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Foreword Magnus Brunner

An entire spectrum of measures and new technologies are required to secure the foun-
dations for our existence and to progress towards climate neutrality. Developing these
transformative technologies requires a significant increase in the use of mineral raw
materials. Currently, 34 raw materials are designated as critical raw materials by the
European Union, due to the high level of risk associated with their supply. Of these,
17 are categorised as having particular strategic importance. The Critical Raw Materials
Act (CRMA), which entered into force as an EU Regulation in May 2024, is intended to
minimise the supply risks relating to these raw materials, through support for the do-
mestic mining industry, accelerating the transition to a circular economy, and the diver-

sification of supply chains.

Supply security also involves sustainable and efficient resource management. This
requires detailed analysis of supply and demand and of the entire lifecycle, from
extraction through use to recycling. This report, the fourth in a series titled “Resource
Use in Austria”, focuses on these themes and seeks to identify pathways towards a

climate-neutral future for Austria.

Federal Minister of Finance

Magnus Brunner



Bundesministerin

Leonore Gewessler

Foreword Leonore Gewessler

Our society’s use of resources plays a central role in the transformation to a sustainable,
climate-neutral, circular and resilient economy. Global resource use has more than tripled
over the last 50 years and, unless preventive action is taken, is expected, according to
the current Global Resource Outlook, to be 60 per cent higher by 2060 than it is today.
Reducing the use of our valuable natural resources also significantly reduces greenhouse

gas emissions and the pressures on our environment.

Conserving resources is synonymous with climate protection. The Circular Economy
Strategy, adopted by the Austrian federal government in 2022, represents a key build-
ing block for the transition to a circular economy. This aims to transform the Austrian
economy and society into a climate-neutral and sustainable circular economy by 2050.
Within a circular economy, resources are used efficiently, products are circulating and
in use for as long as possible, reused, repaired and at the end of their life reprocessed
or recycled as material resources. A more sustainable and future-oriented approach to
our material resources allows us and succeeding generations the opportunity to create a
just and climate-neutral future. The preparation of reliable data is an essential basis for
political decision making. This report makes use of the most recent data in its analysis
of Austria’s resource use and thereby provides an evidence-based foundation for policy
approaches that centre resource sustainability and the circular economy. | hope this will

prove an enjoyable and interesting read for all!
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With a circular economy towards
sustainable resource use?
The essentials in brief

Resource use in Austria

Resource use in Austria increased steadily since 1960 and amounted to 154 million tonnes in 2000. Since then
and up to 2022 domestic material consumption remained at more or less the same, high level. With a per

capita material consumption of 17 t/cap/yr in 2022 we are transgressing planetary boundaries.
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The category “Waste” includes net imports of waste for final treatment and landfill. “Waste” therefore does not show the total amount of waste treated or landfilled
in Austria. The category “unclassifiable” includes, on the one hand, finished goods made from a mix of materials that cannot be assigned to any of the four material
groups and, on the other hand, raw materials or goods that cannot be specified in more detail in the statistics for reasons of confidentiality.

Source: Statistics Austria 2024

Material footprint in Austria

The material footprint (MF) of Austria is larger than the DMC, which indicates that the global raw material de-
mand associated with final demand in Austria is larger than the domestic material consumption within Austrian
administrative boundaries. The development of MF is similar to the one of DMC, between 2008 and 2020 the
material footprint decreased from 209 Mt/a to 199 Mt/a by 5%.

200
Mt/a

100

DMC DMC MF DMC MF DMC
2000 2008 2020 2022

M Biomass [ Fossil energy carriers H Metals B Non-metallic minerals I Non-assignable B Wastes

Explanatory note: The category “non-assignable” comprises on one hand manufactured products containing a mix of materials, which prevents their allocation to one of
the four material categories, and on the other hand goods not further specified in the statistics for reasons of confidentiality.
Source: Statistics Austria 2024
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Impact of circular economy measures

Ambitious circular economy measures could lead to a significant reduction in material consumption to 26 Mt/a

in 2040 (-37%). The most important measures are far-reaching, sufficiency-based measures such as a halt to

construction on undeveloped land, extending the lifespan of buildings, and a shift in the modal split towards

active mobility and car sharing.
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Achievement of the goals of the circular economy strategy

In order to achieve the goals of the circular economy strategy, a significant shift away from current trends is

necessary. Reduction strategies (narrowing) have the greatest impact, as they can reduce material consumption

by up to 70 %.
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Our current way of life, particularly in the industrialised world, is not sustainable. In fact,
the opposite is true: our societal and economic activities are creating environmental
pressures, which exceed the planetary boundaries of our world (Rockstrém et al. 2009b;
Steffen et al. 2015; Fanning et al. 2022). The most recent publication from Richardson et
al. (2023) argues that globally six of the nine planetary boundaries have been exceeded;
three to four of these being in the high-risk zone (biosphere integrity, climate change,
biogeochemical flows and novel entities). Furthermore, the authors show that the degree
by which these boundaries are being exceeded has increased since the first assessments
were made (Rockstréom et al. 2009b; Steffen et al. 2015). Because of this, environmental
pressures are increasing rapidly; an effect that is referred to in the scientific literature
as the “great acceleration” (Steffen et al. 2015).

All the environmental impacts of societal activities are the consequence of
socioeconomic resource use (further details are contained in the following chapter) and
are closely linked to economic activities and societal consumption (Brand-Correa et al.
2020). This makes rethinking, transforming and reducing resource use very challenging
for us all. Nonetheless, the ever more visible and tangible environmental crises, such as
the climate crisis or the biodiversity crisis, call for urgent action to be taken: we must
reduce both environmental pressures and resource use. Unfortunately, studies to date
reveal very few stories of success (see, for example, the systematic literature review by
Haberl et al. 2020). Empirical analysis shows that significant changes or even reversals
in current trends can only be observed during phases of economic crisis.

In the last decade, diverse social, economic and ecological crises have occurred in
rapid succession; these appear to have become characteristic aspects of our globalised
world. The last five years alone were marked by signs of a deepening climate crisis, with
an abundance of heatwaves and extreme weather events. This situation is being driven
by societal use of fossil energy carriers and large-scale changes in land use, while the
impacts of the climate crisis are causing enormous damage to infrastructure as well
as to the agriculture and forestry sectors. Phasing out the use of fossil energy carriers
in the next few years is absolutely essential. The COVID pandemic unleashed a health
crisis that was without parallel in recent decades, and which can at least in part be
attributed to the increasing land use demands of agricultural resource consumption. The
continuous pressure on and exploitation of habitats makes the transmission of pathogens
from animals in the wild to livestock and domestic animals and subsequently to humans
(zoonosis) ever more likely (Dobson et al. 2020; White and Razgour 2020; Bernstein et al.
2022). The COVID pandemic also repeatedly interrupted supply chains and consequently
also the supply of resources to societies (Chowdhury et al. 2021). Following on from this,
the Russian invasion of Ukraine had profound and unanticipated political and economic
impacts in Europe. The Ukraine war itself has a close link to the issues of resource use,
both in terms of the cause of conflict (Ukraine has significant deposits of raw materials
required for future technologies; Zeit Online 2022) and of the consequences of the war.
The latter was evident particularly through interruptions in supply chains for fossil energy
carriers and cereals (Behnassi and El Haiba 2022; Zhou et al. 2023).

Resource Use in Austria 2024



Together with the evident problems, every crisis has great potential for transformation.
Familiar pathways are at least temporarily abandoned, and new ones are trialled and can
be experienced in practice. Thus, for example, a widespread transition to home working
by a large portion of the population would have been unthinkable before the pandemic.
New ways of working were very rapidly developed and implemented during the COVID
pandemic and became established practice in many sectors even after the pandemic had
ended. Similarly, avoidance of or reduction in air travel (whether for private or business
purposes) had seemed unthinkable before this. Although some of these changes were
initially only temporary, they did at least reveal options that a large proportion of the
population have now experienced and which could be employed again in future. Current
evidence indicates to what extent a transition to renewable energy and a reduction in
energy use, driven by the significant increases in energy prices as a consequence of the
Ukraine war, can be accelerated.

With a necessary transformation of resource use in mind, questions arise of how
resource flows have developed through these turbulent years, what can be learned from
these years of crisis, which levers look to be particularly effective in producing change,
and whether these can be translated into new measures. At the same time, we must
consider that the current problems we face are also creating new concerns around
regional, national and global inequalities. Monitoring is needed to understand who is
benefiting from resource use and who is suffering the negative ecological and social
consequences of extraction, processing and excessive use of these resources.

In order to identify the opportunities to take action and to develop effective
measures, we require firstly an overview of socioeconomic extraction, distribution, use
and disposal/recycling of natural resources (biomass, fossil energy carriers, metals and
non-metallic minerals, water, land and ecosystem services) and secondly an analysis of
socioeconomic interlinkages and drivers, which stimulate resource use and determine its
quality and quantity. The empirical data for this is provided by material flow accounts
and analysis (MFA; Eurostat 2018; Krausmann et al. 2017) as part of the environmental
accounts (see the following section and the methodology summary in the Appendix:
“Material flow accounting”). On the basis of these data, interlinkages can be identified
between resource extraction, trade and final demand on one hand, and between eco-
nomic development and resource use as well as between policy measures and their
impact on biophysical indicators on the other.

The current resource use report, published by the Federal Ministry for Climate
Action, Environment, Energy, Mobility, Innovation and Technology (BMK) and the Federal
Ministry of Finance (BMF), is part of a series that now comprises four volumes. These
reports summarise current research on Austrian resource use and discuss development
and trends in materials use over the last two to three decades. Alongside this, each
report focuses on a particular theme that is currently relevant. The first report (BMLFUW
and BMWFJ 2011) takes the theme of construction materials, which together comprise
more than half of all resource use in Austria, as its focus, while the second report
(BMLFUW and BMWFW 2015) focuses on biomass materials as the foundation of a

Resource Use in Austria 2024
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bioeconomy and the third report (BMK and BMLRT 2020) looks at sustainable resource
use as the intersection of resource efficiency, climate protection and raw materials for
future technologies.

This report, the fourth volume in the series, takes the circular economy as its focus
and with this, the empirical basis for two very recent political strategies: the national
Austrian Circular Economy Strategy (BMK 2022), adopted by the Austrian Council of
Ministers in December 2022, which aims to transform the Austrian economy and society
into a climate-neutral and sustainable circular economy by 2050; and the Master Plan
Raw Materials 2030 (BMLRT 2021), to ensure an ecologically and socially responsible
supply of mineral raw materials to Austria from domestic and international sources.

The contents of this report are organised within two main chapters: Chapter 2
details the current figures and trends regarding Austrian resource use from 2000 to 2022,
with reference to four material categories (biomass, fossil energy carriers, metals, and
non-metallic minerals), the material outputs, the integration within global supply chains, a
comparison between EU Member States, and the connection with economic development
(resource productivity and decoupling). Chapter 3 focuses on the circular economy and
discusses the aims of the national Circular Economy Strategy in the context of current
material flow accounts data. This forms the basis for a look ahead at the future, building
on the results of the research project “Circular economy and decarbonisation: synergies
and Trade-Offs"". This explores models for the development of the circular economy in
Austria by 2040 along four different future pathways. This potential future perspective

shows what a climate-neutral and resource efficient way of life could look like in 2040.

1 forschung.boku.ac.at/de/projects/13725
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Material flow accounts provide the evidence base for
discussing sustainable resource use

Statement 1 — Austria as an international leader in systematic
reporting on resource use: Austria may justifiably be regarded as a
global leader in the field of systematic reporting on resource use.
Although Japan had already presented a proposal in 2004 at a G8
meeting for the development of a “sound material cycle society:
reduce, reuse, recycle”, environmental reporting in Europe and the
US was dominated by a confusing plethora of emissions-related
impacts (forest dieback, air pollution, noise pollution, water quality
concerns, etc.). Focusing on resources was based on the insight that
everything causing environmental impacts as emissions and wastes
was ultimately determined by inputs - and could be systematically
recorded by analysing socio-economic statistics. This approach
was positively received in Austria, both by the Environment Min-
istry and Statistics Austria. They supported the development of
corresponding material flow statistics. This formed the model for
the subsequent development by Eurostat of a similar Europe-wide
database (EW-MFA) from 2011 onwards. UNEP (the UN Environment
Programme) took the important step of establishing an International
Resource Panel (2007), which resulted in an initial report in 2011,
“Decoupling Natural Resource Use and Environmental Impacts from
Economic Growth” (UN IRP 2011), and led thereafter (2016) to the
development of the Global Material Flows Database in time series.
— Univ.Prof.emeritus Dr. Marina Fischer-Kowalski, Institute of Social Ecology (SEC), BOKU

University

Our way of life as a society, with all our activities in terms of production and consumption,
is directly linked to the use of natural resources. We require resources particularly for
the construction and maintenance of built material stocks (e.g., buildings, roads, other
infrastructure such as sewerage systems, energy infrastructure, bridges, etc.), providing
food for humans as well as livestock and domestic pets, and manufactured consumer
goods (e.g., clothing, furniture and equipment). Due to population increases and the
changing needs and demands of our society, material stocks are continually growing,
i.e., we build new houses, vehicles and roads, we buy ever more items of equipment and
consumer goods, and must also feed a growing population and increasing numbers of
livestock. However, only one Earth, with its limited quantities of materials, is available
to this growing society. This conflict lies at the root of the environmental problems that
are becoming increasingly evident, for example in the form of ever more frequent and
more serious heatwaves and other extreme weather events, and biodiversity loss. In

the case of some raw materials and goods, the increasingly global interconnection of

Resource Use in Austria 2024
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both our production and our consumption activities is also leading to further supply
uncertainties and shortages.

In order to understand socioeconomic resource use and develop appropriate
measures, we need a scientifically proven theoretical basis and consistent analyses of
both patterns and trends. The scientific concept which provides the framework for this
report’s analysis of socioeconomic resource use is that of social metabolism (Haberl et
al. 2016; Haberl et al. 2019) (see Figure 1).

In this context, societies are seen as analogous to an organism that requires
an input of nutrients to have a supply of energy and to be able to grow and carry out
activities. Within identified system limits, resources are extracted from nature or traded
between socioeconomic systems and are finally returned to nature as wastes and
emissions (see Figure 1). Following the fundamental laws of physics on thermodynamics,
all material inputs (raw materials) are transformed at the end of their utilisation phase
into outputs (air and water emissions as well as solid wastes). Raw materials remain in
circulation within society for longer where resources are utilised in the form of material
stocks (buildings, roads, consumer goods, etc.) with a particular service life. Inputs
and outputs, translated into material stocks, are thus directly correlated. It therefore
follows, that if we wish to reduce emissions, we will also need to decrease our input
of raw materials and thus also reconsider and adapt our material stocks accordingly.

To better understand the ways in which we are using a whole spectrum of
diverse resources, we must track their journey all the way from extraction, through
socioeconomic production to consumption. Following a consolidation of methods,
data and analyses relating to socioeconomic inputs (UN 2017; Eurostat 2018), MFA
has undergone further development in this direction. Current research focuses on
calculating societal stocks (Krausmann et al. 2017, 2020; Wiedenhofer et al. 2027;
Haberl et al. 2023), and taking a mass balance approach to the interlinkage between
material inputs and material outputs with regard to these stocks. This mass-balanced
accounting of inputs, stocks, and outputs enables empirical analysis of the circular
economy at a macroeconomic level (Haas et al. 2015; Mayer et al. 2018; Haas et al.
2020). Similarly, global trade relationships are analysed and the environmental impacts
of e.g., Austrian consumption activities on other continents are identified (Lenzen et
al. 2012; Schaffartzik et al. 2014; Wiedmann et al. 2015; UN IRP 2019a; Dorninger et al.
2021; Lenzen et al. 2021). Environmental impacts resulting from the use and extraction
of materials are increasingly being recorded and analysed, particularly the impacts
upon biodiversity (Lenzen et al. 2012; Marques et al. 2019; Luckeneder et al. 2021;
Giljum et al. 2022). Ultimately, MFA data are also addressed in large-scale framework
concepts regarding wellbeing, doughnut economics and planetary boundaries (O'Neill
et al. 2018; Fanning et al. 2022).

Resource Use in Austria 2024
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Environmental accounts (BMK 2021) and within these, the MFA (Krausmann et al. 2017;
Eurostat 2018), both provide us with the data basis for analysing societal resource use
and for developing and evaluating political strategies. Resource use includes many
different materials with very diverse biophysical characteristics and forms of utilisation
by society. To aid analysis, data in the MFA are divided into four major categories: bio-
mass, fossil energy carriers, metals and non-metallic minerals. Each of these major
categories can be further divided into subcategories (e.g., crops, non-ferrous metals,
igneous rock) and finally broken down into individual materials (e.g., wheat, hardwood,
coal, nickel ore, limestone, phosphates).

In the MFA and in this report, further categories are designated in addition to
the four major material groups: the “not assignable” category comprises two different
groups: on one hand, finished products composed of a mix of materials, which does not
allow their categorisation according to one of the four material groups (e.g., artworks,
measuring instruments, etc.) - this material group is referred to in other reports as “other
commodities” or “other products”; and on the other hand, goods are included that for
reasons of confidentiality cannot be more precisely recorded in the statistical data.
Results can be seen in Figure 7. The category of “Waste for final treatment or landfill”
comprises imports and exports of wastes composed of various materials, which are sent

to the destination country for final treatment.

Resource Use in Austria 2024
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Water? is not accounted for in the MFA, which does not signify lesser importance but
rather the large quantities, which exceed those of other materials by a factor of 50
(Krausmann et al.2018; UN IRP 2019a). Hence, water use is recorded in dedicated water
balances (Eurostat 2015; UN 2023). Only brief mention is made in this resource report
of details regarding Austrian water requirements and water use (see following chapter).

The MFA includes all material and energy use of raw materials (biomass, fossil
energy carriers, metals and non-metallic minerals) in metric tonnes (methodologies
and data sources are detailed in “Material flow accounting” in the Appendix). The most
important specific terminology used in the MFA is listed and explained in the Glossary
(see “Glossary” in the Appendix).

In the four resource use reports produced to date (BMLFUW and BMWFJ 2017,
BMLFUW and BMWFW 2015; BMK and BMLRT 2020), the contemporary data of the
MFA, i.e., the type and quantity of the raw materials that are processed in the Austrian
economy and which satisfy domestic consumption, are presented and discussed. The
data within the MFA are also presented in various publications by Statistics Austria
(Statistics Austria 2024).

A concluding note: All the data presented here are rounded values. Possible

rounding differences have not been balanced.

2 With the exception of water that is contained in different materials, e.g., in agricultural
produce, wood, fossil energy carriers, etc. See Appendix “Material flow accounting”.
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Statement 2 — A reduction in demand for materials is technically
feasible and would make an important contribution to climate
protection and nature conservation: Austria uses natural resources
from around the world; metals, fossil energy carriers, fertiliser and
feedstuff, as this report so impressively demonstrates. Material
production is responsible for a quarter of all global greenhouse gas
emissions. A reduction in the demand for materials, replacing single
family homes with apartment blocks, car-sharing or avoiding using
cars, purchasing good quality products rather than disposable goods,
is technically feasible and would make an important contribution to
climate protection and nature conservation. Policy making should
focus on providing incentives for this. - Univ.Prof. Dr. Edgar Hertwich, Professor
of Industrial Ecology, NTNU Norway, and member of the European Scientific Advisory Board

on Climate Change of the European Commission

In Austria each year, in order to carry out our social activities and economic processes,
large quantities of natural resources are used and consumed. In 2022, domestic material
consumption (DMC) in Austria stood at 17 tonnes per capita and year, while energy use
was calculated to be around 150 MJ per capita and year. Of the materials consumed,
25 % comprised biomass materials, which were used as food and feedstuff as well as
sources of energy; metallic and non-metallic minerals (60 %) were used for construction
and civil engineering projects or the production of consumer goods, while fossil energy
carriers (13 %) were used to heat residential homes and workspaces and to power the
entire range of machines and items of equipment that we use. However, we not only
use the materials already mentioned, but additionally water, for example to drink, or
in cooling processes and in many industrial processes (e.g., as solvents and binding
agents). Austria is a country with plentiful supplies of water, yet we are also impacted
by regional droughts and extreme precipitation events, which can cause flooding®. The
rapid progression of climate change will make sustainable water use ever more important

in the future.

3  umweltbundesamt.at/wasser
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Statement 3 — Austria is rich in water - yet water use will increase
significantly in the future: Austria's water resources will remain
abundant in future, however the proportion of usable groundwater
resources could shrink by up to one-fifth of its current volume of 5.1
billion m3 per year by 2050, due to impacts such as those associated
with climate change. Regional differences will also become more
marked, particularly in low precipitation regions in the eastern part
of Austria. The share of available water resources that are used will
increase in future (with an increase in intensity of groundwater usage
from 16 % to 26 %). Groundwater use comprises 40 % of total water
consumption in Austria. The greatest increase in usage, involving
almost a doubling of demand, is projected for agricultural irrigation
purposes by 2050. Groundwater resources will be increasingly
required in the future for cooling processes and energy generation.
Intensive use of watercourses and associated containment measures
are responsible for very significant impacts on their ecological status
due to detrimental hydromorphological changes, and more than
half of all water bodies currently fail to meet the standards set by
the EU Water Framework Directive. Approximately 60 % of all fish
species in Austria are at risk as a result. - Univ.Prof. Dr. Thomas Hein, Institute
of Hydrobiology and Aquatic Ecosystem Management (IHG), BOKU University

Austria’s resource use increased from 100 million tonnes
to 154 million tonnes in 60 years and exceeds planetary
boundaries

In the course of an economic boom following the Second World War, many of today’s
industrialised states experienced a continuous improvement in living standards. Both this
economic development pathway and a tripling of the global population since 1950 led
to an increase in global resource use from 15 billion tonnes in 1950 to 89 billion tonnes
in 2015 (Krausmann et al. 2018), in other words, a sixfold increase. This rapid increase in
material and energy use, which is also defined as the “Great Acceleration” (Will Steffen et
al. 2015), also increases the environmental pressures caused by this level of consumption,
such as greenhouse gas emissions, industrial or agricultural encroachment into natural
habitats, biodiversity loss and the exploitation of natural resources, for example in the
form of deforestation, overfishing or soil sealing. Shortages of critical raw materials occur
as a result of the unevenness of their geological distribution, geopolitical conflicts and

the outsourcing of mining and further processing activities to locations outside Europe

Resource Use in Austria 2024
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Statement 4 — Materials extraction and accumulation of stocks drive
the sealing and fragmentation of landscapes and cause biodiversity
loss: Natural ecosystems need more space, or more area. This is
critical for conserving and restoring biodiversity and for securing
the multiplicity of ecosystem services upon which society depends,
e.g., supporting food security, maintaining water supplies, climate
protection and adaptation to climate change through greater natural
buffer capacities. To ensure this is possible, there needs to be a trend
reversal in the dynamics of increasing land use, such as agricultural
extensification, and a reduction in the fragmentation of habitats.
What does this have to do with resource use? A great deal, since
resource extraction within the mining, agricultural and forestry sec-
tors and resource use for roads, buildings and infrastructure projects
are drivers of land take. This leads to soil sealing and fragmentation
of landscapes. The degree to which we are successful in changing
direction to create a low-resource economy will determine the future
of biodiversity in Austria. - Assoc.Prof. Mag. Dr. Franz Essl, Department of Botany

and Biodiversity Research, University of Vienna

There has been a simultaneous intensification of trade interlinkages within an increas-
ingly globalised world economy. Products used by consumers in one country are being
produced in another, with the raw materials required for their production have often been
extracted in a third country. At the same time, the material composition of products is
becoming ever more complex and there is a growing dependency upon a large number
of regions from which sought-after raw materials are extracted.

In Austria too, material resource consumption rose from approximately
100 million tonnes per annum in 1960 to reach a high point in 2007 of 170 million tonnes,
i.e., by a factor of 1.7. In comparison, the population in Austria rose in the same period
(1960-2007) by a factor of 1.2 (Eurostat 2023a). A slight reduction in domestic material
consumption is observable since 2007, falling to 154 million tonnes in 2022. This repre-
sents the daily use per person of 12 kg renewable raw materials, 3 kg of metals, 25 kg
of non-metallic minerals and 6 kg of fossil energy carriers (see Figure 2). Additionally,
676 litres of water (466 litres in industry, 130 litres in households and 40 litres in agri-
culture?*) and 432 MJ of energy (gross domestic consumption, territoriality principle;
Statistics Austria 2023a) were required per person per day. The consumption of fossil
energy carriers resulted in daily levels of greenhouse gas (GHG) emissions of 22 kg
CO,-equivalent per capita (Austrian Federal Environment Agency, 2023a). Austria’s
territorial land area comprises 8.39 million ha, which represents approximately
0.8 hectares per capita (Statistics Austria 2023b); 0.3 ha/cap of which is used for agri-

culture and 0.4 ha/cap for forestry. Land area utilised for human settlements, transport,

4 trinkwasserinfo.at
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recreational and leisure activities etc. amounted in 2021 to 630 m?%/cap (OROK 2024),
and 52% of these areas are sealed. According to the Austrian Federal Environment
Agency (2024a), an average of 11.3 ha of land is converted to settlement areas in Austria

every day, 5.8 ha (52%) of which is sealed.

In 2022, the average daily resource use of each Austrian was:

25 kg/cap/day non-metallic minerals
of this 6 kg/cap/day fossil energy carriers
3 kg/cap/day metals

12 kg/cap/day 34 kg/cap/day
Renewable resources Non-renewable raw materials

466 |/cap/day in industry
of this 130 I/cap/day in households
40 |/cap/day in agriculture

432 MJ/cap/day 676 |/cap/day
Energy Water

A\

0.4 ha/cap forestry use
of this 0.3 ha/cap agricultural use
0.06 ha/cap used for human settlements,
transport, or leisure activities
(of this 52% sealed area)

22 kgCO2-equ/cap/day 0.8 ha/cap
GHG emissions landiacesuzed 5.8 ha/day Increase of sealed area

Sources: Material consumption as DMC by material category (Statistics Austria 2024), water consumption (OVGW 2019; BM LFRW 2023), energy consumption as gross domestic
consumption according to the territoriality principle (Statistics Austria 2023a). Increase in land use as 3-year average 2019-2021 (Federal Environment Agency 2024a).
Greenhouse gases (Federal Environment Agency 2024b).

Note: Values are rounded. Possible rounding differences have not been balanced.

In 2022, individual Austrian residents consumed on average 17 tonnes of materials per  Figure 2: Resource Use in
capita, of which 14 tonnes were extracted domestically. The major share of materials ~ Austria 2022.
extracted in Austria comprised biomass for food production together with wood and
non-metallic minerals, which were used primarily in construction and the maintenance of
buildings, roads and other infrastructure. On the other hand, this included the import of
10 tonnes and export of 7 tonnes of materials per capita and year. Since 2000, a gradual
reduction in domestic extraction (DE) of 8 % can be observed alongside a simultaneous
and significant increase in international trade activities of 35% in the case of imports

and 47 % in the case of exports.
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Statement 5 — Land continues to be regarded as a disposable
product: It is universally acknowledged that land take in Austria is
very high. Approximately 11 hectares per day or 40 km? per year are
built upon each year. We are thus very far away from the levels we
need to see. We have already built upon so much land area that,
in statistical terms, each Austrian could inhabit a detached family
home, each car would have more than enough room to park and there
would be well beyond the requisite space available for offices and
business parks - yet unfortunately these are never located where
they are actually needed. Starting points for change include placing
limits on the designation of land for building development and more
appropriately calculating the cost of soil degradation. Reduced land
take would ultimately lead also to a significant reduction in Austria’s
high levels of resource use. - Gundula Prokop, Senior expert on land take and soil

sealing at the Austrian Federal Environment Agency

Resource use in Austria has global impacts
Our individual resource consumption, i.e., the quantities of materials that we actually
utilise and consume directly through our activities, is nonetheless lower in most cases
than the per capita consumption for Austria as a whole. This is because natural resources
are not only utilised for individual private consumption but are to a significant degree
used in the production and supply of public services and goods, for example in transport
infrastructure, and in health, education, sports and leisure institutions, etc. It therefore
follows that social metabolism is greater than the sum of all resources used by individuals.

Furthermore, the extraction, processing and transportation of materials in
themselves require the consumption of materials and energy, for example in the form of
agricultural irrigation and fuels for freight transport. Since Austria’s demand for resources
cannot be satisfied entirely through domestic production, a share of these materials
is imported from other countries. This international trade is itself ultimately linked to
an expenditure of resources in terms of transport and energy. Austria’s participation in
global markets also means that Austrian material consumption inclusive of the entire
global supply chain is larger than the quantity of resources consumed within Austria’s
national borders (domestic material consumption). The material consumption of Aus-
trian consumer goods inclusive of upstream consumption of materials along the entire
production chains for imported goods, which takes place outside Austria, is defined as
the ‘material footprint’. Thus, Austria’s consumption also has an impact on the resource
consumption of other countries.

Global material consumption in 2022 comprised an average of 13 t/cap/a or
36 kg per capita and day (UN IRP 2024). Austria's material footprint in 2020 was 61 kg/day
(Statistics Austria 2024). Thus, if one takes the entire production chain including upstream
resource consumption into account, 15 kg or 30% more material per capita and day is

consumed than is consumed directly within the country. This is particularly relevant for
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metals and fossil energy carriers, which in contrast to biomass and non-metallic minerals
is largely imported, since the extraction of deposits existing within the country is not (any
longer) economically viable, mining is currently not taking place, or these raw materials
are not available within Austria. In the case of metals, it is also the case that a large
share of the materials are imported into the country in the form of highly processed
products, for example automotive vehicles or machinery, the production of which has
involved material consumption in other countries. Thus, taking a consumption perspective
means the use of metals is tripled and the use of fossil energy carriers doubled.

The water footprint in 2022 was 4,377 |/cap/day (Neunteufel et al. 2021), which
is more than 6 times the figure for direct water consumption. The energy footprint
(644 MJ/cap/day) and the land footprint (1.2 ha/cap) (both UN Environment 2024) were
around 50% higher than domestic consumption, while the carbon footprint
(28 kg CO.equ/cap/day; UN Environment 2024) exceeded the figure for domestic emis-
sions by 28 %.

Globally, the average daily consumption of each Austrian causes a material footprint of:

13 kg/cap/day 48 kg/cap/day
Renewable Non-renewable
resources raw materials

A

644 MJ/cap/day 4,377 |/cap/day 28 kgCOz-equ/cap/day
Energy footprint Water footprint Carbon footprint

ﬁg\ . ) 28 kg/cap/day non-metallic minerals
el of this 12 kg/cap/day fossil energy carriers
8 kg/cap/day metals

1.2 ha/cap
Land footprint

Sources: Material footprint: (Statistics Austria 2024), Energy, carbon and land footprint: (UN Environment 2024), water footprint: (Neunteufel et al. 2021).

