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Science-based targets (SBTs) are increasingly proposed to align raw material use with environmental and societal
goals, yet no consensus exists on what constitutes sustainable levels of material use. This paper reviews the
scientific literature on material-use targets (2000-2025) and combines it with a dedicated review of resource-use
and circular-economy targets in European policy documents. Three main approaches to setting material targets
are identified: retrospective boundaries based on historically “safe” extraction levels; materials availability focusing
on the accessibility and availability of resources; and impact-based approaches that derive targets from planetary
boundaries or from the material requirements of sustainability scenarios. Impact-based approaches have become
most prominent, supported by advances in scenario analysis, while retrospective boundaries remain influential in
policy debates. The European policy inventory reveals widespread but highly heterogeneous material and wider
resource targets. Most targets are strategic and non-binding, centered on economy-wide indicators (e.g., material
footprints or circular use rates), with fewer sectoral or sub-national targets and substantial variation in baselines,
reference years, and accounting perspectives. We find that the scientific basis behind these targets is often not
clearly articulated. We argue that SBTs for materials should rely on transparent analytical frameworks explicitly
linked to one of the three approaches.

Europe). The European Parliament has emphasized the need for quan-
tifiable materials use targets that align with sustainability objectives
(European Parliament, 2021). In the 8th Environment Action Pro-

1. Introduction

The use of raw materials (metals, non-metallic minerals, biomass

and fossil energy carriers) has become a central concern in environ-
mental policy, as current extraction and consumption patterns drive
environmental degradation (Cabernard et al., 2019; UNEP IRP, 2024)
and collectively push humanity beyond the planet’s safe operating
space, particularly in high-income regions such as the EU (Christis et al.,
2024).

Against this background, several countries have already put forth
absolute raw materials reduction targets in their national policies, e.g.,
Austria (BMK, 2022), Belgium (Circular Flanders, 2025), Finland (ETC
CE, 2025), Germany (BMUV, 2024), or the Netherlands (ETC CE,
2022a) (or e.g. Australia (DCCEEW, 2024) as an example outside
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gramme (EAP), the European Union (EU) aims to significantly decrease
its material and consumption footprints to bring them into planetary
boundaries (EU, 2022). Civil society actors increasingly call for absolute
reduction targets (Friends of the Earth Europe et al., 2020; I[EEP, 2022).
The 2020 Circular Economy (CE) Action Plan commits the EU to a
regenerative growth model within planetary boundaries, with goals to
reduce the EU consumption footprint and double the circular material
use rate in the coming decade (EC, 2020). However, no absolute EU
reduction targets for materials exist yet.

Setting quantifiable targets in policy making helps to create direc-
tionality and focused action, and allows governments to check progress
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over time. A science-based target (SBT) has three characteristics, namely
that (1) achieving it is a biophysical possibility within a specified time
frame, (2) it can be quantified and, hence, progress can be measured in
absolute or relative terms, and (3) it is underpinned by a transparent
analytical rationale for deriving at the specific target value (e.g., a
relation to planetary boundaries, avoiding a negative outcome, and
ethical imperative, etc.) (Andersen et al., 2021). While SBTs have been
applied, e.g., in climate policy, such as the two-degree target tied to a
maximum atmospheric concentration of 450 ppm CO: (IPCC, 2018), no
such consensus exists for raw materials use.

Determining an optimal threshold for materials use remains chal-
lenging due to the complexity of material flows, varying socio-economic
contexts, and the interplay between primary and secondary resource
markets, among other factors. Efforts to define SBTs for raw materials
use have been initiated by researchers (e.g., see (Dudka et al., 2025;
Thomassen et al., 2024)) and by a number of organizations such as, e.g.,
the UNEP International Resource Panel (IRP) (UNEP IRP, 2014; 2011;
UNEP IRP, 2025), SYSTEMIQ (Potocnik, 2025; Potocnik and Teixeira,
2025) or the German Environment Agency (Dittrich et al., 2024,
2021). Nevertheless, a lack of international consensus and differences in
analytical approaches for deriving at sustainable levels of raw materials
use remain an obstacle to derive SBTs for materials use (WEF, 2019).

This paper investigates (1) existing scientific methods for deriving
material use targets and (2) current materials-related and broader
resource targets in European policy, including differences in scope,
resource focus, implementation status, policy domain, and accounting
perspective. It assesses the state of the art in material use and related
resource targets in Europe for both policy and academic audiences, with
the aim of summarizing the current scientific debate on material target
setting and providing an initial overview of broader resource targets in
Europe. It is structured in two parts: Sections 3.1-3.2 review science-
based target-setting approaches for raw materials by classifying them
according to the analytical methods used and mapping the main ap-
proaches in the literature, while Section 3.3 screens European national
policy documents, using a country questionnaire, to identify material
use and broader resource use targets.

2. Methods
2.1. Literature review on material reduction targets

Only one systematic literature review on material reduction targets
for metal and mineral resources from 2002 to 2022 appears available by
(Dudka et al., 2025) who used Scopus to search for articles in English
defining absolute boundaries for mineral resource use. In addition,
(Thomassen et al., 2024) provide an overview of selected studies with a
focus on the net accessibility of mineral, metal, and fossil resources
within a CE setting.

Our paper aims to complement this previous work by (1) identifying
additional relevant literature between 2000 and 2025 based on a sys-
tematic literature review of both the scientific and grey literature (using
a broader Google Scholar search as described below) (Sections 3.1-3.2)
and (2) classifying material reduction targets into different approaches
(Section 3.3).

The focus is on both biotic (biomass) and abiotic raw materials
(metals, non-metallic minerals, fossil energy carriers) as often times they
are all together examined and captured e.g. in indicators such as the
material footprint (raw material consumption (RMC)) or figures on
domestic material use (e.g., domestic material consumption (DMC))
(Eurostat, 2018; Wiedmann et al., 2015).

We used Google Scholar (Google, 2025) via Publish or Perish (PoP)
(Harzing, 2025a) to capture both peer-reviewed and policy-oriented
grey literature. Google Scholar’s broad coverage across disciplines and
document types complements more traditional scientifically oriented
searches (e.g., by (Dudka et al., 2025)) using engines such as Scopus or
Web of Science, which focus more narrowly on high-impact,
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peer-reviewed journals (Haddaway et al., 2015; Harzing and Alakangas,
2016). A key word search was performed using the key terms and syn-
onyms (i.e., alternative terms to refer to the keyword) shown in Table 1.

We use the PoP-software (Harzing, 2025) to extract keyword search
results of the top-20 papers as ranked by the Google Scholar rank al-
gorithm (Beel and Gipp, 2009) for each year from 2000 to March 29th
2025. A total of 500 potentially relevant papers were then manually
screened based on their title and abstract (Supplementary Information
01). This resulted in a short-list of 60 publications which were subject to
a manual in-depth screening using the following criteria: (1) the study
provides a review, analysis, development, or application of raw mate-
rials targets, (2) the study covers either global targets or examines tar-
gets at regional, country, or sectoral level, and (3) the study is available
in English or at least includes an extensive English summary. After this, a
final list of 16 publications remained solely from the Google Scholar
analysis.

