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Introduction

In this final report of the DESIRE project we convert results from all previous work
packages into conclusions, and present results of prioritized indicators that c ould be
calculated with readily available statistical data, and present an indicator implementation
roadmap.

Conclusions on the most appropriate Resource Efficiency indicator framework are based
on:

T WP46s finalfrianndedwoartkorof WP4 (that builds on
review of existing indicator sets);

WP 306s

f EXIOBASEversion3 't hat has been developed within DESI RE®

improved data coverage and time series of multi  -regional Environmentally
Extended Input -Output (EE -10) tables;
1 Results of WP6, WP7 and WP8on o6novel indicatorsoé (i.e.
bi odiversity/ecosystem services, and novel
1 and, lastly, results of WP 9 Gstatistical analyses on options to reduce the size of
the indicator se tand options for EE  -10 data simplification.

This report also builds ona preliminary draft  version that was distributed in the form of a
discussion note among participants of the final conference on the 21 st of January 2016 in
Brussels. Discussions during the conference functioned as last stakeholder consultation

round of which  the outcomes are taken aboard in the indicator implementation roadmap

as presented in the current report.

For details on the full set of resource efficiency indicator results over time, including an

annex with EXI OBASE versi on ZGaabld dath | weadfeats Basifei ¢
Deliverable D9.1, written by Stadler et al. (2016) . We do not duplicate this information in

the current report , D10.2, for the purpose of making this final project report a more easy

to read summary of key results foraw ider reader audience.

Acknowledgement

This report is based on contributions of all DESIRE consortium members to previous
deliverables.

critice
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! After a last round of updates, EXIOBASE version 3.2.3 is available since the beginning of February 2016.



FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe

Page 5 of 68

1 DESIRE indicator framework

1.1 DESI REOG s

conceptual

framewor k

The DESIRE project aims to develop an optimal indicator set to monitor progress towards
Resource Efficiency in Europe, yet taking into account the relevant global perspective.

Resource efficiency is about

using natural resources efficiently, either in a te

chnical sense

(i.e. less physical input per physical output) or economic/welfare sense (i.e. economic or
societal value generated per unit of resource). The latter implies a need to discern all
possible interactions between society and the natural system i
integrated way. The concept of societal or industrial metabolism is helpful in this regard.

This concept refers to the notion that socio
(materials, energy, water or land) as input in order to produce g

n a coherent and

-economic systems require resources
oods and services or to

maintain socio -economic structures. In addition, production and consumption processes,
as well as transportation, put a burden on the environment through their (metabolic)

outputs such as wastes and emissions to air, water and soil.
categories and i

di fferent

fResourceso
ssues, al

wi t h

biodiversity, ecosystems, health, etc. Resource [use] efficiency indicators therefore need
to address complex interactions between societ
empower political action; to set meaningful targets; and to adequately monitor the

[global] use of resources.

Figure 1.1: Society

- nature interactions as metabolism
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Natural system
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consumption
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soll formation
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DESIRE captures these metabolic relations between the natural environment and society,

in a framework of Multi  -Regional Environmentally Extended [economic] Input -Output
relations with production and consumption flows. This [MR EE -10] framework is referred
to as AEXI|I OBASEO.

With this framework it is then possible to assess how production and consumption

impacts the natural system. The DESIRE indicator framework builds on the causal Driver -
Pressure - State -Impact -Response (DPSIR) frame, adopted by the Europea n
Environmental Agency (EEA), to understand society -nature interactions. This framework
helps to structure and organise indicators along a cause and effect chain. That is:

drivers for resource use; that put pressure on the environment; resulting in
environ mental impacts; and causes changes in the state of the natural system. These
insights can eventually be a trigger for responses from relevant actors . Responses that
feed back on drivers and thus closes the cycle (see figure 1.2). In the DESIRE project,

the DPSIR-framework is integrated with the metabolic perspective of society -nature
interactions (see figure 1.3)

Figure 1.2: The DPSIR framework

DRIVERS

Population growth,
transport, industry
PRESSURES RESPONSE
Pollution, Green production,
emissions bam public transport
\0?“‘\Q
STATE IMPACT
Alr, water, Health, biodiversity loss,
soil quality economic damage
L
Source: EEA
Drivers
The structure and characteristics of the socio -economic system, its economic processing,

and household consumption patterns are considered driving forces (drivers), which are
strongly shaped by the cultural, political, and economic context they are embedded in.