Note: Values are rounded. Possible rounding differences have not been balanced.
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Figure 3: Material footprint:

the resource needs of
Austrian final consumption,
2022.
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A sustainable lifestyle must not exceed ecological limits and must
at the same time guarantee minimum social standards

In recent decades, we have seen a significant increase in many social, economic and bio-
physical indicators, a phenomenon described in the literature as ‘the great acceleration’
(Will Steffen et al. 2015). The exponential growth in ecological indicators has exceeded
planetary boundaries in many areas. As early as 2009, Rockstrém and colleagues (2009b)
defined planetary boundaries for nine resources or ecosystem services, updated six

years later by Steffen and colleagues (2015):

Climate change

Ocean acidification

Stratospheric ozone depletion

Atmospheric aerosol loading

Biogeochemical flows: interference with P and N cycles
Global freshwater use

Land-system change

Biodiversity loss

0 ® N OO AW N

Chemical pollution

Studies have shown how the economic and social development of a country is always
accompanied by increasing resource consumption (Raworth 2017; OECD 2018; UN IRP
2019a; Brand-Correa et al. 2020; Haberl et al. 2020). Beyond a certain level of income,
however, the consumption picture flattens out; greater resource or energy consumption
(or emissions) then lead only to insignificant increases in GDP, in human development
(measured as HDI, Human Development Index), or other social indicators (Steinberger
and Roberts 2010; O’Neill et al. 2018; UNDP 2019; Chancel 2022).

Kate Raworth (2017) subsequently combined the planetary boundaries with
social boundaries to create the Doughnut concept (see Figure 4). This demonstrates
that a sustainability transformation must give consideration to all the dimensions of
sustainability and ensure that environmental impacts remain within planetary boundaries,
while social (minimum) boundaries must also be met. The same intention underpins the
UN Sustainable Development Goals (SDG; UN 2015). Unfortunately, recent studies have
shown that no single country has (thus far) achieved these definitions of sustainability
(O'Neill et al. 2018; Fanning et al. 2022). Countries (above all industrialised countries)
that have achieved all the social standards have simultaneously exceeded one or, usually,
several planetary boundaries. Conversely, countries (often referred to as developing
countries) that are living within the planetary boundaries often fail to achieve the min-
imum standards defined for social life. Observed over time, it is evident that the plan-
etary boundaries are being exceeded more rapidly than social standards are being
achieved. Richardson et al. (2023) shows that meanwhile six of the nine planetary
boundaries have been exceeded and that the degree to which they are being exceeded
has increased since the earlier studies (Rockstréom et al. 2009b; W. Steffen et al. 2015).

Resource Use in Austria 2024



Too little attention has been paid to date to the analysis by Lade et al. (2019), according
to which the expected feedbacks between planetary boundaries are producing an ac-
celeration in the environmental impacts caused by human activities to the Earth’s sys-
tems. Combating these ecological crises requires actions that go beyond the measures
seen thus far. A social transformation is needed (Gérg et al. 2017; Brand et al. 2020;
Haas et al. 2023), so that societal resource use can return to levels that lie within the

planetary boundaries.
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Note: Most indicators are for 2011.
Source: Fanning et al. 2020, goodlife.leeds.ac.uk/national-snapshots/countries/#Austria

Resource consumption is a combination of local material  Figure 4 Is Austria within the
extraction and international trade - Austrian trends “safe operating space"?
from 2000 to 2022

The overview presented in summary in the previous chapter clearly indicates that we
must reduce our resource consumption. This understanding is increasingly reflected in
political programmes, most recently in the Austrian Circular Economy Strategy (BMK

2022): The Austrian federal government committed itself therein to the goal of reducing
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Biomass

resource consumption (measured as material footprint) to 7 tonnes per capita and year
by 2050, and reducing domestic material consumption (DMC) to 14 tonnes per capita
and year by 2030. In the following chapter, the current data on resource consumption in
Austria, based on the data provided by Statistics Austria in its Material Flow Accounts
(Statistics Austria 2024) is presented.

The resources required in Austria may be either extracted from the environment
as raw materials within Austria’s national boundaries (domestic extraction, DE) or im-
ported from other countries. Of the entire domestic material consumption (DMC) for
2022, 81% could be supplied in the form of materials extracted domestically (DE). In
terms of biomass products from agriculture and forestry and non-metallic minerals,
Austria is well supplied with domestic resources. A large share of domestic consumption
of these materials is supplied by domestic extraction (91% in the case of biomass, and
99 % in the case of non-metallic minerals) (see Figure 5). In the case of fossil energy
carriers and metals, the major share of domestic consumption requirements is supplied
through imports. The proportion of net imports (physical trade balance, PTB; calculated
as imports minus exports) in Austria in 2022 was 54 % for metals and 95% for fossil

energy carriers (see Figure 5).

Non-metallic minerals

Fossil energy
carriers

Metals

PTB [b]3
SEYA47 %

DMC: 39 Mt/a DMC: 21 Mt/a DMC: 10 Mt/a DMC: 83 Mt/a
DMC domestic material consumption = DE Domestic Extraction M PTB physical trade balance =
DE+PTB Importe-Exporte

Source: Statistics Austria 2024, Values are rounded, rounding differences are not balanced.

Figure 5: Share of Austrian
domestic extraction (DE) and
net imports (PTB) in domestic
material consumption (DMC)
for four material categories
in 2022.
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Austria exports a share of the materials that are processed within the country in the
form of manufactured products and provides these for final consumption in other coun-
tries. As Figure 6 shows, the quantities of imports (26 million tonnes/year or Mt/a) and
exports (24 Mt/a) of biomass products in 2022 were similar in scale to the quantities of
materials that are extracted in Austria (DE of 37 Mt/a in 2022). In the case of metals,
only 5 Mt/a were extracted in Austria while a further 20 Mt/a were imported. A signif-
icant share of these imports was further processed in Austria and then exported again
(15 Mt/a). Where fossil energy carriers and non-metallic minerals are concerned, the

proportions look rather different: the domestic extraction (DE) of about one million
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tonnes of fossil energy carriers in 2022 contrasts with imports of 30 Mt/a. Exports
consist mainly of processed products, which comprise about 9 Mt/a. Contrastingly,
in the case of non-metallic minerals, domestic extraction is predominant (82 Mt/a in
2022). Imports and exports (10 Mt/a and 9 Mt/a) were relatively minor proportions for
this category of materials. Figure 6 also shows the category “non assignable”, which
contains materials that for reasons of confidentiality cannot be identified, or because
they are products with an unknown material composition. Please see the following

chapter for further details.

Mt/a B DE M Imports M Exports

Biomass Fossil energy carriers Metals Non-metallic minerals Non-assignable

Explanatory note: The category “non-assignable” comprises on the one hand manufactured products containing an unknown mix of
materials, which prevents their allocation to one of the four material categories, and on the other hand raw materials or goods not

specified in the statistics for reasons of confidentiality.

Source: Statistics Austria 2024

Material consumption has increased - even during the

COVID pandemic

Domestic material consumption (DMC) (see Eurostat 2018 and the methodology section
in the Appendix) amounted to 154 million tonnes in 2022, and was predominantly made
up of non-metallic minerals (83 Mt/a in 2022, which is 54% of DMC) (see Figure 7).
Biotic materials constituted the second largest category which 39 Mt/a in 2022, 25%
of overall DMC. Further to this, 21 Mt/a of fossil energy carriers (13% of DMC) and 10
Mt/a of metals (7% of DMC) were consumed.

Resource Use in Austria 2024

Figure 6: Austria's domestic

extraction (DE), imports and

exports for four material
categories, 2022.
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Figure 7: Austria’s domestic
material consumption (DMC)
in four material categories,
together with non-assigna-
ble materials and wastes in
Austria, 2000 to 2022.
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DMC Total: 154.4
150 82.8
Mt/a

100

10.4
20.6
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387

0
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M Biomass [ Fossil energy carriers B Metals B Non-metallic minerals [ Non-assignable B Wastes

Explanatory note: The category “Waste” includes net imports of waste for final treatment and landfill. “Waste” therefore does not show
the total amount of waste treated or landfilled in Austria. The category “non-assignable” includes, on the one hand, finished goods
made from a mix of materials that cannot be assigned to any of the four material groups and, on the other hand, raw materials or
goods that cannot be specified in more detail in the statistics for reasons of confidentiality.

Source: Statistics Austria 2024

of four material categories: biomass, fossil energy carriers, metals and non-metallic
minerals”). Consumption of non-metallic minerals decreased by 7 %. Since 99 % of this
consumption is based on materials from domestic extraction, this development mirrors
changes in domestic extraction. Fossil energy carriers saw the greatest reduction in
consumption, from 23 Mt/a (2000) to 21 Mt/a (2022), decreasing by 11%. A significant
increase is evident for “non-assignable” materials in 2020, although this is largely at-
tributable to measures introduced to ensure confidentiality of the primary data in the
statistical sources. Statistics Austria created this collective material category designation
because of cases in which detailed information is covered by data protection regulations.
Alongside the raw materials or goods that are subject to confidentiality regulations, the
“non-assignable” materials also include finished products composed of an unknown mix
of materials, which therefore cannot be allocated to one of the four material categories

(“other products”). Discussion or interpretation of the “non-assignable” category therefore

serves no useful purpose.

The most significant fluctuations in domestic material consumption were observed
during the years of major economic crisis. The financial and economic crisis of 2008/09
led to a reduction in DMC of 3% in 2008 and of 7% in 2009 - the largest such decrease
of the last 20 years. The economy recovered in 2011, which led to a renewed increase

in DMC (+6 %). The slump was seen in all four material categories, to the same extent

Resource Use in Austria 2024

Between 2000 and 2022, domestic material consumption remained at more or less the
same level (154.1 Mt/a in 2000 and 154.4 Mt/a in 2022). Within each of the four material
categories some changes were evident: the largest changes were observed in the case
of metals and biomass: material consumption of metals rose by 49 %, and of biomass

by 15% (for further details, see the chapter “Our resource consumption is comprised



as in the case of the renewed increase in 2011. The country’s economic development
followed a similar trend, with GDP falling from 2008 to 2009 by 4 % before rising in the
following two years (-2% and +3 %).

In contrast to the 2008/09 economic crisis, during the COVID pandemic no re-
duction in material consumption was recorded. Instead, material consumption increased
from 2020 to 2021 by 4 %. At the level of the four material categories, a differentiated
picture emerges. Consumption of fossil energy carriers fell by 1% from 2020 to 2021,
while consumption of metals and non-metallic minerals rose by 21% and 7 % respectively.
Economic data on gross value added in the different sectors also shows a difference
between the economic crisis of 2008/09 and the COVID pandemic of 2020/21. The eco-
nomic crisis led to a slump primarily in manufacturing industry and a little less marked in
the construction industry, although in the case of the latter, this lasted longer through
subsequent years. In contrast, the COVID pandemic shows impacts across almost all
sectors, although barely at all in the construction industry. Gross domestic product fell
from 2019 to 2020 by 7 % followed by renewed growth in 2021 of 4 %.

With the beginning of the Russian war against Ukraine in February 2022, material
consumption decreased significantly in comparison with the previous year, by a total
of 7%. This decrease occurred in all main material categories. Thus, the war against
Ukraine seems to have had a similar impact on material consumption to that caused by
other economic crises. A different picture emerged here with the development of the
economy, which in terms of GDP showed no slump from 2021 to 2022, rising instead by
5%. The trend that followed through the subsequent energy crisis and the impacts on

resource consumption have yet to be identified.

In Austria, we extract primarily biomass and non-metallic minerals
from the natural environment

81% of domestic material consumption is accounted for by raw materials extraction in
Austria itself. Domestic extraction (DE) is accordingly large in scale and amounted to
125 million tonnes in 2022. The largest share was accounted for by non-metallic minerals
(82 Mt/a in 2022), followed by biomass materials (37 Mt/a) (see Figure 8). Deposits of
fossil energy carriers and metals are very limited in Austria, for which reason these raw
materials are not (any longer) extracted in large quantities; in 2022, domestic extraction
of fossil energy carriers amounted to about one million tonnes and 5 million tonnes of
metal ores (for details, see the chapter “Our resource consumption is comprised of four

material categories: biomass, fossil energy carriers, metals and non-metallic minerals®).

Resource Use in Austria 2024

33



DE Total: 124.6

82.1
120
Mt/a
90
60
49
1.0
30 36.6
0
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
M Biomass I Fossil energy carriers H Metals B Non-metallic minerals
Source: Statistics Austria 2024
Figure 8: Austria's domestic In the period from 2000 to 2022, the quantity of extracted materials fell by 2%. The

extraction (DE) in four mate-

annual fluctuations during this 22-year period in most cases (in 15 of the 22 years)
rial categories, 2000-2022.

amounted to less than -5%. If we examine the four material categories separately, we
can nonetheless identify different trends. The material extraction for biomass shows an
overall increase of 15% and that of metals an increase of 69 %. The extraction of fossil
energy carriers, in contrast, shows a reduction of 74% from 3.8 Mt/a (2000) to one
million tonnes (2022). Over the 22-year period, the DE for non-metallic minerals fell by
8%, however with strong annual fluctuations evident throughout the period, which are
closely related to the economic crises already noted in the context of material consump-
tion. Since non-metallic minerals represent the largest material category, fluctuations

in this group are mirrored also in the overall development trends for domestic extraction.

Economic crises have a major impact on international trade

In 2000, Austria imported 67 Mt/a, that is, roughly half as much quantity of materials as
were extracted within the country (Figure 9a). In 2022, imports comprised 92 Mt/a, which
corresponds to 74 % of extracted materials. In the two decades being analysed, imports
therefore showed an increase of 38%, while domestic extraction remained at roughly
the same level (-2 %). In 2022, exports amounted to 63 Mt/a, compared with 2000, when
Austria exported 40 Mt/a (Figure 9b). Accordingly, exports, with an increase of 55%,
increased more rapidly than imports.

The material composition of trade flows differed strongly from that of material
extraction and material consumption. In 2022, fossil energy carriers were the most im-
portant category, comprising 31% of total imports, followed closely by biomass materials
(28 %). Metals also represented a significant category in quantitative terms (22 %) while
non-metallic minerals played a relatively minor role, comprising only 11% of imports.
It should be noted at this point that allocating highly processed products to one of
the four material categories is not always possible. Traded goods are almost entirely

semi-finished or finished products, i.e., not raw materials as in the case of domestic
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extraction. In accordance with MFA convention, products that are composed of a mix
of materials are allocated to the material group which represents the primary share of
materials within the product. Products for which information on material composition is
not available or for which the composition cannot be more precisely described for reasons
of confidentiality are allocated to the category “non-assignable”. In the case of highly
processed goods, this convention can only provide a rough approximation, however the
largest flows in quantitative terms comprise semi-finished products, which can be clearly
allocated to one of the material categories.

The annual rates of change for imports and exports have shown a stronger dy-
namic than in the case of extraction and consumption. For example, during the years of
the 2008/09 economic crisis, a sharp fall in the import of metals of 25% could be ob-
served, followed by an increase in the following year of 30 %. The import of manufactured
goods decreased by 10%, followed by an increase in the following year of 13%. In the
cases of some other material categories, some individual years and periods also recorded
annual rates of change of 10 % or more. In contrast to material consumption, the impact
of the 2020/21 COVID pandemic is more clearly seen in physical imports and exports.
In 2020, imports fell across almost all categories; however, an increase was observed

in the case of biomass (4 %) and for non-assignable materials (47 %).

IMPORTS Total: 92.3 EXPORTS
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Total: 62.6
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M Biomass [ Fossil energy carriers B Metals B Non-metallic minerals I Non-assignable B Wastes

Explanatory note: “Waste” include traded wastes for final processing and landfill (note that the quantity is too small to be visible in
the graph). The category “non-assignable” comprises on the one hand manufactured products containing a mix of materials, which
prevents their allocation to one of the four material categories, and on the other hand goods not further specified in the statistics for

reasons of confidentiality.

Source: Statistics Austria 2024

In 2022, imports were roughly one-third higher than exports. Austria’s physical trade
balance (PTB; calculated as imports minus exports) was therefore positive. Austria was
a net importer of material goods. In 2000, net imports amounted to 26 Mt/a. By 2022,
the physical trade balance had risen by 13% to 30 Mt/a (Figure 10). During an interven-
ing peak in 2020, net imports comprised 36 Mt/a, strongly influenced by the fact that
there was a significant reduction in exports during that year (-5 %), while imports had

only slightly decreased (-1%). In 2021, imports and exports rose strongly again
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Figure 9: Material imports to
and exports from Austria for
the four material categories

and for non-assignable mate-
rials and wastes, 2000-2022.
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Physical trade balance (PTB)

(2% and 7 %), but nonetheless the PTB still fell by 5%, primarily due to the trend for the
biomass category and that for non-assignable materials. In 2022 too, this trend contin-
ued, with the PTB falling by a further 13 %. This reduction was reflected most strongly

in the net imports of biomass and fossil energy carriers.
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Explanatory note: “Wastes” include traded wastes for final processing and landfill (note that the quantity is too small to be visible
in the graph). The category “non-assignable” comprises on the one hand manufactured products containing a mix of materials,
which prevents their allocation to one of the four material categories, and on the other hand goods not further specified in the
statistics for reasons of confidentiality.

Source: Statistics Austria 2024

Figure 10: Austria’s physical
trade balance (PTB) for the
four material categories and
for non-assignable materials
and wastes, 2000-2022.
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Technical Support Instrument Project of the European Commission:
“Roadmap for a Future Comprehensive Raw Material Balance”

The development of technologies to enable the documentation and analysis of raw
material flows is one of the key measures within the Master Plan Raw Materials 2030.
Knowledge about the raw materials value chain and raw material flows are indispen-
sable for the development of an effective and strategic raw materials policy. Ensuring
the supply security of raw materials depends upon a comprehensive evidence base,
which provides data on the national production of primary and secondary raw materi-
als and additionally the import and export of raw materials from both qualitative and
quantitative perspectives. The purpose of such a raw material balance is to provide the
evidence base for decision-making and thus optimise long-term resource management in

Austria, to strengthen a sustainable circular economy and to achieve both national and
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international climate and energy goals. For this reason, the Federal Ministry of Finance
is in the process of creating a roadmap for the development of a comprehensive raw
material balance. The project is financed by the European Union’s Technical Support
Instrument and is being implemented in collaboration with AARC, Vienna University of
Technology, Repuco Unternehmensberatung GmbH in cooperation with the European
Commission (DG REFORM).

Material consumption comprised 17 tonnes per capita

and year in 2022

Material consumption comprises domestic extraction plus imports minus exports and
amounted to 17 tonnes per capita and year (t/cap/a) in 2022. In Austria, 81% of material
consumption is accounted for by domestic raw materials (the major share of biomass
and non-metallic minerals), for which reason DE at 14 t/cap/a is only 3t/cap/yr than
DMC (see Figure 11). Imports in 2022 amounted to 10 t/cap/a and exports to 7 t/cap/a.
DMC and DE show a slight downward trend in per-capita terms (-4% and -8 % respec-

tively), while trade flows are increasing (imports 35 %, exports 47 %).
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Source: Statistics Austria 2024

In 2022, 9 t/cap/a of non-metallic minerals were extracted in Austria, while imports and
exports within this material category were significantly lower (1.1 t/cap/a for imports and
1.0 t/cap/a for exports) (see Figure 12). The biomass category is the only category in which
extraction, imports and exports are recorded in similar quantities: 4 t/cap/a for extrac-
tion, 2.9 t/cap/a for imports and 2.7 t/cap/a for exports; the PTB (imports minus exports)
accordingly amounted to 0.2 t/cap/a. Only small quantities of fossil energy carriers and
metals are extracted in Austria (0.1 t/cap/a and 0.5 t/cap/a respectively), however in both
categories, imports and exports are significantly larger: the imports of fossil energy carriers
amounted to 3.2 t/cap/a, and the exports to 1.0 t/cap/a. In the case of metals, imports
amounted to 2.2 t/cap/a, and exports to 1.6 t/cap/a. DMC per capita is (as in the case of
DMC in absolute quantities) also dominated by biomass and non-metallic minerals (54 %

and 25 %). The remaining materials together comprise a total of 21% of per-capita DMC.
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Explanatory note: “Wastes” include traded wastes for final processing and landfill (note that the quantity is too small to be visible
in the graph). The category “non-assignable” comprises on the one hand manufactured products containing a mix of materials,
which prevents their allocation to one of the four material categories, and on the other hand goods not further specified in the
statistics for reasons of confidentiality.

Source: Statistics Austria 2024

Figure 12: Austria's domestic  Austria’s resource consumption is comprised of four
extraction (DE), imports, material categories: biomass, fossil energy carriers,

exports, domestic material t I d t "_ . |
consumption (DMC) for metals and non-metallic minherais

four material categories,
non-assignable materials and DMC and DE are primarily comprised of non-metallic minerals (54 % and 66 % respectively

wastes, 2022.
in 2022) and biomass (25% and 29 % respectively in 2022) (Figure 13), while the PTB is
dominated by fossil energy carriers and metals. These differences arise from the do-
mestic availability of resources, the economic viability of extracting those resources,
and associated transport costs. The latter mandates that a longer transportation option
for e.g., non-metallic minerals, which are available in almost all regions and are charac-

terised by large volumes but also low prices, simply is not economically viable.
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7 1 Fossil energy carriers
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B Non-metallic minerals
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13%
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Explanatory note: “wastes” include traded wastes for final processing and landfill (note that the quantity is too small to be visible
in the graph). The category “non-assignable” comprises on the one hand manufactured products containing a mix of materials,
which prevents their allocation to one of the four material categories, and on the other hand goods not further specified in the
statistics for reasons of confidentiality.

Source: Statistics Austria 2024, Values are rounded, rounding differences are not balanced.

Figure 13: Share of the

four material categories in
Austrian domestic consump-
tion (DMC), in domestic
extraction (DE) and in net
imports (PTB), 2022.
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The following chapter provides a more detailed analysis of the four material groups in
terms of material composition and trends in DE, DMC and trade, as well as the challenges

for society in terms of their utilisation.
Biomass - Food, energy source, construction material

Statement 6 — Sustainable biomass production cannot be reconciled
with the dominant patterns of production and consumption: Biomass
provides vital raw materials, including foodstuffs and is classified as re-
newable, because it regrows again each year. Nonetheless, productive
areas of land and their potential for sustainable biomass production
are limited: intensive forms of agriculture and forestry significantly con-
tribute to greenhouse gas emissions and biodiversity loss. At the same
time, biomass production is impacted negatively by the climate and
biodiversity crisis (weather extremes, the decline in pollinating insects).
Agriculture and forestry therefore currently face the challenge of
reducing their environmental impacts while simultaneously adapting to
changing environmental conditions. To be able to provide for society’s
basic needs while taking account of sustainable biomass options,
we need both to make changes in production (greening agriculture
and forestry) and to adopt new, less biomass intensive patterns of
consumption (e.g., reducing the consumption of animal based foods
and of energy used for heating, increasing the useful lifespan of
wood pI’OdUCtS). — Assoc.Prof. Dr. Simone Gingrich, Institute of Social Ecology (SEC),
BOKU University

Biomass denotes all biogenic materials of plant and animal origin, which are produced
from agriculture, fisheries and forestry. Biomass materials are organic in substance
and are therefore categorised as renewable raw materials. They are used as food and
feed, serve as renewable energy sources in the form of firewood, pellets or biofuels,
and are used as industrial materials in construction, for the production of goods such
as furniture, paper or musical instruments or as raw materials in the chemical-technical
industry (sugar, starch, oils).

Agriculture and forestry make use of fertile land to supply the biogenic raw
materials vital for humans (food) and economic processes. The availability and produc-
tivity of land areas thus plays a central role in the domestic production of biomass. In
Austria in 2022, 1.3 million hectares of cultivated land (Statistics Austria 2023b) was
used to produce 11 Mt/a of crops and 13 Mt/a of harvest byproducts. In addition, 1.2
million hectares of grasslands (meadows, pastures and alpine pastures) were used for
livestock farming. Some 48% of Austria’s total landmass is covered by forest, of which
3.4 million hectares are used for forestry (Statistics Austria 2023b). In 2022, 13 million

tonnes of timber were extracted from this area.
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The domestic material consumption (DMC) of biomass has risen by 15 % since 2000 (see
Figure 14). Whereas 34 million tonnes of biomass were used in 2000, 22 years later
this figure had risen to 39 million tonnes. In per capita terms, this represents a slight
increase from 4.2 to 4.3 t/cap/a. The major share of biomass consumption, at 17 million
tonnes annually, comprises timber and wood products. The increased use of a variety of
timber species in the construction industry together with the use wood byproducts for
energy, for example in the form of pellets for biomass boilers, are also reflected in the
significant increase in wood consumption of 23 % between 2000 and 2022. Alongside
wood products, in 2022 13 million tonnes of crops and almost 13 million tonnes of harvest
byproducts (e.g. straw) from agricultural production were used. The latter were used
largely in livestock farming (e.g. as bedding material) but also as industrial raw materials
and for energy production. Agricultural crops showed a larger increase between 2000
and 2022 of 31%, consequently exceeding the quantity of harvest byproducts from 2017
onwards (byproducts showed an increase of 8% in the same period).

Domestic extraction of biomass in 2022 comprised 37 % timber and wood, 35%
harvest byproducts and 29 % crops, with a total of 37 Mt/a. In addition to domestic
extraction, 26 million tonnes of biomass were imported into Austria (28 % of all biophys-
ical imports) and 24 million tonnes were exported (38 % of all exports). Austria imported
primarily timber and wood products (45 % of the biomass imports in 2022, or 12 Mt/a),
crops (24%, or 6 Mt/a) and other products primarily consisting of biomass (25%, or
6 Mt/a). In quantitative terms, the most significant export goods also comprise the same
three categories: timber and wood products (36 % of total biomass exports), crops (14 %)

and other products consisting primarily of biomass (42 %).

Wild fish catch, aquatic plants and animals,
hunting and gathering

® Wood and wood products

Crop residues (used), fodder crops,
grazed biomass

Crops (excluding fodder crops)

B |ive animals and animal products (excluding
wild fish, aquatic plants/animals, hunting)

B Products mainly from biomass

2000 2010

Source: Statistics Austria 2024

Figure 14: Austria’'s domestic
material consumption (DMC)
of biomass, 2000, 2010,
2019, 2020, 2021 and 2022.
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In accordance with MFA conventions (see methodology summary in Appendix and
Eurostat 2018), livestock is seen as a part of the socioeconomic system. The extraction
from the environment that is required for keeping livestock, i.e. the harvested or grazed
plant biomass, is thus a primary input into the socioeconomic system. Domestic animal

products are therefore not accounted for as primary extraction, but constitute secondary
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products, which are produced within the socioeconomic system from the extracted plant-
based materials. Animal products are only recorded in imports and exports as material
inputs or outputs. In Austria, more animal products are exported than imported, which
is why the negative DMC (-0.6 million tonnes), in this case only reflects the net export
volumes for this category in 2022.

Austria is equipped with extensive forested and agricultural land with a high
level of biological productivity, from which high volumes of biomass are harvested. The
average cereal yield (harvest per unit of area) in Austria is around 28 % above the EU
average, for example (FAO 2023). In the case of most agricultural and forestry products,
Austria demonstrates a high level of self-sufficiency, consequently the share of DE within
DMC for biomass is 95% (for crops: 78 %; harvest byproducts: 100 %; timber and wood
products: 80 %; fish, aquatic animals and game: 12%°). Overall, net imports contribute
only 5% to DMC of biomass (see Figure 5). Nonetheless, the data on international trade
flows also show that, despite the high degree of self-sufficiency, Austria both imports
and exports large quantities of timber and agricultural products. Across all material
categories, imports of wood products constitute the third-largest product group in
terms of quantity (with imports of 11.8 Mt/a), only exceeded by mineral oil (12.9 Mt/a)
and iron (12.7 Mt/a) (see data tables in Appendix). A large amount of byproducts from
the timber industry (which uses a large amount of imported roundwood) is used as
energy carriers, thus the calculations show a large share (roughly 39 %) of the wood
biomass used for energy in Austria coming from imports (Jand| et al 2024). Despite the
high levels of domestic biomass availability and harvest, Austria is firmly integrated
within European and global biomass supply chains and markets and consequently also

dependent upon these.

Land - a limited resource

National and global demand for biomass is growing and sustainable production of this
biomass requirement presents a significant challenge, while agricultural activities con-
tribute significantly to greenhouse gas emissions (10.6 % of Austrian emissions in 2027;
Federal Environment Agency 2023a). Land use trajectories in Austria are also character-
ised by long-term soil sealing and fragmentation of land areas. According to the Federal
Environment Agency, soil sealing leads to the long-term loss of approximately 4100 ha/a
or 11.3 ha/day of productive agricultural land each year (Federal Environment Agency
2024a). The increasing demand for biogenic materials is intensifying the pressure on
land as a limited resource: the energy transition, the measures contained in the Bioeco-
nomy Strategy (BMNT et al 2019), increased use of timber in the construction industry,
etc. are driving a demand for biomass materials. Yet the available land area is limited

and the intensity of utilisation is already very high, while at the same time the trend is

5 The categories of animal products and products primarily consisting of biomass comprise
almost no raw materials (apart from wild catch from fishing and hunting); thus these catego-
ries primarily appear in imports and exports.
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heading towards more extensive land use. Accordingly, competition for available land
areas and biomass harvested from them is increasing (Gingrich et al 2015; Schirpke et
al 2023). Due to this and the high degree to which the calculation of potential benefits
is depending on the choice of reporting procedure, the APCC Special Report on Land
Use and Climate Change (Jandl et al. 2024) concludes that no realistic potential for

reducing emissions can be assigned to bioenergy.

Levers for reducing biomass consumption

Various levers exist to mitigate the growth in demand and to produce biomass more
sustainably. A much-discussed option involves the avoidance of waste generation along
the production chains, particularly of food waste: food waste in Austria amounts to about
1.2 million tonnes annually, the major share of which is produced by private households
(61%), 17 % by the hospitality industry and care services providers, and 14 % through the
processing and production of foodstuffs (BMK 2023). It is estimated that roughly 50 % of
these wastes generated in Austria are essentially avoidable (Pladerer und Hietler 2019).
Even greater importance is given to the transition to a diet that is both more sustainable
and healthier, containing a reduced share of products of animal origin (Willett et al.
2019; Jandl et al. 2024). A very large share of agricultural biomass (produced within
Austria and imported) is used to provide feed for livestock. Reducing the consumption
of animal products is therefore regarded as an important opportunity to reduce both
the demand for land and primary biomass, and the greenhouse gas emissions created
by the food system (Schlatzer and Lindenthal 2020; Lauk et al. 2022).