During the screening process, additional literature was identified
through citation linking (i.e. backward and forward citation tracking of
key articles identified in the initial search) and by consulting existing
literature overviews (Dudka et al., 2025; Thomassen et al., 2024). Next
to peer-reviewed literature, also “grey literature” (non-peer-reviewed, e.
g., reports) was added to the literature list. These additional literature
sources are highlighted as “relevant (manually added)” in the accom-
panying Supplementary Information 01 (Excel file).

The final list of literature includes 31 publications (Table 2). For the
selected literature, information on the methods was collected and the
studies classified into different approaches to target setting.

2.2. Inventory of European resource-use targets

We compiled data from national policy programs, legislation, and
strategies, and validated it through consultation with European Envi-
ronment Information and Observation Network (Eionet) representatives
(EEA, 2025a). The analysis covers the EU-27 plus Iceland, Norway,
Switzerland, Kosovo, and Turkey; Belgium was analyzed at regional
level (Flanders, Wallonia, Brussels). No information was reported by
Liechtenstein.

While focusing primarily on raw materials, we also include targets
related to waste, products, water use, and environmental footprints as
these are of particular relevance for resource and CE policy in Europe
(see a justification of this scope and additional methods details in Sup-
porting Information 02). We therefore refer to “resource use targets”.
Energy-related targets are excluded as they generally fall under climate
and energy policy; however, water-use targets reported as part of CE
strategies are included. Environmental footprint targets — in addition to
territorial targets — are included to capture life-cycle and consumption-
based impacts, consistent with CE monitoring approaches (EEA, 2024;
Eurostat, 2025; Helander et al., 2019; Nuss et al., 2021).

The analysis followed a two-step approach: compiling targets from
European Topic Centre on Circular Economy and Resource Use (ETC CE)

Table 1
Keywords used for the literature search on materials
targets.
Keyword Synonyms
material(s) raw material(s)
resource(s)
mineral(s)
metal(s)
target(s) planetary boundary
limit(s)
threshold(s)
budget(s)
Sustainable environment
ecologic

circular economy
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Table 2
Results of the literature review highlighting studies with a focus on material targets.
Target Type Material focus Geographical Temporal Target (if applicable) Methodological Details Authors
scope scope
Retrospective Building materials Germany 2045 Resource use in life-cycle impact ~ Application of the LCIA-PB (Binz and Jéger,
assessment (LCIA) compared to (planetary boundary) concept by ( 2024)
downscaled planetary Sala et al., 2020) to the construction
boundaries (PBs) sector. Sala and colleagues used the
factor 2 concept by (Bringezu,
2015) and (Buczko et al., 2016).
Retrospective Aggregated and for Global and 1970-2017 A target of 25 Gt/a to 50 Gt/a Safe operating space based on ( (Hickel et al., 2022)
individual groups individual was set as the boundary based on ~ Bringezu, 2015) and allocated by
(biomass, fossil fuels, countries (Bringezu, 2015) population to individual countries.
metal ores, non-
metallic minerals)
Retrospective Aggregated and for Global 2050 6-12 tons per person primary Return to half to a full level of (Bringezu, 2019)
individual groups extraction in 2050 (abiotic raw extraction in 2000 (Bringezu,
(biomass, fossil fuels, materials) 2015).
metal ores, non-
metallic minerals)
Retrospective Aggregated and for Global 2030 Global Total Material Safe operating space based on the (Buczko et al.,
individual groups Consumption (TMC) of 45 billion =~ TMC value in 1970. The year 1970 2016)
(biomass, fossil fuels, tons, or 5 tons per person (this was taken as a sustainable level for
metal ores, non- would mean a factor 2 reduction the TMC, which was at 45 billion
metallic minerals) at the global level and by a factor ~ tons or 5 tons per capita.
10 for the industrialized
countries
Retrospective Aggregated and for Global 2050 Total Material Consumption Return to 2000 levels (high target), (Bringezu, 2015)
individual groups (TMC) = 6-12 tons per person half 2000 level (low target)
(biomass, fossil fuels, and year (<2 tons per person for
metal ores, non- biotics). Raw Material
metallic minerals) Consumption (RMC) = 3-6 tons
per person until 2050
Retrospective Aggregated and for Global 2050 Total Material Requirement Based on work of (Bringezu, 2009) (Lettenmeier et al.,
individual groups (TMR) of 8 tons per person and 2014)
(biomass, fossil fuels, year in Finland
metal ores, non-
metallic minerals)
Retrospective Aggregated and for Global 2030 and Various targets discussed (e.g. Inspired e.g. by work of Schmidt- (Bringezu, 2014)
individual groups 2050 5.6-6.1 tons per capita Total Bleek and others.
(biomass, fossil fuels, Material Consumption (TMC)
metal ores, non- (abiotic).
metallic minerals)
Retrospective Aggregated and for EU 2050 Return to 2000 level annual Assumed return to extraction levels  (Bringezu, 2011)
individual groups mineral extraction rate (= 6 tons  of the year 2000 globally.
(biomass, fossil fuels, per capita Raw Material
metal ores, non- Consumption (RMC))
metallic minerals)
Materials Individual materials Only conceptual Only Conceptual discussion. No Includes an overview with (Thomassen et al.,
availability examples conceptual quantitative targets given classification into four target types, 2024)
examples namely (1) reserves vs. extraction,
(2) historical primary resource
extraction rate, (3) relationship
with other planetary boundaries,
and (4) scenario analysis.
Materials Various (review) Various (review)  Various Various (based on literature) Review of life cycle impact (Beylot et al., 2024)
availability (review) assessment (LCIA) methods
examining resource depletion or
dissipation.
Materials Metal-specific (Fe, Al,  Global time- Varies depending on the yearand =~ Maximum dissipation rate that (Baabou et al.,
availability Cu, Mn) dependent raw material allows to maintain resource 2022)
(scenarios availability in the future.
until 2100)
Materials Individual materials Global 2050 To meet the 1.5 °C target, Te, Se, ~ Minerals shortage to meet demand (Wang et al., 2022)
availability (Dy, Nd, Cd, Te, Se, and Dy in nearly all scenarios in SSP scenarios is assessed by
In) may face physical shortage based  comparing total cumulative
on present mineral reserve. demand to present production
capacity.
Materials 42 metals Global 2050 Varies depending on the metal Sustainable extraction rates for (Henckens et al.,
availability metals between 2010 and 2050 2014)
based on extractable global
resources.
Materials Various materials Global ca. 2200 Various (depending on material) Carrying capacity defined as the (Yossapoll et al.,
availability (Cu, Al, Au, Fe, Pb, total quantity of existing accessible 2002)

Sn, Zn)

reserves divided by a specified time
horizon (200 years).

(continued on next page)
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Table 2 (continued)
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Target Type Material focus Geographical Temporal Target (if applicable) Methodological Details Authors

scope scope

Impact-based Aggregated (biomass,  Global 2023 To provide a Decent Living Use of decent living standards (DLS) ~ (Vélez-Henao and
fossil fuels, metal Standard (DLS) globally, a concept to derive at minimum Pauliuk, 2023)
ores, non-metallic material footprint (MF) of 6 t/ material requirements per person to
minerals) (cap*yr) (lower and upper bound  alleviate poverty.

of 3 and 14 t/(cap*yr)) is
required.