Pressures

Resource use and management activities put pressure on and potentially c hange the
natural system, its ecosystems and ecosystem services and thus the underlying natural

State .

Impact
Effects of pressures on the natural system are considered environmental impacts. These
impacts can, for example, form a threat on human health, h uman well -being (i.e. a broad

concept of welfare) or economic wealth. Environmental impacts could be interpreted or
weighted against a certain amount or quality of natural capital stocks, e.g. planetary
boundaries.
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Responses

Responses are the decisions and choices made within the socio

other (thematic) policy r esponse packages.

-economic system by
individuals or by policy makers as a response to changes in the societal as well as natural
systems with the aim to adapt to these. Examples are: tax regulations, legislation or

Figure 1. 3: Conceptual framework for DESI RE®&s
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The conceptual interactions between socio -economic activities and the natural
environment as depicted in figure 1.3 can be integrated in an environmentally extended
input -output framework (see figure 1.4).
Input -output (IO) tables originate from economic accounting. Together with its two main
building blocks T supply - and use tables (SUTs) 1 10-tables form the backbone of the
system of National Accounts. Typically, an input -output table includes inter -industry flows
in monetary units as well as flows betw een industries and the final demand categories

(e.g. households, government spending, capital investment, exports). By that, 10 tables
allow for tracing goods from the extraction process through manufacturing and down to
final demand and provide informatio n on the inputs needed by an industry to provide the

respective industry output. One

output of the manufacturing industries, either derived directly or also indirectly from
other industries. From an IO table, the main economic output indicator, Gross Domestic
Product (GDP) can be derived. National statistical offices from all around the world

provide SUTs and I0 -tables, typically at an interval of a few years.

could say, it

ndi
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The standard economic input

- and output flows can be complemented with environmental

extensions such as material extraction, land use and emissions to air, soil or water (i.e.

environm ental pressure indicators). The environmental or natural resource inputs enter

the production process of a certain sector and are than further distributed via inter -
sectoral deliveries until they end up in one of the final demand categories. Thus, the

envi ronmental extensions represent the resource use indicators and data, i.e. pressure

indicators in absolute values. Figure 1.5 shows these relations in a multi

Figure 1.5: A Multi

regior
region
regio

region a region & regon c

—

region a

region b

region ¢

Sourc e: Eisenmenger et al., 2014

-Regional Environmentally Extended Input
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-regional set -up.

- Output model

domestic input-output table for 1 region
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factor input tahle for 1 region
environmental extensions for 1 region
final use fo domestic produce

final use of imported produce
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1.2 Complementing and improving EXIOBASE

The indicator framework of DESIRE builds on previous versions of EXIOBASE that were

devel oped with support from the EU6s Sixth and Sever
the FP6 -project EXIOPOL ( that delivered EXIOBASE version 1) and FP7 -project CREEA

(that delivered EXIOBASE version 2).

EXIOBASE version 1 comprised an extensive economic -environmental database that
followed the principles of the System of National Accounts [SNA 1993] and System of
Environmental -Economic Accounting (SEEA 2003), based on the International Standard
Industrial Classification of All Economic Activities (ISIC and its European equivalent

NACE?) and Statistical Classification of Products by Activity in the European Econ omic
Community (CPA). EXIOBASE version 1 provides data for base year 2000.

Accordingly, in the CREEA project, the database and indicator framework was refined
according to the new accounting approaches of SNA 2008 and those that were proposed
for inclusio n in SEEA 2012 regarding four priority areas: water, waste and materials,
forestry, and climate change issues.

Version 2 of EXIOBASE provided data at an at an unprecedented level of detail in terms

of sectors, products, emissions and resources with covera ge of 43 countries; 27 EU
countries and the largest non -EU economies (summing up to 95% of the global GDP)
with over 150 smaller countries combined in 5 ORest

EXIOBASE version 2 provides data for base year 2007.

