (2004) Comparison
between three different LCIA methods for aquatic ecotoxicity and
a product environmental risk assessment. Int J Life Cycle Assess
9(5):295-306

Pereira HM, Ferrier S, Walters M, Geller GN, Jongman RHG, Scholes
RJ, Wegmann M (2013) Essential biodiversity variables. Science
339(6117):277-278

Pizzol M, Christensen P, Schmidt J, Thomsen M (2011) Impacts of
“metals” on human health: a comparison between nine different
methodologies for life cycle impact assessment (LCIA). J Clean
Prod 19(6-7):646-656

Powers RP, Jetz W (2019) Global habitat loss and extinction risk of
terrestrial vertebrates under future land-use-change scenarios. Nat
Climate Change 9(4):323-329

Portner HO, Scholes RJ, Agard J, Archer E, Arneth A, Bai X, Barnes
D, Burrows M, Chan L, Cheung WL, Diamond S, Donatti C,
Duarte C, Eisenhauer N, Foden W, Gasalla MA, Handa C, Hickler
T, Hoegh-Guldberg O, Ichii K, Jacob U, Insarov G, Kiessling
W, Leadley P, Leemans R, Levin L, Lim M, Maharaj S, Managi
S, Marquet PA, McElwee P, Midgley G, Oberdorff T, Obura D,
Osman E, Pandit R, Pascual U, Pires APF, Popp A, ReyesGarcia
V, Sankaran M, Settele J, Shin YJ, Sintayehu DW, Smith P, Steiner
N, Strassburg B, Sukumar R, Trisos C, Val AL, Wu J, Aldrian E,
Parmesan C, Pichs-Madruga R, Roberts DC, Rogers AD, Diaz
S, Fischer M, Hashimoto S, Lavorel S, Wu N, Ngo HT (2021)
IPBES-IPCC co-sponsored workshop report on biodiversity and
climate change. IPBES and IPCC. Secretariat of the Intergovern-
mental Science-Policy Platform on Biodiversity and Ecosystem
Services, Bonn. https://doi.org/10.5281/zenodo.4782538

Pré Consultants (2020) Simapro 9.1 software. Pré Consultants, Amersfoort

Sala S, Castellani V (2019) The consumer footprint: monitoring sus-
tainable development goal 12 with process-based life cycle assess-
ment. J Clean Prod 240:118050. https://doi.org/10.1016/j.jclepro.
2019.118050

@ Springer

Sala S, Crenna E, Secchi M, Sanyé-Mengual E (2020) Environmental
sustainability of European production and consumption assessed
against planetary boundaries. J Environmental Manag 269:110686

Sala S, Sanyé Mengual E (2022) Consumption Footprint: assessing
the environmental impacts of EU consumption. European Com-
mission. JRC126257

Sanye Mengual E, Sala S (2023) Consumption Footprint and Domestic
Footprint: assessing the environmental impacts of EU consump-
tion and production, EUR 31390 EN, Publications Office of the
European Union, Luxembourg, ISBN 978-92-76-99781-8. https://
doi.org/10.2760/3878.

Sanyé-Mengual E, Secchi M, Corrado S, Beylot A, Sala S (2019)
Assessing the decoupling of economic growth from environmental
impacts in the European Union: a consumption-based approach. J
Clean Prod 236:117535

Sanyé-Mengual E, Valente A, Biganzoli F, Dorber M, Verones F,
Marques A, Ortigosa Rodriguez J, De Laurentiis V, Fazio S, Sala
S (2022) Linking inventories and impact assessment models for
addressing biodiversity impacts: mapping rules and challenges.
Int J Life Cycle Assess 27:813-833

Scherer L, Pfister S (2016) Global biodiversity loss by freshwater
consumption and eutrophication from Swiss food consumption.
Environ Sci Technol 50(13):7019-7028

Schipper AM, Bakkenes M, Meijer JR, Alkemade R, Huijbregts MAJ
(2016) The GLOBIO model - a technical description of version 3.5.
PBL Netherlands Environmental Assessment Agency, The Hague.