Impact-based Individual materials Global time- Global in-use metal stocks need Allocation of the carbon emissions (Watari et al.,
(Fe, Al, Cu, Zn, Pb, dependent to converge around 7 tons per budget for "well below 2C" to each 2021b)

Ni) (scenarios capita. High income countries metal sector based on the RCP 2.6.
until 2100) need to contract from ca. 12 tons ~ Method: Material Flow Analysis
per capita to 7 tons per capita. (MFA) and Life-Cycle Assessment
(LCA) emissions intensities (van der
Voet et al., 2019). A world with the
same per-capita metal stock is
assumed.

Impact-based Individual materials Germany differs Varies depending on the year and  Linkage of planetary boundary (Dittrich et al.,
(crude oil, Cu, Li-ion depending on raw material concept (e.g., climate change, land 2021)
batteries, Co, metals the raw system change, water use, P and N
(aggregated) material emissions) to derive material

targets.

Impact-based Metal-specific (Al, Global differs Varies depending on the raw Estimation of the ecological (Desing et al., 2020)
Cu, Fe, Zn, Pb, Sn, Ni, depending on material. For major metals, the resource availability based on
Au, Ag, Pt, Ti, Cr) the raw ecological resource availability down-scaled planetary boundaries

material (ERA) budgets are 40 times and allocation according to current
smaller than production volumes  emissions shares.
in 2016.

Impact-based Individual materials Global time- 7 tons per capita of metal stock -  Requirements for six metals aligned ~ (Watari et al., 2020)
(Fe, Al, Cu, Zn, Pb, dependent roughly half the current level in with global climate goals were
Ni) (scenarios high-income countries. examined. Method: Dynamic

until 2100) material flow analysis (MFA) model
with life-cycle assessment (LCA)
emission intensities.

Impact-based not specified Global not specified no target proposed Recommends to base targets on (Graedel, 2019)

scenarios analysis of future
materials demand and sustainable
supply e.g. in SSPs.

Impact-based Phosphorus (P) Various 2011 All countries transgress P Phosphorus (P) exceedance (Li et al., 2019)

countries planetary boundaries footprint based on consumption-
based P requirements of countries
compared to the respective
planetary boundary.

Impact-based Aggregated (biomass,  Canada, Spain 1995-2009 Stabilization of consumption- Biophysical accounting framework (Fanning and
fossil fuels, metal based resource flows and stocks. including three measures of O’Neill, 2016)
ores, non-metallic physical stocks, three measures of
minerals) aggregate consumption (incl.

material footprint), and four
indicators of sustainable scale.

Impact-based Aggregated (biomass,  Global 2030 Raw material consumption Assuming medium population (Hoekstra and
fossil fuels, metal (RMCQ) of 8 tons per capita and growth, current best practices, and Wiedmann, 2014)
ores, non-metallic year by 2030 based on (Dittrich no rebound between different
minerals) et al., 2012) material uses as described in

Dittrich et al., 2012.

Impact-based Aggregated (biomass, Global 2050 Raw material consumption Based on decoupling analyses ( (UNEP IRP, 2014)
fossil fuels, metal (RMC) of 6-8 tons per capita in UNEP IRP, 2011). Using
ores, non-metallic 2050 assumptions of the IPCC SRES
minerals) scenarios.

Impact-based Aggregated (biomass, EU 2020 and Domestic material consumption Chapter 4 describes possible (BIO Intelligence
fossil fuels, metal 2050 (DMC): 2020: —30%, 2050: reduction potentials per raw Service et al., 2012)
ores, non-metallic —70% (reduction varies by raw material category building on the
minerals) material category) target on greenhouse gas (GHG)

emissions and energy use and
assumed best practices.

Impact-based Aggregated (biomass, Global 2030 and 8 tons per capita and year by Assuming medium population (Dittrich et al.,
fossil fuels, metal 2050 2030 and 10 tons per capita by growth, current best practices, and 2012)
ores, non-metallic 2050 no rebound between different
minerals) material uses.

Impact-based Aggregated (biomass, Global 2050 Raw material consumption Decoupling analysis. Using (UNEP IRP, 2011)
fossil fuels, metal (RMC) of 6-8 tons per capita in assumptions of the IPCC SRES
ores, non-metallic 2050 scenarios.
minerals)

Impact-based Aggregated (biomass,  Global 2050 Raw material consumption Based on three forced future (Fischer-Kowalski

fossil fuels, metal
ores, non-metallic
minerals)

(RMC) of 6-8 tons per capita in
2050

scenarios for 2050 under e.g.,
climate protection considerations.

et al., 2010)

(continued on next page)
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Table 2 (continued)
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Target Type Material focus Geographical Temporal

scope scope

Target (if applicable)

Methodological Details Authors

Various
(review)

Target review Various (review) Various (review)

Individual materials Global 2100
(Fe, Al, Cu, Zn, Pb,

Ni) (review)

Target review

Target review Various (review) EEA countries 2013

Various (based on literature)

Discussion of metal scarcity
concerns in scenarios and how
metal scenarios could be related
to planetary limits.

various targets assessed such as
Raw material consumption

Literature review. Distinction
between three target types, namely
(1) retrospective, (2) reserve-
oriented, and (3) ecosystem-
oriented.

Review of metal scenarios showed
that most major metal supplied
could be constrained by physical
availability. Results depend on
assumptions of ultimately
recoverable resources. Only a
limited link between major metal
scenarios and planetary limits could
be found in the literature.
Literature review for European
countries

(Dudka et al., 2025)

(Watari et al.,
2021a)

(Bahn-Walkowiak
and Steger, 2015)

(RMO), resource efficiency, waste
management, etc.

country profiles (ETC CE, 2022b, 2024a), and validating them with
national representatives. The finalized country compilations (Supple-
mentary Information 02, Word) underpin the assessment (Supplementary
Information 03).

We focus on quantitative targets with implementation deadlines
between 2020 and 2050 that exceed EU-level ambitions, including draft
and regional targets (cut-off: 31 May 2025). Targets are classified as
binding or non-binding and grouped into eight categories, further sub-
divided into 64 more specific sub-categories (types) (Supplementary
Information 03). To avoid double counting, each national target was
classified only under the most appropriate and specific ‘type’. Due to
limited policy detail, systematic mapping to analytical approaches
identified in the literature was not possible.

3. Results and discussion
3.1. Approaches to materials reduction target setting

Of the 31 publications examined in depth (Table 2), three studies
included literature overviews for material target setting
(Bahn-Walkowiak and Steger, 2015; Dudka et al., 2025; Watari et al.,
2021a) while the remaining 28 studies discussed or applied different
approaches for target setting (Fig. 1).