Moving -on from here, DESIRE complemented and improved the database with new
statistical information and expanded the indicator framework by adding the 28 "™ EU
Member State, Croatia, and by compiling time series, including now casting of recent

years for which not all data is available yet from official statistical public ations. With
these improvements EXIOBASE version 3 can now be used to analyse consumption and
production based accounts as well as stressors embodied in imports and exports ,
including developments  over time.

EXIOBASE version 3 has the following characteristics:
EXIOBASE 3

Base -years 1995 i 2011/16

Products 200

Industries 163

Countries 44 (28 EU member plus 16 major economies)

Rest of the world regions 5 (Europe, Asia, Africa, America, Middle East)

Water accounts 194 (Water blue and green per source, including final demand)
Material accounts 189 (Energy products, including final demand)

222 (Used extractions)

222 (Unused extractions)

Land accounts 14 (Including build up land for final demand)

Social accounts 14 (Employment per skill level and gender; vulnerable employment)
Emissions 28 (from combustion including final demand)

410 (non -combustion)

3 (HFC, PFC, SF6)

*) Historic time series for up to 2011, the rest of the years has been now -casted.

Source: Stadler et al., 2016

2 Nomenclature of Economic Activities, used by the European Stati€ommunity.
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1.3 DESI RE6S Resource Efficiency indicat

DESI REb6s indicator framework differenti at esourtcehr ee mai
use, resource efficiency and environm ental impacts (the columns in table 1.1 below). In

addition the framework comprises six flow types of resource inputs or (metabolic)

outputs (as indicated by the rows in table 1.1). In accordance, figure 1.7 shows how

these Resource Efficiency indicators a re positioned in the multi -regional EE -10 model.

Table 1.1: Environmental indicators in the DESIRE indicator framework

Resource use Resource efficiency Environmental impact

Wastes and other emissions

Figure 1.7: Positioning of Resource Efficiency indicators in the EE -10 model

. resource efficiency
rlesource ﬁfﬁaency resource efficiency relation to the
relation to the econom
v —l—'-lq. services to societies
— ]

env. extensions = ! resource use

“env. impacts”

env. impacts
relation .
to the natural state * quantity

* quality (ESS)

Source: Eisenmenger et al., 2014
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Pressure indicators, related to direct society -nature interactions, i.e. resource use
indicators  in absolute physical terms, are a good starting point to measuring resource
efficiency. These are input flows of materials, energy, water and land to intermedi ate use

and final use in the IO -framework, as well as output flows thereof of waste and
emissions.

Accordingly, resource use has to be complemented by indicators that capture the effects

on the natural system (impact indicators) as well as effects on the socio - economic

system. The latter are commonly referred to as resource efficiency indicators . In

DESI REGs indicator framewor k t wo types of resour
distinguished: resource efficiency indicators in relation to the economy and resou rce

efficiency indicators  in relation to services to society

Resource efficiency indicators in relation to the economy (production and consumption
based) can be measured against GDP or value added, and hence directly be linked to
economic transactions i nthe 10 -framework. Efficiency indicators in relation to services to
society, on the other hand, often need (detailed) auxiliary data from sources outside the

10 -framework. Services to society concern functional outputs rather than economic
outputs, such a s adequate housing, space heating, nutrition, etc. By their nature these
outputs have a O6beyond GDP& connotation and can som
rather micro level. An example of such a resource efficiency indicator is the required
energy consumpt ion for space heating per m 2 of dwelling floor space. In the DESIRE
project a work package was devoted to test opportunities for using novel reference
indicators 6beyond GDP and value addedbo

The third main indicator category in the DESIRE framework, environmental impacts of
resource use, put socio -economic pressures in relation to the natural state, and inform
about both quantitative and qualitative aspects of natural capital stocks. They can inform

about the state of stocks and changes thereof over time, e.g. depletion, degradation,
climate change, biodiversity loss. For these type of indicators a satellite account of
natural capital stocks need to be connected to the 10 -framework. This is the lower block

of data indicated in figure 1.7.