United Nations (UN) (1992) Convention on biological diversity. Treaty
Collection.

United Nations (UN) (2015) Sustainable Development Goals. Available
from: https://sustainabledevelopment.un.org/

United Nations Environment (UNEP) (2020) Global LCIA guidance phase
3 “creation of a global life cycle impact assessment method” scop-
ing document. Life Cycle Initiative. https://www.lifecycleinitiative.
org/wp-content/uploads/2021/02/GLAM3-Scoping-document.pdf.
Accessed Mar 2021

Verones F, Hellweg S, Antén A, Azevedo LB, Chaudhary A, Cosme
N, Huijbregts MA (2020) LC-IMPACT: a regionalized life cycle
damage assessment method. J Ind Ecol 24(6):1201-1219

Weidema B, Hermansen J, Kristensen T, Halberg N (2008) Preparing
characterisation methods for endpoint impact assessment — annex
ii of report “environmental improvement potentials of meat and
dairy products”. European Commission, Joint Research Centre,
Institute for Prospective Technological Studies. Office for Official
Publications of the European Communities, Luxembourg.

Wernet G, Bauer C, Steubing B, Reinhard J, Moreno-Ruiz E, Weidema
B (2016) The ecoinvent database version 3 (part I): overview and
methodology. Int J Life Cycle Assess 21(9):1218-1230

Wilting HC, van Oorschot MPM (2017) Quantifying biodiversity foot-
prints of Dutch economic sectors: a global supply-chain analysis.
J Clean Prod 156:194-202

Wilting HC, Schipper AM, Bakkenes M, Meijer JR, Huijbregts MAJ (2017)
Quantifying biodiversity losses due to human consumption: a global-
scale footprint analysis. Environ Sci Technol 2017(51):3298-3306

Winter L, Lehmann A, Finogenova N, Finkbeiner M (2017) Including
biodiversity in life cycle assessment—state of the art, gaps and
research needs. Environ Impact Assess Rev 67:88—100

Woods JS, Rgdder G, Verones F (2019) An effect factor approach
for quantifying the entanglement impact on marine species of
macroplastic debris within life cycle impact assessment. Ecol
Indic 99:61-66

World Wildlife Fund (WWF) (2020) Living planet report 2020 - bending
the curve of biodiversity loss. Almond, R.E.A, Grooten M. and
Petersen, T. (Eds). WWF, Gland.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://www.iucnredlist.org
https://doi.org/10.5281/zenodo.4782538
https://doi.org/10.1016/j.jclepro.2019.118050
https://doi.org/10.1016/j.jclepro.2019.118050
https://doi.org/10.2760/3878
https://doi.org/10.2760/3878
https://sustainabledevelopment.un.org/
https://www.lifecycleinitiative.org/wp-content/uploads/2021/02/GLAM3-Scoping-document.pdf
https://www.lifecycleinitiative.org/wp-content/uploads/2021/02/GLAM3-Scoping-document.pdf

	What are the main environmental impacts and products contributing to the biodiversity footprint of EU consumption? A comparison of life cycle impact assessment methods and models
	Abstract
	Purpose 
	Methods 
	Results and discussion 
	Conclusions 

	1 Introduction
	2 Methods
	2.1 Case study: EU consumption footprint
	2.2 LCIA methods and models for biodiversity endpoint assessment
	2.3 Comparative analysis among LCIA methods and models

	3 Results
	3.1 Contribution of impact categories
	3.2 Contribution of representative products
	3.3 Contribution of LCI processes
	3.4 Contribution of elementary flows
	3.5 Gap analysis

	4 Discussion
	4.1 Biodiversity impacts of EU consumption: relevant products and impact categories
	4.2 Current coverage of biodiversity drivers in LCIA methods and models
	4.3 Limitations of this study

	5 Conclusions
	Anchor 23
	Acknowledgements 
	References