From the studies providing target literature reviews, Dudka and
colleagues (Dudka et al., 2025) reviewed publications between 2000
and 2022 and distinguished the following three boundary typologies: (1)
retrospective (a reduction target relative to a reference state in the past),
(2) reserve-oriented (comparing demand for raw materials with
remaining reserves), and (3) ecosystem-oriented (where the boundary
for materials is indirectly defined by examining the impact on other

16
14 S
12
10

Number of studies
o

4
2
0
Target review Retrospective Materials Impact-based
availability

Fig. 1. Analytical approaches to material target setting according to the liter-
ature review.

planetary boundaries). Complementary, (Thomassen et al., 2024),
focusing on materials-availability targets rather than offering a full
literature review, distinguish four approaches to defining a safe oper-
ating space for raw material extraction: (1) relating material reserves to
annual extraction, (2) assuming a safe historical raw materials extrac-
tion rate, (3) linking raw materials related environmental impacts to
other planetary boundaries, and (4) scenario analysis, e.g., based on
climate protection or wider sustainability transition pathways.
Furthermore, (Bahn-Walkowiak and Steger, 2015) review resource
policy targets, while (Watari et al., 2021a) reviewed metal scenarios in
the context of science-based targets for material use but do not distin-
guish them regarding different scientific approaches for target setting.

Based on our literature review and following the target typologies
discussed by (Dudka et al., 2025; Thomassen et al., 2024), we classified
the targets found in the literature review into the following three types
of material target approaches (see also Table 2):

(1) Retrospective approach (safe historical raw materials
extraction rates)

Retrospective target-setting approaches define material use bound-
aries by referencing past levels of extraction or consumption, without
incorporating considerations such as accessible reserves or environ-
mental thresholds. These targets typically propose a reduction relative
to a selected historical benchmark year.

Such methods set targets based on historical extraction rates
considered environmentally "safe". In other words, they estimate a point
in time when total global resource extraction (both abiotic and biotic)
remained at a level that the Earth system could still tolerate — without
causing unacceptable environmental degradation or triggering tipping
points. The underlying rationale is precautionary: material flows
throughout their life cycles create environmental and social stresses at
multiple locations, and these cumulative pressures should therefore be
limited (Bringezu, 2015).

However, the literature refers to a wide range of different baseline
years for materials use (which in turn directly influences the absolute
material target). For instance, (Buczko et al., 2016) argue that, from an
environmental perspective, 1970 may be used as a global baseline year
for material use (citing (Wiedenhofer et al., 2013) but without providing
further reasoning regarding this choice), while noting that other authors
instead propose 1950 as a baseline because the sharp fall in fossil-fuel
prices relative to labor and capital around that time triggered the surge
in resource and energy use —and associated environmental pressures — in
industrialized countries (Pfister, 1995). (Wiedenhofer et al., 2013)
analyzed structural breaks in the metabolism of industrialized countries
and found a stabilization of per-capita energy and resource use around
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1970. However, it remains unclear why this year was chosen by (Buczko
et al., 2016) as a baseline for a resource target. The target values pro-
posed by (Buczko et al., 2016) was subsequently taken up by the Eu-
ropean Commission in benchmarking resource use in the EU
consumption footprint (Sala et al., 2020). On the other hand, (Dittrich
et al., 2012) refer to 1992 as a possible year at which to freeze global
resource extraction (the year of the first Rio Summit) at around 50
billion tons.

(Hickel et al., 2022) evaluate the level of materials use in different
countries and regions based on the work by (Bringezu, 2015), who
outlines a possible target corridor of 3-6 tons per person (RMC) until
2050 by assuming a necessary halving of global resource consumption
(resulting in a low target value) or returning to the level of 2000
(resulting in a high target level). A level of 5 tons per capita (RMC) is
suggested for “long-term orientation towards 2050" (Bringezu, 2015)
(the same paper also provides an overview of typical per-capita raw
materials use levels found in the literature using this approach). Simi-
larly, (Bringezu, 2011) suggests capping total material consumption in
2050 at the 2000 level of 55 billion tons per year. An overview of the
material target proposals by Bringezu is also given in (Bringezu, 2022).
However, according to Thomassen and colleagues, it remains unclear
why, e.g., the 2000 level is considered a sustainable level (Thomassen
et al., 2024).

For example, Schmidt-Bleek (cited in (Bringezu, 2014)) suggested
that, to achieve a fair and sustainable global distribution of natural
resource use, industrialized countries would need to reduce their
resource consumption by about a factor of ten so that developing
countries could substantially increase their use while overall global
resource extraction declines (Schmidt-Bleek, 1994, 1992). This factor
was presented as an estimated yardstick for the scale of dematerializa-
tion needed rather than as a precisely derived threshold. Since then,
global trends did not follow this path: global material use has almost
doubled since 2000 and staying rather stable (and at very high values)
for high income countries (UNEP IRP, 2024).

Critiques of the above approaches highlight that such attempts (1) do
not link material use to specific environmental impacts and the ex-
ceedance of associated thresholds), (2) make no connections to the
transition to a more circular and climate-neutral society including the
specific countermeasures to resource use this entails, and (3) lack a
systemic view of the scale of these necessary countermeasures, resulting
in insufficient policy proposals (Watari et al., 2021b), which points to a
gap relative to core SBT criteria such as biophysical feasibility, quanti-
fiability, and a transparent analytical rationale (Andersen et al., 2021).

Indeed, the rationale for selecting a specific point in time in the past
is not always clear and might lack explicit environmental justification.
(Dudka et al., 2025) find that such retrospective approaches are “not
science-based but rather based on an arbitrary choice”.

The level of material aggregation using the retrospective approach is
usually high (i.e., at the level of four raw material categories, biomass,
fossil energy carriers, metal ores, and non-metallic minerals). However,
such approaches are widespread in the literature and we identified a
total of 8 studies using the retrospective approach (Table 2).

(2) Materials availability and accessibility approach

Several studies regard the availability and accessibility of raw ma-
terials as a distinct area requiring protection — referred to in life cycle
assessment (LCA) terminology as an Area of Protection (AoP) (Dewulf
et al., 2015). Depletion-based assessment methods (i.e., methods that
estimate the impact related to the reduction of the availability of mineral
resources) have been widely used in life-cycle impact assessment (LCIA)
(Beylot et al., 2024). More recently, several methods were developed to
address issues of reduced mineral resource accessibility and dissipation
in LCIA (Beylot et al., 2024). There is no scientific consensus of how to
assess abiotic resource depletion in LCA (Berger et al., 2020;
Sonderegger et al., 2020).
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In our literature review, we identified a total of 6 studies examining
approaches for assessing materials availability and accessibility in the
context of target setting (Table 2). In this context, availability is the total
amount of resources that exist, whereas accessibility is the sustainably
usable portion of resources and rate at which these can be provided —
limited by extraction constraints, technological/energy requirements,
and losses/dissipation (Thomassen et al., 2024). However, we note that
our assessment did not include a detailed review of the LCA literature as
such reviews are provided elsewhere (e.g., see (Berger et al., 2020;
Sonderegger et al., 2020)).