Table 1.2 s ummarises the rationale behind the indicator types and their position in the
DPSIR-framework. It covers the pressure indicators in absolute values (columns in

yel |l ow) as wel |l as the Aresource efficiencyo indicat
result from relating resource use to macro -economic added value (e.g. GDP) or macro -
economic well -being indicators. The columns on the left cover the socio -economic
system. Additionally to the resource efficiency indicators that link to socio -economic

macro indic ators, resource efficiency can be analysed as the relation between resource

use and specific societal services provided (column in red). This covers all the activities

that directly deal with biophysical flows, however no longer structured along the macro -
economic 10 matrix but along societal services. The socio -political responses (column in
pink) cover the social, political, economic, or cultural responses.

(et
¢ =
wr vy
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Table 1.2: DESIRE indicator types and their position in the DPSIR

Socio-political
responses

resource efficiency
with regard to

activities / services

efficiency in provision of
durable goods

resource efficiency

with regard to macro-
economic output and
wellbeing

resource use

pressure

[in absolute values]

resource efficiency

with regard to
“env. impacts”
quantity

-frame

resource efficiency

with regard to
“env. impacts”, ESS
quality

LCA indicators— indic. on various pollution issues
landfills / land area

environmental
threats

uses GDP or WB q
/ energy use energy use ffuel use / stock energy concentration
DE abiot. / stock min. concentration resource depletion
efficiency in nutrition bio energy / area entropy
GDP or WB / DMC material use
GDP or WB / RMC (DMC, RMC)
efficiency in
transport / mobility DE biom. / C stocks HANPP land degradation,
used / total land NPP remaining land-system change
policies, taxes, GDP or WB/ land use land use art. / total land biodiv., ESS biodiv. loss
etc - :
efficiency in
housing, heating
3 GDP or WB water L water quality, water scarcity
prices, supply L water exploitation P, =
/ water appr. appropriation e.g. eutrification water pollution
and access o
efficiency in
electricity / appliances
miss. an P q
well-being, life- Cemiss. / GDP or WB C emissions (SElES .d € emiss. in relation to the =
global warming N climate change
expect., health tential expected temp. rise
efficiency in pravision of PCrensa
infrastructure
emiss / GDP or WB other emissions acidification
ozone

aerasol loading
N and P cycles

waste / GDP or WB wastes chemical pollution
stocks wastes
i emissions
er
rates P
inputs

GDP or WB / env. impacts (eco-efficiency)

Source: Eisenmenger et al., 2014

The green columns on the right side cover the efficiency of resource use in relation to the
environmental impacts on the natural system in two dimensions, quantitatively and
qualitatively. These environmental impacts are structured along the co mmonly used
environmental threats (boxes on the very right). Thus, the environmental impacts do not

follow the 10 structure, just as the socio -economic activities at macro level.

The gener al idea behind DESI REG6s i ndileva sgstem:far amewor k
limited set of headline indicators that covers resource use, resource efficiency and

environmental impacts on the macro (i.e. country) level, and an accompanying second

level of indicators addressing specific questions within each category.
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1.4 A set of readily available Resource Efficiency indicators

EXIOBASE contains the physical layers energy , water, materials and land, which can be
tracked as resource inputs to the economic production process. In addition there are

various material extions that provide information on metabolic outputs of production and
consumption processes, such as emissions and waste. EXIOBASE covers:

1 Greenhouse gas emissions, in kilograms of CO2, CH4, N20;

1 Polluting emissions: SOx, NOx, NH3, CO, Benzenes, Indeno (1,2,3 -cd) pyrene,
PAHs, PCBs, PCDD_F, HCB, VOCs, PM10, PM2.5, TSP, As, Cd, Cr, Cu, Hg, Ni, Pb,
Se, Zn, SF6, HFCs, PFCs);

1 Nitrogen and phosphorous emissions to water;

1 Domestic material extraction of various types of crops, wood, metal ores,
industrial and construc  tion minerals & fossil fuels (differentiated in used and
unused extracted materials);

1 Withdrawal of blue water, differentiated by the manufacturing, electricity
production and domestic use sector;

1 Green and blue water consumption, differentiated by use cat egory, for various
types of agriculture, livestock, manufacturing, electricity production and domestic
consumption;

1 and land use (by different types of arable land, pastures and forests).

