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Introduction

This document serves as a deliverable of the Work Package 2 (agreed problem definition and
method) of the EU EIT KIC Raw Materials upscaling project SUPRIM. The deliverable (D2.1) includes
a report from a two-day workshop held at Leiden University in December 2017. The workshop,
“Metal and Mineral Resources in LCIA: What's the problem?”, which took place on 7" and 8%
December, was attended by 17 representatives from industry, industry associations, academia,
research institutes and policy support, including partners from the SUPRIM project and invited
project-external stakeholders. The report itself forms the core part of the deliverable, in which the
aim of the workshop, the organizational procedures applied during the workshop, and the key
findings are summarized and explained. In addition, the material used during the workshop is
provided as part of the deliverable as detailed background information (Annex 1 and 2).
Furthermore, comments from other stakeholders unable to attend the workshop in person were
supplied. Those are provided in an additional annex (Annex 3).
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Workshop Metal and Mineral Resources in
LCIA: “What’s the problem”? Report from the
SUPRIM workshop held at Leiden University,
7/8 December 2017

Introduction — project context and goal of the workshop

The workshop “Metal and Mineral Resources in LCIA: What's the problem?” was held at Leiden
University on 7th and 8th December. The event was attended by 17 representatives from
industry (Boliden, Cobre las Cruces, Rio Tinto for Eurometaux), industry associations (Euromines,
International Copper Association), academia (Universities of Leiden, Ghent, Lulea, TU Berlin and
ETH for the Life Cycle Initiative hosted by UN Environment), research institutes (Tecnalia) and
policy support (JRC), including partners from the SUPRIM project and invited project-external
stakeholders. A detailed list of participants is given below:

e Boliden - Mats Lindblom

e Cobre las Cruces - Adridn Gonzalez, Juan Manuel Escobar Torres

e Rio Tinto for Eurometaux - llse Schoeters

e Euromines - Johannes Drielsma

e International Copper Association - Andrea Russell-Vaccari

e Leiden University - Jeroen Guinée, Rita Schulze, Ester van der Voet

e Ghent University - Rodrigo Alvarenga, Jo Dewulf

e Lulea University - Tobias Kampmann, Glenn Bark

e TU Berlin and ETH for the Life Cycle Initiative hosted by UN Environment - Markus Berger,
Thomas Sonderegger

e Tecnalia - Aritz Alonso

e JRC—Gian Andrea Blengini

SUPRIM’s starting point was the lack of a broadly accepted method for the assessment of resource
use in life cycle assessment (LCA), likely attributable to the lack of a common perspective on
resource use, and a common understanding of the potential problem(s) related to the use of

This activity has received funding from the European Institute of Innovation and 5

(EIT), a body of the European Union, under the Horizon 2020, the EU
Programme for Research and Innovation



3.2.

eit ) RawMaterials

Connecting matters

resources. The aim of the workshop was to address this by creating a common understanding
amongst the participants and their stakeholders of the perspectives on resource use and
problem(s) that could be associated with it. After the workshop, SUPRIM intends to propose best
modelling options for a selection of the perspectives and problems prioritized during the workshop.
The goal of the workshop was to discuss and answer the question - “What is the problem with
abiotic resource use?” as perceived by the various stakeholders, i.e. the workshop participants as
well as the stakeholders they represented. The idea was to go “back to the drawing board” to
understand the participants’ views on the role(s) of abiotic resources that need protecting, and on
the issues they thought needed to be managed. The workshop focused on impacts which occur
directly from the use of abiotic resources - more specifically, abiotic resources such as minerals,
metals, and natural materials such as sand or natural stone. It concerned impacts such as a reduced
future availability of the resources themselves, changes to their ability to provide functions, losses
of certain desired properties of materials from within the environment or the technosphere, or an
increased difficulty to access the resources. The workshop did not concern impacts associated with
resource extraction and processing activities, such as e.g. the potential toxicity of emissions
occurring at the mining site itself, energy and water use, or associated impacts on staff at the mine
resulting from poor health and safety. These potential impacts are already covered by other impact
categories assessed in LCIA or social LCA, and were therefore not discussed during the workshop.

How was the workshop conducted?

Approximately one month before the workshop, a background document was sent to workshop
participants, explaining the suggested criteria for a structured discussion. The workshop
participants were encouraged to circulate the document amongst their stakeholders and asked to
formulate their own and their stakeholders’ views on the issues with resource use.

Two questions were asked in the background document:

1. What, in your opinion, are the key issues of concern to be addressed when managing
abiotic resources (minerals, metals, natural stone)?

2. Can and should these issues be addressed by life cycle impact assessment methods, or
would other tools be better suited?

In the document, it was recommended to initially answer the first question independent of the
framework suggested, and independent of existing LCA methods or resource management
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concepts, and regardless of the suitability of the problem definition to be addressed in LCIA. In a
next step, participants were then asked to investigate whether the suggested framework and
criteria presented in this document could be used to refine their perspectives: which role of
resources was addressed by their views, whether they were able to formulate an explicit goal to
specify their views, and the scope (time horizon, geographical scope, and types of resources)
relevant to their views. Then, they were asked to explain what they thought were the main barriers
to achieving the specified goal, i.e. to define the problem with resource use, according to their
perspective.

The following section provides an overview of the issues presented and discussed during the
workshop. For more details, please refer to the PowerPoint presentations, which have been
compiled into two pdf documents (“Day 1”and “Day 2”).

Day 1 — Learning and Informing

Before the workshop, a lack of understanding of mining practices and issues on the part of the LCA
community, and a lack of understanding of LCA as a method on the part of the mining / raw
materials community were identified as barriers to a productive discussion in a multidisciplinary
group. For example, terminology issues and various other misconceptions were observed in
SUPRIM-internal discussions prior to the workshop. For this reason, it was decided to dedicate the
first day of the workshop to an improved understanding of some key issues relevant to the
discussions during the workshop. After an introduction to the workshop given by Jo Dewulf, Ghent
University, an introduction to LCA was provided for non-LCA practitioners by Jeroen Guinée, Leiden
University. The LCA presentation was developed together with Rodrigo Alvarenga, Ghent
University. The presentation included an introduction to the method and examples of its
application. Then, two presentations on actual mining operations for two copper mines were given
by Boliden (Mats Lindblom) and Cobre las Cruces (Juan Manuel Escobar Torres) in order to provide
some illustrative examples to those less familiar with mining and metal production. Boliden
presented details on a copper mining site (Aitik), and included information on downstream smelter
operations and recycling plants run by Boliden (Ronnskar). The presentation given by Cobre las
Cruces focused on a copper mining and solvent-extraction/electro-winning site (Las Cruces), its
geology and operation. Euromines (Johannes Drielsma) presented further background information
on economic issues associated with mining, exploration, metal demand and supply. Each
presentation was followed by a Q&A session.