For example, (Thomassen et al., 2024) examine how much extraction
of minerals, metals, and fossil resources could be considered environ-
mentally sustainable within a CE. The authors quantify extraction limits
by assessing the net accessibility rate considering available resources in
both the eco- and technosphere. Similarly, (Baabou et al., 2022)
examine the maximum dissipation rate that allows to maintain resource
availability in the future. Dissipation is the portion of a material flow
(after extraction, recycling, reuse, etc.) that is not recoverable, so it
becomes permanently unavailable (e.g., because it is dispersed,
degraded, locked into products or processes, or otherwise lost in ways
that users cannot retrieve or use it (Baabou et al., 2022). In (Baabou
et al., 2022), building-sector dissipation rates for iron (+70%), copper
(+56%), and manganese (+68%) exceed the carrying capacity (CC)
(defined as the maximum sustainable dissipation rate that preserves
long-term resource availability and services), while aluminum (—90%)
remains well below it. Several studies looked at the demand for raw
materials compared to available reserves or ultimately extractable re-
sources (Henckens et al., 2014; Wang et al., 2022; Yossapoll et al.,
2002).

The reviewed studies vary widely in their coverage of raw materials,
ranging from analyses of individual elements (e.g., Dy, Nd, Cd, Te, Se,
In) (Wang et al., 2022) and metal-specific assessments (Fe, Al, Cu, Mn)
(Baabou et al., 2022) to broader reviews encompassing multiple mate-
rials (e.g., Cu, Al, Au, Fe, Pb, Sn, Zn) (Yossapoll et al., 2002) and even
comprehensive evaluations covering up to 42 metals (Henckens et al.,
2014) (Table 2).

The quantitative insights reported in the literature are highly het-
erogeneous, with many studies offering only conceptual discussions
without or only with a few examples of specific numerical targets
(Beylot et al., 2024; Thomassen et al., 2024), while others provide ma-
terial- or year-dependent estimates; notably, some analyses project that,
to meet the 1.5 °C climate target, elements such as tellurium (Te) (e.g.,
cadmium-tellurium (CdTe)/ Copper Indium Gallium Selenide (CIGS)
solar cells), selenium (Se) (e.g., CIGS, photovoltaic glass/coatings), and
dysprosium (Dy) (e.g., neodymium-iron-boron (NdFeB) magnets in wind
turbines/electric vehicle motors) could face physical shortages under
most modeled scenarios (Wang et al., 2022).

(3) Impact-based approaches (material use linked to other planetary
boundaries)

This category includes approaches that define the boundary for raw
materials use indirectly, i.e., through the impacts that material use has
on other planetary boundaries or environmental and/or socio-economic
goals (thereby estimating the material demand required to stay within a
specific boundary). This covers also studies that, based on this approach,
investigate the demand for raw materials in target-scenarios to achieve
other goals such as climate protection, address the triple planetary crisis,
and the Sustainable Development Goals (SDGs). This category was found
to be most prominent in the literature with a total of 14 literature
sources identified during the scientific review (Table 2).

Impact of raw materials use on other planetary boundaries:

This approach sets material targets by linking them to other plane-
tary boundaries, such as, e.g., climate change or freshwater use (Desing
et al.,, 2020; Dittrich et al., 2021). It allocates a share of the global
environmental space to a country, e.g., based on population (equal per
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capita) or another downscaling approach (e.g., grandfathering (i.e.,
allocating emissions allowances or resource shares in proportion to
historical levels)) (Christis et al., 2024), and then assigns a portion of
that share to specific resource uses using current emission shares.

For example, Germany’s metal extraction budget was calculated
using this method (Dittrich et al., 2021) which yielded drastically lower
resource budgets compared to current production and consumption
levels. In one case study, the maximum allowable use of copper was
estimated at 5040 kt, assuming equal per-capita allocation for down-
scaling the carbon budget (climate change planetary boundary) and
constant per-unit impacts; at 2010 use levels (when copper had a share
of 0.75% of total GHG emissions), this budget would be exhausted in
roughly four years (Dittrich et al., 2021). Another approach belonging to
this assessment type is by (Li et al., 2019) who examined the phosphorus
consumption footprint and compared this with the current phosphorus
planetary boundary.

Raw materials use in sustainability scenarios:

This approach defines sustainable resource use through sustainabil-
ity scenario analysis that stays within existing planetary boundaries.
This method models future production and consumption patterns to
determine safe extraction rates. Examples include work by (Watari et al.,
2020) to derive at metal extraction figures to stay within climate targets,
work by (Vélez-Henao and Pauliuk, 2023) to use the concept of decent
living standards for calculating respective material requirements, or
decoupling scenarios by the UNEP International Resource Panel aligned
with climate targets (UNEP IRP, 2011).

(Dittrich et al., 2012) argue that based on current best practices in
countries to lower their raw materials consumption (RMC) and assuming
the complete substitution of fossil fuels without increases of other ma-
terials might result in a level of 8 tons per capita by 2030. This limit
was also used in work by (Hoekstra and Wiedmann, 2014; O’Neill et al.,
2018) to benchmark resource footprints.

The UNEP International Resource Panel (IRP) sketches out a possible
material target (RMC) of 6-8 tons per capita and year in 2050 based
on different decoupling analysis conducted (UNEP IRP, 2014, 2011).
This presents a target under which there would be convergence in raw
materials use, i.e., developing countries would achieve a rising con-
sumption of raw materials, while industrialized countries would need to
reduce the intensity of the raw materials use (equitable use of natural
resources).

The global sustainability transition scenario of the 2024 Global
Resource Outlook, estimates a global material footprint of around 12
tons per capita, in 2060 (UNEP IRP, 2024). Lower-income societies see
stronger raw material extraction growth than higher-income groups to
build essential stocks like infrastructure — already achieved historically
by the Global North. Per capita resource use in low-income countries
rises to ~7 tons (aligning with decent living standards) narrowing ma-
terial footprint disparities to higher income countries. However, this
scenario exercise did not intend to estimate a sustainable level of ma-
terial use but it is rather an exploration of the possible impact of policy
options to curb material use, noting that this scenario does not account
for the full potential of CE policies which are expected to deliver larger
improvements in resource efficiency.

Advances in integrated scenario analysis increasingly enable the
incorporation of material considerations into global climate and sus-
tainability assessments (Pauliuk et al., 2017). For instance, (Deetman
et al., 2021; Van der Voet et al., 2019) proposed an analytical frame-
work that links life cycle assessment (LCA) with material flow analysis
(MFA) to evaluate the comprehensive environmental impacts of metal
supply and demand scenarios. In a similar vein, (UNEP IRP, 2024) has
developed material outlooks aligned with climate and sustainability
goals, allowing the quantification of potential material corridors for use
in future target setting. The Global Environment Outlook (GEO-7)
(UNEP, 2025) also includes a dedicated assessment of material re-
quirements for achieving the UN Sustainable Development Goals
(SDGs). Scenario modeling targeting specific materials such as plastics
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exist (OECD, 2022). EU projects such as CircEUlar (CircEUlar, 2025) and
CIRCOMOD (CIRCOMOD, 2025) also integrate material aspects into
climate modeling. Collectively, these approaches provide
scenario-based estimates of future material demand, environmental
impacts, and mitigation potential, thereby identifying material corridors
and leverage points for aligning resource use with climate and sustain-
ability goals.