Fossil Energy carriers — an obsolete model?

Statement 7 — Limiting global heating to 1.5°C implies reaching
net zero CO, emissions globally by 2050: The use of fossil energy
carriers is not only a driver of dangerous climate change, but also
a cause of air pollution, and of the increasing challenges for energy
security and the high costs associated with this. For these reasons,
and above all to limit global heating to 1.5°C, net zero emissions
must be achieved globally by the middle of this century. This is the
“carbon law”, which means that Europe, including Austria, needs to
phase out fossil energy use and transition to carbon-free sources
such as renewable energies. Decarbonisation requires comprehensive
electrification and is not only a question of finding technological
and economic solutions but above all, of demand side and human
behaviour changes. — Univ.Prof.i.R. MA PhD. Nebojsa Nakicenovic. Member of the

European Scientific Advisory Board on Climate Change of the European Commission
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Fossil energy carriers are non-renewable mineral raw materials, created from organic
materials in the Earth’s crust over the course of millions of years as a result of biogeo-
chemical processes. They are primarily used to provide energy through combustion. Thus,
even today, the majority of buildings are heated using oil or gas, vehicles are largely
propelled by diesel or gasoline and many industrial processes are powered by fossil
energy. Fossil energy carriers are additionally used as industrial materials, for example
in the petrochemical industry to manufacture products such as asphalt and plastics, as
coke for the reduction of iron in the steel industry, or natural gas for the synthesis of
ammonia for nitrogen fertilisers.

Only very small quantities of fossil energy carriers are extracted in Austria.
Coal is no longer mined, since the closure of the last mining areas in 2006 (BMF 2022).
The extraction of oil and gas has fallen from 1.1 million tonnes and 1.4 million tonnes
respectively in 2000 to half a million tonnes in each case in 2022. More than 95 % of the
Austrian demand for fossil energy carriers is therefore met through imports. In 2022,
total imports of fossil energy carriers amounted to 29 Mt/a, of which 13 Mt/a were oil,
7 Mt/a were natural gas and 3 Mt/a were coal, as well as products primarily comprised
of fossil energy carriers (4 Mt/a) and 2 Mt/a from refuelling for Austrian vehicles, ships
or airlines outside Austria®. Since 2000, coal imports have fallen by 21%, oil imports have
risen slightly by 5%, while annual imports of natural gas have risen sharply since 2000
(up by 51%). In 2022, however, Austria also exported 9 million tonnes of fossil energy
carriers primarily in the form of manufactured products (e.g., plastics and products from
the chemical industry, 3.6 Mt/a in total).

Austria’s consumption of fossil energy carriers fell by 11% over the period under
review, 2000-2022. The DMC of 21 million tonnes of fossil energy carriers in 2022
contrasts with a figure of 23 million tonnes for 2000 (see Figure 15). This represents a
per capita use of 2.3 tonnes in 2022 and a reduction of 13%. Nonetheless, significant
fluctuations in consumption are evident within these 22 years: The peak years of con-
sumption were in 2003 (26.6 Mt/a), 2005 (25.6 Mt/a) and 2012 (25.3 Mt/a). The lowest
consumption figures were observed for 2014 (21.6 Mt/a) and 2022 (20.6 Mt/a). Since
2019 (24.6 Mt/a), there has been a continuous fall year on year in the consumption of
fossil energy carriers (see Figure 15). Coal consumption decreased continuously from
2002, with oil following the same decreasing trend from 2004. The upward trend in

gas consumption reversed from 2016, since which year consumption reduced slightly.

6 This last category is denoted as “adjustments for residence principle” in material flow
accounts and includes fuels obtained abroad by Austrian residents for transportation, and
those obtained within Austria by residents of other countries. These flows are not recorded
in the external trade data and are therefore, similarly to air emissions calculations, recorded
and accounted for in accordance with the principle of national treatment within the MFA. For
further details, see the Statistics Austria project report (Neubauer & Gierlinger 2023).
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These flows are not recorded in the external trade data and are therefore, similarly to air emissions calculations, recorded and
accounted for in accordance with the principle of national treatment within the MFA. For further details, see the Statistics Austria
project report (Neubauer & Gierlinger 2023).

Source: Statistics Austria 2024

Figure 15: Austria’'s domestic
material consumption (DMC)
of fossil energy carriers,
2000, 2010, 2019, 2020, 2021
and 2022.
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There are high levels of import dependencies from a few fossil energy carrier
exporting countries

More than 80% of the global extraction of fossil energy carriers takes place in only
four countries: China, India, Indonesia and the USA (BMF 2023). These, together with
four further countries (Russia, Australia, South Africa and Kazakhstan), account for
96% of global production. The continuing high demand for fossil raw materials thus
creates pronounced import dependencies for many states and leads to volatile prices
on the global markets. Austria also obtained about 96 % of its oil imports during the last
10 years from only 12 countries, some of which are categorised as “politically unstable”
(BMF 2023). Russia's war against Ukraine made these dependencies visible in the case
of natural gas in particular, as well as for oil, and the negative consequences (shortages
and supply problems or pauses as well as the drastic price increases unleashed as a

consequence) became tangible.

Renewable forms of energy are alternatives to fossil energy - however,

a simultaneous reduction in energy demand is required

Along with the management of acute shortages in the supply chain, it will also be nec-
essary to abandon the use of fossil fuels in the medium term. The use of fossil energy
carriers is a cause of CO, emissions and is consequently the major driver of climate
change. There is a prevailing consensus that abandoning the use of fossil energy in the
next few decades is unavoidable, if we are to mitigate climate change and prevent an
impending climate catastrophe (IPCC 2023). The Austrian federal government has set
itself the goal of achieving climate neutrality by 20407. The options for energy supply

comprise renewable forms of energy, including solar energy, hydropower, wind energy,

7  bmluk.gv.at/themen/klima-und-umwelt/klima/nationale-klimapolitik /klimaschutzgesetz.html
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geothermal energy and ambient heat, as well as energy from biomass (wood, biogas,
biogenic waste). When one considers the limited availability of biogenic raw materials
mentioned in the previous chapter on Biomass, together with the shortage of particularly
critical raw materials detailed in the following chapter on Metals, it becomes clear that
a comprehensive concept of energy transition is required. In other words, a substantial
reduction in energy demand is needed alongside the substitution of fossil energy carriers

with renewable energies (Creutzig et al. 2022).

Metals - small quantities, yet great strategic importance

Statement 8 — Sustainability criteria need to be implemented in
mining and further processing including through international
cooperation: The global demand for primary mineral raw materials will
continue to increase in the coming decades despite the commitment
to a circular economy, due to the energy and digital transformation
currently underway. In the context of planetary limits, this means
that not only mining itself, but also the further processing and use
of extracted products must become sustainable. CO, neutrality,
decreased land and water use, the improvement rather than minimi-
sation of biodiversity, and social acceptance of mining, are just some
of the aspects that are relevant in this respect. Since Austria and the
EU cannot meet their own requirements for metals domestically, we
also need to pursue international cooperation in accordance with the
same principles, if we are to avoid resource shortages and conflicts.
— Univ.Prof. Dr. Michael Tost, Professor for Sustainable Mining Technology,

Montanuniversitat Leoben

The group of metals comprises ores, ore concentrates and more highly processed metallic
materials and products. Ores include the rock extracted through mining activities and
the metal contained within it with varying degrees of metal concentration. Pure metal is
extracted from ores and ore concentrates by means of smelting® and chemical processes.
Metals are subdivided in material flow accounts into two groups; the quantitatively
predominant ferrous metals, and non-ferrous metals. Further to these, manufactured
products made from metallic raw materials that are imported and exported are assigned
to the group of products primarily consisting of metals.

The individual metals that form part of this very diverse group are very clearly
distinguished from one another in respect of their physical characteristics, use and

economic value. Ferrous metals form the largest share of this material category in quan-

8 Smelting refers to the thermal process by which a metal or reusable material is extracted
from an ore.
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titative terms (85 % of DMC of metals) and are used particularly in the form of a broad
variety of steel types in many products (e.g. machines, vehicles, household equipment)
and in the built environment (buildings, transport infrastructure). Non-ferrous metals in
contrast are a very diverse group ranging from, for example, aluminium, copper, zinc, tin
and magnesium to rare earths and so called spice metals used in very small quantities.
Some of these materials can be found in countless products used for daily life (e.g.
aluminium in cars, window frames, tennis rackets, sanitary items, and tableware, or
copper in the form of cables for electronic goods and machines). Other metals are used
in complex combinations and alloys within high-tech instruments and devices, which also
play a critically important role in the energy transition or new technologies. Rare earth
metals, for example, are required, for the permanent magnets in wind turbines or electric
vehicles (neodymium), for batteries (lithium and cobalt) and in electronic devices for
digitisation (tantalum, gallium and indium). In summary, metals are stock-forming mate-
rials that accumulate in a huge variety of long-life goods, buildings and infrastructures.

Extraction of metal ores in Austria is very limited in comparison to the other
material categories (the extraction of metals comprises only 7 % of total DMC), however it
has gradually increased in the past two decades from 3 Mt/a in 2000 to almost 5 Mt/a in
2022, of which 4.3 Mt/a comprised ferrous metals. In the same year, 20 Mt/a of metal
ores and metallic products were imported and 15 Mt/a were exported.

Austrian consumption of metals increased by 49% from 2000. Nonetheless,
significant decreases due to reductions in imports were observed during the financial
crisis of 2008 and again in 2012. In 2021 iron and ferrous products comprised more than

85% of the total domestic material consumption of metals.

B Products mainly from metals
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Figure 16: Austria’s domestic
material consumption (DMC)
of metals in 2000, 2010,
2019, 2020, 2021 and 2022.
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Metals, like fossil energy carriers, are not available ubiquitously and are instead concen-
trated in deposits in the lithosphere. Alongside the extraction of primary metals from
naturally occurring deposits, the use of secondary metallic resources through recycling
processes has acquired great importance. Metal recycling not only conserves primary
raw materials but also energy, since no energy-intensive extraction of the metals from

ores is required.
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Socioeconomic metal stocks are urban mines for secondary use

Metals are primarily used in long-life goods or buildings and infrastructures that have a
lifespan of several decades, and by this accumulate within society. In this context, reference
is made to “anthropogenic deposits”, since the metals can theoretically become available
as secondary raw materials at the end of the lifespan of these products and structures.
The increasing use of metals has resulted in considerable accumulation of anthropogenic
metal stocks during the 20th century (Graedel 2010). In the context of the circular economy,
efficient recovery of metals (and other secondary raw materials) from anthropogenic stocks

at the end of their lifespan has therefore come into focus as “urban mining”.

The demand for metals will soon exceed the supply

Metals are primarily utilised in long-life goods such as buildings, vehicles or machines.
Since naturally occurring deposits of metals are finite and new mining areas are not
immediately available or in sufficient quantities in Europe, the economic importance of
accumulated anthropogenic stocks is continually increasing. However, current recycling
technologies do not allow all metals to be recovered for reuse with the same degree of
efficiency. In 2020, the Austrian recycling rate for metals was 93% and 66 % for metal
packaging (BMK 2023). The demand for metallic raw materials will soon exceed the
supply. The Austrian Master Plan Raw Materials 2030 (BMLRT 2021) responds to these
challenges and aims to enhance the supply from domestic sources as well as to secure

supply from abroad.

Master Plan Raw Materials 2030

Since the publication of the Master Plan Raw Materials 2030 in December 2021, the
geopolitical situation has changed and the related supply of raw materials have worsened.
As a consequence of the energy transition, the electrification of mobility, the decar-
bonisation of industry and digitalisation, the demand for often “new” raw materials is
growing strongly and patterns of usage are undergoing changes. At the same time, the
situation within the international raw materials markets is becoming particularly fraught.
The approach of the Master Plan Raw Materials 2030 has three pillars — supply from
domestic sources; supply from international sources; smart production, circular economy,
and new technologies and products — and addresses cross-cutting themes of acceptance
and sustainability, digitalisation and automation, research and development, education
and training, and dialogue and foresight policy, offers solutions-based approaches to the
current challenges of raw materials supply. The measures contained within the Master
Plan and their implementation were evaluated by the Monitoring Committee in 2023

and a set of recommendations were formulated.’

9  For more information (in German), see: bmf.gv.at/themen/bergbau/mineralrohstoffpolitik/
oesterreich/masterplan-rohstoffe-2030.html
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Key raw materials of the future are classified as critical raw materials, and
plans to increase their production within the EU

In the case of metals, a particular importance is assigned to critical raw materials, i.e.,
mineral raw materials that are characterised as having strategic economic importance
and a high degree of supply risk'. The EU published a first list of 14 critical raw mate-
rials in 2011. In the fifth such list, published in 2023, 34 raw materials are classified as
critical (European Commission 2023c). The list includes bauxite (the raw material for
aluminium), copper, nickel, and metals that are used albeit in small quantities but in
particularly important future technologies (solar panels, wind turbines, EVs, etc.), such
as cobalt, the rare earths, platinum group metals or lithium. In the case of rare earths,
for example, almost 62% of the quantities utilised worldwide are extracted in China
(BMF 2023). Critical raw materials are faced with a very fast-growing global demand,
for which reason there is a strong impetus to extract secondary raw materials from the
large anthropogenic stocks that already exist. Therefore, EU strategy aims to stimulate
production within Europe, to strengthen recycling activities and to increase the efficiency
of utilisation. In 2023, the EU published the Critical Raw Materials Act and the Net Zero
Industry Act. Both documents are intended to achieve raw materials supply security and

to ensure and enhance the competitiveness of net-zero technologies.

Critical Raw Materials Act

The Critical Raw Materials Act (CRMA) provides a strategic framework for European
raw materials supply. This new EU regulation aims to achieve long-term supply security
of critical and strategic raw materials and to minimise any supply dependencies. Both
the transformation leading to climate neutrality and the simultaneous enhancement of
European competitiveness help to ensure secure and responsible raw materials supply.
The key aspects of this package focus on strengthening European supply chains, diver-
sifying EU imports, enhancing the monitoring of critical raw materials supply chains, and
sustainability and circular economy development. Achieving these aims of the CRMA
depends on strengthening processing and recycling capacities and increasing the share
of raw materials extraction within the EU, further developing strategic partnerships and
ensuring stress tests are carried out by the Commission. In addition, decision-making
processes on permit allocation will be streamlined, while still adhering to high ESG

standards (Environment, Social, Governance).

Net Zero Industry Act

The European Commission intends that the Net Zero Industry Act (NZIA) together with
the Critical Raw Materials Act provides a clear strategic framework within which to
strengthen the competitiveness of the European net zero greenhouse gas emissions

industry. Accordingly, the strategy aims to create a conducive environment for the pro-

10 bmf.gv.at/themen/bergbau/mineralrohstoffpolitik /europaeische-union/
kritische-rohstoffe.html
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duction of and investment in clean, emissions-free technologies within Europe, which will
drive the transition to climate neutrality. The aim is to ensure that production capacity
for the most strategically important net zero technologies reaches at least 40% of EU
requirements by 2030. Permit-granting processes for strategically important value chains
are to be made easier, State aid rules made simpler and the use of EU funds made more
flexible. Net zero technologies include those technologies that play an important role in
the transition towards decarbonisation, such as photovoltaics, wind energy, batteries,
geothermal energy, CCS (carbon capture and storage) and CCU (carbon capture and

utilisation).
Non-metallic minerals — the largest mass flow

Statement 9 — Sustainable use of mineral materials requires a dif-
ferent approach within the construction sector: The construction
and operational use of buildings is responsible for approximately
30-60% (depending on the parameters defined) of all greenhouse
gas emissions in Austria and also consumes a similar share of total
energy and primary materials used. The influence of the building
sector and also the potential for optimisation are therefore huge.
Although technological advances, particularly during the last 120
years, have led to an improvement in the functionality of buildings,
the material and energy consumption associated with construction
has risen sharply and involves combinations of a large number of
diverse materials, which can only be separated again with difficulty
at the end of their Iifespan. — Univ.Prof. Dr. Benjamin Kromoser, Institute of Green
Civil Engineering, BOKU University

The course of industrialisation has seen a marked reduction in the costs of materials and
machinery in relation to the cost of human resources, so that the most resource-efficient
solution in terms of material and energy consumption is generally no longer the most
economically attractive solution. Current construction engineering technologies are
materials-intensive, particularly in the case of load-bearing structures, and in real terms
have only very limited potential for recycling and reuse.

Minimising both the grey energy and the operating energy used in the construc-
tion of new building projects and the maintenance of existing buildings, taking account
of the entire lifecycle is essential, without favouring particular materials or construction
techniques. In future, an objective ecological optimisation, which aims to achieve optimal
expenditure of materials and energy, will have to play a central role alongside high-qual-
ity functional and structural design. Awareness within society about the influence and
potential of the construction sector needs to be fostered, and mechanisms need to be

created to ensure that ecological approaches to construction and civil engineering can
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also become more economically attractive. Further to this, we need to establish green
building methods that are suitable for large-scale application.

In terms of the total quantities available, non-metallic minerals are the largest
material category. In material flow accounts, this group is sometimes divided into con-
struction raw materials and industrial minerals. Construction raw materials include a
diverse range of rock types such as limestone, dolomite, sand or gravel, which are used
primarily for the construction of buildings, roads and other infrastructures. Limestone
is an important raw material, as it is the source material for cement production. In
terms of industrial applications, quartz sand is used in glass manufacturing, diamond in
mechanical engineering because of its hardness, kaolin and calcite as fillers for paper
production and phosphate rock for the production of fertiliser. However, a clear dividing
line between construction and industrial minerals cannot be easily drawn, because the
forms of utilisation partially overlap. The type of material, by contrast, can be clearly
distinguished, for which reason the material groups within the MFA are organised
according to this scheme. As in the case of metals, non-metallic minerals are primarily
stock-building materials that accumulate in socioeconomic systems.

With only a few exceptions (particularly the special mineral materials used for in-
dustrial applications), the major share of non-metallic minerals used in Austria is extracted
domestically. In 2022, 82 Mt/a of non-metallic minerals were extracted in Austria. Since
2000, however, the extraction of non-metallic minerals has decreased by 8% in total.

The largest share (95 %) of extracted non-metallic minerals come from only three
categories: sand and gravel (DE of 39 Mt/a in 2022), limestone and gypsum (22 Mt/a)
and basaltic rock, chalk, dolomite and shale (17 Mt/a). Further mineral materials such
as clays, kaolin, salts, chemical minerals, minerals for fertiliser production (phosphate,
potassium) and other mining and quarrying products amounting to 4 Mt/a in total were
extracted within Austria.

Trading activities relating to this material category are very limited in relation
to DE; in 2022, 10 Mt/a were imported and 9 Mt/a exported. In terms of imports, the
group of products composed of non-metallic minerals comprised the largest quantities
(3.3 Mt/a) followed by sand and gravel (3.1 Mt/a). In the case of exports, the largest
items were in the categories of sand and gravel (3 Mt/a), salt and chemical and fertiliser
minerals as well as products composed of non-metallic minerals (both groups 2 Mt/a).

Domestic consumption of non-metallic minerals has remained relatively stable
since 2009, at between 80 and 87 Mt/a (see Figure 17). In recent years, a slight reduction
during the COVID crisis in 2020 was observed, but DMC increased again in the following
year to 89 Mt/a, i.e., almost three times the rate of the previous year’s decrease. The three
years of 2011, 2014 and 2021 recorded the highest figures in consumption of non-metallic
minerals since 2009. Per capita consumption of non-metallic minerals in 2021 in Austria
was approximately 10 t/a. Roughly half of total consumption can be attributed to sand

and gravel. In 2022, consumption fell once again to 83 Mt/a or 9 t/cap/a. gen.
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Our building and infrastructure stocks are the drivers of future resource flows
Non-metallic minerals are primarily used for the construction and maintenance of
socioeconomic stocks (e.g., roads, residential buildings, hospitals, sewerage systems,
etc.). Large volumes of concrete, bricks, and sand and crushed rock for foundations are
used each year for the construction of buildings, roads and civil infrastructure projects.
Although these materials are generally not toxic or particularly dangerous, environ-
mental impacts are involved as a result, among other factors, of the large quantities
being extracted. Every form of resource extraction, regardless of the materials involved,
causes environmental impacts, e.g., vegetation and soil loss, groundwater degradation,
changes and damage to the structure and functioning of ecosystems and subsequently
of ecosystem services for local populations (UN IRP 2019b). By far the most significant
environmental consequences arise, however, from the use of these materials in the
form of huge socioeconomic stocks. Firstly, these stocks in the form of buildings and
infrastructure determine the material flows of the future, since each house and each
road must be maintained and repaired at regular intervals. Wiedenhofer and others
(Wiedenhofer et al. 2015; Haberl et al. 2021) have calculated that approximately half
of all the construction raw materials used are required for maintenance and repair of
existing stocks, while half are used for new construction and infrastructure projects.
Secondly, stocks are a cause of energy consumption, since each house is heated, illu-
minated and equipped with a variety of electronic devices and equipment. Roads and
related infrastructures (e.g., underground garages) require illumination and are utilised
by vehicles being powered by fuels. Thirdly, the expansion of stocks is currently linked
to an expansion in soil sealing, which has already reached an alarming extent in Austria
(Federal Environment Agency 2024a). In this context, it is important on one hand to
recycle existing construction materials as fully as possible, and by this means to reduce
the extraction of primary raw materials. On the other hand, structures that already
exist should be more efficiently and more intensively utilised, so as to limit the further

expansion of stocks and the soil sealing that accompanies such projects.
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For construction raw materials too, secondary use of anthropogenic deposits
is increasingly important for combatting shortages associated with regional
planning

Construction raw materials are used in large volumes and are also available in great
quantities in deposits within Austria. Shortages ensue less as a result of dwindling nat-
ural resources but rather through the limited availability of suitable land. Available raw
materials can often not be mined or quarried due to regional planning disputes (Weber
2008). The use of anthropogenic deposits will therefore become increasingly important
for these materials too. This is, however, hindered by the difficulties of processing con-
struction waste, of separating composite materials, and because large quantities end
up in downcycling processes; the material cannot be recovered in the same quality as
before its original use, and instead becomes available as a material of lower quality for
use in other, low-grade applications. Thus, foundations for buildings are generally filled

using crushed and recycled concrete and other construction waste materials.

Biophysical stocks determine resource flows -
Stock-Flow-Service-Nexus

Statement 10 — Density and spatial organisation of settlements
and infrastructures influence the resource use and the emissions
of cities: Globally, societal material stocks already weigh approx-
imately as much as all living beings, i.e., one trillion (1015) tonnes
and this figure is rising exponentially (Elhacham et al. 2020). By far
the largest share of these stocks consist of buildings and transport
infrastructures, followed by machinery and consumer goods as
well as humans, livestock and domestic animals. It has long been
known that density and spatial organisation of settlements and
infrastructures influence the resource use of cities, particularly the
emissions from transport. This is also true at the national level. A
recent statistical research report has shown that land and spatial
organisation of buildings and infrastructures in a country have
roughly as strong an influence on per capita energy use and CO,
emissions as economic performance, i.e., gross domestic product
(GDP). This effect occurs separately and in addition to GDP, i.e.,
among countries in which GDP is at the same level, those with
larger and more diffusely distributed infrastructures consume and
emit at a higher rate (Haberl et al. 2023). The most influential fac-
tor concerns sealed area per capita. Therefore, halting soil sealing
would not only be an important contributor to conservation of
soils, biodiversity and water resources, but would also help reduce
resource use; on one hand, because less construction materials have
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to be produced and above all, because their maintenance and use
is linked with long-term high levels of energy and material inputs.
— Univ.Prof. Mag. Dr. Helmut Haberl, Institute of Social Ecology (SEC), BOKU University

When we observe a system, we see that inflows and outflows determine the stock levels
of that system. This can be illustrated in comparison with the example of the water
levels in a bathtub (Forrester 1994; Sweeney and Sterman 2000) or the population of
a country (with births, deaths and migration as inputs and outputs). This connection
between inputs, outputs and stocks also exists for societal resource flows. Thus, the
material stocks are a determining factor for the current high level of resource flows and
emissions (Haberl et al. 2017: Krausmann et al. 2017).

At the beginning of the previous century, material consumption was still charac-
terised by the dissipative use of resources: by far the largest share of materials consumed
were used for the provision of energy. In other words, they were consumed as food and
feed or as technical sources of energy within a relatively short time period after their
extraction, and subsequently exited the socioeconomic system as outputs (excrements,
emissions). The socioeconomic stocks were comparatively small. One hundred years later,
social metabolism had changed to such a degree that the largest share of materials
was used to create stocks, i.e., the materials were largely used for the construction and
maintenance of buildings, infrastructures and durable goods, and thereby accumulated
in socioeconomic systems (Krausmann et al. 2018).

Contemporary societies are organised in such a way that we require and use a
vast range of stocks in our working and private lives (see Figure 18). These stocks include
artefacts that are large-scale (e.g. buildings, roads, bridges, underground infrastructure,
machinery, vehicles) and smaller-scale products (e.g. clothing items, leisure and hobby
equipment, furniture, tools and communications devices). In the material flow accounts,
stocks comprise all “things” that remain in socioeconomic use for longer than one year.
Along with the built and manufactured stocks, humans themselves, domestic animals
and livestock are also included in the calculations of socioeconomic stocks, which require
resource inputs such as food and feedstuff to maintain their existence (Krausmann
et al. 2017; Eurostat 2018).

MATERIAL STOCKS

Artifacts Population
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Figure 18: Material stocks.
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Stocks create resource flows. Material and energy are required on one hand to construct
and maintain buildings and roads, for example, and on the other hand to operate these,
i.e., to provide services such as shelter and mobility from them (Haberl et al. 2017;
Krausmann et al. 2017). A significant share of the resources that we use in production,
but also above all in the operation phase, is energy. A reduction in resource flows would
therefore also result in a transformation of the structure, quality and use of stocks, and
in some circumstances the reduction of stocks themselves. However, we need to ana-
lyse our stocks in even greater detail. Let us take the example of an apartment within
a house: we have an apartment because we want to have protection from cold or heat,
rain or snow and because we want to create a comfortable home, in which we feel safe
and sheltered; these criteria represent key aspects of quality of life (Gérg et al. 2023).
Precisely what material lies hidden within the walls is comparatively far less relevant. To
take another example: we own a car because we use it to travel to work. In this respect,
it is generally less about car ownership or the materials from which the car is built, than
it is about getting from A to B. The mode of transport that is associated subjectively as
being the most accessible, the nearest, the quickest and the most comfortable will be
preferred for the service requirement “get me from A to B”. A third example would be
infrastructures such as sanitation or electricity supply networks. Here too, | enjoy the
advantages as a private person of being able to use this infrastructure without having
any direct influence on their material composition or by consuming an actual product. The
available infrastructure, i.e. how the public space is organised and structured, provides
the framework within which individual (consumer) decisions are made. In urban regions,
it is far easier to avoid using a car due to a more densely structured public transport
system and shorter journeys, whereas in rural areas the conditions and opportunities
for travel look very different. In other words, when it comes to stocks and the flows
associated with their construction, maintenance and utilisation, we are less concerned
with the materials in themselves and far more interested in the function, the service
that they provide for us (Krausmann et al. 2017; Haberl et al. 2021; Carmona et al. 2022).
Societal wellbeing is not defined by the quantity of cement, steel and other materials
from which our apartment is constructed but rather by the quality of the various functions
(security, warmth, communications space, access to green space, access to shops and
healthcare services), which the living space offers. These functions can be provided in
more or less resource-efficient ways. Pauliuk and colleagues (Pauliuk et al. 2021; Pauliuk
and Heeren 2021) have, for example, calculated that material efficiency measures in the
sphere of residential buildings and private vehicles can make a decisive contribution
(alongside energy efficiency and low-carbon energy supply) to reducing greenhouse gas
emissions. In other words, if we use existing living space more efficiently and give more
priority to material and energy efficiency in new construction projects, we could conserve
resources without losing quality of life. It is not the quantity and ownership of goods
and stocks that should be of central importance, but rather the quality of services and
functions, which contribute to a higher quality of life (Jackson 2014; O’Neill et al. 2018;
Millward-Hopkins et al. 2020).
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In terms of built infrastructure, final consumers generally have little immediate deci-
sion-making power regarding their construction and design. These are rather determined
in political planning processes. Infrastructures are collectively created and usually are
not at the service of any individual person. Infrastructures are also not products but
rather they integrate production, distribution and consumption (Jonas et al. 2023, 27).
It is precisely when it comes to questions of resource use that it is important to look in
more detail at provisioning systems, since these mediate “between human well-being
and biophysical processes” (O'Neill et al. 2018).

The stocks, which we build today, create a resource input not only in the present
time but also in the future. Every house that is built today needs material for construction
and further material to fill it with furniture, equipment and other products. In the future,
an already built house will have to be continually maintained and repaired through the
use of further material inputs, while energy inputs are required to illuminate and heat
the house and to operate the many devices and pieces of equipment contained within
it. This means that a reduction in resource flows cannot be achieved at the same time
as a further build-up and growth of social stocks.

When a stock item is demolished at the end of its lifespan, the demolition materials
should be re-used for planned new construction in accordance with a circular economy. Yet
stocks often remain for many years, decades and even centuries in our society; thus, the
demolition material will have a material composition that reflects the technical conditions
of prior decades. In current times, other materials are generally used for construction,
therefore only a small share of the material remaining from the demolition of a 19th century
building can be used in the construction of new buildings. In the case of products expected
to accumulate over long periods in society, it is increasingly important to consider smart,
sustainable and recyclable product design (eco-design), to avoid path dependencies™
Durable goods need to be easy to dismantle into components and materials, and easy to
reuse and recycle so that they can indeed be deployed in production. This is the only way

to avoid stocks becoming legacy burdens.

11 Path dependencies are existing structures (infrastructures, technology, or institutions and
power relationships), that determine a particular development path and that hinder any
deviation from this path (WBGU 2011; Grafstrém and Aasma 2021).
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Statement 11 — Predetermined: Contaminants as a future problem.
A path leads from the demand for soda ash in the textile industry of
the 19th century to carbon tetrachloride, a solvent used in laundry
services until the middle of the 20th century, which now forms part
of contaminant problems globally as a toxic, water-polluting and all
too long-lasting substance. Railway sleepers, impregnated with creo-
sote-containing wood preservative, continue to release carcinogenic,
low-volatility aromatic hydrocarbons for many decades after their
installation. Asbestos, integrated in buildings due to its fire-retardant
qualities, creates the need for expensive removal processes decades
later. In Austria, contaminated materials are recorded in a register,
and in the case of building projects, their regulated disposal is a
costly obligation. Yet new contaminants will very likely continue to be
produced that will create a burden for future generations to dispose
of, for as long as the precautionary principle is not applied. - Univ.prof.