Day 2 — What’s the problem? Discussions on issues with resource use
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Introduction — opening presentation and overview of workshop input paper

Day two started again with an introduction by Jo Dewulf, Ghent University, who gave an outline of
the presentations and discussions ahead. Then, an overview of the workshop paper “Metal and
Mineral Resources in LCIA: What's the problem?” was provided, during which the criteria for a
discussion about the “problem definition” were suggested (Rita Schulze, Leiden University). The
workshop paper, which had already been distributed to the workshop participants prior to the
workshop, was explained again during the meeting to provide an opportunity for questions and
discussions. The top level of the suggested framework (“perspective on resources”, circled in Figure
1) was suggested as a basis for the discussion during the workshop. The preliminary SUPRIM ideas
on perspectives were explained during the presentation. Distinctive criteria were provided to help
define the different perspectives on resources. For illustration, they were applied to existing
resource management concepts in and beyond the LCA context.

Role of
resources Goal / Scope Problem 1) Perspective on resources

independent of LCA corwventions

Basis for impact 2) Modelling concept

S assessment (qual.)

Data for

Category Equation o )
CF 3) Practical implementation

indicator for CF

1

LCl data 4) Data collection in line w. method

v

Brought in line with LCA modelling corventions

Figure 1: Suggested framework for development and review of LCIA methods on resource use

Stakeholder presentations — feedback on workshop input papers

The presentation was followed by three stakeholder presentations (i.e., project-external workshop
participants), in which the stakeholders provided feedback on the workshop input paper, and
answers to the key questions to be discussed during the workshop: 1) What, in your opinion, are

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 8
Framework Programme for Research and Innovation
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the key issues of concern to be addressed when managing abiotic resources? 2) Can and should
these issues be addressed by life cycle impact assessment methods, or would other tools be better
suited?

The questions were answered by the workshop participants and their stakeholders, i.e. colleagues
from mining & metals companies, members of the Task Force on Natural Resources of the Life
Cycle Initiative hosted by UN Environment, and even family members in one case. In the following,
a short overview of the stakeholder presentations is given.

Stakeholder presentation 1: Gian Andrea Blengini, JRC

Gian Andrea Blengini presented the feedback on the questions on behalf of JRC. In order to provide
a context to the responses provided by him and his colleagues, he also gave an overview of JRC's
activities on critical raw materials (CRMs), and life cycle impact assessment.

JRC publishes a method to assess the criticality of raw materials in a EU context, including cut-off
criteria used to compile a list of CRM. Criticality has two important components: the economic
importance of a material, and its supply risks. The new EU method takes a “non-forward-looking
approach” to the evaluation of criticality i.e., the current economic situation is used as a basis to
evaluate supply risks rather than demand and supply forecasts, which are more uncertain. Both
biotic and abiotic materials are considered, although the majority of materials on the candidate list
for the most recent criticality evaluation were abiotic. The EU criticality indicator takes into account
both primary and secondary material supply, considers possibilities for material substitution, and
accounts for geopolitical factors such as supply concentration, governance, trade restrictions and
import dependency. Environmental sustainability issues are not currently considered in the EU
criticality calculation, but may be considered in future. For details, the recent EU report on critical
raw materials can be consulted (JRC, 2017).

Regarding the life cycle impact assessment of raw materials, JRC’s activities are threefold: First,
they are supporting the development of the Product Environmental Footprint (PEF) scheme.
Secondly, they are currently working on an update of the 2011 guidance document on life cycle
impact assessment categories best suited for use in a European context, which will be released in
early 2018. Third, a separate JRC project is looking into the idea of evaluating the dissipative use of
resources.

For the feedback on the two questions posed in the workshop input paper, inputs from two units
were gathered - the Bio Economy Unit (JRC.D1), which hosts the EU Platform on Life Cycle
Assessment, and the Land Resources Unit (JRC.D3), which focuses on critical raw materials and the
Raw Material Information System. Regarding the first question, two aspects were considered
important to JRC: First, the availability of resources for use by current and future generations was
considered a key issue from an anthropocentric point of view. The secure and sustainable supply
of raw materials to the EU economy is a major concern for EU policymakers currently, both in a re-
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industrialization context, and in the context of the circular economy. Second, issues beyond this
view, concerning the functions of abiotic resources in the natural environment were also
considered important by the JRC colleagues. (The example of phosphorous was given for the latter
issue.)

Regarding the second question, a clear message was given in favour of including natural resources
in LCA. Explicit mention of resources in ISO 14040 (2006) was cited to back up this position.
Furthermore, it was argued that resource use has implications for human wellbeing, which is
traditionally included in life cycle impact assessment — for example when assessing impacts on
human health, which also lie beyond environmental impacts in a strict sense. The JRC currently
believes, though, that elementary flows are not sufficient to inform its preferred perspective on
natural resources.

Stakeholder presentation 2: Thomas Sonderegger, Markus Berger (for the Life Cycle
Initiative hosted by UN Environment)

Markus and Thomas gave an overview of the activities in the Life Cycle Initiative hosted by UN
Environment, Task Force Natural Resources, which is currently aiming towards a consensus for a
life cycle impact assessment method on resource use.

Their answer to the first question on the key issue with resource use again concerned the
(continued) availability of resources for humans for use in the technosphere. Another member’s
answer to this question was similar, but more explicitly related to welfare implications, and the
distribution of benefits from resource use between and amongst different generations (inter- and
intragenerational equity). A third member simply stated that resource availability was to be
maintained in both the technosphere and the environment. Furthermore, a more diverse set of
answers was provided by another member of the Task Force, ranging from impacts from mining
activities on the environment (already covered by other impact assessment methods), a desirable
delay of the resources’ presence in the technosphere, avoiding an increase in supply risk for abiotic
resources, to the avoidance of “quality losses of material stocks in terms of dissipative losses,
dilution, concentration decreases, and entropy generation”. Thomas and Markus suggested that
the latter view was most relevant to LCA.

Regarding the formulation of an explicit goal regarding resource management, the wording of the
goal definition Markus and Thomas presented was close to the key issue specified by the
description of their perspective, (i.e., the continued availability of resources for humans for use in
the technosphere). However, an explicit distinction was made between short- and long term goals,
to emphasize that both timeframes were considered relevant. A global geographical scope and a
comprehensive inclusion of resource types was favoured by the Life Cycle Initiative hosted by UN
Environment in principle (although it was acknowledged that the latter might need some more
detailed discussions).