Furthermore, an increasing number of studies examine the view of
human needs (instead of purely focusing on ecological constraints) and
utilize the concept of “decent living standards (DLS)” when developing
minimum material thresholds (Vélez-Henao and Pauliuk, 2024, 2023)
(instead of maximum levels e.g. when benchmarking against planetary
boundaries). A recent study by (Streeck et al., 2025) demonstrates that
moderate expansions in societal material stocks could universally ach-
ieve DLS. Notably, developed countries already possess adequate stocks
for DLS, underscoring the feasibility of equitable resource distribution
through optimized use rather than unchecked growth.

An overview of all short-listed studies is given in Table 2.

3.2. Authors and institutions involved in different target assessment
frameworks

Different institutions and authors have been advancing discussions
on the three different target setting approaches. Fig. 2 visualizes the
collaboration network between authors, their institutions, and the
methodological approaches they have contributed to. Each node rep-
resents a method (green), institution (orange), or author (blue). The
node size indicates the level of engagement — how frequently an author
or institution contributes to different methodological domains — while
edge thickness (strength) represents the number of times a specific
author or institution has published on a given method, reflecting the
intensity of that relationship.

The network reveals distinct clusters centered around key method-
ological themes. The Wuppertal Institute for Climate, Environment and
Energy (WI) stands out as a major hub in the “Retrospective” approach,
showing repeated and strong linkages to its affiliated researchers,
notably Bringezu and Lettenmeier. The thick connections between WI
and this method reflect the institute’s sustained leadership in this area.
Other contributors such as the Sustainable Europe Research Institute
(SERI), the Autonomous University of Barcelona (UAB), and the Uni-
versity of Kassel (Uni Kassel) also display meaningful connections within
this cluster, though with less intensity.

In contrast, the Material Availability cluster — comprising the Uni-
versity of Antwerp (Uni Antwerp), the Bureau de Recherches
Géologiques et Minieres (BRGM), the International Reference Center for
Life Cycle Assessment and Sustainable Transition (CIRAIG), the Chinese
Academy of Sciences (CAS), and the New York Institute of Technology
(NYIT) - appears disconnected from the rest of the network. This
isolation suggests that research on material availability has developed
along a more specialized trajectory, with limited overlap of authors or
institutional collaborations across other methodological areas.

By comparison, the Impact-Based methods demonstrate greater
interconnectivity. Institutions such as the National Institute for Envi-
ronmental Studies (NIES) and the Wuppertal Institute (WI) act as bridges
linking multiple methodological domains, highlighting their broad
engagement across sustainability research. The International Resource
Panel is a UNEP-hosted science-policy panel, so reports appear under
‘UNEP IRP’ in the author field of Fig. 2. Overall, the network illustrates
how a small number of highly connected institutions function as inter-
disciplinary anchors, while others contribute to more focused and in-
dependent streams of methodological development. As highlighted
above, the Impact-Based approaches, especially related to scenarios
building, are also the most prominent in the literature indicated by its
larger node size.
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Fig. 2. Visualization of different authors and institutions contributing to three material target setting approaches (based on Supplementary Information 01). The
node size reflects degree centrality. Figure created using Gephi v0.10 (Bastian et al., 2009). A list of institutional abbreviations can be found in Supporting Infor-

mation 01.

3.3. Resource targets in European countries

All 32 European countries who participated in the validation process
reported back on their resource targets. A total of 398 targets were
analyzed across 20 different resources-/product-/ waste-types (e.g.,
mixed waste, raw materials, beverage containers, food waste, etc.) — in
the following simply termed “resource focus™). The detailed country-
level data are provided in the Supplementary Information.

Overall pattern of target adoption across Europe (Table 3).

Across Europe, most countries cover several target categories with at
least one target per category, but there is considerable heterogeneity in
whether these constitute binding legal targets (dark-orange shading) or
merely non-binding commitments (Table 3). Product making, waste
prevention and waste reuse (RU), recycle (RY), and recovery (RE) are
the target categories that are most frequently addressed by European
countries (in terms of the total number of targets found), and the highest
number of targets is set for the 2026-2035 period (column F in Supple-
mentary Information S03).

For instance, both Wallonia (Belgium) and France have adopted >20
targets addressing most of the categories in Table 3, while only a few
targets have been set by e.g. the Czech Republic (CZ) and Denmark (DK).

Table 3

Wallonia (BE-WA) and Denmark (DK) have largely followed a non-
binding approach, while the targets shaped by France (FR) and the
Czech Republic (CZ) mainly are binding.

Most binding national targets are concentrated in the “product
making” category and, in this domain, they predominate over
non-binding commitments (Table 3). These binding targets typically
include bans or quantitative limits on certain plastic items placed on the
market, minimum recycled-content requirements in new products, and
obligations for distributors to provide reusable and refillable packaging
options.

By contrast, the ‘“resource use/efficiency” category shows the
opposite pattern: only two countries — France (FR) and Switzerland (CH)
— have binding targets (Table 3). In France, Law No 2015-992 on the
Energy Transition for Green Growth sets a target of a 30% reduction in
resource consumption relative to GDP between 2010 and 2030 (ETC CE,
2022c), while the 2020 Anti-Waste Law for a CE aims to reduce the
quantity of waste from economic activities per unit of value produced by
5% by 2030 compared with 2010 levels, with particular emphasis on the
construction and public works sector (EEA, 2025b) (Supplementary In-
formation 02). In Switzerland, Article 10 of the Federal Act on Climate
Protection Targets, Innovation, and the Strengthening of Energy

EU resource targets 2020-2050 per category. An “x” indicates that at least one (or more) target(s) within the respective policy category exists. Dark orange color coding

indicates that at least one (or more) binding targets exist in that country.

BE BE BE
Category AT - - - BG CH CY CZ DE DK EE EL
BX FL WA
Resource use and efficiency = X X X X X X X
Product making X X X X X X X X
Consumption X X X X X
Waste prevention X X X X X X X X X
Waste collection X X X X X
Waste RU/RY/RE X X X X X X X X
Waste incineration and landfill X X X X X X
Other X X X X

ES

x X

X X X X%

Fl

FR HR HU IE IS IT LT WU LV MT NL NO PL PT RO SE SI SK TR
X X X X X X X X X X X X
X X X X X X X X X X X X X X
X X X X X X X X X
X X X X X X X X X X X X X X

X X X X X X X X X
X X X X X X X X X X X X X X
X X X X X X X X

X X
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Security sets a target of at least net-zero emissions by 2040, covering
both direct and indirect emissions (Schweizerische Eidgenossenschaft,
2022) (Supplementary Information 02); footprint indicators are included
in our assessment as these are considered central to broader resource-use
and circular-economy monitoring (EEA, 2024; Helander et al., 2019;
Nuss et al., 2021).

Target stringency, status and resource focus (Fig. 3).

A comparison of stringency (binding vs. non-binding) and adoption
status (draft vs. adopted) shows that while almost all targets (>98%)
inventoried are adopted (only 8 targets were found in draft policies),
around 67% of all targets remain at proposal or strategy level (strin-
gency: “non-binding™) with only 32% having been translated into legally
binding provisions (“binding”) (for the remaining 1% relevant data on
the target status could not be collected) (Fig. 3).