Of the full set of possible indicators that are directly calculable from EXIOBASE, some
might score differently on criteria that are relevant for their uptake and implementation

in policy making or for monitoring purposes, i.e. on so -called RACER -criteria: Relevance,
Acceptability, Credibility, Easiness and Robustness. The proposed indicators in the 2 -
level indicator system are therefore tested along the lines of these RACER -criteria. The
results of this exercise are shown in Annex 1, indicating the relevance of indicators and

possible needs for further development. Table 1.3 (below) provides a sample of

indicators that can directly be calculated.

From IO -tables coefficients of industry requirements in monetary terms can be calculated
(i.e. direct requirement coefficients and Leontief multipliers). Similarly, these factor s can
be calculated for environmental impacts at two levels of detalil:

Scope 1: Direct environmental interventions
Direct environmental interventions (for example, air emissions or material extraction) are

available for each industry without further calculations from the table of environmental
extensions (i.e. the dark -green boxes as shown earlier in figure
use parto in figure 1.7). One can sum the extensions
the interventions reported under final use (= use phase interventions), to derive the

country total. Scope 1 is a territorial perspective, expressing environmental
consequences, which originate within a countryés or
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Table 1.3: Examples of environmental indicators ¢ alculable with EXIOBASE
Topic
Energy Energy dependency import/total use (%)
Primary energy intensity ktoe/euro
Energy use tons of oil eq.
(total net energy consumption) by fuel
Material productivity € per kg Domestic Material Consumption

€ per kg Raw Material Consumption
€ per kg Total Material Consumption

Import dependence Imports/Domestic Material Consumption (%)

Domestic Material Consumption tonnes

Raw Material Consumption tonnes

Total Material Consumption tonnes

Water productivity € per m3

Water abstraction m3

Water consumption m?3

Water footprint m?

Land productivity € per ha

Artificial land / built-up area hectares

Land Footprint / hectares

Actual Land Demand

CO; emission intensity kg of CO; per €

GHG emissions intensity kg of CO; equivalent per €

CO; emissions tonnes of CO>

GHG emissions tonnes of CO; equivalents

Carbon Footprint tonnes of CO; equivalents
Waste and Air emission intensity Kg emission per €
emissions Waste intensity Kg waste per €

Recycling rates %

Total recycling amounts tonnes

Total waste generation tonnes

Emissions from landfills tonnes

Emissions of air pollutants tonnes

Scope 2: Total (direct plus indirect) environmental interventions
The main advantage of 10  -models applied to environmental issues is that they allow
calculating the total direct plus indirect effects for all products and all sectors, also those

with very complex supply chains, as the whole economic system is included in the

calculation system. IO -analysis thus avoids so -cal |l ed ftruncation errorso o
in coefficient -based approaches, i.e. errors resulting from the fact that the whole

complexity of production chains cannot be fully analysed based on Life Cycle A ssessment

(LCA) approaches, where as a consequence certain up -stream chains have to &
o f f 0-analys@ thus avoids imprecise definition of system boundaries, which is one key

advantage over other approaches. 10 -models also avoid double counting, as different

supply chains are clearly distinguished from each other in the monetary input -output

tables. Thus, a specific resource input can only be allocated once to final consumption, as
the supply and use chains are completely represented.

However, 10 -analysis also contains some disadvantages. Whereas LCA -type approaches
are able to cover both upstream and downstream environmental effects, 10 accounts

only for upstream inputs to the production processes and ultimately to final consumption.
Environmental consequences from the use -phase are only given in a single table entry,

at the intersection of the final use column and the environmental extension row (see the

blue square in the lower right corner of figure 1.5). For CO » emission for example, this
single number includes many types of direct emissions like those from private car use or

the emissions related to heating our homes and drinking our soft drinks. Hence, typical
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use-phase oriented indicators, s,uemissiorss Sromt thechouginger capi
and infrastructure sectoro (i.e. part of the EEA
derive from IO tables directly. In order to calculate these indicators, the vector of private

consumption would need to be split up by consumption categories, for ex ample following

the COICOP classification, which disaggregates consumption by purpose (e.g. food,

housing, transport, communication, etc.). 4

It shall be emphasised that EXIOBASE is different from other MRIO databases (such as
GTAP or EORA) because it contains physical layers at the industry level. Therefore,
EXIOBASE contains data on direct physical imports and exports, which allow calculating
material flow -based indicators, such as DMC, which would not be possible to calculate
with other MRIO systems without physical layers. It also contains detailed waste data,
which allows calculating specific indicators, such as recycling rates.