10
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Markus and Thomas suggested that their views best fit with the Type B perspectives! described in
the discussion paper for the workshop, (humans are the stakeholders, the technosphere is the
system of concern, and both primary and secondary production are considered).

A sub-question related to the barriers associated with resource use and the issue of availability of
resources was answered by giving a diversity of potential barriers, which were all seen as relevant:

e Depletion of geologic stocks that can be mined economically

e Degradation of resource quality in the technosphere

e Dissipative loss of resources (from the technosphere and from the environment)
e Short-term/present supply risks (as addressed by “criticality” methods)

Regarding the second question about the suitability of LCA as a tool to assess resource use, Markus
and Thomas agreed that the issue was relevant to LCA. However, diverging responses were given
regarding the inclusion of different topics into LCIA, which cannot be summarized into a simple
conclusion. The detailed responses are therefore provided in the Annex. The diversity of responses
given by the group is possibly due to the individual group members of the Life Cycle Initiative hosted
by UN Environment each having a concrete life cycle impact assessment method in mind which
they consider most suitable for the assessment of resource use.

Stakeholder presentation 3: Illse Schoeters, Rio Tinto

llse Schoeters presented a summary of perspectives given by different teams in her company. The
views were summarized into different perspectives. A very interesting finding from this exercise
was that the views on the key issues with abiotic resource use were different from different players
in the supply chain. Stakeholders consulted included the industrial analysis team supporting the
company’s decision makers on investments (e.g. types of mines to invest in), the exploration team,
the health and environment team, and lastly, family members who do not have a direct link with
the raw materials supply chain. Their views, summarized into three perspectives, are summarized
below. (More details can be found in the “Day 2” Annex).

Perspective 1 (consumer perspective)

Role of Abiotic Resources: support sustainable development, i.e., ensure the wellbeing of a growing
more urbanised population through infrastructure and technology development. This is done by
ensuring that the supply meets demand for individual minerals and metals.

The perspective on resources includes the definition of the role (definition of stakeholder, system of concern,
production system), but also the goal and scope, and problem definition (see Figure 1, top level). Depending on the
role, the perspectives can be grouped into Type A, B, etc. perspectives. (Type B perspectives share the same “role” of
resources (system of concern — technosphere, stakeholder — humans, production system — primary and secondary)).

11
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Perspective 2 (industry perspective)

Role of Abiotic Resources: support sustainable development, in this case, interpreted as securing
reliable and undistorted access to abiotic raw materials in the next 5, or 50 years.

Perspective 3 (concern for future generations and the environment)

Role of Abiotic Resources: support sustainable development, in this case, interpreted as ensuring
minimum extraction (primary production) in order to preserve abiotic resources for future
generations, and to protect the environment. (Here, two different motivations are included in one
perspective, and both given as a reason to minimize extraction of primary resources). Contrary to
Perspectives 1 and 2, Perspective 3 focuses on primary production only. However, in conclusion,
an overall preference for Type B perspectives was highlighted, based on the presented views
(stakeholder humans, primary and secondary production, system of concern: technosphere).

Moderated discussion - convergence or consensus on perspectives on resource use

The presentations were followed by a two-hour discussion of the views and perspectives of the
workshop participants, moderated by Ester de Voet (Leiden University) and Andrea Russell-Vaccari
(International Copper Association). The moderation focused on the two questions that had already
been introduced in the workshop input paper:

1. What, in your opinion, are the key issues of concern to be addressed when managing
abiotic resources (minerals, metals, natural stone)?

2. Can and should these issues be addressed by life cycle impact assessment methods, or
would other tools be better suited?

The discussion started with a very open question: all workshop participants were asked to
formulate their own concerns related to resource use in response to Question 1. The idea was that
this question should be answered independent of any pre-defined perspectives, views on existing
LCA methods, feasibility of addressing the issues in LCIA, etc. Participants recorded their views on
post-it notes, and generally, more than one perspective was recorded per person. The moderators
then ordered the thoughts on a whiteboard by common topics in order to identify themes of
concern to the participants to be addressed in more detail in sub-group discussions. Ten themes
were identified by the moderators. They included

e availability and access
e sociopolitical risks
e economic issues

e resource quality aspects

e policy

12
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e depletion
e environmental issues
e use/function
e knowledge and information
e other

To identify the themes most relevant for the discussion, the participants were asked to place
some “voting stickers” onto the whiteboard. The stickers were coloured and represented three
possible votes for each theme: already in LCA (blue stickers), should not be in LCA (red stickers),
is not yet in LCA but should be (yellow stickers) (Figure 2).

Figure 2: Voting on topics for discussion with coloured stickers

The list was narrowed down to three themes to be covered during the group discussions:
availability and access, depletion, and resource quality aspects. This was broadly based on the
number of people who thought a topic was not currently covered in LCA, but should be (i.e.,
the number of yellow stickers assigned to one topic). However, the topic “knowledge and
information” was not selected for the group discussions since it was considered more of a meta
issue relevant to different perspectives, although it nevertheless warrants further discussions.
The topic “depletion” was chosen instead, due to its high relevance in current discussions
around life cycle impact assessment.

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 1 3
Framework Programme for Research and Innovation
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Participants were then split into three groups and asked to reflect on these themes during the
group discussion, and to use the evaluation scheme provided in the workshop report to
attempt the formulation of a common perspective within each group (Figure 3).

Figure 3: Suggested criteria for the discussion on perspectives

What are we
concerned with —
resources in nature, or
in the technosphere?
system of concern

«  Who is interested in/
benefits from the
resources?
stakeholder

Do we consider
primary or secondary
production, or both?
production system

Furthermore, an initial list of five perspectives identified in the workshop report was given as an

Can you formulate a specific
resource management goal?

What is the relevant scope
associated with this goal?
— lime perspective
— geographical scope
— scope of resource
lypes (elements,

minerals, natural materials
)
Which value perspective is
relevant to your goal
(intrinsic or instrumental
value)

input to the workshop participants (Figure 4).

This activity has received funding from the European Institute of Innovation and

- Technology (EIT), a body of the European Union, under the Horizon 2020, the EU
Framework Programme for Research and Innovation

14

PROBLEM-
DEFINITION(S)

Can you name the
specific changes/
interventions
which prevent us
from reaching the
goal you
specified?