(i.R.) Ing. Dr. phil. Dr. h.c. Verena Winiwarter, Austrian Academy of Sciences

Austria’s material stocks have grown to 540 tons per capita

In recent years, a number of research teams have focused upon the quantification and
analysis of socioeconomic stocks (Tanikawa et al. 2012; Pauliuk and Muller 2014; Fish-
man et al. 2015; Krausmann et al. 2017; Krausmann et al. 2020; Haberl, Schmid, et al.
2021; Tanikawa et al. 2021; Wiedenhofer et al. 2021; Soonsawad et al. 2022). In a global
study, Krausmann et al. (2017) found that total socioeconomic stocks had increased
over the previous century by a factor of 23. This increase was more than twice as fast
as the growth of global material consumption (factor of 10). Global population grew in
the same period far more slowly (by a factor of 4) while the global economy grew at
a rate (factor of 27) similar to the increase in socioeconomic stocks (Krausmann et al.
2017). Accordingly, there is no evidence of decoupling between stock accumulation and
economic growth.

In 2010, global stocks amounted to 780 billion tonnes (Gt) or 110 t/cap (Krausmann
et al. 2017). As expected, the material stocks accumulated in industrialised countries
are significantly higher and in 2010 amounted to 335 t/cap (Krausmann et al. 2017). The
exponential growth of stocks was also reflected in changes in resource flows. Whereas
in 1900, 81% of materials consumed were used for feeding humans and animals (51%),
technical energy from fossil energy carriers (19%) and a variety of dissipative uses
(11%), and only 19 % of material consumption was used to produce stocks, this picture
has been entirely transformed. In 2015, only 17% of materials consumed were used
for the provision of foodstuff, 17% comprised fossil energy carriers and 7% were for
dissipative uses. However, 59 % of all material consumption was used for the creation

of socioeconomic stocks (Krausmann et al. 2018).
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Figure 19 shows the spatial distribution of material stocks in the form of buildings and
mobility infrastructure in Austria in 2019. Haberl et al. (2021) have calculated a total
amount of material stocks for Austria of approximately 540 t/cap, while the stocks for
Germany amount to 450 t/cap. In addition, it was estimated that the material input
required to maintain and renovate existing buildings and transport infrastructure is
approximately the same amount as would be required for completely rebuilding these
stocks anew (Wiedenhofer et al. 2021).

The studies referred to here have reached the following conclusion: Since a pre-
dominant share of materials are accumulating in stocks and these stocks are continuing
to grow, far more material inputs are required than material outputs accrue. Accordingly,
increasing stocks represent an obstacle to material loop closing though recycling and

an overall reduction of material consumption (Wiedenhofer et al. 2021).
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All material inputs will become outputs — wastes and
emissions

Statement 12 — Involvement of the waste management industry
is an important pillar of a comprehensive approach to the circular
economy: “Classic waste management” and the “modern circular
economy” are often regarded as diametrically opposed. This is not
the case, however. Even the first version of the European Waste
Framework Directive from 1975 already called alongside the techni-
cal circularity (recycling of waste materials) ‘the reduction of waste
generation’, i.e. waste prevention, as the highest priority in waste
management, which still applies today. Measures to achieve this
overarching goal are now specified in the Circular Economy Strategy
in the first three of the “10 Rs™ “Refuse, Rethink, Reduce. The fact
that these priority measures have not yet been comprehensively
implemented in daily life within our society, but the focus is primarily
limited to “recycling”, represents a challenge for us all. - Univ.Prof. Dr.

Marion Huber-Humer, Institute of Waste Management and Circularity, BOKU University

From the systemic perspective of social metabolism, every material input into society
eventually becomes an output, which is returned to the natural environment (law of con-
servation of mass). In their approach to socioeconomic outputs, statistical accounting,
scientific research and policymaking have for a long time focused on wastes and emissions
separately from one another and not in relation to resource inputs. In the early phase of
its development, material flow accounting has for its part focused on resource inputs,
albeit in recent years it has expanded this view towards outputs and EUROSTAT included
these as a voluntary addition within the annual statistical MFA reporting framework. The
material flow accounts record as outputs all materials and substances that are released
into nature (air, water or soil) following their use by society and define these altogether
as domestic processed outputs, or DPO (Eurostat 2018).

The domestic processed outputs to nature (DPO) are reported in material flow
accounts within European Statistics (Eurostat 2018) in accordance with the following

sub-groups:

1. Emissions to air, i . e. CO;, CH4, N2O, NO, HFCs, PFCs, SFs, CO, NMVOC, SO,
NHs;, heavy metals, POPs, particulate matter e.g. PM4q, dust, etc.

2. Waste deposited in uncontrolled landfills refers to direct discharge of waste
into the natural environment, which is forbidden in Austria, however. In contrast,
deposited waste, i.e., those wastes that are deposited in controlled landfills,
are according to MFA convention not regarded as outputs to nature but rather
as remaining within the socio-economic system. Only discharges to nature from

landfills (leachate, vapour, etc.) must be accounted for in MFA accounts. Within
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the data provided by Statistics Austria, emissions to air from landfills are recorded
but possible leaching is not. Although the quantity of deposited waste is not

an output, it does however represent important information (e.g., for possible
secondary use) about the quantity of materials at the end of socioeconomic use.
They are therefore not considered in the MFA indicators but are nonetheless
reported on in the form of a memorandum item as additional information.

3. Emissions to water include all substances that - whether processed or not - are
released to natural water bodies. This largely concerns nitrogen and phosphorus
compounds, heavy metals (at permitted concentrations), organic materials, and
dumping of food at sea.

4. Dissipative use of products includes all materials that are deliberately dissipated
into nature; e.g., industrial fertilisers, compost, manure, sewage sludge, pesticides,
seeds, salt and other thawing products spread on roads, solvents, etc.

5. Dissipative losses are unintentional outputs to the environment caused by wear
and tear, e.g. (tyre) abrasion, corrosion, erosion, leakages or accidental losses
during the transport of goods. These flows are barely recorded at all in MFA data,
and only tyre and brake abrasion (according to the air pollution inventory) are

reported under this category in the Austrian MFA.

MFA distinguishes among the outputs on one hand according to the environmental
medium into which outputs are released (1-3) and on the other, according to the type
of release, as deliberate or unintended (4-5).

The total domestic processed outputs to nature (DPO, Figure 20) amounted in
2022 to 94 Mt/a or 10 t/cap/a. In 2000, DPO was 83 Mt/a, thus socioeconomic outputs
increased by 15% between 2000 and 2022. By far the largest share of DPO is caused
by emissions to air (95% of DPO), which amounted to 89 Mt/a in 2022 and increased
from 2000 (78 Mt/a) by 15%. Almost all the emissions to air were CO, emissions (in
accordance with MFA convention, including the share of oxygen; Eurostat 2018). The
next largest categories are carbon monoxide (CO, 0.58 %), methane (CH4, 0.24 %), and
nitrous oxides (NOx, 0.12 %) (Statistics Austria 2024, 2023c).

Regarding dissipative use of products in 2022, materials amounting to 4.6 Mt/a
were output into the Austrian environment, of which 63 % was organic fertiliser in the
form of manure. Further material flows in this category were compost (13 %), mineral
fertilisers (9%), salt or other thawing materials spread on roads (6 %), solvents (4 %),
seeds (4 %) and sewage sludge (1%). In 2000, dissipative use amounted to 5 Mt/a, i.e.,
8% more than in 2022. The reduction in dissipative use was due to a reduction in the
larger categories i.e.,, manure (-11%) and mineral fertilizers (-36%). During the same
period, the use of compost increased by 43 %, as did the use of pesticides (+72%), salt

and other thawing materials (+18 %) and sewage sludge (+35 %).
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Discharges into nature from dissipative losses and emissions to water bodies comprise
very small amounts (5 Mt/a and 50 kt/a respectively), but are particularly difficult to

record and therefore fraught with uncertainty.
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Figure 20: Austria’s material Balancing items are required on the input and output side to

outputs: domestic processed produce a mass balance
outputs to nature and depos- . L. . .
ited waste, 2000-2022. The material flow accounts are based on the principle of mass conservation (inputs =
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outputs +/- stock changes, see also the chapter “Biophysical stocks determine resource
flows - Stock-Flow-Service-Nexus”); all material inputs must therefore be counterbalanced
on the output side, taking stock changes into account. In some production processes,
gaseous substances (oxygen or nitrogen from the air) or water are taken up or are re-
leased. Although the MFA does not account for air and water as resource flows, these
quantities of air or water must be included in the MFA to satisfy the mass balance
principle. According to Eurostat conventions (Eurostat 2018), these flows are reported
as balancing items on the input and output sides. In the MFA indicators, however, the
balancing items are not included.

Balancing items on the input side are the following: Oxygen (O), which is bound
through combustion processes in CO,, oxygen that is converted into CO, through res-
piration of humans and livestock, nitrogen that is extracted from the air for ammonia
production (Haber-Bosch process), and water that, for example, is required for the
production of beverages. In 2022, the balancing items on the input side for Austria
amounted to approximately 12 t/cap/a.

On the output side, the following materials and substances are accounted for as
balancing items: water vapour from combustion and drying processes, CO, and water

vapour from the respiration of humans and animals, etc. Since the carbon or water on
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the input side forms a part of extracted materials, this amount must also be accounted
for on the output side, so that the thermodynamic mass balance can be completed. The

output balancing items for Austria in 2022 amounted to 9 t/cap/a.

Material footprint — Austria’s resource use extends
beyond its national borders

Statement 13 — The true scale of material consumption is obscured
by supply chains: Current events, such as the war in Ukraine or
the closure of Chinese ports due to the COVID pandemic, have
clearly demonstrated Europe’s economic vulnerability to supply
chain disruptions. This is because a large share of, for example, the
metallic raw materials that the continent requires for production and
consumption are extracted in other parts of the world. Alongside
the risk of limited supply security, the complex integration of global
supply chains also often has the effect of rendering social and eco-
logical impacts of resource extraction and processing invisible. Policy
measures for sustainable and responsible resource use therefore
need to take account of the consumption perspective together with
the connections between raw materials extraction and the conse-
quences of these activities. The EU’s Corporate Sustainability Due
Diligence Directive could provide an important basis for changes in
this direction. - Univ.Doz. Dr. Stefan Giljum and Dr. MMSc Stephan Lutter, Institute

for Ecological Economics, Vienna University of Economics and Business

Austria’s production and consumption structures are embedded within a global econ-
omy, in which global production and supply chains are becoming ever longer and more
complex. Austria would not be able to provide either the quantity or the types of
products that end consumers demand purely from domestic resource supplies. Thus,
imports are required to close this gap in supply. At the same time, Austria’s economy
has specialised in the production of specific products, which are supplied to a global
market via exports. The trade balance for goods resulting from this is largely balanced
in monetary terms. However, in biophysical terms, Austria is a net importer of material
products; the physical trade balance is therefore strongly positive (see Figure 10), and
imports exceed exports by a factor of 1.4 to 1.7 (Statistics Austria 2024).

Imports are recorded by weight in the MFA, as they are in the external trade
statistics. The imports (and to the same extent, the exports) are, unlike domestic ex-
traction (DE), not raw materials that we have extracted from nature, but processed
materials, semi-finished products or finished products, which have passed through one
or more production processes. In the course of the production process, the mass of

products decreases at almost every stage, because waste and emissions are removed
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REDUCTION OF MATERIAL MASS
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Figure 21: The mass of

a product continually
decreases along a produc-
tion chain, as waste and
emissions remain behind.
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from them and remain in the respective producer country (see Figure 21). If Austria
imports highly processed products instead of producing them within the country, the
production-based material consumption (as recorded in the DMC) is lower than the
quantity of raw materials that are extracted outside Austria, converted into processed
goods and imported into Austria. This makes the country’'s economy appear more
resource-efficient than it is in fact. Increasing globalisation and rapidly growing import
and export volumes strengthen the effect of spatial decoupling of raw materials extrac-
tion, production and the place of consumption, while there is a growing disparity between

direct import quantities and upstream material requirements.

L N

Emissions

When evaluating environmental impacts, therefore, the production-based MFA indicators
(DE, DMC) are complemented by consumption-based indicators. The consumption-based
perspective illuminates the global raw materials extraction that is caused, for example,
by Austrian final demand. Consumption-based indicators (like the material footprint)
account for the raw materials, regardless of where in the world they are extracted and
used for the production of goods, and assign them to the country in which the end use of
these products takes place. At the same time, taking a consumption-based perspective
means that the material consumption and emissions associated with goods that are
produced in Austria and then exported will be assigned to the countries in which final
demand for these products is located.

The Visualisation Centre on the material flow analysis portal materialflows.net
(Vienna University of Economics and Business, 2023) makes the global interlinkages due
to international trade visible, and Figure 22 depicts these in the case of Austria. The

left-hand part of the graphic shows the regions in which material extraction has occurred
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that can be linked to Austria’s material footprint in 2021. (Austrian domestic consump-
tion of materials extracted in Austria is included in the Europe region within this graphic.)
Austria obtains the major share of the material footprint from its own domestic extrac-
tion and from other EU countries. The next largest import partners are in the Asia-Pacific
region and in Eastern Europe and Central Asia. The right-hand side of the graphic shows
the material extraction in Austria and in which countries these raw materials are used
to satisfy final demand. (Here too, Austria’s domestic consumption of domestic extrac-
tion (DE) is included in Europe.) After Europe, the second most important trade partner

is the region of Asia followed by North America.
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Source: materialflows.net

The consumption-based material footprint of Austria thus includes all raw materials that
are extracted and used outside Austria’s borders to create the products for Austrian
final demand. The material footprint is also denoted as raw material consumption (RMC;
Statistics Austria 2024).

The material footprint is an important supplement to domestic material con-
sumption but should not be regarded as a substitute for DMC. Both perspectives
have their own focal points, advantages and disadvantages and should be used in
combination with one another. Thus, the DMC focuses on all those materials that are
transported and processed within Austria, are sooner or later converted into waste
and emissions, and thereby cause environmental pressures within Austria. These
include those resulting from the Austrian production of export goods. The material
footprint, by contrast, focuses on issues of global distribution of resources and allows
to address issues of equity of distribution. Globally, costs and benefits of material
consumption and the impacts caused by the production of raw materials and goods
are very unevenly distributed (Infante-Amate and Krausmann 2019; UN IRP 20195;
Dorninger et al. 2021; Lenzen et al. 2021; Schaffartzik and Krausmann 2021). From the
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footprint perspective, Austrian production of exports is not assigned to Austria but

rather the global resource consumption due to the country’s final consumption.

Statement 14 — Resource-intensive patterns of production and con-
sumption create poverty and environmental damage in other countries:
The rapid increase in global resource use in recent decades is caused
by fundamentally different developments at national and sub-national
level. The resource- and emissions-intensive production and consump-
tion patterns of the world’s wealthiest countries, including Austria,
cannot be maintained without poverty and environmental damage
“elsewhere”. At the same time, the people in these rich countries are
discovering that their options for intervening in global interlinkages,
and to change them for the better, are limited. Environmental justice
therefore takes account not only of the differences in the relationship
with natural resources and in relation to this, the degree to which
humans are exposed to environmental impacts, but also of the pro-
found differences in political and social agency and participation.
— Asst.Prof. Dr. Anke Schaffartzik, Department of Environmental Sciences and Policy, Central

European University (CEU)

Austria’s material footprint in 2020 was 22 tonnes per capita,

which is 24 % larger than domestic material consumption

Austria's material footprint (MF) in 2020 was approximately 199 million tonnes (Figure
23). In 2008, the material footprint was about 5% higher, at 209 million tonnes. At the

level of the four material categories, the MF of three material categories has fallen

(fossil energy carriers -3%, metals -1%, non-metallic minerals -9 %), and has remained

unchanged in the case of biomass materials.
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Figure 23: Austria’s material
footprint (MF), 2008-2020.
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Two methodological approaches are available for calculating the material footprint. One
of these involves the use of global multi-regional input-output models (MRIO), which
depict inter-industry sectors’ deliveries between all countries (or groups of countries).
This enables all raw materials extraction to be organised along sectoral supply chains
(via economic input-output matrices) and tracked to the point of final consumption.
Among the MRIOs, two models are most commonly used in a variety of research con-
texts: EXIOBASE (Stadler et al. 2018) is an EU-focused MRIO, which was developed with
the involvement of Austrian researchers in the context of three EU-funded research
projects. The second is GLORIA (Lenzen et al. 2017, 2021; UNSW Sydney 2023) and its
predecessor Eora (Lenzen et al. 2013; Eora 2014), which both use algorithms to enable
data adjustments when producing MRIO models. The MF data of the GLORIA MRIO form
part of the UNEP global material flow database (UN IRP 2023).

MRIO models are very intensive in data and computational terms and updates
of the models to most recent years often lags behind. Statistical authorities and na-
tional states often require a simpler calculation model and more transparent access
to the individual stages of calculations, which - as far as possible - are supplied with
data available within statistical offices. For this reason, these institutions often employ
coeflicient-based methods, in which the material inputs associated with imports (and
equally for exports) are calculated with the help of product- or industrial sector-specific
material intensities (or coefficients derived from life cycle analysis (LCA)). The direct
imports including upstream material consumption are defined in MFA as raw material
equivalents (RME). RME represent the entire raw materials that are associated with
a particular import or export, independently of where - in which economy - the raw
materials were used for production.

In a coefficient—based approach, LCA coefficients are often combined with
national input-output (I0) models as well (also referred to as a hybrid approach), such as
in the calculation of Austrian MF (Schaffartzik et al. 2014; Neubauer and Gierlinger 2022)
or in the Eurostat calculations (Schoer et al. 2012; Eurostat 2023b). This hybrid approach
involves calculating the upstream inputs using coefficients, which are then allocated to
final demand via input-output tables. In recent years, numerous discussions have taken
place about the various methodologies and comparisons of results stemming from the
different models, which have made essential contributions to the further development
of calculation methodologies (Owen et al. 2014; de Koning et al. 2015; de Koning et al.
2015; Eisenmenger et al. 2016; Giljum et al. 2019).

Depending on the calculation method, further development therein, as well as
data revisions, very different results for the MF for a particular country may be found
over time. Within the 2020 Report Resource Use in Austria (BMK and BMLRT 2020), for
example, Statistics Austria calculated an MF of 24 t/cap/a for 2015, whereas the UN
IRP MFA Database, calculated using the MRIO Eora (Lenzen et al. 2013; Eora 2014),
produced a figure of 33 t/cap/a for 2017. The figures for 2020 show a smaller difference
between the two data sources: Statistics Austria reported an MF of 22 t/cap for 2020,

and UN IRP calculated MF at 25 t/cap for the same year. A similar data variance and
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consolidation over time was also observable for DMC, particularly in the early years of
MFA implementation. In the case of MF, the development of methodologies is still in

process and therefore produces successive updates to findings.
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Source: Statistik Austria 2024

Figure 24: Austria's domestic

material consumption (DMC)

and material footprint (MF),
2000, 2008, 2019 and 2022.
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DMC and MF show a very similar development over time (see Figure 24). DMC fell by
4% from 166 Mt/a in 2008 to 160 Mt/a in 2020. The MF fell during the same period by
5% from 209 Mt/a to 199 Mt/a. Direct imports rose during the same period by 10 % (due
to an increase in the categories of biomass and “non-assignable”) while direct exports
fell by 1%. The physical trade balance correspondingly grew significantly by 35%. In
contrast, the RME of imports decreased by 6% and the RME of exports by 11%. The
raw materials balance amounted in 2020 to 75 Mt/a, showing an increase of 8 % since
2008 (see Figure 25).

A more detailed analysis of imports and exports clearly shows the large volume
of materials that are required internationally along the production chain (Figure 25). The
raw material equivalents of imports (RIM) and exports (REX) are in each case three times
as large as the direct imports and exports. At the level of the four material categories,
the upstream inputs for non-metallic minerals are the largest, with a factor of 8-10 in
the case of imports and 7-8 for exports. The RIM for metals and fossil energy carriers
are larger by a factor of 3 and 2.5 respectively than the direct imports. In the case of
biomass, the factor is smallest (1.5 to 1.3). Factor scales are similar for exports: for fossil
energy carriers, the REX are larger by a factor of 3.5-4.5 than the direct imports, in the

case of metals by a factor of 2-3 and in the case of biomass by a factor of 1.5.
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Since 2008, direct imports rose by 10%, particularly due to the increase in biomass
imports (+35%) and in the case of imports of the category “non-assignable” (89 %). The
direct exports fell by 1%, yet here too biomass exports grew (7%) as did the “non-as-
signable” exports (14 %). The upstream material inputs that are associated with direct
imports did however fell slightly between 2008 and 2019 (6% in the case of RIM, 11%
in the case of REX). RME only increased in the case of biomass imports (10 %), while for
all other categories RME were reduced. Thus, material consumption along the entire
supply chain showed a reduction not only for imports but particularly clearly in the case
of exports.

The raw material trade balance (RTB = RIM-REX) increased between 2008 and
2020 by 8%, the physical trade balance (PTB = imports-exports) increased far more
rapidly by 35% (a factor of 4).

Resource consumption must be decoupled from eco-
nomic growth and thereby resource productivity
increased

Statement 15 — Structural transformation is required to achieve the
decoupling of material consumption from economic growth: Material
consumption and economic development remain very closely inter-
linked. Sustainable development requires that economic development
should be decoupled from the demand for materials. This necessi-
tates not only a significant increase in resource efficiency but above
all a structural transformation that relies on services as the motor
for economic development. In materials-intensive sectors such as
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the construction industry, moving away from a cycle of demolition
and new building and towards renovation, adaptation and the con-
version of built structures to other uses can drastically reduce the
consumption of raw materials. - Dr. Ina Meyer, Austrian Institute of Economic

Research — WIFO, Climate, Environmental and Resource Economics Research Group

As early as the 1970s, Meadows et al. (1972) talked about the limited resources existing
in our world, and in den 2000s, the theme became the subject of renewed attention
in the discussion of planetary boundaries (Rockstrém et al. 2009; Steffen et al. 2015;
Fanning et al. 2022).

Current political programmes such as the European Green Deal (European Com-
mission 2019), the EU’s Circular Economy Action Plan (EU 2020) or the Sustainable Devel-
opment Goals (UN 2015), “Green Growth"” (OECD 2023) or the “Green Economy” (UNEP
2023) work towards the decoupling of economic growth and environmental impacts
(UN IRP 2011). Decoupling can be achieved in two different ways: absolute decoupling
involves increasing economic growth accompanied by decreasing environmental impacts;
relative decoupling is achieved when both the economy and environmental impacts are
growing, however the environmental impacts increase more slowly than economic growth.

Decoupling is measured using the indicator of resource productivity (RP), which
is generally calculated as gross domestic product divided by material use (GDP/DMC
or GDP/MF). Thus, resource productivity describes how much economic output can
be produced per unit of resource use. Resource productivity (also defined as resource
efficiency; see European Commission 2011) is thus analogous to the definition of labour
productivity.

In the case of absolute decoupling, resource productivity increases; the growth
rate of resource productivity is greater than that of the economy. In the case of relative
decoupling, resource productivity also grows, albeit at a slower rate than the economy.

The resource productivity indicator and an increase in resource productivity
as a target value are found in many political programmes, e.g. in the UN sustainable
development goals SDG 8 and SDG 12 (UN 2015) or in the Circular Economy monitoring
framework (European Commission 2023a). The Austrian Circular Economy Strategy (BMK
2022) also sets out the goal of increasing resource productivity, with a concrete target
of +50% by 2030 in relation to 2015.

Relative decoupling is already happening, but absolute decoupling is
barely evident

Numerous empirical studies analysing decoupling have been undertaken, which have
recently also been collated and analysed in a systematic literature review (Parrique et
al. 2019; Haberl et al. 2020). Almost all empirical results show that relative decoupling
can be observed in many cases in industrialised countries but that barely any instances
of absolute decoupling are evident (UN IRP 2011; OECD 2018; UN IRP 2019a; Haberl
et al. 2020) or that decoupling is taking place far too slowly (Vogel and Hickel 2023).
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An absolute reduction in resource use is found primarily in times of crisis, for example
as a consequence of the financial crisis in 2008 and 2009. In the absence of economic
crises and without the outsourcing of materials-intensive production sectors, hardly any
absolute reductions in material consumption can be found at all (Haberl et al. 2020).
Because of this, the idea that current measures to achieve decoupling possess sufficient
leverage to do so is attracting increasingly critical assessment (Hickel 2019; Hickel and
Kallis 2019; Jackson and Victor 2019; Haberl et al. 2020; Vogel and Hickel 2023). This
chapter therefore looks in more detail at decoupling and the challenges associated with it.

The many environmental crises of the current time create a clear picture: an
absolute reduction in our resource use must be accorded the very highest priority. This
concerns not only CO, emissions, but also materials, land area (e.g. sealed area) and
water consumption, as well as the quantity of wastes produced annually. Reduction of

resource consumption must fulfil the following criteria:

+ It must involve a significant reduction. In line with current policy goals, CO,
emissions must be reduced to zero™ and material consumption must be more than
halved in Austria (Circular Economy Strategy; BMK 2022).

* The reductions must be realised within the next 2-3 decades i.e., relatively quickly,
so that, above all, exceeding irreversible tipping points can be avoided (Lenton et
al. 2019; Ripple et al. 2023). Comprehensive decarbonisation is aimed for by 2040,
and halving material consumption by 2050.

* Following on from reduction, resource consumption must be sustained at the new,

low level.

Ultimately, the reductions achieved cannot only lessen the environmental impacts within
Austria but must include global supply chains. For this reason, the Austrian Circular
Economy Strategy not only sets a target for DMC reduction but also sets a target for
reduction in the MF.

Resource productivity grew in Austria between 2000 and 2022 by
35%, albeit as relative decoupling

Domestic material consumption remained constant in Austria between 2000 and 2022,
amounting to 154 Mt/a in 2022. Economic growth grew in the same period by 36 %, so
that by 2022, gross domestic product (GDP) was 380 billion Euros (chain-linked volumes
based on previous year’s prices; Statistics Austria 2023d). Thus, resource productivity
(GDP/DMC) rose from 1,821 Euro/t in 2000 to 2,464 Euro/t in 2022. This represented a
35% increase over the 22 years. Although resource productivity increased, it did so at
a very slightly slower rate than GDP. Consequently, the data show a relative decoupling

between economic growth and resource consumption (Figure 26a).

12 oesterreich.gv.at/de/themen/umwelt und klima/klima_und umweltschutz/1/Seite. 1000310
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Resource productivity can also be represented as the relation between GDP and material
footprint. Since data for the material footprint only exist for a shorter time period from
2008 to 2020, we have therefore analysed the resource productivity for both material

consumption indicators for this shorter period of time (Table 1).

Table 1: Resource productivity based on domestic material consumption and material
footprint for Austria in the years 2000, 2008, 2020 and 2022. Notes: GDP = gross
domestic product in chain-linked volumes on the basis of the previous year’s prices.
DMC = domestic material consumption. MF = material footprint. RP-DMC = resource
productivity as GDP/DMC. RP-MF = resource productivity as GDP/MF. Source: Statis-
tics Austria (2024)

2000 2008 2020 2022
BIP (million Euro) 280.579 333.253 348.400 380.417
Population (thousands) 8.012 8.322 8.917 9.053
DMC (Mt/a) 154 166 160 154
MF (Mt/a) - 209 199 -
RP-DMC (Euro/t) 1.821 2.008 2.184 2.464
RP-MF (Euro/t) - 1.597 1.755 -

DMC amounted to 154 Mt/a in 2000 and remained at the same level in 2022. For the
shorter time period from 2008 to 2020, DMC fell by 4% from 166 Mt/a to 160 Mt/a. The
MF in 2008 was 209 Mt/a, decreasing by 5% to 199 Mt/a by 2020 (Table 1, Figure 26b).
Resource productivity based on DMC, RP-DMC, rose by 9% from 2,008 Euro/t (2008)
to 2,184 Euro/t (2020). This increase was larger than that of GDP (5%), consequently
absolute decoupling was observed for RP-DMC. Resource productivity based on the MF,
RP-MF, increased over the same time period from 1,597 Euro/t to 1,755 Euro/t i.e., by
10% (Figure 26c). Here too, RP-MF increased more rapidly than GDP, so that absolute
decoupling was achieved.

The years since 2019 are characterised by significant political, economic and
environmental policy challenges. The trends in biophysical indicators often fluctuate
annually. Nonetheless, in the development trend for greenhouse gas emissions, we see
a reduction in 2022, and a similar reduction for material consumption. It remains to be

seen whether a more positive trend can be established beyond the crises of this period.

13 umweltbundesamt.at/news240116
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The Circular Economy Strategy has defined a goal of a 50% increase in resource pro-
ductivity (PR-DMC) by 2030 in relation to 2015. The empirical data show a resource
productivity of 2,266 Euro/t in 2015. An increase of 50 % would mean that RP-DMC has
to be 3,400 Euro/t by 2030. This would require on average an annual increase in resource
productivity of 2.75%. From 2015 to 2022, the average annual growth rate amounted
to 1.3 %. The highest rate of growth was 12% in 2022, but this was due to the upturn
after the Corona years and should be seen as an exception. In the previous years, growth
rates of no more than 2% (2017) and 2.1% (2018) were observed. During the same period
there were also annual growth rates of less than 1% (2016, 2019, 2021).
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2000-2022, (b) RP-MF, 2008-
2020, (c) RP-DMC und RP-MF,
2008-2020.
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Why is decoupling so difficult?
A range of factors exist as barriers to decoupling material consumption and economic
growth. Some of these factors and their impacts are delineated briefly in the following

section (see Parrique et al. 2019):

+ Technological development and the rebound effect: The development of new
technologies enables significant increases in resource efficiency across many differ-
ent sectors or production processes. Yet the simultaneous increase in consumption
activities compensates for the progress made in efficiency at economy-wide level
(OECD 2018; Parrique et al. 2019; Ottelin et al. 2020; Sorrell et al. 2020; UNEP
2024); this is defined as the rebound effect. The increase in resource consumption
then exceeds the resource conservation effects of increased efficiency and compen-
sates for the decoupling effect (OECD 2018; UN IRP 2019a).

Shifting the problem elsewhere: A reduction in environmental impacts involving
a resource or environmental medium is often only achieved by shifting the environ-
mental damage to other areas. One example is the replacement of fossil energy
carriers by renewable energy sources. Although substituting fossil energy carriers
with biomass ostensibly produces a specific saving in terms of CO, emissions,
the quantity of biomass that is additionally required can nonetheless create other
problems, such as conflicts over land areas, further loss of biodiversity, putting CO,
sinks at risk through increased use of forested areas, extending biomass production
to less productive land areas, competition over resource utilisation (biomass for
food, fuel, textiles, bioplastics, etc.) among others.