1.4.1 Results of resource efficiency indicators over time

For a full set of resource efficiency indicator results over time an d details on underlying
data and documentation of all readily available indicators we refer to the report of
Stadler etal, 2016 (Desire deliverable D9.1)

We would |Iike to stress that w-dQ flainawgrk and indicatoBE S| RE 6 s
involves a lar ge amount of data, such that some programming skills are required to

analyse the detailed datasets. For the purpose of easing these analys €s an open source

tool, Pymrio, has been developed. > This tool has been used to calculate production and

consumption b ased accounts for each stressor per product and per country. 6

These results can for example be used to assess decoupling of economic growth from
environmental pressures. Doing such an analysis for the EU 27 countries shows that,
taking a production based account, the European Union appears to have achieved
decoupling (see figue 1.8 top). Taking, however, the consumption based perspective
(figure 1.8 botom), material usage and fuel combustion grow in the same rate as the
economy. In addition, CO  , emissions , water use and land use are only recently decoupled
from economic growth.

*wSadz (1a 2F 59{Lw9 Qa aread &ilShehkz kelabSratdlydaydiiied inaythapieK 5 én
RSOSt2LIYSYyld 2F Wy20Stf AYRAOIFIG2NAQ®

® a full documentation plus tutorials are available on github:

https://github.com/konstantinstadler/pymrio

http://konstantinstadler.github.io/pymrio/index.html

® All calculated results are available as csv files on the project repository and cdinebly imported in
common spreadsheet software. In addition, a html summary report showing the consumption and production
based accounts as well as stressor embodied in import and export are provided. All datasets are available upon
request for servicesf the European Commission and will be published after the end of the project.

t
c

c
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https://github.com/konstantinstadler/pymrio
http://konstantinstadler.github.io/pymrio/index.html
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Fig ure 1.8: Time

series of production - (top ) and consumption based accounts (

of the European Union.
Indicators show the resource efficiency as impact per capita.
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2 Indicator development: novel indicators

DESIRE aimed to push the state of the art for EE MRIO compilation and calculations. For

that purpose, besides developing approaches for now -casting EE MRIOs (see Stadler et

al.,, 2015), DESI RE®& s research efforts al so focussed on m
development . Thisincluded efforts to develop or improve resource efficiency indicators in

the domains: Critical Materials, Biodiversity and ecosystem services, and Novel reference
indicators O0Obeyond GDPG6, as well as elD fframewosk .tho | i nki n
general, linking  pressure s to state and impacts in these fields proved to be complex

sometimes , as it involve d manifold or non-linear relations. This made determining causal

relations between society -nature interactions and final environment al impacts to the

|l east 6 ¢ h alh this chaptenwge deport the key results per each of the three , What

we call 6novel i n, &dnd @xplain thedextehbtonvehicmtlsese results could be

linked to the EE -10 framework.

2.1 Critical material indicators

Modern society depends upon a reliable supply of a wide spectrum of different materials.

Some important minerals or raw materials in that spectrum have an increased risk of

supply shortage due to resource exhaustion or trade barriers, and these are called critical
materials. Examples of critical materials include indium, tantalum, or rare earth metals.

To assess whether a material is critical or not we need to understand both its importance

for society and its supply risk. Critical materials are typically used in small guantities in
particular applications (Halada et al., 2008).

Around the world, various studies have tried to define the concept of material criticality.

The vol ume of wor k, assembl ed by academi a, NGOG s
background on critical materials, shows that studies on critical materials indicate ver y

different materials to be critical because of at least three reasons:

A their regional focus may be different;
A their methods may differ i.e. using different criticality factors (e.g. some

studies do not incorporate environmental impacts or expected futur e demand);
A their outcomes may only be applicable in different timeframes, because the

criticality factors that are used are highly variable.