Are those
changes related to
stocks or flows
of resources, to
the availability/
accessibility, or
certain properties
of resources?
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Role of resources - applying the criteria

e.g. depletion

[

A. abiotic resources are valued by humans for their functions used (by
humans) in the technosphere,

B. abiotic resources are valued by humans for their functions used (by
humans) in the technosphere,

C. abiotic resources are valued by humans for their in-situ functions in the
environment, e

D. abiotic resources are valued by humans for their functions in the
technosphere and their in-situ functions in the environment considered

useful to humans, Combined
view

E. abiotic resources are valued for their own sake in the environment,

regardless of their usefulness in nature or technosphere,
Intrinsic
value

Figure 4: Initial list of perspectives provided as an input at the workshop

Outcome from the group discussions

The overall picture given at the beginning as a result of the “brainstorm session” (i.e. the very open
guestion about peoples’ views on the key issues with resource use) provided some very diverse
answers from individuals. After some time for discussion, each group presented the outcome of
their discussion. The focus of the group discussions varied, but participants all agreed that one of
the pre-defined perspective types (Type B perspectives) should be given priority for further
analysis, i.e., the Type B perspectives were identified as the perspectives of most common interest
to the stakeholders represented at the workshop. Due to a lack of time, fully elaborated goals and
problem definitions could not be agreed upon during the workshop.

Relevant insights from the discussions to be taken up for
further development after the workshop

The inputs from the project-external stakeholders who attended the workshop, and the outcomes
of the group discussions were valuable and will be reviewed in more detail and used as a basis for

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 15
Framework Programme for Research and Innovation
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further development of the research conducted in the SUPRIM project. An initial summary of points
for further discussion is provided below. In addition, Type B perspectives, which seemed of most
interest to the participants of the workshop, will be discussed and interpreted in more detail.
Besides the input given during the workshop, answers were received from other stakeholders who
were unable to attend the workshop in person. Those will also be evaluated in preparation of the
next SUPRIM WP 2 internal workshop. Besides the input regarding the stakeholder views, the
framework and criteria may be further refined, based on the feedback and reactions received
during the workshop.

One criterion used as part of the evaluation framework which may be discussed for refinement is
the criterion “stakeholder”, which forms part of the definition of the role of resources, since the
option to define “humans” as the stakeholder seemed to be very uniformly accepted amongst all
workshop participants and their stakeholders, despite the different views on resources. Neither
nature nor the resources themselves seemed to play a role in any of the views adopted or
presented by the workshop participants. This confirmed the findings from an initial literature
review conducted on existing resource management concepts and life cycle impact assessment
methods on resource use, which had illustrated that the intrinsic value of resources did not play a
role in any of the analyzed methods or concepts?.

The presentation by llse Schoeters gave some interesting insights on how the views on resource
management differed depending on the role of “humans” in the supply chain and again supported
some initial findings of a review on different resource management concepts and their implications
for different supply chain players. Differences could be observed between the perspectives of the
industries supplying the raw material for further processing, the downstream industries relying on
the materials as inputs, and the consumers.

The criterion “scope of resources”, which is part of the goal definition, was discussed in one of the
sub-groups. This criterion asks whether the stakeholder’s concern about resources focusses on the
management of elements, minerals or natural materials. This criterion was welcomed/ supported
by one of the stakeholders as a very valuable one which had largely been missing from previous
discussions, and deserved more detailed attention. It is key in clarifying both the goal of resource
management and the problem definition. Within the subgroup (and with the limited time for
finding a consensus on a common perspective), this question was answered by stating that the
answer depended on whether the original composition of the natural material was relevant in the
final product (e.g. natural diamonds, granite kitchen tops, natural stone used as building material,
etc.) or a specific element was required in the final product, typically extracted from the original
natural material, and used e.g. in an alloy required in the final product. Some discussions followed

2 The intrinsic value of a resource as defined here is a value assigned to the resource entirely for its own sake, and
independent of any actual or potential function of the resource in nature or technosphere, independent of human
interest, human appreciation, current or potential future use of the resource (see Justus et al., (2009)).

16
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on the quality of secondary raw materials, direct and indirect recycling (recycling of materials vs.
re-extraction of elements from secondary sources). This criterion is also highly relevant for any
discussions on dissipation.

Overall, most of the insights gained from the workshop related to stakeholders’ views, rather than
particular choices of criteria for the formulation of perspectives. Many stakeholders showed
interest in resource availability, but over different timeframes. This was an interesting outcome
since the intended focus of current LCIA methods addressing abiotic resource use is mainly mid- or
long term availability (though often the results do not achieve that focus due to inappropriate use
of data). A notable exception is the development of new methods which aim to integrate criticality
into life cycle impact assessment. There, a shorter time perspective is taken.

Another very interesting discussion related to the stakeholder question dealt with the goal
definition, with no clear-cut preference even if the stakeholders’ concerns focus mainly around the
Type B perspectives. The challenge was to translate the concerns regarding availability or
accessibility into a more specific goal. The key question discussed was whether a goal should be
formulated to avoid supply shortages by ensuring supply always meets demand for individual
elements / raw materials, or whether the goal should include the option to reduce the demand for
certain resources, whilst still meeting the demands in terms of the functions, or final commodities
of interest to end-consumers (thereby still ensuring a balanced demand/ supply ratio). The first
option reflects more a short-term, economic perspective (of industries requiring resources as input
materials for processing), and might rather focus on a certain economic area or material supply
chain — or even a specific manufacturer. The narrower the geographical / supply chain focus and
the shorter the time focus, the more likely it is that the goal would strictly refer to fulfilling the
demand for specific resources. The second option is more related to societal demand for resource
functions (consumer perspective) and allows for material substitution, or even the fulfillment of
functions with more or less input of commodities (e.g. through lifetime extension of products,
product service systems etc.). There, the information on the demand for individual functions
cannot be quantified with certainty and coupling of functions with different combinations of
resources is difficult. Other ways to specify more open goals within Type B perspectives can be
thought of e.g., related to the preservation of a certain state, such as to maintain stocks and/or
flows of resources as far as possible to preserve or maximize their value to humans in the
technosphere.

One main take-away from the workshop seemed to be that whilst most stakeholder issues &
concerns appeared to line up with Type B perspectives, a variety of possible goals (and problem
definitions) falls under Type B — each requiring careful scoping in order for a particular LCA to be
internally consistent. There appeared to be a clear focus around ensuring supply can meet demand
in the technosphere generally. However, it was left open how this balance should ideally be
achieved, i.e. whether it should ideally be addressed at the demand or supply level. Furthermore,
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there was not one unified consensus regarding the level of the supply chain at which this should
be achieved; i.e. whether demand and supply should be balanced at an element, material, final
product or functional level. Different needs were quickly identified and related to short-, mid- or
long-term demand for particular functions and how to reliably link each of those to supply of
different resources. In some cases it would appear to be most relevant to assess demand & supply
for individual elements, for others it would appear more relevant to assess demand & supply for
particular minerals or materials meeting minimum quality criteria. Those quality criteria may differ
depending on the source of the mineral or material (e.g., primary extraction versus secondary
processing, but equally extraction of one ore type versus extraction of another). The terms
“availability” and “accessibility” are frequently used in the context of resource stocks for use in the
technosphere. These will be further and more precisely defined.