+ Overestimating the importance of service sectors: To continue along the path
of economic growth, a move away from production in primary sectors to sectors
that are assumed to be less resource-intensive within the tertiary sector is often
promoted. However, the growth in service sectors does not go hand in hand with a
reduction of the same order of magnitude in the production activities of the primary
and secondary sectors, but often takes place in addition to these (for details, see
Parrique et al. 2019). Empirical data also show that although service sectors, seen
from a production-based perspective, consume less materials and cause less CO,
emissions, some are associated with a significant material footprint e.g. through the
use of material-intensive products that are required in the service sector, when we
examine these from a footprint perspective (see, for example, Pichler et al. 2019 for
the health sector).

These challenges show that resource efficiency can be increased in many sub-sectors,
thereby leading to relative decoupling. The overarching goal of achieving an absolute
reduction in material consumption and thereby absolute decoupling was not possible to
achieve by 2021, yet has indeed been achieved in 2022. It remains to be seen whether

this trend continues despite the current crises.
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Austria sits within the lower middle rank among
EU countries

To better understand the resource consumption of Austria in context, this section
provides a comparison between the results for Austria with those for other EU Member
States as well as with the EU27 average. For this comparison, MFA data of the UN IRP
database (UN IRP 2024) was used, because this database contains DMC and material
footprint data for all EU Member States and the same calculation methodologies have
been applied in the case of all Member States (CSIRO 2022). The data for Austria within
the IRP database show a slight variance from those of Statistics Austria: DMC according
to Statistics Austria amounted to 154 Mt/a or 17 t/cap/a in 2022 whereas the IRP data-
base has calculated 141 Mt/a or 16 t/cap/a. The reason for this slight variance in these
results stems from the data basis used (the IRP uses primary data from international
statistics) and also the different methodologies employed for calculating, particularly
for international trade flows (see CSIRO 2022). For this reason, Figure 27 presents both
sets of results for Austria (Austria according to the calculations of Statistics Austria
and according to the calculations of the IRP). MFA data for the EU Member States are
also provided by Eurostat (Eurostat 2023c), however the calculation methodologies for
material footprint in the individual countries remain very varied and are not available
ordered by material category for all countries. Furthermore, Luxembourg is not included
in the following discussion, because the data within the IRP database appear implausibly
high (DMC of 38 t/cap/a and MF of 44 t/cap/a).

In the case of domestic material consumption, Austria was ranked in 2022 in a
comparison between all EU Member States in 15th place for DMC, at 17 tonnes per capita
(see Figure 27a) and in the IRP calculations (16 t/cap/a) in 12th place. Italy, Greece and
Spain occupy the first three places, with the lowest material consumption (with 7, 8 and 9
t/cap/a, respectively). DMC for these countries was 34-46 % below the EU27 average of
13 tonnes per capita. Austria’s consumption is 27 % higher than the EU27 average. Coming
last according to this comparison, with the highest material consumption, are Cyprus
(30 t/cap/a), Estonia (28 t/cap/a) and Finland (27 t/cap/a). Their material consumption

is at least double the size of the EU27 average.
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DMC 2022 in t/cap/a
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In most EU countries, material consumption in 2020 was dominated by the non-metallic
minerals, which constituted between 50% and 60 % of DMC in almost all countries (in
Austria, the figure is 54 %). Only Latvia, Lithuania and Cyprus show a higher figure for
the consumption of construction materials, while Greece, Spain, Ireland and Bulgaria
used significantly less. The relatively high resource consumption of Austria is primarily
attributable to the high level of non-metallic minerals use (9 t/cap/a or 54 % according
to the calculations of Statistics Austria, and as much as 64 % according to IRP method-
ologies). The major share of these flow into anthropogenic stocks (see chapter on “Bio-
physical stocks determine resource flows - Stock-Flow-Service-Nexus”), in particular,
into buildings (Wiedenhofer et al. 2021). The EU27 comparison shows that the countries

of Scandinavia (Finland, Denmark, Sweden) and the Baltic states (Estonia, Latvia,
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Lithuania) lead the list with a high level of material consumption particularly for con-
struction materials (between 11 and 25 t/cap/a)™. Since residential buildings as well as
roads in colder regions tend to require a higher level of material input (e.g., in the form
of thicker wall and frost-resistant materials), the climatic situation also leads to larger
material consumption in alpine Austria. Further important reasons for high per-capita
resource consumption include population density and economic prosperity. Thus, Ger-
many and the Netherlands exhibit a similar level of economic prosperity in comparison
with Austria, yet both countries have a far higher population density. From a per-capita
perspective, resource consumption is higher in sparsely populated alpine regions, because
small settlements need to be linked with one another through material-intensive struc-
tures such as roads, bridges and tunnels and these infrastructures require regular
maintenance or rebuilding. Finally, data collection must be considered as an influencing
factor for resource consumption. The data available in the case of heavy mass minerals,
particularly the domestic extraction of sand and gravel, is usually insufficient. In Austria,
therefore, a dedicated and detailed estimation procedure was developed to additionally
calculate the non-reported extraction of particularly sand and crushed rock. This concerns
(1) extracted raw materials that are not traded but used directly within the extracting
company for further processing (own final use), (2) extraction by small companies (with
less than 20 employees), for whom no reporting obligation exists, and (3) the extraction
of sand and gravel in companies allocated to other sectors than mining (e.g., construc-
tion industry, agriculture, trade and transport) (BMLFUW und BMWFJ 2011). These ad-
ditional calculations produce an increase in the figure for material extraction of non-me-
tallic minerals in 2020 from 30 Mt/a (primary collection) to 38.6 Mt/a, and material
consumption for this material category increases from 8 t/cap/a to 9 t/cap/a (2020).
Material consumption is thereby higher, but the data quality may be seen as greater
(BMLFUW and BMWFJ 2011; Neubauer et al. 2023).

The second largest category for material consumption in EU countries concerns
biomass materials or fossil energy carriers. Biomass consumption per capita and year
shows a broad degree of variance and in 2022, ranged from one tonne in Malta or two
tonnes in Cyprus to 7 tonnes in Lithuania and Denmark or 11 tonnes in Ireland. The
countries with the highest level of biomass consumption were characterised by a large
forestry or agricultural sector (particularly livestock farming). The consumption of fossil
energy carriers also showed a similarly high degree of variance from less than a tonne
per capita in Italy and France to 10 t/cap/a in Estonia.

In terms of total mass, the smallest of the four material categories is that of met-
als. Material consumption amounted to significantly less than one tonne in almost every
EU country. Three EU countries stand out in terms of consumption: Finland (4 t/cap/a),

Bulgaria (4 t/cap/a) and Sweden (5 t/cap/a). In each of these three countries, mining

14 Other countries that have a high level of consumption of non-metallic minerals include
Belgium (12 t/cap/a) and Cyprus (25 t/cap/a). The reasons for this require further research,
and missing data cannot be discounted as a factor in this case.
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DMC/ha and DMC/cap, 2022

plays an important role. In Finland, selenium, silver, chrome, and nickel in particular but
also many different rare earths are extracted. Copper, silver, iron ore, lead, and zinc are
mined in Sweden and in Bulgaria, copper, gold, silver and manganese are extracted.
According to the measures in the Critical Raw Materials Act (see the chapter on “Key
raw materials of the future are classified as critical raw materials, and plans to increase
their production within the EU."), which aim to increase production from mining so that
import dependency can be reduced, changes in the MFA data are expected to be seen,
particularly in the group of metals.

The material consumption represented as per-capita indicator showed that
countries in colder climate regions and with lower population density generally display
a rather high DMC/cap (we do not go into further detail here regarding possible other
factors). An EU comparison using per-capita values is therefore only one possible form
of representation or analysis. Available land area could be chosen as the unit of reference
rather than population. Even in the early MFA analyses for the EU (Eurostat 2002; Weisz
et al. 2006), the indicator DMC/land area (or also DE/land area) was used and discussed
as an indicator for land use intensity. If one looks at material consumption in relation to
available land, then land use intensity will be low for those countries that are charac-
terised by low population density and a high DMC/cap (see Figure 28). Examples of this
are the Baltic states, Finland and Sweden. Contrastingly, countries with high population
density (more than 140 people/km?) are characterised by high land use intensity, as in

the cases of Belgium, Cyprus, Denmark, Germany and the Netherlands.

B DMC/ha DMC/cap
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80
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Data sources: DMC: UN IRP (2024), Land use: Eurostat (2023a)

Figure 28: Land use intensity
as material consumption per
hectare (DMC/ha) in com-
parison to material consump-
tion per capita (DMC/cap),
EU Member States, 2022.
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Austria’s material footprint, i.e., the material consumption including upstream consump-
tion outside Austria’s national borders, amounted in 2020 to 199 Mt/a or 22 t/cap/a.
The European comparison for material footprint reveals a similar ranking as for DMC:
Finland (31 t/cap/a), Ireland (35 t/cap/a) and Belgium (37 t/cap/a) came last with a rel-
atively high MF/cap/a. The countries with the lowest per capita footprint were Bulgaria
(12 t/cap/a), Greece and Spain (each with 13 t/cap/a). The MF for Austria, at 22 t/cap/a,

was almost twice as high and even the domestic material consumption (DMC) for Austria
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(17 t/cap/a) was about 30 % higher than the MF for these countries. The EU27 average
for material footprint amounted to 19 tonnes per capita in 2020, and Austria’s footprint
was 22 % higher than this. Austria thus ranked in 17th place, with 16 countries showing
a lower MF/cap/a.

MFA reporting to Eurostat also includes the output side (DPO; see chapter “All
material inputs will become outputs”) as a voluntary reporting item with which several
countries, including Austria, already comply (Eurostat 2024a). The missing data are
compiled by Eurostat itself. The two relevant categories under domestic processed
output are, as already described in the chapter “All material inputs will become outputs
- waste and emissions”, emissions to air and the dissipative use of products (waste
deposited in landfills is not part of the domestic processed output but remains part
of the socioeconomic system). Emissions comprise the major share of DPO (over 90 %
in 22 countries, between 90 % and 85% in Spain, Romania and France, 81% in Estonia,
and 76% in Ireland). The EU27 average for DPO in 2020 was 8 t/cap/a. 12 countries
were below the EU27 average. Austria belonged, with a DPO of 10 t/cap/a, among the
group of countries that cause more outputs than the EU average. Overall, Austria was
ranked 18th among EU countries and was thus in the lowest third. The five countries
with the largest DPO were Luxembourg (16 t/cap/a), Denmark, Finland (both 15 t/cap/a),
Estonia (14 t/cap/a) and Ireland (12 t/cap/a) (Figure 29a). In Malta (4 t/cap/a), Portugal
(5 t/cap/a), Spain, Romania, France, Croatia and Italy (each with 6 t/cap/a), the lowest

per capita quantities of wastes and emissions can be found.
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Figure 29: Domestic pro-
cessed outputs (DPO) in t/
cap/a in 2020 for the EU27
countries in comparison.

78

Domestic processed outputs (DPO)
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Notes: In the Figure, only those categories are represented for which values greater than
10 kg/cap/a were reported. Wastes landfilled are no outputs to nature and consequently
not part of DPO.

Source: Eurostat 2024a

In the period 2000-2022 (and 2000-2020 for the DPO), it was possible to reduce
per-capita material consumption in almost half of all EU countries, including in Austria
(see “Material consumption has increased - even during the COVID pandemic”). In Swe-
den, Finland and in all countries that joined the EU in the context of the EU expansion
in 2004 or at a later date, (with the exception of Czechia and Slovenia), material con-
sumption rose in comparison with the year 2000 (UN IRP 2024). Resource productivity,
measured as gross domestic product per DMC, increased in the entire EU27, and in
Greece, Ireland, Portugal, Slovenia and Spain the RP actually more than doubled (UN
IRP 2024). A reduction in MF was achieved in 13 countries (Austria, Czechia, Denmark,
France, Germany, Greece, Ireland, Italy, The Netherlands, Portugal, Slovenia, Spain and
Sweden) (UN IRP 2024). The spatial pattern of change in DPO (the most recent available
year with Eurostat being 2020) resembles that for DMC. Austria is in this case among
the 22 countries in which a reduction in DPO was observed (Eurostat 2024a). In 16
countries, the reduction amounted to 10 % or more, with the greatest reduction achieved
in Malta (51%), Belgium (40 %) and Spain and Greece (35 %). In Austria and in three other

countries (Hungary, Romania, Estonia), the reductions in DPO were only 5% or less than
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this. Having achieved stabilisation of DMC (+/-0 %), a reduction in the MF of 5%, a re-

duction in DPO of 5%, and a 24 % increase in resource productivity, Austria ranks in the

middle of the group of European countries.
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Explanation: In green means an improvement for the respective indicator while red means a detoriation.
Darker colors indicate more change. It should be noted that the desired change (shown in green) are achieved through reductions

for the indicators DMC, MF and DPO, and through increases for RP.

Source: DMC, material footprint, resource productivity: UN RP (2024), DPO: Eurostat (2024a)
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Figure 30: Changes in
material consumption

(DMC), material footprint
(MF), domestic outputs to
nature (domestic processed
output, DPO) and resource
productivity (RP) in the EU
between 2000 and 2022,
and between 2000 and 2020
in the case of DPO.
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The challenges of transforming a linear economic
system into a circular economy

Statement 16 — Circular economies can contribute to achieving cli-
mate and other environmental goals: The provision of raw materials
is a key driver of environmental crises including climate change, envi-
ronmental pollution and biodiversity loss (UNEP 2024). Reducing the
requirements for primary raw materials through e.g. circular economy
measures can therefore make an important contribution to achieving
climate and other environmental goals. An economy-wide approach
to material flows and stock dynamics helps to identify options for
conserving resources as early as possible and to enable these to
inform and shape policy. — Philip Nuss, PhD, Federal Environment Agency Germany

Our economic model remains largely linear in its organisational form. Resources are ex-
tracted from nature, processed to create products or infrastructures, used in households
or by the state, businesses or other organisations, and finally disposed of as wastes or
emitted in dissipative form i.e., dispersed in low concentrations into nature. The useful
lifespan of different products varies widely. Thus, a house may have a lifespan of 50 to
well over 100 years, while a car produced today is expected to have a service life of up
to 20 years. An article of clothing, by contrast, will generally remain in use for no longer
than 5 years and most foodstuffs have the likely shortest period of utilisation, of days,
weeks or at most, a few months. If a product is no longer required, it becomes waste
and as such is sent for waste processing, finally being output to nature as emissions
to air or into water. Increasing shortages of raw materials and environmental crises
caused by emissions and the processing of wastes and waste water are symptoms of
exceeding the absorption capacities of the ecosystem and the finite existence of natural
resources (Meadows et al. 1972; Rockstrom et al. 2009a; Steffen et al. 2015; O'Neill et
al. 2018; Persson et al. 2022; Richardson, et al. 2023). Since the 1970s and 1980s, heavily
influenced by the oil price shocks of the period, there have been and still are numerous
efforts to reduce growing waste flows and emissions, and to see wastes as resources
and to include them in recycling. Recycling - particularly of metals - was recognised as
the central strategy for valorisation of waste materials.

Similarly, the input-oriented MFA database, which became established at the
beginning of the 2000s, soon made clear that progressing from monitoring resource
flows to developing courses of action can only be achieved by expanding the area of
inquiry beyond society’s use of materials to the end of their lifecycle. The scientific MFA
community has consequently devoted itself to recording and analysing the entire period
in which materials are utilised by society. Both in conceptual and in empirical terms, the
systematic approach of social metabolism has proven essential in this context. A clear
definition of the system being observed, adherence to the laws of thermodynamics, and

a mass balance approach to accounting for all flows in conjunction with the changes to
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stocks enable the complex modelling of all resource flows. This robust evidence base
then also provides the basis for decision making within political programmes, such as
the Circular Economy Strategy.

The circular economy (CE) aims to reduce material inputs and outputs of society
as far as possible, so that primarily resource inputs are minimised and the resources
used continue to be utilised for as long as possible. Only when they reach the end of
their utilisation phase will materials finally be fed back into the production process as
part of a closed-loop system. Political and economic discourse has contained much
talk over recent years and decades about the successes of recycling and high recycling
rates. Numerous targets set by the EU (Eurostat 2023e) set out to address the recycling
of batteries, electronic equipment, packaging materials, vehicles, household waste and
construction waste. Yet although a focus on waste materials and respective rates of
recycling is important, it must be expanded to include an understanding of the input
side. The narrow focus on recycling therefore needs to be extended to take account
of the other strategies within the circular economy, of reducing and slowing, both of
which precede recycling. Not until a comprehensive circular economy approach, from
resource use to utilisation through to waste management, and the prioritisation of
demand reduction strategies at the very start of the usage chain are implemented will
resource conservation in the sense of a reduction of economy-wide resource consump-
tion become possible. It is precisely this approach that is taken by the Austrian Circular

Economy Strategy.

Energy and material use of resources — two separate flows, which
are mutually dependent

From a metabolic perspective, it is useful at this point to highlight a further important
difference in socioeconomic resource use. On one hand, we require material resources
in order to use these in their material form, for example for the production of stocks or
for short-lived products. On the other hand, materials provide us with energy benefits
(to date, largely through fossil energy carriers) and also in the form of food for humans,
domestic animals and livestock. Materials that contribute to material utilisation become
waste materials at the end of the utilisation period, which can be available for recycling
or a variety of strategies for reuse. In the case of energy use, material resources are
consumed during their utilisation and converted into emissions. These emissions are
discharged into the air in dissipative form, i.e., at many locations in very low concentra-
tions. It should be noted that reusing or recycling these ‘waste materials’ is practically
not feasible or is only possible through highly intensive use of energy.

These two forms of use cannot be regarded as being independent of one another.
Indeed, the opposite is true: energy is required at all stages in the production of material
goods (from resource extraction, processing, manufacturing, through to transportation).
Furthermore, energy is also required after the production process, in order to make the
produced stocks usable (lighting and heating for buildings, electricity for the many items

of equipment produced, fuels for vehicle mobility, etc.).
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Recycling rates of 70 % and above contrast with a circularity rate

of 14 %. Why is the circular economy so challenging to put into
practice?

If only maximising recycling rates was aimed for within a circular economy, we would
not achieve a successful outcome. It should be noted that recycling rates for metals
of 64% or 66% (BMK 2023) are put sharply into perspective when one compares the
economy-wide total of all secondary raw materials with total resource consumption. This
input-side focused ‘recycling’ rate or circularity rate (circular material use rate, European
Commission 2023b) amounted globally to roughly 6% in 2015 (Haas et al. 2020) and in
Austria to just below 14 % in 2022 (Statistics Austria 2024).

One of the major constraints on the circular use of materials is the accumulation
of socioeconomic stocks, such as buildings, roads and products. These require far more
in terms of resource inputs than can be made available as waste materials for recycling.
Globally in 2015, we required about 70 billion tonnes of non-renewable resources, yet
only a little less than 20 million tonnes accrued as waste materials (Krausmann et al.
2018). Even if it were possible to achieve a recycling rate of 100 %, which is impossible
according to the second law of thermodynamics, secondary inputs from accrued waste
materials would only be able to provide a maximum of 30 % of the resources required,
given the current rate of the accumulation of stocks.

Aside from the theoretical planning, when it comes to implementation in practice, yet
more challenges exist that further decrease the theoretical recycling rates. These include,
for example, the complex process of collecting waste materials across the often very widely
dispersed locations of accumulated wastes. Furthermore, modern products are very complex
in terms of their production and material composition, consisting of a wide variety of different
elements of the periodic table, combined through chemical processes to create composites
or alloys. These complex compounds are often impossible to separate into pure forms of
their original constituent elements, not least because the high-tech processes involved in
manufacturing contrast with the simple processes at use in separation of waste materials,
such as screening or sifting, air classifiers, magnetic separation, washing or breaking up.
In modern industrial processes, increasing use is also being made of nanomaterials, which
can have toxic effects despite the extremely minute quantities employed. The combination
of a range of different materials can also result in these diffusing into one another during
utilisation or during their disposal. There is currently insufficient knowledge regarding the
final disposal of such materials and what their eventual state might be, and about their
potential toxicological consequences for humans and the environment.

The circular economy, in the context of an economy-wide approach, has the
potential to act as the framework shaping sustainable resource use through all the
different processing and utilisation phases involved in production and consumption. A
systemic approach, i.e. the accounting of the resource inputs and outputs of the soci-
oeconomic system of production and consumption in accordance with clearly defined
system boundaries, is key here. Given that resource flows are inextricably interlinked

with our biophysical stocks (see the chapter “Biophysical stocks determine resource
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flows - Stock-Flow-Service-Nexus”), the monitoring of a circular economy must on one
hand follow a mass balance approach, which systematically records the changes to
stocks - i.e. their accumulation, maintenance and demolition. Otherwise, environmentally
important material flows can remain hidden behind data gaps or inconsistent approaches
to recording data (e.g. as a result of divergent system boundaries). Integrating stocks
within an economy-wide approach is of particularly high importance in the case of
countries such as Austria, in which about 75% of the extracted and imported material
flows accumulate in stocks.

The scientific basis for this rests on the concept of material flow analysis and
was further developed initially by Haas et al. (2015) for the circular economy and ex-
panded to create a globally consistent empirical analysis approach (Haas et al. 2020).
In collaboration with the European Commission, the concept was also used as the basis

for developing a consistent set of indicators (Mayer et al. 2018; de Wit et al. 2019).

The goals of the Austrian Circular Economy Strategy are
very ambitious

Circular economy - a strategy for Austria

The circular economy plays a crucial role in the transformation towards a sustainable and
resource-conserving society and economy. It allows economic success to be combined
with environmental protection and social progress. Reduced resource consumption, the
avoidance of pollutants and the minimisation of waste and emissions together reduce
the ecological footprint. The circular economy thereby helps tackle the challenges of
climate change, biodiversity loss and other ecological concerns.

The national Circular Economy Strategy, “Austria on the Path to a Sustainable and
Circular Economy”, was developed with the involvement of a broad coalition of stakeholders
and experts from the economy, scientific research, political administration and the wider
society, and was adopted in December 2022 by the federal government. The national
strategy builds upon the European Green Deal and the EU Circular Economy Action Plan
and is consistent with European recommendations. The strategy defines the fundamental
principles of a circular economy, the vision, strategic and long-term goals and the medi-

um-term operational targets. The central goals of the Circular Economy Strategy are:

*  Goal 1: Reduction of resource consumption measured as material footprint
(7 t/cap/a by 2050) as well as in terms of domestic material consumption
(14 t/cap/a by 2030)

*  Goal 2: Increasing domestic resource productivity by 50 % by 2030 in comparison
with 2015

15 For more information (in German), see: bmk.gv.at/themen/klima_umwelt/abfall/
Kreislaufwirtschaft/strategie.html
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¢ Goal 3: Increasing the circularity rate to 18 % by 2030
¢ Goal 4: Reduction of the material consumption of private households by 10 % by
2030 compared to 2020

Implementing the circular economy in Austria relies upon a closely harmonised combi-
nation of measures; in the case of seven focal points for transformation (construction
industry and infrastructure, mobility, plastics and packaging, textile industry, electrical
and electronic devices and communication technologies, biomass, waste and secondary
resources), packages of measures have already been recommended for implementation.

The goals are accompanied by a set of principles for a circular economy (the
10 R-strategies) and for raw material supply: Sustainable secondary material sources
should be used as a priority to meet demand for raw materials in future, then sustainable
renewable sources, and only the remainder should come from non-renewable sources.
Where new raw materials and substances come into use in future, their sustainable

production must also be accorded the highest priority.

The 10 R-strategies of the circular economy from
Rethink to Recover

Statement 17 — Resource management and the boundaries of the
circular economy: As the Resource Report shows, the circular econ-
omy in Austria has barely been implemented to date. There are
two important reasons for this: firstly, resource consumption is high
and contributes to rapid accumulation of stocks. During a period of
growth such as this, no strong closed-loop circularity can be achieved
in practice. A circularity gap of 10 % that is typical for many regions
of the country shows this to be the case. Secondly, the use of raw
materials is accompanied by a significant increase in entropy, be-
cause in material terms we produce very complex products that can
subsequently only be recycled (if at all) with the application of great
technical effort and (too much) cost. Producing entropy is always
easier than reducing it thereafter. Resource management provides
the methods and knowledge to describe, analyse and optimise the
material economy. — Univ.Prof. DI Dr.techn. Dr.h.c. Helmut Rechberger, Head of Re-

search Unit, Waste and Resource Management, TU Wien (Vienna University of Technology)

The circular economy includes a broad palette of processes and activities, which can
be organised in accordance with the 10 R-strategies, and concentrated within three
strategic groups: Narrowing, Slowing, and Closing resource loops (Potting et al. 2017,
see Morseletto 2020). The Austrian Circular Economy Strategy (BMK 2022) is based

upon this grouping, see Figure 31.
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NARROWING

Smart production
and use of
products and
infrastructure

SLOWING

Increased lifetimes
of products,
components and
infrastructure

CLOSING

Recycling of
materials

Source: BMK 2022

The 10 R-strategies cover the entire process from production and consumption to dis-
posal, establishing the design from the outset and expanding upon the purely economic

and technical or waste management focus to include a social transformation perspective.

1. Refuse: Products are made
redundant; the service of a product
is considered unnecessary or
provided through different means

2. Rethink: Redesign products and
use them more intensively (e.g.,
through sharing)

3. Reduce: Increase efficiency
during manufacturing or use of
products by using less natural
resources and materials

4. Reuse: Reutilize functional
products

5. Repair: use products longer
through servicing and repairing

6. Refurbish: Old products are
updated to new standards

7. Remanufacture: Components
of defective products are used

in new products fulfilling the
same function

8. Repurpose: Components of
defective products are used in
new products fulfilling a
different function

9. Recycle: Recycling of materials to
retain high quality and reintroduce
materials in processing cycles

10. Recover: Thermal use with
energy recovery

Figure 31: The 10 R-strategies
of the circular economy.

Infographic from the Austrian

The R-strategies are structured in a way that reflects their prioritisation: products,

services and systems should be considered from a circularity perspective at the point

of their conception and design, before production processes are determined (see also

the Austrian Circular Economy Strategy; BMK 2022). Furthermore, with respect to the

sources of raw materials, a scheme of prioritisation should be followed: raw materials

Resource Use in Austria 2024

Circular Economy Strategy.

87



88

should in the first instance be derived from secondary sources, secondly from sustain-
able renewable sources, and only as a last resort, from non-renewable sources (BMK
2022).

Narrowing is intended to reduce the amount of materials used from
the very beginning onwards

The first three R-strategies — Refuse, Rethink, Reduce — place socioeconomic requirements
for specific services at the centre. Before production or design of a product is even
considered, the concepts of Refuse and Rethink involve questioning whether a specific
service could be provided by completely different products or through another form of
socioeconomic organisation. By way of example: | wish to undertake sports activities
in order to increase my fitness level. Instead of taking out an annual membership of a
fitness centre (with all its material infrastructure and equipment, including operation
and maintenance) and driving there and back by car, | could join a self-organised sports
or fitness group meeting in a park that is accessible on foot within my neighbourhood.
Or, for example, unused premises could be occupied for multiple uses, as community
centres for multi-generational living including childcare, for special events and sports
such as table tennis, rather than building numerous dedicated structures at greater
distance from one another. Furthermore, the variety of sharing concepts, familiar from
the past in the case of public libraries, as well as tool-sharing platforms and places, also
have great potential in this context. Sharing concepts, which are applicable not only at
the level of products but rather at system level, hold particular relevance. Thus, public
transport (which is also a sharing concept), instead of individual motorised transport
through car ownership, is far more resource-efficient, particularly where this involves the
relocation of mobility from resource-intensive road networks to rail networks, which use
far less resources. This can be supplemented by car-sharing opportunities that promote
the rethinking of car ownership in favour of community use.

In the context of this strategic group, the term ‘sufficiency’ is often used (Gérg
et al. 2023), which refers to the fact that individuals can lead a good life with a high
quality of life despite consuming less in terms of goods and services (Millward-Hopkins
et al. 2020). Sufficiency in a general sense describes a change to the dominant patterns
of consumption, usually including the reduction of consumption. In contrast to this, the
term ‘efficiency’ is concerned with producing and using goods and services with less
material, waste and emissions. In this context, the concept of ‘consumption corridors’
is also used, which sets out a lower and an upper limit for consumption. In econo-
my-focused discussions, sufficiency is also considered in the context of demand-side
measures, focussing on how consumption and demand on the part of final consumers
can be adapted and changed.

Another component of the Narrowing strategy group is the ‘Reduce’ principle, in
the sense of a reduction in the number of consumed products or the material consumption

per product. A clear demarcation between the three Rs — Refuse, Rethink, Reduce - is
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often hard to achieve. However, what they have in common is that all contribute to a
narrowing of resource inputs.

Among the circularity indicators, narrowing the flows becomes evident through
the reduced quantities of non-circular flows, i.e., of primary materials. This also leads
to a reduction in the total processed materials, in the case of which the circularity rate
(recycling as a share of the materials being processed) increases with the same amount
of absolute recycling flows.

One aspect is not explicitly considered in the 10 R-strategies; that is the substi-
tution of non-renewable by renewable raw materials, i.e., biomass-based materials. Since
even the provision of renewable raw materials requires both material and energy, and
the regeneration rates of ecosystems place limits upon their availability, a substitution
approach should only be taken when the options to Refuse, Rethink and Reduce have
all been exhausted. Thus, a scheme of prioritisation should also be followed when it
comes to sources of raw materials: 1. secondary sources, 2. renewable raw materials,
3. non-renewable sources. These raw materials principles are all addressed in the Austrian
Circular Economy Strategy (BMK 2022).

Slowing involves materials remaining in use for longer

Five further R-strategies — Reuse, Repair, Refurbish, Remanufacture, Repurpose — are
aimed at prolonging the useful lifespan of products, product components or materials
in society. These strategies are largely services-based and have been significantly
developed and expanded in recent years. Exchange and intermediary platforms, for
example, can potentially ensure that products in good condition that are no longer
required by their current owner can be either purchased or obtained for free for use by
others, rather than disposed of. One example of how the useful lifespan of products
can be extended is the campaign by the Federal Ministry for Climate Action promoting
the repair of electrical and electronic equipment and devices (involving a nationwide
repair bonus scheme). The European Ecodesign Sustainable Products Regulation (ESPR)"
came into force on July 18, 2024 and addresses the various aspects of prolonging the
useful lifespan of products.