Foll owing the same structure as f pwe firsheporbtheher Onov
indicator conceptualizatio n and methodology and report the results and discussion in a
second subparagraph.
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2.1.1 Indicator conceptualization and methodology

The objectives of DESI RE6s wor k package on cri MWWPG aédretonat er i al

specify and define a number of relevant critical material indicators and to link these to
the 10 -framework. Regarding critical material indicators, economy wide aggregated

age¢

indicators as proposed in DESI RE®s tésgitabte@®mostn di cat or
of the energy, water, land, carbon and other emissions indicators do not refer to the

criticality problem of materials . In addition, the indicators on waste and materials in

DESI RE6s indicator framewor k ar e olnto s@nalsctiticality too
problems of material substances as fraction of products. After the first stage

research activities on critical materials the following indicators were considered relevant:

For the extraction phase

- Critical material fo  otprint (by material or group of materials per country.
- Supply concentration (if possible as used by Graedel et al., 2012)

- Annual production compared to the economic reserves

- Overall material loss (over the extraction phase)

For the production phase & product demand

- Development of the critical material composition per product (gram/product as an
efficiency indicator)

- Dissipative use ratio (dissipative use over use in recoverable products)

- Apparent consumption by material (economy wide)

- Materi al demand growth index

- Total value of products containing a specific material (in order to better estimate the
economic importance, one of the criticality factors)

- Overall material loss (over the production phase)

For the use -phase & disposal

- Societ al stock build -up

- Ownership rates of different appliances (driver related indicator)

- Value involved in critical material flows over total expenses (allows for a better
calculation of the economic importance too)

For the wastes/recycling treatment

-Recycling vs. total waste generation ratiobs
- Waste stream composition

- End- Of-Life recycling rates for specific materials

- ratio of primary vs. recycled material use

For th e purpose of linking critical material indicators to the 10 -framework  different
methodologies to assess socio  -economic metabolism and their particular suitability to

assess criticality of materials were reviewed first . A central methodological aspect of

DESI RE6s WP6 was to explore whether monetary and
use tables and the derived MR -10 models are suitable tools for the quantification of flows

of critical materials and indicators for material criticality.

It was suggested to pursue an approach based on material flow assessment, linked with

input output (IO) tables. Furthermore, it was proposed to develop a link between 10 -
tables and elaborate waste statistics, which are highly relevant for quantifying recy cling
options. It was concluded that a hybrid mixed unit ~ (i.e. combined physical - and monetery

o f

phy
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information)  model is in principle suitable for modelling the f lows of critical materials in a
MR-10 framework , and to determining flow -based resource efficiency indicators.
However, at the same time it was acknowledged that availability of data could be
problematic to accurately build such a hybrid 10 -model. Research efforts in DESIRE
therefore also focussed on possibilities to overcome data challenges.

There are numerous challenges involved with connecting material flows and critcality
assessments to economic accounts. Some of the most practical challenges are:

1 The detailed industrial production, Europroms statistics (PRODCOM) , do not
distinguish between pri.  mary and secondary commodities (o r the items are difficult
to classify as such ). Moreover, the Europroms statistics seem to be poor in
monitoring waste and scrap flows.

1 Incompatibility = between IO -tables from the System of National Accounts and data
on m aterial flows. This problem is most apparent when one tries to connect
detailed Substance Flow Analysis (SFA) to the product and sector classifications of
input -output tables (the latter are often much more aggregated). Other
incompatibility issues arise around: unit of measurement (kg of substance vs.
monetary units) , coverage of stocks ( which are absent in 10-tables) and
continuity over time of the model (the 10 table being strongly bound to an annual
set-up) .

1 A specific challenge with  critical materials is to specify quantities of materials in
specific products and accordingly to bridge these to the product classif ication of
supply - and use - or i nput -output tables. In fact, | arge uncertainties are introduced
by the need to have more detailed information on the critical material content in
(most often non -ferrous metal) products. Not only is this information rarely
available, also several conversions between monetary an d physical layer s and
assumption s of homogenous products have to be made.

As proof of concept for the 6dynamic T e-élybndizdd cEgvironmental - Economic
Model 6, sever al case studies have been conducted
critical material indicators. The scope of the substance flow analysis case studies was for

A

practical reasons limited to the regions AEU2706 and the year 2007

performed for Tantalum (Ta), Indium (In), Neodymium (Nd) and several steel alloying
elements Chromium (Cr), Manganese (Mn), Molybdenum (Mo) and Vanadium (V). All
these case studies had the same seque nce of methodological steps (see figure 2.1).