The next challenge for SUPRIM is to identify and agree upon

e a workable range of Type B perspectives that clearly define the role of resources
e agoal and problem definition for each Type B perspective

Ultimately, an LCIA method will be developed that reflects the agreed-upon Type B perspectives.

) 18
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Annex 1 - Slides from Day 1

SUPRIM

DECEMBER 7 2017

Coordinator: Prof. Jo Dewulf, Ghent University, Belgium

—_—

UNIVERSITEIT
GENT

WORKSHOP LEIDEN

Background: what drives our society?
Raw Materials:

Exemplified by the EU “Raw Materials Initiative”:

*Non-energy, non-agricultural raw materials

-Connecting EU external and internal policies
(eit
«Integrated strategy (3 pillars)

*Launched in 2008, consolidated in 2011 Foster

sustainable supply
from European
sources

Ensure
level playing field

«Aim: securing sustainable supply of raw materials in access to resource

in third countries

RawlViaterials

Connecting matters

activity has received funding from the European Institute of Innovation and
nology (EIT), a body of the European Union, under the Horizon 2020, the EU 19
nework

work Programme for Research and Innovation
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Background: what drives our society?

Sustainability concerns

What is behind our consumer products?

- Are product supply chains inducing social impacts?

- Are product supply chains impacting the ecosystem quality?
- Are product supply chains depleting resources?

— Societal request to quantify sustainability

UNIVERSITEIT
GENT

The product sustainability

Life cycle thinking:
assessment toolbox today:

Life cycle thinking (LCT)

Life cycle
it .
S Life cycle assessment (LCA):
EC Communication on Integrated Product Policy (COM (2003) 302)
“Life Cycle Assessments provide the best framework for assessing

the potential environmental impacts of products currently available”

European Platform for LCA
(EPLCA)
Policy level: - JRc

[EUROPEAN COMMISSION

LCA covers multiple potential environmental sustainability impacts of products:
- Some impacts are well understood, modeled and quantified. E.g. Global warming
- Some impacts are less well understood, modeled and quantified. E.g. Resource ‘depletion’

Institute of Innovation and
r the Horizon 2020, the EU 20
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SUPRIM
FOCUS ON RESOURCES:

Agreement on the LCl dataset based on
problem definition case studies and Bring the service to
and developmentof | — validation of the . a broader audience
an LCIA method LCIA method ‘

—
JIILY
UNIVERSITEIT
GENT 5

PROJECT CONSORTIUM:

@ RawlViaterials
'‘BOLIDEN

UNIVERSITY
OF TECHNOLOGY

‘a A tecnalia ) s

euromines

Cobre Las Cruces, S.A.

—
IR
UM VERSITEIT Bringing LCA and raw materials specialists together: 1st time ! .
This activity has received funding from the European Institute of Innovation and
- Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 2 1
Framework Programme for Research and Innovation
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AGENDA OF TODAY:

As we have brought stakeholders together with different backgrounds:

- Need to understand what LCA is for raw materials experts
Presentation by Jeroen Guinée

- Need to understand how the raw materials sector works for LCA experts
Presentation by the raw materials sector

Better understanding can continue at dinner ...

—_

i}
UNIVERSITEIT
GENT

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU
Framework Programme for Research and Innovation
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Introduction to LCA

P e
- Universiteit I
- Leiden GHENT
The Netherlands UNIVERSITY

Discover tha world at Leiden University

Content

* LCAin a nutshell; LCA in one slide

* Philosophy behind LCA (life cycle thinking; LCT)

* LCA theory
= What isLCA?
= Goal and scope definition
= Inventory analysis
= Impact assessment

= Interpretation

Discover tha world at Leiden University
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Life cycle assessment in a nutshell

Climatechange  Str.ozonedepl. Acidification

7
- -

o M

=

uman toxicty

ha

Ecotoxicity

* Complete picture to map and avoi =
potential problem shifting
> whole life-cycle

o All burdens and impacts

Discover the world at Leiden University

pPoint s

What do you mean .... Zero emission?

Discover the world at Leiden University

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 24

Framework Programme for Research and Innovation
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Recycling plastic (1)

*Recycling is processing used materials (waste) into new
products tc@vent wasiébf potentially useful materials,

Creducethe consumption of fresh raw materials{reduce”
energy usage,@d_uc air pollution (from incineration) and
water pollution (from landfilling) I::;%e_gluci_@he need for
"conventional” waste disposal, andlower'greenhouse gas
emissions as compared to virgin production.

Source: hiip:/ /en.wikipedia.org/wiki/Recyding

Discover tha world at Leiden University

Recycling plastic (2)

e

£
'.‘;1

M‘T- ~ g
r y

T, Fgen 1VA Planse

reduce pollution?

Discover the world at Leiden University

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 25
Framework Programme for Research and Innovation
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Life Cycle Assessment (LCA) »

* Sciepce, not ideology

= isan electrii car indeed better ?

= s rec‘,rclingalwal,.rsagow idea ?

* Systems analysis

= technosphere (‘economy’)

= nature {‘natural environment’)

* Analysis of ‘'externalities’

= starts from the assumptionthatwe need, and already value, the product’s functions/services

= aimsto map the non-accounted ‘externalities’ (air pollution, water pollution, etc.)