In the case of products from renewable biomass, their cascading usage - despite
the lack of explicit reference in the 10 R-strategies, nonetheless addressed by them
- can also be allocated to the Slowing category. This can refer to the use of clothing
items being repurposed as cleaning cloths or the use of shuttering boards or wooden
components of demolished houses being used for making furniture. In contrast to
recycling, where the material comes back into the production process, in the case of

reuse, the product remains intact as a whole or in its component parts. The cascade is

16 commission.europa.eu/energy-climate-change-environment/standards-tools-
and-labels/products-labelling-rules-and-requirements/sustainable-products/
ecodesign-sustainable-products-regulation_en
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formed by the fact that the secondary use is characterised by a lesser quality of the
reused or repurposed product.

In the circularity indicators, Slowing is evident either through the reduced
quantity of non-circular flows, since stocks such as buildings or products do not have
to be replaced; or through the creation of less waste, because the products or stocks
become waste materials at a later stage than they would otherwise.

The prolonged service lives of materials cannot easily be measured at the level
of aggregated national accounts. An effective option could be the application of a new
indicator: a material turnover rate, i.e., the ratio between waste materials from stocks to
the materials that are used as inputs for the production of stocks. This indicator provides
an estimate for how long the total of all stocks and products remains in use. So, for
example, in the case of an annual material input of 5 t/a (for maintenance and expansion
of stocks) and one tonne of waste, the ratio would be 1:5 and the material turnover rate

would be 20%. The ratio 1:5 means that the stocks are entirely renewed every five years.

Statement 18 — Business models and products need to be recon-
ceived: Both products and the business models associated with them
need to be fundamentally reconceived, so that long service lives,
reduced resource consumption and the implementation of circularity
with a high level of value creation can work together in perfect
harmony. To this end, many new ideas are emerging for product
design in the sense of ecodesign, which directly addresses the actual
requirements of users. This goal is achieved when the economic
success of an enterprise is decoupled from resource consumption.
— Ao.Univ.Prof. DI Dr. Wolfgang Wimmer, EcoDesign, TU Wien (Vienna University of Tech-
nology)

Closing material cycles is aimed at transforming waste into
secondary raw materials

The final two R-strategies - Recycle and Recover - are the strategies that are employed
at the end of a product’s lifecycle, i.e.,, when a product enters the waste treatment
process. These include the classic form of recycling, i.e., the processing of materials to
become secondary raw materials, which can be used again in production processes.
‘Recover’ is the thermal use of heat from the incineration of waste materials that can
no longer be reintegrated into the material cycle.

The secondary flows of this group are accounted for in waste management
as ‘recycling’. This form of closed-loop circulation is therefore included directly in the
calculation of the circularity rate (circular material use rate (CMU), see next chapter)
and should ideally both replace primary raw materials and reduce waste. Because of the
rebound effect and through the transport, site infrastructure and energy involved in the
recycling process, reduction effects may also be compensated for. A concrete attribution

to individual recycling measures is however not possible to undertake.
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Circular economy indicators can represent absolute
quantities or relative figures

A very diverse range of indicators are employed for monitoring and evaluating the circular
economy at political level (BMK 2022; Eurostat 2024b) and in scientific research (Mayer
et al. 2018; Helander et al. 2019; Moraga et al. 2019; Miatto et al. 2024). The following
section provides a structural overview and discussion of these indicators, with a focus

on those that are relevant for Austria’s Circular Economy Strategy.

Absolute indicators describe the total mass (scale) of resource
inputs or generated wastes

The overarching goal of the circular economy is to minimise socioeconomic inputs in
terms of primary resources together with socioeconomic outputs (waste and emissions).
In order to evaluate whether we are moving towards this goal, absolute indicators are
of primary importance. These indicate whether the total quantity of inputs and outputs
is falling. On the input side, this can be measured in terms of domestic material con-
sumption (DMC) or material footprint (MF). DMC focuses on the materials that are used
during production and consumption in Austria. MF in contrast encompasses Austrian
final demand and the global material consumption that is linked to this. In the scientific
literature (Mayer et al. 2018), a further indicator is proposed and employed: this refers
to processed materials (PM). PM represents DMC taken together with recycled materials.
According to Mayer et al. (2018) PM can also be defined as interim flow, because it not
only takes account of those inputs that cross the system boundaries to nature and
to other economies but also includes the internal flow of recycled materials. PM thus
describes the total material consumption of production and consumption, regardless of

whether these materials come from primary or secondary sources.
In their application, these indicators provide slightly varying results:

* Where DMC falls and the quantity of recycling flows rises, PM remains constant.
*  Where DMC falls and the recycling volumes remain constant, then PM also

decreases.

On the output side, an absolute indicator can measure waste, emissions or their sum
total, i.e., domestic processed output (DPO). Circular economy studies generally focus
on material wastes, and emissions are rarely included. This is likely to be due to the fact
that emissions (yet) cannot be recycled.

The Austrian Circular Economy Strategy, sets a goal for DMC and for MF on the
input side (see chapter “The Goals of the Austrian Circular Economy Strategy”). On the
output side, the Strategy defines a goal for the “reduction of the material consumption
of private households”, which is proposed to be measured in terms of the generation

of municipal waste.
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Circularity or recycling rates reflect the relationship between two
flows

In addition to absolute quantities, rates are often used as indicators that, for example,
reflect the share of recycled flows in total inputs or total outputs. Rates are percentage
rates and thus provide no information on the absolute quantities upon which they are
based. For this another statement is presented, which is helpful in expanding upon ab-
solute quantities given. By way of example: In Austria, the quantity of recycled materials
can double in absolute terms without indicating any progress made towards the circular
economy if the primary materials input also doubles, since the circularity rate remains
at the same percentage level. Evaluating the progress made towards a circular economy
can therefore only be achieved by examining both the circularity and recycling rates and
the absolute reference quantities (total resource input or total waste).

Output-side recycling rates have been used for a relatively long time and enjoy
wide recognition. They measure the share of recycled materials in relation to generated
wastes and thereby provide information about how much of the generated wastes can
be returned to socioeconomic use once again.

On the input side, the circularity rate or circular material use rate (CMU; Eurostat
2024c) is used. Mayer et al. (2018) also define this indicator as the input recycling rate.
This indicator measures the share of secondary materials in the material consumption of
society as a whole. It is important in this respect to note which components are included
in the calculation of the circularity rate. In the Sankey diagrams from Eurostat (Eurostat
2024d) and Statistics Austria (see Figure 32), the node “processed material” represents
the DMI + recycling. However, in calculations of the circularity rate, DMC + recycling is

used. In other words, exports are removed in this calculation.

For the development of policy recommendations, further detail is
required

The absolute indicators and rates detailed above are useful monitoring instruments to
capture overall economic trends. They provide little guidance, however, for the develop-
ment of policy recommendations. This requires a more detailed examination of sectors,

products and fields of activity, among others:

* Recycling rates for specific materials, e.g., aluminium, glass or paper recycling
rates are well-established and provide important information about technical
capabilities.

* Recycling of renewable resources (biomass): Biomass is defined as a renewable
resource and therefore the use of biotic raw materials is regarded as circular per
se. However, the productive land available and its renewable biomass potential
are limited, because overuse leads to the degradation of land and soil fertility.
Thus, even in the case of biomass, circularity must be considered. This can relate
on one hand to recycling within society, which primarily concerns cascading use.

This sees biomass materials being utilised with ever decreasing quality through
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a series of steps, for example in the use of wood for furniture, then for particle
board, then paper and finally for energy generation. On the other hand, it is
important in the case of outputs to nature to ensure that these outputs do not
exceed or damage the regenerative capacity of ecological cycles.

« Ultimately, it is also important to consider recycling options outside the system
being monitored and to develop empirical methods for recording these. Imports
from countries/companies that have very good CE performance are preferable to
those from other, less sustainable companies. The same considerations are valid
for exports. CE locations require the best possible spatial distribution in accord-
ance with supply and demand. Thus, it is not possible for every city, every prov-
ince or every region within a country to provide recycling facilities for all types
of materials. Sometimes it is more economically efficient to use a facility located
beyond national borders, where this is more accessible geographically than any
domestic facility. CE indicators should therefore also allow for the depiction of
imports from and exports to CE-oriented companies as a second priority.

+ Lastly, it must be noted that indicators from the first CE strategy group, Nar-
rowing, have not yet been thoroughly integrated in the set of indicators with a
systemic perspective. Given the importance and priority role accorded to these
systemic strategies (in contrast to the other, more product-oriented strategies
of the other R-strategy) a conceptual development of narrowing indicators is

urgently required.

Visualising the circular economy in Sankey diagrams

To represent the material flows that are relevant for a circular economy analysis, Sankey
diagrams are generally employed (Flow diagrams, see the Figures below). Creating a
Sankey diagram is a complex undertaking, since depicting the circular economy process
correctly and comprehensively requires a consistent system definition and a correct mass
balance as key prerequisites. This means that all outputs must be equal to the inputs,
adjusted for the changes to stocks (Krausmann et al. 2017; Eurostat 2018; Wiedenhofer
et al. 2019). Most studies are based on the use of biophysical models, which link resource
inputs on one hand and stocks and socioeconomic outputs on the other in a consistent
way. The mathematical relation Inputs = Outputs + Stock changes can be used to cross-
check or model missing components in the case of data gaps or unreliable quality.
Stocks and changes to stocks have not yet been recorded using statistical
sources; furthermore, the long lifespan of some stocks (50-100 years in the case of
buildings) means that a consistent record of the type and composition of e.g., building
stocks and then the linked resource inputs and outputs over a time series is required.
Without quantifying stocks, possible links including those extending beyond the year
in question and feedback processes cannot be shown, and data inconsistencies may

produce erroneous links and attributions.
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Figure 32: STAT-Sankey: The

Austrian circular economy as
a Sankey diagram, compiled

by Statistics Austria. Austria
2020.

Figure 33: SEC-Sankey: The
Austrian circular economy as
a Sankey diagram compiled
by the Institute of Social
Ecology (SEC). Austria 2014.
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In this section, two Sankey diagrams for Austria are presented together, their differences
delineated and the resultant effects upon circularity indicators outlined.

The first Sankey diagram is compiled by Statistics Austria (Statistics Austria 2023e)
(Figure 32) and similarly published by Eurostat. The data basis for this is provided by the
MFA, the external trade statistics, and the waste management statistics. In the text that

follows, the Statistics Austria Sankey diagram will be referred to as STAT-Sankey.
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The second Sankey diagram is the result of a research study at the Institute of Social
Ecology (SEC) (Jacobi et al. 2018), later reworked and published in the Circular Economy
Gap Report (de Wit et al. 2019); see Figure 33. This Sankey diagram will be referred to
here as the SEC-Sankey.
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The two Sankey diagrams do not present the same year, however the material consump-
tion in both years is relatively similar and therefore certainly comparable. DMC calculated
by Statistics Austria amounted to 157 Mt/a in 2014, and to 159 Mt/a in 2020 (Statistics
Austria 2024). The figures in each diagram (STAT and SEC) show a slight variance; there-
fore, a comparative discussion should focus primarily on the overall scale of flows and
the relationships to one another. The individual nodes and relevant flows in the Sankey
diagram are briefly outlined here below (Nuss et al. 2017; for details, see: Jacobi et al.
2018; Mayer et al. 2018; Statistics Austria 2023e), in order to discuss differences and
impacts on circularity indicators. The following discussion is a first step and should be

regarded as the starting point for a more substantial discussion.

* Input flows: The inputs into Austria constitute on one hand the DE and on the
other, the imports from other economies. Analogous to imports, exports are also
presented on the output side in the STAT-Sankey. The SEC-Sankey presents the
imports and exports as net imports (calculated as PTB = imports minus exports)
on the input side. Imports in the STAT-Sankey are therefore larger than the net
imports. The SEC-Sankey does not show any export flows.

* Material input and processed material: DE and imports result in the direct
material input (DMI), one of the first nodes in STAT-Sankey. In the SEC-Sankey,
the first node is the PM (processed materials in Figure 33). The secondary inputs
from recycling are already included in this node and therefore corresponds to
the ‘processed material’ node (STAT-Sankey) with the difference that exports are
included in the STAT-Sankey while excluded in the SEC-Sankey. Like the DMC, the
PM of the SEC-Sankey can therefore be added across countries without double
counting.

+ Material and energy use: The processed materials are subsequently divided
according to their energy use (fossil energy carriers and biomass) or material use
(all materials, but primarily non-metallic minerals, metals, biomass). The scale of
the flows is the same in both Sankey diagrams.

* Energy use and emissions: Through energy use in combustion processes, mate-
rials are transformed into emissions. CO, emissions are additionally produced
through production processes, e.g., in cement production or steel production.
CO, emissions can be represented in the MFA as carbon emissions or as CO»
emissions, i.e., including oxygen. The SEC-Sankey chooses to depict these
as C emissions. Eurostat convention mandates the inclusion of oxygen in the
emissions recorded (Eurostat 2018) in accordance with IPCC reporting. The
oxygen that is bound with carbon as CO; in the incineration process is reported
in accordance with Eurostat convention in the form of input balancing items
(Eurostat 2018; Statistics Austria 2024). In the STAT-Sankey diagram, air emissions
are calculated together with balancing items (oxygen, water vapour and other
balancing items, see Eurostat 2018), so that the STAT-Sankey shows the CO,

emissions excluding oxygen (O) in the context of completing the mass balance.
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Material use and stocks: The major share of materials that are subject to mate-
rial use, are utilised for the creation and maintenance of stocks (buildings, roads,
other infrastructures). In the STAT-Sankey, these flows are depicted as material
accumulation, representing the net additions to stocks (NAS; Eurostat 2018). Out-
puts from stocks (largely demolition waste) are already deducted beforehand and
form part of waste flows. In the SEC-Sankey, the inputs into stocks as well as the
outputs from stocks are explicitly represented as such. Demolition waste flows
then as output from stocks into waste treatment. Along with the materials that
are accumulated in stocks, there are also materials for material use that become
outputs in less than one year. These flows are defined in the SEC-Sankey as
short-lived products and losses and include the dissipative use of products (e.g.,
fertiliser or salt, see chapter “All material inputs will become outputs - wastes and
emissions”), dissipative losses (abrasion, losses and leakages, etc.; see chapter
“All material inputs will become outputs - wastes and emissions”), and other
short-lived goods with a lifespan of less than one year (e.g., sanitary items, cos-
metics, medicines, some textiles, paper goods, packaging materials) or also food
waste. In the SEC-Sankey these wastes from short-lived goods are supplemented
by the demolition materials from stock reduction as well as by residual materials
from incineration (ash) and from sewage treatment facilities (sewage sludge). A
significant portion of these wastes are transformed into emissions in incineration
facilities (flow from wastes to emissions in the STAT-Sankey). The remainder are
deposited in landfill or recycled. In the STAT-Sankey the wastes (demolition mate-
rial, short-lived products, ash, sewage sludge) are substantially less than those in
the SEC-Sankey. The variance is primarily attributable to the demolition materials,
which amount to 10 Mt/a in the STAT-Sankey (based on waste statistics; BMK
2023), whereas in the SEC-Sankey the figure is 30 Mt/a (based on mass-balanced
stock-flow modelling; Jacobi et al. 2018; de Wit et al. 2019).

Waste depositing and recycling: From the very different quantities of waste

in both Sankey diagrams, the recycling materials (primarily demolition waste)
flow back into socioeconomic use. In both Sankey diagrams, annual recycling
flows amount to just below 20 Mt/a. In the STAT-Sankey, the markedly low waste
quantities are reduced by deducting the recycled flows to almost zero, with input
into landfill sites amounting to less than 4 Mt/a. In the SEC-Sankey, a not insignifi-
cant quantity of waste materials remains, which are deposited in landfills or other
storage sites; at least half of these materials are demolition waste. The variance
between the figures for demolition waste reflects the different methods of data
collection in each case: in the STAT-Sankey, an accounting approach is chosen,
and the data for demolition materials are sourced from waste statistics. The data
in the SEC-Sankey are calculated using a system dynamics stock-flow model,
based on spatially explicit information on material stocks and their resource

inputs and outputs throughout the service life of stocks.
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Where might data uncertainties be hidden in a Sankey diagram?

The different flow quantities that are represented in a Sankey diagram have very different
data quality and are either based on data or modelling. The inputs (DE and imports)
are based on data and their measurement fixed; this is also the case for exports and
IPCC-relevant air emissions. The figures for waste are also data-based, however these are
developed for another purpose (a focus on waste management throughout the various
processing steps) and thus differ partly in terms of water content, statistical coverage,
defined system boundaries, etc. Thus, to achieve a correct mass balance taking account
of stock changes, the consistency between inputs and outputs must be very carefully
checked (see also Statement 12). Differences and uncertainties in the data basis exist

particularly in the following:

+ Accounting for oxygen in emissions,

« Consistency of inputs and outputs with material stocks, for example in the case of
demolition waste,

+ Excavated soil, which is reported in the waste statistics, yet often not included as
extraction on the input side,,

*  Waste from agricultural production,

« And many smaller flows, such as: compost (often recorded on the output side but
not on the input side or included but with differing water content), water vapour,
residual materials from sewage treatment facilities, dissipative use and losses,

food waste, etc.

This brief analysis of the differences between the Sankey diagrams shows the complex
requirements from the data basis that exist in the background. Without a mass balance,
which would ideally also be able to reflect real stock increases and reductions, errors are
unavoidable. Such errors then transpose into those categories where the data basis tends
to be insufficient. These concern particularly the changes in stocks and the demolition
waste from stocks, but also smaller flows such as compost, ash/slag, or food waste.
The most important element here is a mass balanced analysis of stocks. Without stock
records, a consistent record of inputs in and outputs from stocks is needed. The better
the data on the input side of the MFA correspond to the waste quantities from waste
statistics, i.e., adhering to the same system boundaries and showing no instances of
double counting, the smaller any error will be.

Finally, it should be noted that different methodological approaches have signif-
icant impacts on the validity and analysis of options for achieving a circular economy.
In the STAT-Sankey, for example, waste quantities that go into landfill are very small in
comparison to the SEC-Sankey. As a result, the recycling potential is very different in both
calculations. Also, a thorough consideration of exports is necessary in the calculation
of the circularity rate. E.g., exports are included in the STAT-Sankey within processed
materials, which are thus significantly larger than in the SEC-Sankey, where exports are

deducted before the “materials processed” node.
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Austria in transition to a circular economy - progress on
the four main goals

The main goals of the Austrian Circular Economy Strategy depend upon the data and
results of the MFA, as already outlined in the previous chapters. In this section, the MFA
results that are addressed as indicators in the Circular Economy Strategy are summarised

in relation to the CE goals (see also Figure 34).

Goal 1: Reduction of domestic material consumption (DMC) to
14 t/cap/a by 2030 and reduction of material footprint (MF) to
7 t/cap/a by 2050
DMC remained constant between 2015 and 2021 at 18 t/cap/a, and a reduction was
only recorded for 2022, to 17 t/cap/a (Figure 34). By 2030, DMC should have decreased
to 14 t/cap/a, i.e., by -18 % or by -2.2% per year.

The MF was 23 t/cap/a in 2015, before rising slightly in the following year to 24
t/cap/a, and then decreasing in 2020 to 22 t/cap/a. To reach the target of 7 t/cap/a in
2050, a reduction of 70 % or 2.3 % per year is needed. This target figure is very ambitious

and the following chapter outlines and discusses possible ways forward.

Goal 2: Increasing domestic resource productivity (RP) by 50 % by
2030, compared to 2015

Resource productivity is related in the CE Strategy to DMC and is calculated as RP =
GDP/DMC. In 2015, RP amounted to 2,266 Euro/t, so an increase of 50 % would mean that
RP in 2030 should reach 3,400 Euro/t. Between 2015 and 2021 RP remained relatively
constant at between 2,266 and 2,355 Euro/t. This figure decreased in 2020 and 2021
to 2,184 and 2,198 Euro/t respectively, before increasing sharply (by 12%) in 2022 to
2,464 Euro/t (Figure 34). To achieve the target value, a further increase of 38 % or just

under 5% per year is required.

Goal 3: Increasing the circular material use rate (CMU) by 18 % in
2030

The circularity rate (circular material use rate, CMU; Eurostat 2024c) is calculated accord-
ing to the Eurostat definition as the share of recycling and backfilling in DMC inclusive
of recycling and backfilling. In 2015, the CMU was 11.2%, increasing to 13.8 % by 2022
(Figure 34). To achieve the target set of 18 % in 2030, a further increase of 30 % will be

required, i.e., just below 4% per year.

Goal 4: Reduction of material consumption in private households by
10% by 2030, compared with 2020

The fourth goal addresses private household consumption. Since there is still no data
recording household consumption currently available, the volume of residential waste is

used as an indicator to estimate this. The volume of residential waste in 2020 and 2021
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was 834 and 835 kg/cap/a respectively (BMK 2024). The target set for 2030 involves a
decrease of 10% and thus a target value of 750 kg/cap/a. Achieving a 10% reduction

requires an annual change of -0.3%.
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Figure 35: the Austrian
circular economy in 2014 as a
Sankey diagram.
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Decarbonisation and the circular economy -
scenarios for a possible future in Austria by 2040

This section is based on the empirical studies of the research project “Circular Economy
and Decarbonisation: Synergies and trade-offs (ACeDC)" (Haas et al. 2024), supported
by the Climate and Energy Fund" in the framework of the Austrian Climate Research
Programme (ACRP). This project investigates how decarbonisation, i.e., phasing out the
use of fossil energy carriers, and circular economy strategies interrelate. The project
focuses on three areas of activity: electricity supply, transport and the building sector.
It investigates what impact different scenarios for the transformation of the electricity,
transport and building sectors by 2040 would have in relation to the circular economy
goals and the climate neutrality aim of the Austrian government. This aims to create a
better understanding of synergies and trade-offs related to different decarbonisation
and circular economy strategy approaches.

The Sankey diagram is well suited to depicting the scale and distribution of
material consumption in Austria (see Figure 35). Material inputs (on the left-hand side
of the diagram) can be obtained from three sources: domestic extraction, imports or
secondary raw materials from recycling. The sum total of these input flows are the
processed materials (PM). The largest share of PM by weight is obtained through do-
mestic extraction, in particular of non-metallic minerals, followed by imports. The

smallest material flows on the input side are secondary raw materials from recycling.
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Material inputs are either consumed directly and become waste and emissions within one
year, or flow into the production of socioeconomic stocks and remain for a longer period of
time in socioeconomic use. Direct consumption includes both energy use (both metabolic
and in the form of combustion for heating and electricity production) and also short-lived
products such as packaging, newspapers and magazines, cleaning products, sun cream,
etc. Material stocks are enlarged through the accumulation of materials, albeit at the
same time also reduced through stocks reaching their product-specific end of life (Eol),
as well as their premature disposal. Material volumes are released across all these flows
and uses and can either be recycled and returned back to the value chain or ultimately
find their way into landfill or direct emission into nature.

Material recovery and demand-side strategies have very varying impacts upon
the different circularity rates. The circularity rate on the input side is derived from the
relationship between the recovered material (Reuse, Recycling and Backfilling) and the
PM. The circularity rate can on one hand be improved through increasing the quantities
of materials recovered or on the other, through sufficiency measures, which lead to a
reduction in processed materials.

The circular economy in Austria in 2018 is represented in the Sankey diagram in
Figure 35. In total, 192 million tonnes of material were processed and used within society.
Of these, 17 million tonnes were obtained through recycling. The following circularity

rates derive from this:

« The input circularity rate, i.e., the share of reuse, recycling und backfilling in PM
was 9%.
*  The output circularity rate, measured as the share of reuse, recycling und backfill-

ing in all inputs to the waste node, was 30 %.

Material consumption is closely coupled with energy use. Energy is used to extract
materials, for transportation, processing and to produce, maintain or utilise stocks. When
the number of motorised vehicles increases, this requires energy for utilisation and also
regular maintenance and repair. Furthermore, cars require infrastructure such as road
networks and parking facilities. Mineral raw materials are of central importance for the
construction of stocks such as mobility infrastructures and buildings. The production
technology and the sometimes very great volumes that need to be moved and processed
mean that the processing of mineral raw materials is characterised by high levels of
energy use and thus also high levels of emissions. At the same time, societies require
numerous new raw materials and new infrastructures to achieve an energy transition.
More materially efficient structures and infrastructures and greater sufficiency in our
patterns of consumption (i.e., reduced demand) could therefore reduce our energy
requirements and consequently the necessary energy infrastructure and related levels

of demand for raw materials.
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Figure 36: Socioeconomic
use of materials processed in
Austria (PM); a detailed San-
key diagram. Austria, 2020.
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So that the aggregated results of the MFA can be better used to formulate recommen-
dations for action, a more detailed view of the actual consumption of materials is required.
Where and for what purpose are materials being used? What socioeconomic activities
are particularly material-intensive and need to be subject to closer scrutiny, so that we
can put resource conservation into practice? At the Institute of Social Ecology at the
University of Natural Resources and Life Sciences, Vienna (BOKU), a dynamic stock-flow
model was developed in recent years (Wiedenhofer et al. 2019), which aided the anal-
ysis of material consumption in Austria for 2020 according to final use categories.
Figure 36 shows that 26 % of the processed materials in Austria leave the country as
exports, while 6% are used as short-lived consumer goods and become waste within
the same year. The great bulk (46 %) of all processed materials (PM) accumulate in so-
cioeconomic stocks, where they are contained for many years or decades. It is precisely
these materials bound in stocks that are of decisive importance for the future use and
circularity potential of resources, because they are not available during their utilisation
phase for circular use, and because these stocks determine future flows for maintenance,
repair and operating activities (see also the chapter “Biophysical stocks determine re-
source flows - Stock-Flow-Service-Nexus”). Thus, a closer view of these stocks is once
again required: built infrastructure represents the largest category, comprising buildings,
roads, other transport infrastructure (bridges, tunnels, parking facilities, and the infra-
structure for public transport, such as railway tracks, etc.) but also energy infrastructure,
sanitation systems and dams. Approximately 91% of the materials used for the produc-
tion and maintenance of stocks, or 42 % of the total processed materials (PM) are included
in this category. The further stock categories are vehicles for transportation and
non-technical products (e.g. furniture, textiles and printed matter) with a share of PM
of 3% in each case, as well as technical equipment and devices, representing a 2% share
of PM.

Austria 2020
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Austria in 2040 — How do decarbonisation and circular economy
measures change resource use?
According to the strategy adopted by the government, Austria should be decarbonised
by 2040. In terms of a circular economy, this means that the use of fossil energy carriers
must be phased out. This reduces material consumption, while also necessitating the
transformation of a wide range of sectors. As part of this project, a transformation of
this kind for the building, transport and electricity sectors has been modelled.
Through different scenarios, measures from across the three strategic groups
of Narrowing, Slowing and Closing were implemented to varying degrees, in order to
model the mass balanced effects for all three sectors. The following assumptions were

selected in these scenarios:

1. Baseline scenario: continuing to implement all current measures without the
addition of further measures (darker bar in Figure 37),
pure decarbonisation,

3. decarbonisation in combination with the implementation of existing moderate
circular economy measures,

4. decarbonisation in combination with further, ambitious circular economy measures

based on sufficiency and reduced consumption.

Each of these four scenarios is also modelled in terms of two different economic projec-
tions. The first projection (in orange in Figure 37) is based on the assumption that the
economy recovers relatively quickly from the COVID pandemic and continues along the
development path in existence before the pandemic occurred. In the second projection
(in blue in Figure 37), recovery from the economic shock takes place far more slowly
and economic growth after the pandemic remains at 0 %. The following table shows the

measures implemented in the three strategic groups (Table 2).
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Table 2: Grouping of modelled measures according to the three strategic groups

Strategic Sektor Decarbonisation Decarbonisation and Decarbonisation and
group moderate CE ambitious CE
Narrowing Building * Insulation of buildings * Insulation of buildings * Insulation of buildings (dou-
sector (doubling of renovation (doubling of renovation bling of renovation rates by
rates by 2030) rates by 2030) 2030)
* Replacement of fossil * Replacement of fossil fuels ¢ Replacement of fossil fuels by
fuels by renewable heat- by renewable heating renewable heating systems by
ing systems by 2040 systems by 2040 2040
* Reduction of per capita * No new building developments
floor area in new buildings on unbuilt surfaces
by 25% by 2025 * 50% of buildings replacing
demolished stock to use timber
construction by 2040
Transport * Electrification of vehicles ¢ Electrification of vehicles * Electrification of vehicles (pas-
sector (passenger and freight (passenger and freight senger and freight transport)
transport) by 2040 transport) by 2040 by 2040
» Low modal split shift * Moderate modal split shift ~ « High modal split shift of pas-
of passenger-kilometre of passenger-kilometre senger-kilometre from road to
from road to rail and from road to rail and rail and active mobility (50 %)
active mobility (10 %) active mobility (20%) and and of tonne-kilometre from
and of tonne-kilometre of tonne-kilometre from road to rail (40 %).
from road to rail (10 %). road to rail (20 %). « Significant reduction in passen-
* Moderate reduction in gera- (-30 %) and tonne-kilo-
passenger'®- (-15%) and metres (-50 %)
tonne-kilometres (-25 %) * Doubling of the occupancy rate
(car sharing) by 2040
* No additional roads after 2030
Electricity Transformation of Transformation to effect Transformation to effect strong
sector electricity sector to using slight reduction in electricity  reduction in electricity demand
renewable energy demand
Slowing Building - - 25% reduction in demolition
sector of buildings through lifetime
extension
Closing - Continuation of current Recycling rates based on EU  Recycling rates exceeding EU

recycling rates

targets

targets

18 Reduction assumed only for non-active (mobility forms excluding travel on foot and cycling)

passenger-kilometres
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Table 2 shows what net effects the three strategies could achieve in terms of resource
and energy use as well as wastes and emissions.

In the ACeDC research project (Haas et al. 2024), a DMC of 165 Mt/a
(or 19 t/cap/a) was calculated for 2018, the PM was 186 Mt and the input circularity rate
was 11%. Material consumption in the three sectors - building, transport and electricity
- amounted to 88 Mt, thus about 47 % of total processed materials (PM).

PROCESSED MATERIALS +17% -74%

100
Mt/a Electricity
production
75
Transport
50
25
Buildings
0
2018 baseline decarbonisation decarbonisation decarbonisation
empirical + moderate CE + ambitious CE

2040 quick recovery after the pandemic =~ i

notes: darker colour = buildings, medium shade = mobility, light colour = electricty production

Source: Haas et al. 2024

Figure 37 shows how implementing the measures (see Table 2) impacts upon Austrian
material consumption (as PM). If the annual material input for stock expansion and
maintenance of stocks within the three sectors (building, transport and electricity)
were to continue until 2040, the PM for Austria would increase by 10 % in the case of a
rapid economic recovery by 2040, rising from 180 to 204 million tonnes per year. A pure
decarbonisation of the three sectors would reduce their PM only marginally, from 102 to
95 Mt/a. Yet the measures to create a circular economy that are currently discussed and
concretely defined would also lead to a further, albeit similarly only small reduction in
sectoral PM to 87 Mt/a in 2040. Only the implementation of ambitious measures would
result in a significant reduction in sectoral PM to 26 Mt/a in 2040 (74 % less than in the
baseline scenario).