In order to derive critical material flows through Europe the EUROPROMS statistics
(EUROSTAT Prodcom statistics ) are used to first determine the apparent consumption of
critical material -containing ores, mater ials and products. Secondly, a review of critical
material concentrations in those products is performed. Combining these data and
performing some additional data processing steps yields the apparent consumption of

critical material in various European ore s, materials and products, which were then
categorized into production stages to result in a highly detailed flow -diagram of critical
material in raw materials, semi -finished products as well as in products for final
consumption (i.e. iSaThkey cdpagmodmstdth)e,. case studies
WP6 was limited to the compilation of Sankey diagrams, meaning that the research
activities in the various cases stopped at step 11 as depicted in figure 2.1.

It is acknowledged, however, that as next steps th e apparent consumption of end uses of
critical materials in products can be used as input for a waste assessment model. With
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this model it would be possible to assess the expected future critical material recycling
potential from consumer wastes by assumin g Weilbull life  -time distributions.

Figure 2.1: methodological steps applied in DESIREOG6s critic
1. Draft a list of relevant products 2. Get trade & production data (Europroms)

3. Fill in data gaps (based on monetary flows)

4. unit conversion (Eurostat data trade stats)

5. Review product compositions 6. Combine weight & composition into flows
7. Disaggregate flows (BGS)

8. Expert opinion + optimization 9. Allocation of flows to production stages

10. Visualisation of Sankey diagram

11. Review of product lifetimes 12. Apply Weibull distributions

13. Visualisation of waste profiles

Source: Van Oers et al., 2015

The results of the  case studies (i.e. the Sankey Diagrams) for Indium, Tantalum and
Neodymium are shown in the next subsection

2.1.2 Results and discussion

Indium
Figure 2.2 shows the imported flows (in light -green), the exported flows (in light -red),
and the intra -European flows of Indium (in light blue). It shows the cascading of the

consumed Indium in raw material form (in the blue bars) through the demand for sub -
components (in green) and final products (where the colored bars indicate different
categories). Careful interpretation is required, as the size of the bar s as well as the
indicated volumes for each product indicates the size of the Indium flow through Europe

(imports, exports + intra EU inputs), so not its actual consumption. The actual
consumption of raw materials and sub -components is represented by the | ight -blue flows.



FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe

Page 21 of 68

Figure 2. 2: Indium
Annual Indium flows through the EU27 in 2007, expressed in tons Indium. In the Sankey

6extractiond6 refers to 6production of raw material d

waste, scrap).
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Source: Van Oers et al., 2015

Far more indium seems to be mined together with zinc ore than necessary to fulfil the
present demand of indium in products.

The loss of indium between production of indium (during mining, smelting and refining)
and application in (se  mi)products (particularly spattering) is about 90% (183t out of 200t
apparent consumption), meaning that much of the refined indium does not end up in
products.

The amount of indium available in final products consumed in the EU27 in 2007 was
about 15t ( most notably in the category TVs and other final products; the application of
indium in LCD screens is most dominant). These figures indicate that the largest
potential of recovery of indium is available in wastes from raw material production and
not in th e recovery of discarded end  -of-life products.

Tantalum

Figure 2.3 shows the imported flows (in light -green), the exported flows (in light

and the intra -European flows of tantalum (in light blue). It shows the cascading of the
consumed tantalum in ra  w material form (in the blue bars) through the demand for sub
components (in green) and final products (where the colored bars indicate different

categories). Careful interpretation is required, as the size of the bars as well as the

indicated volumes for each product indicates the size of the tantalum flow through

-red),

(like
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Europe (imports, exports + intra EU inputs), so not its actual consumption. The actual
consumption of raw materials and sub -components is represented by the light -blue flows.
The resulting appare nt consumption of final products is separately indicated using the

grey bars in the lower  -right corner.

Figure 2. 3: Tantalum
Annual Tantalum flows through the EU27 in 2007, expressed in tons tantalum. In the Sankey

6extractioné refers raw doptedual don(l oke ores, concentrate

waste/scrap).

Source: Van Oers et al., 2015










































































































