Discover tha world at Leiden University

Life Cycle Assessment (LCA)

* It's just one method/tool for assessing environmental impacts
= no ‘supertool’

= onlytool taking product functions/services as starting point of analysis, mapping all upstream and
downstream environmental burdens

* Complete picture: life cycle & all impacts
= avoid problem shifting (trade-offs)

= integral analysis

Discover tha world at Leiden University
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Quantitatively mapping trade-offs to:

* Other life cycle phases (zero emission car)

* Other substances (CFC-free fridge)

* Other countries (export of waste)

* Other environmental impacts (unleaded petrol)

* The future (nuclear power)

Discover tha world at Leiden University

Integral analysis of environmental impacts

+ Whole life-cycle (any where)

* All substances

* All countries {any place)

+ All types of environmental impacts

* Integrated over time {any time)

Discover tha world at Leiden University

an Institute
the Hor
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Discover tha world at Leiden University

There’s no such thing as a free lunch

* Any activity will have a certain environmental impact, direct or indirect

* Think in terms of cause and effect

* Think in terms of life-cycles

Life Cycle Assessment (LCA)

* LCA: science, whole life cycle, all impacts, ' LHe cyclo nasessment framework
guantitative, all substances, all countries, integrated e ™, ' ™
over time, mapping trade-offs oal and scope

definidon -

* Standardized by 150 14040 and 150 14044: only L\_
requirements, no specific method i

* Four phases (iterative): 4 N

Ienviiony = interprotation
= GoalandScope definition R "
= Inventory analysis (or Life Cycle Inventory - LCI) \-—'!,—'/
= Impact Assessment (or Life Cycle impoct Assessment — ' B
LciA) impact -
= Interpretation \ B
F L

Discover tha world at Leiden University

This activi

has received funding from the European Institute of Innovation and
a body of the European Union, under the Horizon 2020, the EU 28
k Programme for Research and Innovation
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Goal and scope definition

* “Phase of life cycle assessment in which the aim of the study, and in relation to that, the
breadth and depth of the study is established”

= no formal 150 definition

* Goal definition

= Goal, application, decision to be supported

* Scope definition
= functional unit

= initial choices (system boundaries, temporal and geographical coverage, impact categories, ..

Discover tha world at Leiden University

Functional unit

* What are you comparing ? Functions & services, not products
= not lamps, but hours of light

= efc.

* Functional unit: a quantified unit supplied by a product system, used as a basis of
comparison inan LCA

= 1000 hours of lightwith an intensity of 1250 lumen of white light

= efc.

Discover tha world at Leiden University
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Inventory analysis (LCI)

* 150 14040: “Phase of life cycle assessment involving the compilation and quantification of
inputs and outputs, for a given product system throughout its life cycle”

Discover tha world at Leiden University

Processes and flows (1)

secondary materials/ “resources”™
steel-
preduction
eletricite- car-
production production
tire- car- ma;::;:;lerrt -
. driving . .
preduction {incl. recycling)
rubber- fual-
preduction production

Discover tha world at Leiden University
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Processes and flows (2)

steel

emissions COy, 0., benzene,
etc

AT AT T

electricity

tires

Discover tha world at Leiden University

car-
production cars

-

Processes

* Processes:
= extraction of oresand fossil fuels
= production of materials and energy carriers
= production of components and products
= use and maintenance of products
= waste processing and recycling of waste

= transport between all lifecycle phases

Discover tha world at Leiden University

Recycling is thus modelled as process
and allits flows (including secondary
materials produced) as part of the
inventory analysis

31




eit ) RawMaterials

Connecting matters

Flows

* Flows:
= products and semi-manufactured goods
= materials and energy
= waste to be processed
= secondary materials
= emissicns

= natural rescurces

Discover tha world at Leiden University

Unit process (data)

Tech nosp h ere/economy system (of which the produet system is a entont)

. |NPUTS L OuUTPUTS
Economic mputs Economic outputs
goods UNIT PROCESS ! —= goods
senvkes 3 PRODUCT SYSTEM —» semvkes
sconomic | products — I produsis * |econam k
Thows : - - ’ ows
SNETY —a —»  ERETTY
waste* (fortreatment) —s —y  wasle [for treatment)
Environment/nature system —e chemisals o ine A
- —s chemlcals to water
ZDltlc rES0UNCEs — —w Cchemicals to the soll
eavironmental DlUC rESOUNCES — —= Rdbknucikes environmental
hterventilons lEnd transform aton - - SOUND Intervenilons
End oCCUp AN —a —s=  Waste meat
Environmental inputs —= casualies
—= 2z

Environmental outputs

“the funcilonal fows of the process

Discover tha world at Leiden University

from the European Institute of Innovation and
ropean Union, under the Horizon 2020, the EU 32
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Unit process data from ecoinvent 2.2

Process = [PI06S] iron ore, 46884 Fe, ot mine [G0), 1505-2000]

Description=.._....

Stage = [542] metals_sxtraction

R4 GLO

meznt datawl 3

Economic inflows Value | Unit

) P
Manufactured Resources gen

(or rawmaterials) ‘K

(_;:.’"OTT: feC‘h.’:OFﬂhe’"E’] ~ E ricity, mediumvolage, production UCTE, at grid] LCTE] 00042 Kih
- \\\ H'* = sel, burnzd in building machine [GLO] Qass M
w2 recultivation, iron mine[GLO] LTOEDE m2
\‘ blasting [RER] Q00071 kg
A mine, iron[&0] EIIE-1T wnit
Economic outflows
irom ore, 4884 F=, ot min=[E.0] 1 kg
Environmentol resources
- __*Tmnsf:m—a'ti:!r\,fml— unknown[resource_land] 21IE0E md
N Eltu.ral M — 4 Desupation, mineral extraction stelresoure_land] 000012 mia
(ﬁ“'om ,“]afi‘_,{,“'e) _\__\__—l'Trans-f:n—atiJr\,t:ri eral extractionsite[resource_land] 21306 m2
T Iron, 46845 in ore, 253 in crude ore, in ground[resoure _ingrownd] Q463 kg
Environmentol emissions
Heat, wast=[air_low popul ation density] 00E1T | M
Particulates, < 2 Suml[air |low population density] 000004d kg
Particulat=s, > 10 umlair_low population density] 00044 kg
Particulates, > 3 Sum, and < 10umair_low population density] Qo3 | kg

Discover tha world at Leiden University

Flow diagram or flow chart

Eoegyw B Faw mateniz]
E 5
Asgillary RND
mzterizl A
maneialF [ [~ Sy o miatesial
A o [
B r’/
==l
] Avsmbhy Enmrgy A
1
]
T
[
Disponal

£ 3amgwas Ssk

Discover tha world at Leiden University

from the European Institute
Ei ean Union,
rch and Innovation
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€ Samgwam Subk

Discover tha world at Leiden University

£ Samgwan Suh

Discover tha world at Leiden University
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£ Sazgwos Su o e ewcar el P
Discover tha world at Leiden University

Example of inventory results: inventory table

Discover the world at
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Inventory analysis summarized

From unit process data To inventory table

3l o[G0, 1566-T000

........... e ]

Discover tha world at Leiden University

Life cycle impact assessment (LCIA)

* 150: “Phase of life cycle assessment aimed at understanding and evaluating the magnitude
and significance of the potential environmental impacts of a product system”