In terms of resources and waste focus, several targets address mixed
waste streams (31%), followed by aggregate raw materials (14%) (e.g.,
targets focusing on indicators such as the material footprint, domestic
material consumption, circular material use rate, etc.), and product-
level targets (both cross-cutting (5%) and specific, such as beverage
containers (13%)). Numerous targets also address specific material and
waste streams (e.g., plastics (12%) food waste (5%), construction and
demolition (C&D) waste (5%), biowaste (4%)), while others focus on
particular materials (e.g., metals, biomass) (Fig. 3).

For instance, Portugal’s National Waste Management Plan targets
the decoupling of economic growth from material consumption (raw
materials overall) by 2030 relative to 2016 (k€/t) (ETC CE, 2024b).
Greece’s Law 4819/2021 establishes a binding 30% reduction in
per-capita food waste generation by 2030, relative to 2022, at retail and
consumer levels (EEA, 2025¢) (Supplementary Information 02).

Resource use and efficiency targets by target type (Fig. 4).

A particular interest of this paper is on absolute material reduction
targets which are included in the “resource use & efficiency” category.
Within this broader category, target types are dominated by produc-
tivity (ratio of output (e.g. GDP) to input (e.g. resources)) and efficiency
(resource inputs for a given output) improvements (e.g., increase do-
mestic resource productivity by year X) and by increases in the circular
use of materials (with progress often measured via the circular material
use rate (CMUR), followed by targets for absolute reductions in material
use (Fig. 4). Few targets directly address productivity or efficiency for
other resources (e.g., waste, water) and environmental footprints. This
pattern indicates that macro-level decoupling remains a central policy

100%

2T = Other Resources and
90% W— = Water waste streams
m Hazardous substances
80% EEE/WEEE
70% m Textiles
o m Biowaste
60% m C&D materials/waste
mFood waste
50% mProducts (various)
m Plastics
40% m Beverage containers / packaging
o ®Raw materials
30% m Mixed waste
o m Draft
20% m Adopted SIS
10% Data could not be collected
0% ® Non-binding St
o i = Binding gericy
Stringency Status Resource focus
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14, 20%

® Productivity/Efficiency - materials m Circular material use

Absolute reduction - materials m Productivity/Efficiency - waste

u Absolute reduction - environment ® Productivity/Efficiency - water
Fig. 4. European resource use and efficiency targets by target type. Absolute
target numbers and percentages shown in the figure.

narrative, with relative decoupling metrics (productivity/efficiency)
predominating over absolute reduction metrics.

Across the European country sample, absolute material-reduction
targets make up ca. 20% (14 targets in total) of all resource use and
efficiency targets and these are used mainly as strategic steering signals
typically embedded in circular-economy strategies or sustainability
plans, and only rarely as binding law (Supplementary Information 03).
Many of these targets are closely aligned with, or build upon, existing EU
policy frameworks, with countries in some cases increasing ambition
levels, shortening timelines, or expanding sectoral and resource scope.
Examples of such absolute reduction targets include consumption-based
“material footprint” caps (e.g., Austria’s 7 t/cap by 2050; Flanders
—30% by 2030; Finland capping 2035 use at 2015 levels; Germany’s 6-8
t/cap “guiding principle” by 2045; Netherlands —50% use of primary
raw materials by 2030) and some targets focusing on domestic material
use (e.g., domestic material consumption (DMC) and direct material
input (DMI)) (e.g., Wallonia —25% by 2030).

Although absolute reduction targets are visible in European coun-
tries (Fig. 4), our reading of the underlying policy documents suggests
that their scientific derivation is usually not spelled out in detail. In most

Fig. 3. EU resource targets 2020-2050 by level of stringency, level of adoption (status), and resources- and waste-type focus. Absolute target numbers shown in

the figure.
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cases, strategies set quantitative targets for the material footprint (RMC)
or domestic material use (DMC/DMI) without explaining the rationale
used to derive these reference values, i.e., whether they arise from a
retrospective caps approach anchored in “safe” historical extraction
rates, a materials-availability or accessibility constraints approach, or an
impact-based approach grounded in planetary boundaries and / or
sustainability scenarios (Sections 3.1-3.2). For example, Germany’s
National CE Strategy (NKWS) represents a partial exception, citing
(UNEP IRP, 2014, 2011) decoupling research and thereby indicating an
impact-based scenario rationale. Another example is the Swiss Sustain-
able Development Strategy (Swiss Confederation, 2022) which aims to
reduce the material footprint “substantially and in harmony with the
1.5-degree target set in the Paris Climate Agreement”, which also points
to an impact-based rationale. However, its underlying sources addi-
tionally refer to equitable global distribution, citing a threshold of 5.2
ton of raw materials consumed per capita and per year (Bringezu and
Schiitz, 2014; UBA, 2015) which reflects a more retrospective
approach, while also acknowledging the varying environmental signif-
icance of different raw materials (Miiller et al., 2017) (cited in (Swiss
Federal Council, 2018)).

For many of the material targets identified through the country
consultations, however, the underlying scientific rationale is not clearly
articulated, making it difficult to link these policy targets to the three
scientific approaches outlined in Part 1 of this paper. Explicitly stating
the rationale behind quantitative target values would enhance dialogue
with the scientific community while preserving the important signaling
function these targets already serve. Practical steps towards greater
transparency could include brief annex notes indicating the chosen
approach (retrospective / availability / impact-based), the baseline and
data sources (e.g., environmentally extended multi-regional input
output (EE-MRIO) analysis, life cycle assessment (LCA, etc.) variants for
footprints), and a short sensitivity remark on the robustness of estimates
to changes in underlying assumptions).

Resource targets by accounting perspective, scope, policy focus,
policy type (Fig. 5).

Fig. 5 characterizes resource-use and efficiency targets across Eu-
ropean countries by perspective (territorial vs footprint), geographical
scope, policy focus, and the policy document through which they are
enacted.

Territorial framings (we include indicators such as e.g. DMC or the
CMUR in this category as they have a territorial or geographic bound)
remain with 76% more common, though several countries adopt
footprint-style targets (24%) to better capture import-embedded
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material or wider resource (e.g., indirect GHG emissions)) requirements.
Ilustrative examples of that include Austria, which pairs an economy-
wide footprint targets (RMC 7 t/cap/yr by 2050 (baseline 2015)) with
a territorial target (DMC 14 t/cap/yr by 2030 (baseline 2015)) high-
lighting how both perspectives can be used in one national framework
(Supplementary Information 03). Belgium shows intra-national diversity:
Flanders sets a material footprint target (—30% by 2030) and even a
sectoral footprint (mobility material footprint —60% by 2050), while
Wallonia adopts territorial targets (DMC/DMI —25% by 2030 (baseline
2013)). Finland caps consumption of primary raw materials at its 2015
level by 2035 (footprint), and Germany signals a long-term RMC
corridor of 6-8 t/cap/yr by 2045 (footprint) alongside a 2030 circularity
target (circular material use rate (CMUR)).

Economy-wide scopes predominate (65%), with some sectoral tar-
gets (15%) — for example, Portugal’s target to reduce the environmental
footprint of footwear products by 15% by 2025 and France’s target to
reduce the material footprint of mobility by 60% by 2050. Region-
al-level examples (17%) include Wallonia and Flanders (Belgium),
selected German Liander (Rhineland-Palatinate, North Rhine-
—Westphalia, Thuringia), and Spanish regions (Asturias, Basque
Country).