The PM for the economy as a whole in 2040 would fall from 204 Mt/a in the
baseline scenario to 128 Mt/a in the most extensive scenario (decarbonisation accompa-

nied by ambitious circular economy measures). This represents a reduction in PM of 37 %.
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Figure 37: Reduction of
processed materials in the
building, transport and elec-
tricity sectors in 2018 and
2040 for four scenarios.
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Assuming a slow recovery and consequent 0 % growth rate for the economy, the PM in the
baseline scenario would amount to 161 Mt/a in 2040, representing a reduction of 13% in
comparison with 2018. Decarbonisation in combination with ambitious circular economy
measures would lead to a reduction of 45% in comparison with the baseline scenario, to
89 Mt/a in 2040.

When the influence of various measures upon decarbonisation and the progress
towards a circular economy in 2040 (Figure 38) is considered, it can be seen that although
a few specific measures such as thermal renovation result in a small net increase in total
material consumption, most measures result in a reduction.

In the case of pure decarbonisation, reduction strategies demonstrate little
effectiveness. In the building sector, decarbonisation of heating systems in buildings,
i.e. replacing fossil fuel boilers with heating systems using renewable energies (such
as green power operated heat pumps and wood pellet boilers) and thermal renovation
adaptations, produces only minimal net changes, since the insulation materials, new
heating system equipment, more pellets and wood chips counteract the removal of fossil
energy carriers in the building sector. Increasing the thickness of insulation materials
would however mean that thermal renovation would lead to a small reduction. Stronger
impacts are seen in the case of removing fossil energy use through electrification from
vehicle transport, the modest level of transfer from road to rail (modal split shift) and
in electricity production.

An additional implementation of moderate circular economy strategies also
leads to only slight reductions in material consumption. A reduction in per-capita living
area in new buildings (in this case by 25% from 2025) has the greatest impact, while
a stronger modal split shift i.e., transfer of transport activities from road to rail and to
active mobility, as well as a small reduction in traffic volume (e.g. due to increased home
working) only have a minor impact in material terms.

Narrowing measures show significant effects only where more extensive circular
economy strategies are implemented. Thus, for example, ambitious sufficiency-oriented
measures such as halting the construction of roads and of buildings on greenfield sites
in conjunction with Slowing strategies such as extending the useful lifespan of buildings
(thereby reducing demolition by 25 %) could create a reduction of 37 million tonnes in
materials used. Increasing the share of timber construction in new building projects has
comparatively little impact on total material consumption. Narrowing in the transport
sector, halting the expansion of the road network (while continuing maintenance of the
existing network) could produce a reduction in the PM of 23 Mt/a — primarily asphalt,
sand and crushed rock. Further measures in the area of slowing strategies, including
an increased modal split shift, greater reductions in traffic volumes and doubling of
car-sharing activities produce only minor changes in material consumption.

In the building, transport and electricity production sectors, the Slowing strate-
gies modelled demonstrated only minimal effects in most cases. This is due on one hand
to the short timeframe of 2018-2040 to which the scenarios were applied and on the

other, to the fact that by 2040 all vehicles, heating systems and electricity production
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facilities have to be replaced by alternatives that can be operated using renewable

energy sources. The great majority of these new vehicles and facilities will possess

normal service lives that extend beyond 2040. The impacts of Slowing strategies would

only become evident in these sectors over a much longer scenario timeframe. Only an

increase in the service life of already existing buildings, and the reduction in demolition

that would accompany this, shows relevant results within this period.

Closing strategies in the form of increasing recycling rates are not reflected in

the PM, since this represents the total of primary and secondary raw materials and

recycling only replaces primary with secondary raw materials. Nonetheless recycling

does indeed reduce the total quantity of primary raw materials required.

PROCESSED MATERIALS - BUILDINGS, MOBILITY, ELECTRICITY PRODUCTION

0 2

2040: Baseline

2040: Decarbonisat

share of

No new

0 50

ion

2040: Decarbonisation & moderate CE

No construction on unbuilt area
50% timber in new construction
Modal split shift 11l
Reduction of transport volume ||

Car sharing

roads
|

Electricity sector decarbonisation

& ambitious CE

Source: Haas et al. 2024
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Figure 38: Effect of measures
upon Austria’s resource
consumption in 2040 for the
baseline, decarbonisation,
decarbonisation and moderate
circular economy (CE), and de-
carbonisation and ambitious
circular economy (CE+).
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PROCESSED MATERIALS 2040

Sustainable resource use can be achieved on one hand through a reduction in the
absolute consumption of tonnes of primary materials, but also through changes in the
composition of materials used. This concerns both the use of renewable resources, with
consideration for the narrow limits of ecological regeneration rates, and of toxic or
critical materials. Specific measures, such as, for example, changes in modal split or in
car sharing, although they may not appear particularly significant from the perspective
of mass flows, are absolutely relevant in terms of the use of critical materials. Many
green technologies such as electric vehicles (EVs) or wind turbines use neodymium
and other rare earth elements. The use of fewer EVs or consumption of less electricity
thus reduces the use of these critical raw materials.

As is evident in Figure 39, narrowing strategies have the greatest influence upon
the reduction of material consumption and can reduce the PM by half by 2040, if ambitious
measures are implemented. Slowing strategies are of only minor relevance within the short
time period to 2040, since the service life of many products and infrastructures is longer
than the period under consideration in this study. However, over a longer time period,

these strategies also show great potential for producing further reductions in the PM.

I Input from primary material Input from recycling )» Reduction through Reduction through
(DMC) (closing) slowing narrowing
1 38% 5
9 10.2% : 7.8%
10.6% T

80

60

40

20

Baseline

11.0%

Processed
materials

Decarbonisation Decarbonisation Decarbonisation
+ moderate CE + ambitious CE

Source: Haas et al. 2024; Values are rounded, rounding differences are not balanced.

Figure 39: Percentage reduc-
tions of processed materials
within the building, transport
and electricity sectors, di-
vided according to the three
strategic groups of Narrow-
ing, Slowing and Closing.
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The federal government has set a material footprint target for 2050 of 7 t/cap/a
(BMK 2022), which represents domestic material consumption of approximately 6 t/cap/a.
Since 2000 the highest consumption was recorded for 2007 of approximately 22 t/cap/a,
while Austria’s domestic material consumption in the ACeDC project was 18 t/cap/a for
2018 (Haas et al. 2024). In addition, the Circular Economy Strategy (BMK 2022) sets out

a domestic material consumption target for 2030 of 14 t/cap/a and year.

DMC
25 —— Historic
t/cap/a — Baseline
Decarbonisation
20 ’-\V\_\f_’\/Av AV/\\ —— Decarb. & CE
/_/\/V —— Decarb. & CE+
economic
15 scenario of
zero growth
10 Path torwards
achieving the
7 t/cap/a MF
target in 2050
5
14 t/cap
DMC in 2030
0 g
1960 1970 1980 1990 2000 2010 2020 2030 2040

Notes: Decarb. = Decarbonisation, CE = moderate circular economy measures,
CE+ = ambitious circular economy measures.

Source: Haas et al. 2024

To achieve the DMC target of 14 t/cap/a in 2030, there needs to be a significant move
away from the current development pathway. Figure 40 shows that purely continuing with
the current trend (red line) will not achieve the target set. In the case of GDP recovery
following the COVID pandemic (solid line), pure decarbonisation in combination with
moderate circular economy strategies leads to a further increase in material consump-
tion. Only ambitious circular economy measures show a reduction in per capita material
consumption even where there is economic growth. In the case of economic growth
being at zero, (dotted line) each scenario leads to a reduction in per capita material
consumption. Decarbonisation with ambitious circular economy strategies (green) is
required to achieve both goals.

The scenarios for the building, transport and electricity sectors show that al-
though recycling as a strategy is important, it is only linked here to very minimal potential
for reducing material consumption. Narrowing strategies are seen as making the greatest
difference in the period to 2040. These have the potential to reduce material use in all
three sectors by up to 70%. The strategies described above can produce significant

reductions in per capita material consumption. Where the per capita domestic material
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Figure 40: Historical domes-
tic material consumption

(in black) and trends in the
context of agreed targets
for material consumption
and material footprint

(BKM 2022).
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consumption in 2040 sinks in the ambitious scenario by 40 % from 19 to 12 tonnes (and
by 59% to 8 tonnes in the case of zero economic growth), the per capita area use only
falls by 14 %. In the transport sector, automobile ownership falls sharply from 0.63 auf
0.07 vehicles per capita'® in 2040. At the same time, the use of other forms of mobility,
including car sharing, public transport, cycling or walking, increases. As a consequence,
passenger transport is reduced from 15,200 to 11,400 passenger kilometres i.e., only by
25 %. Alongside changes in mobility forms, changes to working patterns, e.g., increasing
use of home office spaces and the associated reduction in commuter travel, also make a
contribution. Beyond this, different patterns of demand in rural and urban regions must
be taken into consideration, which lead to a reallocation of aggregated averages. The
reduction of tonne kilometres by 45 % is based on the reduced material consumption and
associated reduction in materials transport. Combined with measures in the other sectors
such as food and industry, which were not the subject of this research project, achieving
the circular economy goals does not stand in opposition to a “good life for all” (Raworth
2017; O'Neill et al. 2018; Gérg et al. 2023). It is far more the case that CE measures
contribute to preserving the basis of our existence and the natural environment, since
a continued high level of resource consumption is associated with huge risks.

The relationship between material stocks and material consumption as well as the
services derived from this can be depicted through the example of the building sector
(see Figure 41). The measures implemented lead in the case of the building sector to
a reduction in the growth of material stocks — and in the case of the most ambitious
scenario, even to the saturation of material stocks (Figure 41b). Given the long service
life of buildings, there is no resulting reduction in stocks. However, considerable reduc-
tions can be seen in annual material consumption (Figure 41c) due to changes made to
new building construction, which can largely be attributed to a ban on new building
developments on greenfield sites. Thus, the material consumption of the building sector
falls in 2040 from 45 million in the baseline scenario to less than 5 million tonnes in
the ambitious scenario. Since provision of heated living space is primarily linked with
building stocks and not with material consumption, these enormous changes in material
consumption lead to only a moderate reduction in per capita floor space, from 78 m? in

the baseline scenario to 69 m? per capita in the ambitious CE scenario.

19 The per capita figure is calculated for the population as a whole, and thus also includes
children and the elderly.
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HEATED FLOOR AREA IN RESIDENTIAL AND COMMERCIAL BUILDINGS
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Notes: (a) Trends for heated floor space per capita for the baseline scenario or a pure decarbonisation (red),
as well as for decarbonisation with moderate (blue) and ambitious (green) circular economy strategies;
(b) development of material stocks, and (c) material consumption in the building sector.

Source: Haas et al. 2024
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Statement 19 — The question is not whether there will be a societal
transformation but rather how far-reaching it can and will be: In
light of the increasing ecological crisis, and particularly the climate
crisis, the realisation is growing that a fundamental transformation
of society is required. The question is no longer whether there will
be such a transformation but rather how far-reaching it can and
will be. Will the expanded use of renewable energies go hand in
hand with increasing use of fossil fuels or will there be a significant
reduction in the latter? Can we achieve a resource-conserving form
of prosperity, which can be experienced by people as wellbeing
rather than as deprivation? The resource report provides impressive
evidence that resource consumption in Austria must be reduced. The
challenge for policy-makers, business, civil society and the scientific
community is to identify the options for achieving a reduction and
to implement them in practice. - Univ.-Prof. Dr. Ulrich Brand, Department of

Political Science, University of Vienna

Resource consumption drives the transgression of
planetary boundaries

Environmental problems are becoming ever more present, as we experience heatwaves,
biodiversity loss, the burden of disease linked to environmental changes, and many more.
Socioeconomic resource use can be seen as the key factor behind these environmental
problems. We are using an increasing quantity of resources (material, energy, water, soil)
and in so doing are already transgressing six of the nine planetary boundaries (Richardson
et al. 2023). We therefore need to reduce resource consumption significantly, rapidly
and sustainably. Material flow accounts serve as the monitoring instrument (Haberl et
al. 2019), for recording and analysing the economy-wide material consumption of Austria
according to material categories (the four major categories are: biomass, fossil energy
carriers, metals and non-metallic minerals). In 2022, Austria used 154 million tonnes of
materials per year or 17 t/cap/a. Material consumption in Austria has largely stabilised
since the 1980s, however remaining at a high level in international comparison (ranked
in 15th place among the EU27 Member States). The material consumption in 2022 of the
EU, for example, was 13 t/cap/a, and Italy had the lowest material consumption among
EU countries, using only 7 t/cap/a.

In addition to the materials that are extracted within the country, Austria makes
use of resources from other countries. Austria is a net importer of resources, and the
physical trade balance (PTB = imports-exports in tonnes) in 2022 amounted to 30 Mt/a
or 3 t/cap/a. Additional material and energy consumption take place throughout the
extraction, processing and transportation involved in the production of processed goods

that are distributed to other countries through external trade. If the responsibility for
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this material consumption along the supply chain is assigned to Austria, this results in a
material footprint for Austria of 22 t/cap/a in 2020.

Material consumption is a driver of many environmental problems, including in
Austria. The consumption of non-metallic minerals (54 % of DMC) is driven primarily by
the construction and maintenance of socioeconomic stocks (roads, houses and other
infrastructure). These stocks have multiple impacts upon very diverse planetary bound-
aries. Construction raw materials require a large range of resources that involve the use
of considerable quantities of energy for their extraction, processing and transport. After
construction, stocks require energy for their heating, lighting and transport use i.e., for
their operation. Energy consumption produces CO- emissions but also indirect resource
consumption through the required expansion of energy infrastructure. Socioeconomic
stocks have an impact on land use and ultimately on biodiversity. This is because in-
creasing quantities of stocks lead to ever larger areas of land being sealed and natural
areas that were previously contiguous becoming fragmented by road networks. Both
have a negative impact on ecosystems and species loss as well as biodiversity loss occur
as a result. A reduction in material consumption is therefore a central lever in current
environmental policy and can make a decisive contribution to achieving decarbonisation
and protecting biodiversity.

Decoupling resource use from economic growth and increasing resource pro-
ductivity is a central approach taken in many policy programmes (UN 2015; European
Commission 2019; BMK 2022). Unfortunately, almost no examples of absolute decoupling
(i.e., a reduction of resource consumption with increasing economic output) have been
recorded to date (OECD 2018; Hickel 2019; Hickel and Kallis 2019; Jackson and Victor
2019; UN IRP 2019a; Haberl et al. 2020; Vogel and Hickel 2023). Only the many crises of
recent years are leading to absolute decoupling in Austria both for domestic material
consumption and from a consumption-based footprint perspective. Resource produc-
tivity based on DMC (GDP/DMC) rose between 2008 and 2020 by 9 % while DMC was
reduced by 4 %. Resource productivity based on the MF (GDP/MF) rose between 2008
and 2020 by 10 %, while the MF in this period fell by 5%. It remains to be seen whether
this trend can be maintained beyond the crises that have occurred. Developments in
the last 1-2 years provide some hope in this respect, however, current trends of decline
must be stabilized.

Since the first circular economy programme was published (European Commission
2014), the circular economy has become the central framework for sustainable resource
use, which can also make a significant contribution to decarbonisation. A circular
economy means the transformation of the linear “throwaway society” into a circular,
sustainable society existing within planetary boundaries. This involves more than the
recycling of waste, as the circular economy is conceived in terms of the 10 R-strategies:
the entire production chain should from the very beginning (Rethink, Refuse, Reduce)
reduce resource inputs (Narrowing), while in a second step materials should remain

for longer in socioeconomic use (Slowing) and only as a final step should materials at
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the end of the product service life be recycled and material cycles be closed (Closing)
(Potting et al. 2017).

The Austrian Federal Government has recognised the importance of a circular
economy and published a Circular Economy Strategy in 2022 (BMK 2022), in which four

ambitious overarching goals were defined:

1. Reduction of resource consumption to:
a) 14 t/cap/a DMC by 2030
b) 7 t/cap/a material footprint (MF) by 2050
Increase of domestic resource productivity by 50 % by 2030
Increase of circularity rate to 18 % bis 2030

Reduction of material consumption by private households by 10 % by 2030

The empirical basis for monitoring progress on these goals is provided by the material
flow accounts (Haberl et al. 2019; Neubauer and Gierlinger 2022; Statistics Austria 2024).
Results from the MFA presented in this report show that Austria is in some respects on
the right path, but that reductions in resource consumption must be further monitored

and, in some cases, accelerated.

Achieving a material footprint of 7 t/cap/a is only
conceivable through the implementation of ambitious
circular economy measures

Scientific analysis and the policy basis for the circular economy are already in place,
and what is now required is an ambitious implementation programme. Results from the
research project “Circular economy and decarbonisation. Synergies and trade-offs”
(Haas et al. 2024) showed what decarbonisation and dematerialisation could look like
by 2040. Calculations were made across different future scenarios for the building,
mobility and electricity sectors regarding the impacts decarbonisation strategies and
additional circular economy measures could have upon material consumption. Only the
introduction of ambitious circular economy measures showed potential for significantly
reducing material consumption, i.e., to 12 t/cap/a in the case of a rapid recovery from
the COVID pandemic and 8 t/cap/a in the case of a slower recovery from the COVID
pandemic with zero growth. The largest effect could be achieved by halting construction
on unsealed land areas. This is a measure that does not reduce individual living space
excessively (see also Barnthaler 2024), but which retains green space in high-density
developments and thereby drastically reduces material consumption while also making
a positive contribution to health, biodiversity and the stabilisation of the local climate.

The research results confirm that courageous steps must be taken which place
socioeconomic stocks and their reduction in the spotlight. Circular economy strategies

from the Narrowing group include measures for reducing economy-wide resource flows
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and demonstrate the greatest impact. Precisely these circular economy measures
are among the hardest to implement using current approaches. The R-strategies of
Rethink and Refuse promote new approaches to existing patterns of production and
consumption. The focus should no longer be on the most efficient production of goods
(techno-economic solutions, Barnthaler 2024) but priority should rather be given to the
needs of society, and finding solutions to social problems. In this context, innovative
planning and business concepts are required that are not dependent on the continually
increasing output of material goods but that develop entirely new and cross-sectoral
business models in collaboration with wider society and local neighbourhoods and
regions. Examples of this include the wide variety of sharing initiatives, as well as new
models of public infrastructure (mobility concepts), the design of public space, new
forms of residential living and a new and different use of existing structures, to avoid
the need to produce new ones. The measures included in Slowing strategies, i.e., the
slowing of throughput rates, have great and still unexploited potential through measures

extending service life, such as reuse, repair and repurposing.

A significant reduction in resource flows
requires a far-reaching transformation of society

As early as 2011, the German Advisory Council on Global Change (WBGU) talked about
a new social contract and the need for a great transformation in a report called “World
in Transition” (WBGU 2011). The WBGU concluded that: “the requisite transformation
encompasses profound changes to infrastructures, production processes, regulation
systems and lifestyles, and extends to a new kind of interaction between politics,
society, science and the economy. Various multilevel path dependencies and obstacles
must be overcome. Furthermore, the transformation can only succeed if nation states
put global cooperation mechanisms before their own short term oriented interests, in
order to make a trend reversal, particularly as far as the global economy is concerned,
towards climate friendliness and sustainability possible. And not least, from a global
perspective, this is also about issues of fairness — issues that need resolving” (WBGU
2011: Summary for Policy-Makers, p.1). Insights into just how necessary such a trans-
formation of society is - for Austria too - have continued to grow since that time (Gérg
et al. 2023; Novy et al. 2023). In a policy brief from the European Environment Agency
(EEA 2023) the EEA also discusses the fact that efficiency gains are not sufficient
to meet the challenges of current crises for the climate, resources, biodiversity and
pollution, but rather that changes in consumption patterns and a significant reduction
in absolute volumes are urgently needed.

Current debates regarding societal transformation focus particularly upon the role
of demand-side measures, i.e., with the question of how much resource consumption is
required to provide a sustainable level of prosperity (O'Neill et al. 2018; Millward-Hop-
kins et al. 2020; Millward-Hopkins 2022; Vélez-Henao and Pauliuk 2023; Pauliuk 2024).

Based on Kate Raworth’s doughnut economics (Raworth 2017), sustainable consumption
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corridors are discussed (Pirgmaier 2020; Fuchs et al. 2021; Sahakian et al. 2021; EEA
2023; Barnthaler 2024), which operate between social minimum standards for a good
life and planetary boundaries. This approach places the focus on a wellbeing economy
and not a growth economy (EEA 2023). The EEA sees the circular economy as a key
strategy within this transition.

As mentioned in the chapter on stocks, demand-side decisions cannot only be
limited to the consumption preferences of individuals, but rather it is precisely the ma-
terial-intensive infrastructures (provisioning systems; Schaffartzik et al. 2021) that create
the context for demand-side changes that require more attention during a transformation.
Provisioning systems are central structures that provide goods and services, which
characterise daily life and either enable or restrict consumer choices, and are thereby
directly linked with wellbeing and resource consumption (Jonas et al. 2023). Another
important factor related to demand-side measures is the role of inequality. The 10 % of
the global population with the highest income are responsible for approximately 34 % of
global GHG emissions, while the poorest 50 % only cause 15% of all emissions. Similar
inequalities are evident even in highly industrialised countries such as Austria (Hubacek
et al. 2017; Otto et al. 2019). Current research studies therefore make reference to the
strong link between ecological crises, distributive justice issues and the high ecological
costs of distributive inequality (Millward-Hopkins 2022; B&rnthaler 2024).

How the major material flows pull smaller but critical
ones along with them

When shifting the focus to the major mass flows and the reduction of materials relevant
for stocks, smaller material flows play a relatively minor role. Nonetheless, the use of
strategic raw materials, including many critical raw materials, is also closely bound up
with existing built infrastructure. Every house requires a high-tech heating system that is
fed to some degree by electricity from renewable energies and the energy infrastructure
that underpins this. Infrastructures contain very many future technologies that in terms
of their mass do not appear particularly relevant. A reduction in stocks can therefore
also reduce the demand for these critical raw materials and for energy. At the same
time, the raw materials that we nonetheless require must be used in accordance with the
criteria of the circular economy (lengthening service life through slowing the throughput
rate (Slowing), and closing material cycles, (Closing)). Since many of the raw materials
that are relevant for future needs must be obtained from other countries, socially and
ecologically sustainable production structures and circular economy elements along
the global supply chains need to be considered. The 2030 Raw Materials Master Plan
adopted in 2021 and the Critical Raw Materials Act (CRMA), together with the EU Cor-
porate Sustainability Due Diligence Directive, which came into force in July 2024, can

all make an important contribution towards this.
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A circular economy can successfully integrate resource
conservation and decarbonisation

The ultimate aim of an integrated approach to the circular economy is to minimise both
material inputs from nature and emissions and waste flows into nature (Korhonen et
al. 2018). This can only be achieved when the strategies of Refuse, Rethink and Reduce
are adhered to as a priority. This matters for small products as much as for industrial
facilities and large-scale infrastructures, which provide the requisite services for society,
while remaining for as long as possible in service and requiring as little maintenance as
possible. A radically different approach to resources such as this reduces waste flows,
which can subsequently be recycled using the least possible effort in almost all cases.
This means applying the “circular by design” principle across all life phases and scale
levels of materials usage. The transformation of linear economies into circular econo-
mies is challenging and represents not a “quick success, but rather a major long-term
undertaking” (Kirchherr et al. 2017, 228).
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5 Methods



Material flow accounting — Concept, data basis and
methods

Material flow accounting and analysis is an internationally harmonised accounting system
(UN 2017; Eurostat 2018; UNEP 2021) for the material inputs, stocks and outputs of a
socioeconomic system. Solid, gaseous and liquid materials are accounted for, excluding
water and air, and are recorded in physical units (mass, usually in tonnes). Material flow

accounting forms part of the environmental accounts®.

Concept
Material flow accounting (MFA) measures all material flows that are necessary for the
production, operation and maintenance of biophysical structures of a society. These
biophysical structures (or “stocks”) by definition include all humans and artefacts together
with all livestock (animal husbandry and aquaculture). Artefacts are defined in analogy
to the System of National Accounts (SNA) as all infrastructures, buildings, vehicles and
machinery, and in contrast to the SNA also include durable consumer goods.

In order to record the material exchange relationships within a societal system (or
socioeconomic system, or national economy), two system boundaries must be defined
within the MFA framework:

*  The boundary between the socioeconomic system and its natural environment,
from which material is extracted and into which emissions and wastes are dis-
charged;

*  The boundary between the socioeconomic system and other socioeconomic
systems (national economies), from which goods are imported and to which goods

are exported (see Figure 1).

Water and air are not recorded in the material flow accounts as extractions from the
natural environment, unless they are incorporated in raw materials or goods; the latter
relates to e.g., harvested grain, fruit, vegetables and various goods for international trade
(e.g., drinks, timber). In the data recorded for domestic extraction (DE), the water content
of grazed biomass, harvest byproducts and timber is by convention converted to 15%.

Inputs into the socioeconomic system are in the first instance raw materials from
domestic extraction (DE) and imported raw materials and processed goods (imports).
Domestic extraction accounts for all raw materials that are extracted from nature. These
include raw materials from agriculture and forestry (e.g., arable produce, products from
mowing, timber) and from mining (e.g., coal, iron ore, limestone, salt). Imports, in contrast,
comprise products with very varying degrees of processing, from iron ore to mobile
telephones. Outputs of the socioeconomic system are on one hand wastes and emissions

(domestic processed output, DPO) and exports on the other hand. The intermediate

20 umweltgesamtrechnung.at
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material inputs of imports and exports can be expressed in raw material equivalents
(RME). The RME are composed of the mass of the traded goods themselves together
with all the material inputs that were required for the upstream production processes.
They are calculated to render the outsourcing effects of international trade visible

When raw materials are extracted, additional materials are moved that do not flow
into the socioeconomic system as used extraction, i.e. they are not intended to provide
a service to society. These flows are accounted for in the MFA as unused extraction.
This category includes, for example, overburden from mining, soil excavated during
infrastructure development or harvest residues. Other environmental impacts (e.g. soil
erosion), which result from socioeconomic use of resources, are not recorded in the MFA
and are recorded using other measuring and monitoring instruments.

The application of the law of conservation of mass is decisive for the consistency
of MFA. This stipulates that materials and energy within a closed system can be neither
created nor destroyed: Inputs = Outputs +/- changes to stocks

In order to complete the material balance, balancing items must be included in
MFA on both input and output sides (water vapour, air as an input in combustion pro-
cesses, etc.). Those interested can find a detailed description of the treatment of these
balancing items in the methodology handbooks of Eurostat (Eurostat 2001; Eurostat
2018).

Material flows are usually presented in four material categories: biomass,
non-metallic minerals, metals and fossil energy carriers. Biomass refers to all resources
of plant origin that are extracted from the environment by humans or animals. This also
involves recording grazed biomass. This category also includes fishing and hunting, i.e.,
biomass of animal origin, extracted from wild animal populations. Metals and non-metallic
minerals are included in the MFA as “run of mine”. This means that mineral materials are
recorded at the mass they exhibited upon their exit from mining facilities, i.e., inclusive
of surrounding waste rock. Fossil energy carriers (also energy raw materials) comprise
non-metallic mineral raw materials that were created in geological prehistory from
biomass. Conventional energy raw materials include lignite and coal, oil and natural gas.

All direct flows, which exceed the defined system boundaries (domestic extrac-
tion, imports, exports) are recorded and accounted for in the basic module of the MFA.
These data are used to calculate a variety of indicators, including the key indicator
used by the European Statistical Office, domestic material consumption (DMC). This
represents domestic material extraction plus imports and minus exports (DMC = DE
+ imports — exports). Domestic material consumption comprises all materials that are
consumed in the socioeconomic system, whether in economic production processes or
in final consumption. The DMC can also be formulated as the sum of all those materials
that remain in society and are transformed into wastes or emissions (“waste potential”).

Imports and exports play an increasingly significant role in domestic material
consumption. From a global perspective, trade results in the outsourcing of production
steps. Consequently, the production of imported and exported goods involves material

and energy intermediate inputs that are not recorded in domestic material consumption.
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If the material consumption is calculated taking account of these intermediate inputs for
imported and exported goods, this results in the material footprint (MF), also defined
as raw material consumption (RMC). The MF comprises all raw materials that are used

in the production of goods for domestic consumption.

Data basis and methodology
A detailed description of data collection for the Austrian MFA can be found in the stand-
ard documentation on material flow accounts published by Statistics Austria (Neubauer
et al. 2023). The most important details are summarised in this section.

Data required to produce the MFA are drawn from existing data sets from within
the official statistics. For Austrian domestic extraction (DE), the following statistical

sources are drawn upon for each material category:

+ Biomass: plant production, agricultural statistics and timber felling reports

* Fossil energy carriers: energy balances

* Non-metallic minerals: Austrian mining yearbook, economic statistics and supply
and use tables

* Metals: Austrian mining yearbook

Quantification of imported and exported materials is derived from the foreign trade
statistics produced by Statistics Austria, which provide the economic value and mass
of all traded goods.

Alongside the compilation of data, it is necessary in many cases to convert
recorded figures into metric tonnes as the common unit of measurement. In Austria,
for example, logging data is recorded in solid cubic metres, vineyard grape harvests in
hectolitres and extraction of natural gas and brine in cubic metres. Furthermore, some
flows relating to domestic extraction are either not recorded at all or are only partially
recorded in the statistics. In such cases, estimations are required.

Not all raw materials for societal use are recorded in the official statistics.
These material flows, which are in some cases on a very large scale, must be estimated
using methods designed specifically for this purpose. Domestic extraction of harvest
byproducts (primarily straw and plant leaves used as fodder) and grazed grass are not
captured in the agricultural statistics. In the case of arable crop production in Austria,
from the harvest of which straw is yielded, coefficients exist for the relation of crop yield
to total plant mass (harvest indices). 75% of straw yield is used (particularly as animal
litter), while the remaining 25 % remains as unused extraction in situ and is therefore
not included in the MFA. Alongside straw, beet leaves are also extracted as a harvest
byproduct and used as fodder plants. Coefficients are also used for the relation of crop
yield to leaves and the unused share. Biomass directly grazed by livestock (particularly
grass) is also not captured statistically. The calculation of grazed biomass is based on
grazing land from farm structure surveys and on yield factors taken from green fodder

balances. Separate consideration is given to pastures, permanent pastures, alpine pas-

Resource Use in Austria 2024

123



124

tures. Grazed biomass is standardized to a water content of 15%. Cross checks using
demand side estimations are made, which involve estimating the feed requirements of
livestock needing coarse fodder (ruminant species and horses) in relation to the supply
of commercial feedstuff (concentrated feed) and fodder plants. Adjustments are made
for the feedstuff supply that is fed to chickens and pigs.