Discover tha world at Leiden University
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From inventory analysis to impact assessment

_E

= 3 [ L -
= = =z = \ i
“-.“‘_, L‘--“‘_‘.-

Discover tha world at Leiden University

Environmental Flow & Impact

* Elementary Flows (150 14040): “material or energy entering the system being studied
that has been drawn from the environment without previous human transformation, or

material or energy leaving the system being studied that is released into the environment
without subsequent human transformation”

* Environmental Impact (ISO 14001): “any change to the environment, whether adverse or
beneficial, wholly or partially resulting from an organization's activities, products or

services”
@]
[I-“lf
o\"o
0]
Envirommental Flows Envirommental Impact
(emissions of CO., (zlobalwarming, ecotoxicity,

cadmium, phosphate, )

Discover tha world at Leiden University

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 37
Framework Programme for Research and Innovation
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From LCI = LCIA: characterisation

* Global Warming (IPCC):

= Global Warming Potential (GWP): measure for Global Warming (Climate Change) in
terms of radiative forcing potental (infra-red absorption) of 1 kg of a chemical
emission relative to 1 kg of CO, ek, ™ed

- .
Example. characterisation factor
5 kg CO; (GWP=1) (CF) o
. O

IPCC cli d
3 kg CH, (GWP = 23) climate mode

1x5+23 x 3 ke COz-equivalent (= Q;—equivalent)

characterisation (or category indicator) result

Discover tha world at Leiden University

Examples of other impact categories

* Global warming * Water dependence

* Acidification * Photochemical oxidant formation

* Eutrophication * Freshwater aguatic ecotoxicity

* Energy use * Terrestrial ecotoxicity

* Biotic resource use * Surface use

* Marine aguatic ecotoxicity * Respiratory impacts from inorganics
* Abiotic depletion * Carcinogenic effects on humans

* Ozone depletion * etc.

* Human toxicity

Discover tha world at Leiden University

unding from the European Instit
he European Union, under the
search and Innovation
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Example of characterization results

=euct catugery
Lo B,

CML 2001 baseline
methods

PEF recommended
methods

Flalbag

Discover tha world at Leiden University

Normalization (optional)

* 150 14040: “calculation of the magnitude of category indicator results to reference
information”

* Reference information {over a given period of time):
= area (e.g., France, Europe, the world)
= person (e.g., a Danish citizen)

= product (e.g., the most frequently used product)

* Understanding the relative magnitude for characterisation results
= providing and communicating information on the relative significance of the indicator results

= preparing for additional procedures

Discover the world-ahheiden University

an Institute
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Calculating normalization values

Normalisation

cl.b.al Em:ssmel‘. Pion, IPCC 2007 e m—

Substance £asno.

1.1 3-trichlomethane ;‘E 145
carbon dicxide ® 1 T
CFC-11 = 4750
CEF x 6130 =
C x 10000 H 207E+i0
e . 737 i 643809 |
CFC-12 ;‘L_ 10500 = | 110E+12 |
Dichlormethane = 85 z sl
Dinitrogen oxide = 258 = | 343E+12
HALOMN-1211 4 482E:08 X 1850 = g 10E+0g
HALON-1301 75-63-8 §26E+D5 = 7140 = 6HIE+0G
HCFC-124 7850 353E+06 X 6oy = 235E+09
HCFC- 00-5 i66E+08 X 7I5 = 121E+14
HCFC-14h #5-68-2 FO09E+07 X 2310 T | 1.18E+11 |
HCFC-22 75456 300E+08 i 1810 = | 5 +11 |
HFC-135 £ —40E+06 X 1500 = II 2 50E+10
HFC-1 x 1430 = 186E#+11 |I
HFC- x 4470 = \ 24E+10 |I
Methane ES 25 = \7 4—E.- 12 .
Methyl Chloride x 13 =

x =

Sulphurhexafinoride

\1 56E+08
_19E 11,
Tetrachlommethane 5 -5
[-X

: non methane VoC WMVOC 7
s I

Example of normalization results

Impact = (CML2001) Product 1 Produc 2| Unit
CML 2001 baseline 3,1Lz-3:12:-r§c1'=f:1 e p—— | EATE1S | 1,14E15
methods CML 2001, resouroms, denimtion of 5 mezrmms 510 388614 | 3,38E-15

ML 2001, acidification potential, average EuropeanRER] 335615 | 2,18E-15

ML 2001, photoch=mical oxidation fsummer smiagl, high NOx POCP{RER] | 110615 5 .38E-16

ML 2001, dimat changs, G'WP 100a]GLOY] 160614 | 2,18E-15
OML 2001, t=rmestrial ecotmicity, TAETP infinit=[GLO] 30916 | 5.24E-16
ML 2001, freshwater ::|J:'t cemtoxicity, PAETP infinita[GLO] 255613 7.08E-14
ML 2001, stratosp on, ODP s ady stat=]GLO] 250616 | 4.50E-17

OMIL 2001, human toxicty, HTPinfinit=[GLO] T2TE-14 | 5.21E-14 y

Imgact @tegory (FEF} Froduct 1 Product 2 Unit
PEF recommended  smiw cnangsiows o0s L4 | Z17E1S [yamr
mEtthS e@systam qual eshwai=r and terras trial ackdificton 402E-15 205E-15 yaar

ez ystam qual

iy

Ity 2shwatr eootoskdty E5IE-14 ZI1SE-14 yaar
e wstam qualits

iy

iy

2shwatr autrophi=fion L77E-14  ZEJE-15 waar
ianlsing radiatizn Q00E+D0 QO0EDD waar
ez ystam qual arine quiraph kcatkon BABE-15  2,28E-15 yaar
e ystam quallt rrestrial quiraghi= tan 553E-15 152E-15 yaar
@ranogenkeffects 553E-14 1E1E-14 yaar
ignising radiaon 130E-08 waar
on-@ronoganc affecs 153E-15 wyear
ong Lyar dapietion &450E-17 yaar
tochamical azone Saation SETE-1E yaar

ez ystam qual

@5 oratory e facs, Inarganis 1,B5E-15 yaar
and usa QO0E+D0 yaar
min@ral, fssis and ranaeE sE s S,23E-15  4.83E-14 yaar

Discover tha world at Leiden University
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Weighting (optional)

* 150 definition: converting and possibly aggregating indicator results across impact
categories using numerical factors

= based on value-choices

= 150: “weighting shallnot be used for comparative assertions disclosed to the public”