For the sub-national level, Oslo articulates a city-level consumption
cap (“compatible with global sustainable consumption” by 2030) and
Ziirich’s (Switzerland) climate protection plan aims to reduce the city’s
carbon footprint by 30% by 2040 relative to 1990 levels.

Only one resource-use target focusing on private households was
identified for Austria (a 10% reduction in material consumption in
private households). However, because the country questionnaire did
not explicitly target household-level measures, additional targets for
European private households may not have been captured in our study.

CE is with 39% of all targets the dominant policy focus; and strate-
gies are with 50% by far the most frequent policy types on which targets
are embodied, followed by plans and programs (each 15%). Most targets
remain strategic (e.g., embedded in policy strategies, plans, or pro-
grams) (total of 96%) rather than statutory (i.e., embedded in law) (4%).

4. Conclusions

Methods:

We identified three main approaches to setting global raw-material
targets, i.e., retrospective, materials-availability, and impact-based —
with impact-based, scenario-driven work emerging as the most promi-
nent and interconnected approach (Section 3.1). This is in line with the

ﬁ
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Fig. 5. European resource use and efficiency targets by accounting perspective, scope, policy focus, and policy type. Absolute target numbers shown in the figure.
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broad analytical frameworks to material target setting found by other
research groups (Dudka et al., 2025; Thomassen et al., 2024). The
growing prominence of impact- and scenario-driven work — around half
of which have been published since 2014 — highlights the importance to
explicitly link overarching sustainability objectives (climate and biodi-
versity protection, decent living standards, and the UN Sustainable
Development Goals (SDGs)) to their associated raw material re-
quirements. Drawing these connections enables the development of
future pathways of sustainable patterns of materials use.

While across approaches, there is still no agreed “science-based”
material boundary, a growing toolbox of methods can be used to
approximate targets for different material groups and policy contexts.
Advances in integrated assessment modeling to incorporate material
modules capturing material stocks and flows (Pauliuk et al., 2017)
increasingly enable the systematic integration of material aspects into
forward-looking sustainability pathways. These approaches can now
express results across multiple impact categories (e.g., global warming
potential, biodiversity loss, socio-economic implications), across
different material groups (metals, non-metallic minerals, fossil fuels,
biomass), for specific raw materials (e.g., Cu, Te, Li, Co, rare earth ele-
ments), and at the scale of individual world regions and countries. Ex-
amples include, e.g., the Global Resource Outlook (GRO) (UNEP IRP,
2024), GEO—Outlook (UNEP, 2025), OECD Global Material Outlook
(OECD, 2019), several Horizon Europe projects (CircEUlar, 2025;
CIRCOMOD, 2025), and scientific work streams (e.g., (Deetman et al.,
2018; Schandl et al., 2016)). Overall, our assessment suggests that
impact-based, scenario-driven approaches currently appear to offer the
most promising route for developing and operationalizing science-based
targets for material use in policy practice.

The UNEP IRP recommends setting targets for materials use by using
such pathways at global, national and other governance levels that are
explicitly linked to climate, biodiversity, land degradation and pollution
goals, differentiated by country income and consumption patterns. This
might be done, e.g., by operationalizing the GRO Sustainability Tran-
sition scenario (pages 116-117 in the GRO 2024 (UNEP IRP, 2024))
which would fall under the impact-based approach using sustainability
scenarios in our analysis (Section 3.1). The IRP furthermore highlights
the importance to develop internationally agreed pathways and differ-
entiated national targets (using principles like common but differenti-
ated responsibilities and material-footprint per capita), thereby also
integrating aspects of equity, development contexts and “decent living
standards” into target setting approaches.

We also find that research and institutional collaboration on SBT-
setting for materials are so far clustered: retrospective targets are
dominated by a few key actors (notably Wuppertal Institute), materi-
als-availability work is comparatively isolated, and impact-based ap-
proaches act as a bridging, increasingly central domain.

Policy targets:

From the policy angle, European country-level policy documents
already contain numerous resource-use and CE-targets, yet these remain
highly heterogeneous across countries and policy domains and are
usually not subject to a scientific assessment as described above. Across
Europe, the target types most frequently addressed at national level
often mirror those embedded in existing EU frameworks (Supplementary
Information 02 — Section 2). Many national targets directly build on, or go
beyond, EU commitments by adopting earlier implementation dead-
lines, raising ambition levels, or expanding the scope of sectors and
resources covered. At the same time, several countries have introduced
more innovative goal formulations, including targets for material and
water productivity, waste-reduction goals spanning multiple waste
types, dedicated reuse targets for specific product groups or waste
streams, and objectives explicitly aimed at reducing littering. In other
words, EU targets can stimulate counties to set more ambitious targets at
national scale.

Target-rich jurisdictions coexist alongside countries with only a few
commitments. Most targets are strategic (non-binding); binding targets
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are concentrated in specific domains (notably product-related mea-
sures) and in a small number of countries. Sub-national and sector- or
product-specific targets are also emerging.

Territorial indicators (e.g., domestic material consumption, circular
material use rate) dominate, but footprint-based and absolute cap-style
targets (e.g., material footprints) have been introduced in several
countries and sub-national entities. This indicates the importance of
accounting frameworks that also capture global resource pressures and
impacts.

The dominant policy narrative still centers on relative decoupling,
reflected in a strong focus on productivity, efficiency, and circular-use
indicators, while absolute material-reduction targets are less frequent
and are rarely embedded in law. A number of countries have introduced
absolute material or broader resource-reduction targets, including
environmental footprint targets that are crucial for achieving environ-
mental goals and avoiding burden shifting to other countries, yet the
derivation of these quantitative levels is often not well documented. The
material reduction targets identified in policy documents (e.g. Austria:
RMC of 7 tons per capita in 2050; Germany: RMC of 6-8 tons per capita
in 2045; Netherlands: 50% reduction in the use of primary abiotic ma-
terials by 2030 relative to 2016; Switzerland: RMC consistent with the
1.5 °C climate target) are already largely consistent with the ranges
reported in the scientific literature reviewed in this study.

Outlook:

We suggest that — where feasible — European material targets should
be explicitly linked to one of the three analytical approaches found in
the literature for resource target setting — retrospective (safe historical
rates), availability/accessibility (stocks, grades, recycling, dissipation),
or impact-based (scenarios and downscaled planetary-boundary bud-
gets), and be accompanied by brief consistency and sensitivity checks to
key assumptions. Work on the science-policy interface to better link
scientific approaches with policy and decision-making is of particular
importance here. Future research should focus on in-depth analyses,
including surveys with national policymakers, to systematically link
absolute material reduction targets to scientific approaches. Further-
more, better integrating raw material aspects into EU model-based
scenario quantifications (EU, 2025) would further support
science-based target setting for materials, particularly in climate pro-
tection pathways and in combination with SDG monitoring, while global
modeling and data collection efforts such as those of the UNEP IRP can
help align European targets with international efforts and enhance their
consistency and comparability.
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