Reporting of extraction of construction materials (sand and gravel) is similarly
incomplete in the official statistics. In Austria a three-step procedure has been developed
and implemented drawing on short-term business statistics and material input statistics
to estimate non-reported extraction data. The short-term business statistics do not
include the data related to companies below a certain reporting threshold on one hand
and on the other, the production that takes place outside of the productive sector. In
both cases, an estimation must be performed in order to derive a comprehensive coverage
of the extraction of construction materials. Production data for smaller companies is
estimated along sectors by using production surveys of reporting units. Extraction of
construction raw materials in non-producing sectors, which include agriculture, trade
and transport, is extrapolated with the help of the Austrian supply and use tables. These
tables report the production of construction raw materials in non-producing sectors in
monetary values. Using the average annual prices derived from the extrapolated total

production, the mass in tonnes corresponding to the estimated value can be calculated.

Implementation in the statistics

The material flow accounts for Austria comprise a time series from 2000 and are
expanded each year to include the latest data by Statistics Austria. In earlier reports
(BMLFUW and BMWFJ 2011; BMLFUW and BMWFW 2015; BMK and BMLRT 2020), refer-
ence was made to a time series from 1960, which, however, could not be continued due
to alterations to the statistical classifications systems. At the European level, the data
from national MFA accounts are collated and published on an annual basis by Eurostat.
An EU15 time series is available from 1970, whereas the time series for the EU27 countries
begins in 2000. Since 2011, the compilation of material flow data within the European

Union has been subject to the requirements of a Regulation (EU 2011).

Material flow analysis in Austria

Austria has played a leading role in Europe since the 1990s in the development of
material flow analysis and the inventory of relevant methodologies, and has made a
significant contribution to the establishment of material flow accounting within European
environmental statistics. The research institutions in Austria that are focused on different
aspects of material flow analysis - often with support from the current Federal Ministry
for Climate Action, Environment, Energy, Mobility, Innovation and Technology (BMK) -
include the Institute of Social Ecology (SEC) at BOKU University (boku.ac.at/wiso/sec),

the Institute for Ecological Economics at the Vienna University of Economics and Business

(WU) (wu.ac.at/ecolecon) and the Institute of Water Quality and Resource Management,

Resource Use in Austria 2024


http://boku.ac.at/wiso/sec/
http://wu.ac.at/ecolecon

Research Unit of Waste and Resource Management, Vienna University of Technology

(TU Wien). (tuwien.at/cee/iwr/ressourcen).

International Databases
Data within material flow accounts and particularly those pertaining to material consump-
tion and the material footprint in Austria, the EU and many countries around the world

have been systematically made available for public access via a variety of institutions:

+ Austria: current data on material consumption in Austria are available via Statistics
Austria statistik.at/statistiken/energie-und-umwelt/umwelt/materialflussrechnung
« EU: MFA data for the Member States of the EU can be accessed via the data

server of Eurostat, the statistical office of the EU: ec.europa.eu/eurostat/data/

database (Environment and energy/Environment/Material flows and resource
productivity)
* UN IRP: MFA data for all countries in the world (1970-2024) are available in

the UN IRP database: resourcepanel.org/global-material-flows-database

Analyses and visualisations relating to the UN data can be found on the UN

website for SCP hotspot analysis: scp-hat.lifecycleinitiative.org

*  The Institute for Ecological Economics (Sustainable Resource Use research group)

supported by the BMK maintains the website materialflows.net, on which data on

global extraction of materials by country since 1970 and a range of data visualis-
ations can be found.

+  The Institute of Social Ecology provides a range of national and global data sets
and analyses on material consumption via the Institute’s homepage: boku.ac.at/

wiso/sec/data-download

Project ACeDC - Methods behind the circularity meas-
ures in the buildings and mobility modules

Circular economy and buildings

Both building stocks and the annual construction of new buildings have a significant
impact on the energy consumption of a country. A house is the end product in a long
chain of emissions-intensive processes, from the extraction of raw materials such as iron
ore or limestone within or outside the country (see Material Footprint), from transport
to production sites, the processing of these raw materials, further processing to create
intermediate products such as cement or steel, the manufacture of finished products
such as reinforced concrete, transport to construction sites and finally the addition to

stocks through the construction of a new building.
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In 2017, Austrian steel production alone caused 12.8 million tonnes of CO,-equivalents
while producing 8.1 million tonnes?' of steel. This represented approximately 20% of
total Austrian emissions in 20192 Alongside the steel industry, cement production is
also a major contributor to emissions. Although Austria, through the use of modern kiln
technology, remains well below the global intensity of 637 kgCO, per tonne of cement,
producing 525 kgCO: per tonne, the sector was still responsible for almost three million
tonnes of CO,-equivalents in 2020%* (Mauschitz 2021, VOZ 2022), which represents 5%
of total annual emissions for Austria (UBA 2021).

Buildings also consume energy and thereby cause emissions during their service
life. In 2018, buildings caused 9.7 million tonnes of CO,-equivalents, which corresponded
to approximately 10 % of national greenhouse gas emissions (UBA 2020). Approximately
500,000 oil-fired boilers and 850,000 gas heating systems are still in use today in
Austria.*

There is a diverse range of strategies for the building sector in the context of
the circular economy, aimed at supporting decarbonisation and reducing emissions.
For example, the Federal Ministry for Climate Action, Environment, Energy, Mobility,
Innovation and Technology (BMK) as part of a 2023/24 refurbishment campaign provides
subsidies for thermal building renovation and adaptation, and through its campaign “Raus
aus Ol und Gas” promotes the replacement of fossil heating systems with heat pumps
and biomass boilers?®. In 2018, the thermal renovation rate was 1.4%. This includes
both comprehensive thermal adaptations and also the equivalent sum of individual
refurbishment measures in relation to existing stocks in that year?.

Alongside such renovation or technology-replacement measures, other measures
that can be implemented before or during the construction of buildings have the potential
to accelerate decarbonisation. Increasing the standard thickness of insulating material for
new buildings? can significantly reduce the energy requirements for residential buildings.
Equally, altering the composition of building materials can have a positive impact on
resource consumption. Timber engineering, for example, makes use of a renewable raw
material and simultaneously replaces the need for emissions-intensive concrete. However,
timber construction is not a cure-all, since it involves a reduction in living forest, which
is a CO; sink. In addition, a timber-based transformation of construction engineering

raises the question as to what extent the quantities of domestic or imported timber could

21 umweltbundesamt.at/fileadmin/site/publikationen/rep0738.pdf

22 Umweltbundesamt (Federal Environment Agency) 2021: Greenhouse gas balance in 2019 by
sector, umweltbundesamt.at/news210119/sektoren

23 zement.at/publikationen/emissionsberichte

24 oesterreich.gv.at/de/themen/umwelt und klima/energie und ressourcen sparen/1/
raus_aus_oel

25 oesterreich.gv.at/de/themen/umwelt und klima/energie und ressourcen sparen/1/
sanierungsoffensive

26 UBA & IIBW (2020): Definition and measurement of thermal energy refurbishment rates in
Austria. iibw.at/documents/2020 %201IBW_UBA %20Sanierungsrate.pdf

27 oib.or.at/sites/default/files/erlacuternde bemerkungen richtlinie 6 12.04.19 0.pdf
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then satisfy domestic material demand, both in quantitative and qualitative terms. At
the same time, although in structural terms it has been hard to conceive of construction
without many specific components, such as foundations, initial pilot projects have shown
that a complete avoidance of concrete in construction is possible, even if this cannot
be applied in all cases. With a growing population, a sufficiency approach also provides
an option through reducing per capita living space and reducing material input in new

buildings, soil sealing and energy consumption.

Circular economy and mobility

In 2018, the transport sector, excluding national air transport, caused more than 23.8
million tonnes of CO,-equivalents, which represented approximately 30% of total
national greenhouse gas emissions. This is primarily due to the currently widespread
use of fossil fuels such as diesel and petrol. Road transport accounts for 95% of these
emissions. Passenger transport by road (private vehicles, motorbikes, buses) accounted
for approximately 63 % of all road transport emissions, at 14.8 million tonnes of CO,-equiv-
alents (petrol vehicles: 4.7 Mt CO,eq, diesel vehicles: 9.6 Mt COeq.). The remaining
37% of these emissions are attributable to road-based freight transport, amounting to
8.7 million tonnes of CO,-equivalents (UBA 2020). Total passenger transport in 2018
involved the consumption of approximately 3.7 million tonnes of fossil fuels for mobility,
whereas freight transport consumed only 0.4 million tonnes. Electric vehicles continued
to play a minor role, comprising less than 2% of existing vehicle stocks, and consuming
approximately 477 GWh electricity?. In 2019, 2.8 % of all newly registered passenger
cars in Austria possessed battery-electric drive systems (UBA 2020).

In 2018, passenger cars and motorised two-wheel vehicles accounted for 69 %
of personal transport activities, amounting to 79 billion passenger kilometres (pkm).
Approximately 27 % - representing 31 billion pkm — were provided by public transport (rail,
tram, subway or bus)?. Active mobility, involving travel on foot or by bicycle, comprised
only 4% (four billion pkm) of passenger transport activity in Austria®’. From a resource
use perspective, active mobility is preferable, since it requires no fuel consumption and
thus represents the least material and emissions-intensive mode of transportation. This
is followed by public transport, due to a far smaller material input per capita than private
passenger transport, which has seen reduced occupancy rates in recent years (UBA
2020). In the case of freight transport, approximately 54 % of transport, representing
26 billion tonne-kilometres (tkm), took place on roads. The remaining 46 % comprised
freight transport by rail, amounting to 22 billion tkm (OECD 2022).

The Mobility Master Plan 2030 has as its aim the decarbonisation of the stocks

of passenger vehicles, motorised two-wheelers and utility vehicles including buses by

28 statistik.at/statistiken/tourismus-und-verkehr/fahrzeuge/kfz-bestand

29 EU transport in figures. Statistical pocketbook 2020. publications.europa.eu/resource/cellar/
daOcd68e-1fdd-11eb-b57e-01aa75ed71a1.0001.03/DOC 1

30 Osterreich unterwegs 2013/14 bmk.gv.at/themen/verkehrsplanung/statistik/
oesterreich_unterwegs/berichte.html
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2040. In reality a complete decarbonisation of the vehicle fleet can only be achieved
when the decarbonisation of electricity production is attained. At the same time, ambi-
tious goals to shift mobility to public transport, active mobility and rail freight transport
were also set out®'. The COVID pandemic also showed in Austria that reduced demand
for long-distance travel can also enable lower traffic volumes. Thus, in future, increased
home working practices could lead to a decrease in commuter trips and reduce the need
for private vehicle ownership. Equally, improved access to public transport networks
and an expanded and more closely interlinked bicycle network in urban spaces such as
Vienna could achieve a significant reduction in annual acquisitions of private vehicles, in
traffic volumes and in associated emissions, while car-sharing could make an additional

contribution to resource savings.

31 bmk.gv.at/themen/mobilitaet/mobilitactsmasterplan/mmp2030.html
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Glossary

Environmental accounts are accounts in monetary and physical units, which supplement
the national accounts to provide a comprehensive picture of the interrelations between
the economy and the environment. For this purpose, ecological data concerning raw
materials, energy, water or land use, wastes and waste water disposal as well as air
emissions, are set against economic data, including gross domestic product, income,
consumption, investments, etc. Environmental accounts are structured according to

the EU guidelines on environmental indicators and a green national accounting system.

The System of National Accounts (SNA) is, in principle, a closed system of accounts
in which significant macroeconomic variables are reported as transactions or balances
(e.g. gross domestic product (GDP), gross national income, available household income,
net lending/borrowing by the state, private consumption, investments), based on the
notion of an economic cycle. The System of National Accounts is internationally harmo-
nised. A variant specifically tailored to European conditions is the European System of
National Accounts (ESNA). Whereas the SNA functions as a recommendation, the ESNA
is legally binding (EU Regulation).

The term society as used in this publication is complementary to nature (or the “natural
system”). Society is a communication system that is connected to the natural system
via biophysical structures. The communication system of society comprises subsystems
including the economy, law, politics and education. Biophysical elements of society
include the human population, its infrastructures and artefacts, as well as, by definition,
livestock. Society must reproduce itself both in respect of culture and communication
and also biophysically. Resources are used for the purposes of biophysical reproduction

i.e. the establishment and maintenance of the physical structures of society.

The concept of social metabolism understands that society, analogous to a biological
organism, operates through “metabolism” (or exchange) with its natural environment.
During this process, inputs (e.g., material, energy, water, air) from nature are used,
transformed, and partly integrated into socioeconomic stocks. Sooner or later, all these
inputs (following one-time or multiple periods of use) become outputs again, which
society discharges into its environment in the form of solid wastes or gaseous or liquid

emissions. Physical accounts can be used to record this metabolism.

Material Flow Accounting (MFA) is an accounting tool for the material inputs and out-
puts of a socioeconomic system. MFA is complementary to national (economic) accounts
and forms part of the environmental accounts. It records all material extraction in the
country, imports and exports together with changes in stocks and outputs to nature.
The socioeconomic system studied is defined analogously to the System of National

Accounts (SNA) and the boundaries to the natural environment and to other economies
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are set accordingly. Resources are extracted from the from the natural environment of
the domestic territory (domestic extraction, DE) enter the system as inputs and flow
back into it as gaseous or liquid emissions and solid wastes (DPO, domestic processed
output). Imports enter the system from other economies and exports leave the system

to flow into other economies.

Resources include all physical raw materials and stocks that are intentionally extracted
or transformed in nature and used by society. The physical resources themselves are
not lost when used, but are transformed instead. Their specific quality, which makes
them useful for society, is usually lost in this process. In the empirical analysis, this
report focuses on material resources, i.e., on biomass, fossil energy carriers, metallic

and non-metallic minerals.

The term material is used for the material aspect of resources. Material flows are
expressed in metric tonnes and according to four main groups: biomass, fossil energy
carriers, metals and non-metallic minerals. Material flows, as recorded in material flow

accounting, can also comprise materials that have been processed into products.

Biomass encompasses all organic matter: living plants, animals, micro-organisms, and also
dead organic matter (dead wood, leaf litter, straw, etc.) Biomass is frequently referred
to as renewable or regenerative raw material. Material flow accounting does not include

the fossil energy carriers that have their origin in biomass.

Fossil energy carriers/raw materials are non-metallic mineral raw materials, which have
been produced in the Earth’s crust over millions of years from plant or animal remains

and are primarily used for energy production.

Metals include mineral materials ranging from ores to processed metals. Raw material
sciences define ores as mineral materials from which metals can be extracted with
economic benefit. In material flow analysis, metals are subdivided into ferrous and

non-ferrous ores.

The group of non-metallic minerals comprises construction minerals and industrial
minerals. Construction minerals are non-metallic mineral raw materials, such as sand
and gravel, of which great amounts are needed for construction purposes. Industrial
minerals are mineral raw materials, which, due to their chemical or physical properties,
can be directly used in production processes. Industrial minerals do not include ores,

construction minerals and raw materials for energy.
Fossil energy carriers, metallic and non-metallic minerals together are also defined as

mineral raw materials. Mineral raw materials are inorganic and organic mineral sub-

stances in a solid, liquid or gaseous state, which developed as a result of geological
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processes by natural means, were enriched in deposits and, due to their utility value,

can be exploited economically.

Domestic extraction (DE) encompasses all materials and raw materials extracted by
resident units from the natural environment. These include the agricultural harvest, felled

timber and the products of mining.

Physical imports and exports comprise all traded goods at the mass they exhibit at
the point of crossing national borders. The goods include products from widely vary-
ing stages of production, ranging from simple products to semi-finished and finished
products. In the MFA, these traded products are allocated to one of the four material
categories, depending on their main components. There are products which cannot be
assigned to any of the four material categories: these are recorded under the category
“non-assignable” and include on one hand manufactured products containing an unknown
mix of materials, which prevents their allocation to one of the four material categories,
and on the other raw materials or goods not specified in the statistics for reasons of

confidentiality.

Domestic material consumption (DMC) describes the share of materials remaining in
a national economy. The DMC therefore equates to domestic material extraction plus
imports minus exports. In this report, DMC is often referred to in shortened form as

material consumption or material use.

The physical trade balance (PTB) is calculated by subtracting exports from imports. It
is defined conversely to the monetary trade balance (which is calculated by subtracting
imports from exports). This reflects the fact that money and material flow in opposite
directions in economies (imports mean that money flows abroad, while materials enter
the country in the form of products). A positive PTB (imports exceed exports) means that
the country is a net importer of materials and thus depends on the supply of materials
from abroad, whereas a negative PTB characterises countries which provide materials

on the global market for use in other countries.

Domestic processed output (DPO) includes all materials, which following their use in
socioeconomic systems are emitted into the natural environment as gaseous, liquid or
material outputs. This is the sum of domestic emissions into the air and water, dissipative

uses and losses, as well as unregulated deposited wastes.

Raw material equivalents (RME) of imports (RIM) and exports (REX) are composed
of the entire material inputs that were required in the production of traded goods
(intermediate material inputs), plus the mass of the imports and exports themselves.

The RME correspond to the entire raw materials from which an import or export is
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constituted, regardless of where (i.e. in which economy) the raw materials were used

during production.

Material footprint (MF) reflects the domestic material consumption in raw material
equivalents. This means that it comprises domestic extraction plus imports measured
in RME, minus exports measured in RME. The MF thus describes the entire requirement
for raw materials, both nationally and globally, which a country makes use of through
its final consumption. Another synonymous term for material footprint is raw material

consumption (RMC), which was used in previous reports.

Resource productivity (GDP/DMC) describes the relationship between monetary output
and resource input: How many Euros of GDP can be generated by means of the materials
used? Resource productivity is a relative value. An increase can thus be achieved through
rising GDP or through diminishing material consumption. Resource productivity is also
defined in the EU as resource efficiency. In the SDGs, resource efficiency is understood
as its reciprocal (DMC/GDP or MF/GDP), which is also referred to as resource intensity.
Resource intensity describes how much resource consumption is caused by GDP. In this

report, the terms resource productivity and resource efficiency are used synonymously.

Decoupling of economic output and resource consumption occurs when economic growth
is higher than the growth of resource consumption (in other words, resource produc-
tivity increases). A distinction is made between two types of decoupling: decoupling
with increasing resource consumption (relative decoupling) in which resource efficiency
increases more slowly than economic growth; and decoupling with decreasing resource
consumption (absolute decoupling), in which resource efficiency increases at a faster

rate than economic growth.

The concept of planetary boundaries (also planetary load limits; Rockstrém et al. 2009;
Steffen et al. 2015) defines the Earth’s biophysical boundaries, and the severe impacts on
the stability of ecosystems and the basis for sustaining human life that occur when these
thresholds are exceeded. Scientists have defined nine of these planetary boundaries
(Rockstrém et al. 2009b; W. Steffen et al. 2015): climate change, acidification of oceans,
stratospheric ozone depletion, biogeochemical cycles of nitrogen and phosphorus,
freshwater consumption, land use changes, biodiversity losses, chemical pollution and

introduction of novel substances, and atmospheric aerosol pollution.
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Abbreviations

GDP
CRM
DE
DMC
DMI
DPO
EU27
LCA
MF
MFA
PTB
RMC
RME
VGR

Units

/a
cap
GJ
Gt
ha
kg
kt
MJ
Mt
t

gross domestic product

critical raw materials

domestic extraction

domestic material consumption

direct material input

domestic processed output, i.e. emissions and wastes
the 27 Member States of the European Union (from 2020)
life cycle assessment

material footprint

material flow accounting

physical trade balance

raw material consumption

raw material equivalents

System of National Accounts

per annum

capita

gigajoule (billion joules)

gigatonne (billion metric tonnes)
hectare

kilogramme

kilotonne (thousand metric tonnes)
megajoule (million joules)
megatonne (million metric tonnes)

metric tonne
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Data tables

Data Table 1: Austrian material flows in million tonnes per year, growth and compo-

sition of flows by material category. 2000 and 2022. (Values are rounded. Possible

rounding differences have not been balanced. Source: Statistics Austria 2024)

material flows (1000 t/a) growth share of flow in totals
2000 2022 2000 - 2022 2000 2022

Domestic extraction (DE) 127.682 124.649 -2% - -
Biomass 31.970 36.646 15% 25% 29%
Fossil energy carriers 3.765 996 -74% 3% 1%
Metals 2.896 4.891 69 % 2% 4%
Non-metallic minerals 89.052 82.116 -8% 70% 66%
Imports 66.771 92.318 38% - -
Biomass 17.395 26.020 50% 25% 28%
Fossil energy carriers 25.163 29.034 15% 40% 31%
Metals 13.652 20.314 49 % 20% 22%
Non-metallic minerals 7.113 9.815 38% 10% 1%
Non-assignable 3.448 7.075 105% 5% 8%
Wastes 0 59 - 0% 0%
Exports 40.361 62.599 55% - -
Biomass 15.626 23.920 53% 37% 38%
Fossil energy carriers 5.770 9.434 63% 17% 15%
Metals 9.579 14.800 55% 23% 24%
Non-metallic minerals 6.680 9.103 36% 16 % 15%
Non-assignable 2.706 5.202 92% 7% 8%
Wastes 0 141 0% 0% 0%
Domestic material consumption (DMC) 154.092 154.368 0% - -
Biomass 33.739 38.746 15% 23% 25%
Fossil energy carriers 23.158 20.597 -11% 16% 13%
Metals 6.969 10.405 49 % 4% 7%
Non-metallic minerals 89.484 82.828 -7% 57 % 54 %
Non-assignable 742 1.874 153 % 0% 1%
Wastes 0 -81 0% 0% 0%

Resource Use in Austria 2024

135



Data Table 2: Austrian domestic material consumption (DMC) in tonnes per capita and

year by material category and growth between 2000 and 2018. (Values are rounded.

Possible rounding differences have not been balanced. Source: Statistics Austria

2024)

material flows (t/cap/a) growth share in totals
2000 2022 2000 - 2022 2000 2022
Domestic material consumption (DMC) 19 17 -4% - -
Biomass 4,2 4,3 1% 22% 25%
Fossil energy carriers 2,9 2,3 -13% 15% 13%
Metals 0,9 1.1 39% 5% 7%
Non-metallic minerals 11,2 9.1 -12% 58% 54%
Non-assignable 0,1 0,2 183 % 0% 1%
Wastes 0,0 0,0 0% 0% 0%
Data Table 3: Austrian resource productivity and its components of domestic material
consumption and gross domestic product, 2000 and 2022, together with growth
between 2000 and 2022. (Source: Statistics Austria 2024)
growth
2000 2022 2000 - 2022
Resource productivity RP-DMC (BIP/DMC) 1.821 2.464 35%
Domestic material consumption (DMC; Mt/a) 154 154 0%
Gross domestic product (GDP; M€/a) 280.579 380.417 36%
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Data Table 4: Austrian material flows by material category in million tonnes per year,

2000 - 2022. (Values are rounded. Possible rounding differences have not been

balanced. Source: Statistics Austria 2024)

00 '01 02 '03 '04 '05 '06 07 '08 '09 MO 11 "2 M3 14 M5 6 M7 M8 M9 20 21 22
Domestic

- 128 124 134 127 133 136 136 141 139 128 126 132 123 122 129 123 124 123 123 125 123 131 125
extraction (DE)
Biomass 32 33 34 33 36 37 37 38 41 37 37 39 36 35 39 35 39 35 35 35 36 38 37
Fossil energy 4 4 4 4 3 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 101 1
carriers
Metals 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 5 5 5 5
::’n";gle:a”'c 89 84 93 87 91 93 94 97 93 85 83 88 82 82 85 82 80 82 83 84 82 87 82
Imports 67 69 72 75 79 83 8 92 90 81 89 93 93 91 8 91 94 98 99 100 98 101 92
Biomass 17 17 17 18 20 20 23 23 22 22 23 24 23 25 24 25 26 27 28 28 29 29 26
z:f:::”ergy 25 27 29 31 31 33 33 33 33 31 33 34 34 32 31 32 34 34 34 36 32 33 29
Metals 14 14 14 15 16 17 19 21 21 15 20 22 21 19 18 19 19 21 21 19 18 21 20
Non-metallic 7 7 7 7 8 8 9 10 9 8 8 9 8 9 10 10 9 10 10 10 9 10 10
minerals
Non-assignable 3 4 4 4 4 4 5 5 5 5 5 6 6 6 6 6 6 6 5 7 10 7 7
Wastes ©o o o o ©o0 ©O0 o0 ©o0 O0O ©O0O O0O o0 ©o0 O0O 0O 0 0 0 ©O0 0 0 0 0
Exports 40 43 46 48 52 54 57 63 63 54 59 60 59 59 60 62 64 65 66 66 62 66 63
Biomass 16 16 17 18 19 20 21 22 22 20 21 22 21 21 21 22 23 23 24 24 24 25 24
Fossil energy 6 7 8 8 9 10 10 12 12 10 11 12 1 11 1 11 12 12 12 12 1 1 9
carriers
Metals 70 10 10 11 12 12 13 14 15 11 13 14 14 14 15 14 15 16 15 15 14 15 15
Non-metallic 7 7 8 8 8 8 9 10 10 8 9 9 8 8 9 9 9 9 9 9 9 10 9
minerals
Non-assignable 3 3 3 3 4 4 4 4 5 4 4 4 4 4 4 5 5 5 5 5 5 5 5
Wastes ©o o o o ©o0 ©O0 O ©0 O0O ©O0O OoO o0 ©0O o0 0 0 0 0 ©O0 0 0 0 0
Domestic material o) 45 150 153 160 165 168 170 166 155 156 165 157 154 157 152 155 155 156 158 160 165 154
consumption (DMC)
Biomass 34 34 34 32 37 37 39 38 41 38 38 41 38 39 41 38 42 39 39 39 42 42 39
::fj::"ergy 23 24 25 27 25 26 26 24 23 23 24 24 25 23 22 22 24 24 23 25 23 22 21

I
Metals 7 7 7 7 7 8 9 10 9 7 10 1M 10 9 7 8 8 9 10 9 9 11 10
:‘i’n"e':;‘le:a”'c 89 84 92 8 9 93 93 97 92 85 83 88 82 82 8 8 80 82 84 84 82 88 83
Non-assignable 1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 2 5 2 2
Wastes o o o o ©0o O O ©o0 O0O ©O0oO O0O o0 ©0o O0O 0O o0 0 0 0 0 0 0 0
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Data Table 5: Austrian domestic material consumption (DMC) by material category
(t/cap/a), 2000 - 2022. (Values are rounded. Possible rounding differences have not
been balanced. Source: Statistics Austria 2024)

'00 '01 '02 '03 '04 '05 '06 '07 08 '09 0 '11 M2 '3 M4 5 "6 '17 M8 9 20 21 '22
Domestic mate-
rial consumption 19 19 20 19 20 20 20 21 20 19 19 20 19 18 18 18 18 18 18 18 18 18 17
(DMC)
Biomass 4 4 4 4 5 5 5 5 5 5 5 5 4 5 5 4 5 4 4 4 5 5 4
Fossil energy 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2
carriers
Metals 117 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Non-metallic 1 10 11 11 11 1 1 12 1 10 10 10 10 10 10 10 9 9 9 9 9 10 9
minerals
Non-assignable 0 0 o o O O O O O O O O O O O O O O O O0O 1 0 O
Wastes 0o 0 o o O O o O O O O O O O O O O O O o o0 o0 O
Data Table é: Austrian resource productivity (Euro/kg/a) and its components of
domestic material consumption (DMC; Mt/a) and gross domestic product (GDP; billion
Euro/a), 2000 — 2022. (Values are rounded. Possible rounding differences have not
been balanced. Source: Statistics Austria 2024)
'00 '01 '02 '03 '04 '05 '06 '07 '08 '09 MO M1 "2 M3 M4 M5 M6 '17 M8 M9 20 '21 22
Resource
:’;:_“;;g"y 1.821 1.895 1.812 1.902 1.875 1.855 1.889 1.929 2.008 2.070 2.096 2036 2.158 2205 2.167 2266 2.268 2312 2361 2.355 2.184 2198 2.464
Euro/t/a‘)
Domestic
material
q 154 150 159 153 160 165 168 170 166 155 156 165 157 154 157 152 155 155 156 158 160 165 154
consumption
(DMC; Mt/a)
Gross
domestic
product 281 284 289 292 300 306 317 328 333 321 327 336 338 338 341 344 351 359 368 373 348 363 380
(GDP;
billion €/a)

138 Resource Use in Austria 2024



Data Table 7: Austrian material footprint, 2008 — 2020. (Values are rounded. Possible rounding differences have not

been balanced. Source: Statistics Austria 2024)

material flows (Mt/a) growth material flows (t/cap/a) growth

2008 2020 2008 - 2020 2008 2020 2008 - 2020
Material footprint (MF) 208.685 198.532 -5% 25 22 -11%
Biomass 41.746 41.834 0% 5,0 4,7 -6%
Fossil energy carriers 39.617 38.596 -3% 4,8 4,3 -9%
Metals 25.995 25.731 1% 3.1 2,9 -8%
Non-metallic minerals 101.327 92.371 -9% 12,2 10,4 -15%

Table 8: Austrian domestic output to nature (DPO) by sub-category, 2000 — 2022. (Values are rounded. Possible

rounding differences have not been balanced. Source: Statistics Austria 2024)

material flows (Mt/a) growth share in totals
2000 2022 2000 - 2022 2000 2022
Domestic processed outputs (DPO) 82.685 93.761 15% - -
Emissions to air 77.626 89.145 15% 94% 95%
Waste disposal to the environment 0 0 - 0% 0%
MEMO wastes landfilled 85 50 -42% 2% 4%
Emissions to water 4.971 4562 -8% 0% 0%
Dissipative use of products 2 5 106 % 6% 5%
Dissipative losses 1.570 4112 162% 0% 0%
material flows (t/cap/a) growth share in totals
2000 2022 2000 - 2022 2000 2022
Domestic processed outputs (DPO) 10 10 0% - -
Emissions to air 9,7 9,8 2% 94 % 95%
Waste disposal to the environment 0,0 0,0 - 0% 0%
MEMO wastes landfilled 0,2 0,5 132% 2% 4%
Emissions to water 0,0 0,0 -48 % 0% 0%
Dissipative use of products 0,6 0,5 -19% 6% 5%
Dissipative losses 0,0 0,0 82% 0% 0%
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