Discover the worldsai-deiden University

Example of weighting results

CuL 2cosbaselne  eap 2001 Product1 Product 2  Unit

weighted index 4,00E-14 1,35E-14 year
PEF nded .
et PEF Product1 Product 2 Unit

weighted index 6,23E-11 6,50E-10 year

Discover tha world at Leiden University
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LCl & LCIA summarized

—cmcE catagey HONL ) et
I o 3 g 7o
T Begen g =Tt
I = azitem SR
= photcchominl cridation Amem 1w | kyciyizecEg
:c_—l'.cc‘-": __} mTyEsy mImesy kg oo
i L) L3208 ATEEOS kguA-DCniz

froPwalc apatcococionoly | LA0SDY AEEESR | kglA-D0Sfz
ramighcismees kpkiee | 2850 AT OC i
LTIRIL LIIEOU glE-D0E s

nornalization (optional)

Buman Toxcty

I Irrpaact catmgary ML TAL)
WAL00L #erra o SaneE, panr /G0
WAL 00L remsuroas, i on 2 atiori S G0
I LI, 3 B, BN R n I
CMALT00L, P o ok on (mrmemer g, High Ao FOCPTARR,
TALTO0L & rane dangs, GAF 100G
I ALT00L kv 2 weecndcly, TATR ol a5
AL 001 Pl A SR T, AR e G
001 e e Sezid 0, O0F iy mvela.d)
I TALZ00L ran medy, T Il G0

weighting (optional)

OviL 2001 Product 1 Product2 Unit
walghed Indaw | £00E-14  13ISE-14 Wear

g =T 2 S ] 1t s

Discover tha world at Leiden University

Interpretation

* Conclusions, recommendations, analyses, all related to goal and scope of the research

= detailed analysis of results: where arethe hot spots ? — —
- L ]
* contribution analysis — —
— I
v L
Screree: Honrilomom ctal 3015 FLeS ONE 4003]- o033 . ——
a b — —
12000 1200 — —
T 10000 W . — e
E B4 r ] E oy - [ L] I -
H [ » .
[ Bl ';‘ E B0 | . . . .
¥ a0 g w0 b = =
g " . .
;.-': 2000 1 L |
o* - . a L
Sl tarrrg Lavge thms. Smad - Larga

= uncertainty analysis etc.

ovar tha werld at

This activity has received funding from the European Institute of Innovation and
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QUESTIONS
“

Discover the world at Leiden University

This activity has received funding from the European Institute of Innovation and
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Copper
From mineral in the Mine to metal
from the Smelter

Mats Lindblom, Boliden Mines
Date: 2017-12-07
Leiden university

This is Boliden

Integrated company with mines and smelters

AT & WEEVITES
=  Core competence in exploration, mining,
smelting and metals recycling.
DOLIOHN ARLA &
RONNEEAR
=  The Mines produce concentrates. OWROLA
EYLYLAHTI &
=  The zmelters produce copper, zinc, FARLLGTA
lead, silver and gold and chemicalz -
such as H.50,, S0., CuS0, etc. copa - )
=  Some 5 500 employees
BERGSOE
® MINES
SMELTERS TR
HEADGLUARTER
F3 By 2017 & 20T Boditan Sroun EDLIDEH
This activity has received funding from the European Institute of Innovation and
- Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 44
Framework Programme for Research and Innovation
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But first something about Exploration...

‘BOLIDEN

Exploration at Boliden

Identify new minable deposits

Prolonging production life of mines
Exploration close to our mines is prioritised
Upgrade depositsfrom resources to reserves

4 Meay2017 © 2017 Boitsen Growp BDLIDEN

This acti

d funding from the European Institute of Innovation and
European Union, under the Horizon 2020, the EU 45
search and Innovation
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@
el Aloas = —-—-—J——V_x‘l_"':"':l_‘_v
P el & 1T

How exploration works

Exploration methods:

1. Geophysical surveys
2 Boulderhunting

3. Bedrock mapping

4 Geochemical sampling
5. Diamond drilling

& Mey2017 © 2017 Solgen Group

{BOLIDEN

Exploration — Diamond Drilling

prove the mineralisation.

It is needed to take samples in orderto
evaluate, to verify models and finally to

‘BOLIDEN

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 46
Framework Programme for Research and Innovation
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3D modeling and Ore Calculation

Twcen Sogiorsen

BOLIDEN

20080408

From Explorationto Mine

Statistically, only one object out of 10000 will become a mine. Evaluation
is made after each project phase.

Geslisgink potential 1-15 bf

Upealags Ubvardering  Testning

Y M a5
crelden  orvhden
10 200 1003
Antal crvkdan sl Vsl

Miraraltiighngar 2-10 b Waneairaiin 1-5 &

Avgransneng  lodstudie Forstudie  Fomeojeid  Beslil
¢ T oM gV
agirgar

The objective is always to discoverand develop mines.

BOLIDEN
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For copper it begins in Aitik Q

Aitik
+ One ofthe world's most productive open-pitcopper mine
Copper, gold and silver
Largevolumes, rational methods and high degree of automation
Milled tonnage: 36,051 ktonnes
Operating profit: SEK 222 m
Employees: approx. 700

o Myt 2017 SoenGroun ‘BOLIDEN

Aitik, Mine and Mill

"The Mine"

oy === -y

"The Mill"

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 48
Framework Programme for Research and Innovation
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Miningis Energy
Intense

t el o

" Electric powerto the concentrator

Aitik
10 km: from settling dam
to open pit

City of Stockholm
9 km: from eastto west

‘BOLIDEN

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 49
Framework Programme for Research and Innovation
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Boliden Aitik Mine open pit (May 2014)

Bore hole diameter is
300mm

* Depth: 5-10 m

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 50
Framework Programme for Research and Innovation
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Blasting

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 5 1
Framework Programme for Research and Innovation
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Excavator

* Diesel
consumption:
4 m3 per day.

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 52

Framework Programme for Research and Innovation
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Aitik Mill Concentrator

-y

BES
Crushed ore
How concentrators work
Grinding
+ Crushedore arrives at concentrator
+ The oreis groundto sand and The metal i
concentratedin the concentrator by saparated from
1) Grinding the ora by ficotion
2) Separation of the metalfromthe are Dewataring
by flotation and filtgring
2) Dewatering andfiltering
« Metal concentrates are shippedto
smelters :T:m
+ Sandis depositedintailings ponds
Y
20 May 2317 & 20T Sl Group EBD”DE"

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 5 3
Framework Programme for Research and Innovation
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Inside the concentrator

Flotation

LT
ok LU

Milling, 2 parallell lines, each 25 MWe

i
y ol

Flotation uses adsorption technique to
concentratethe metzaland toseparstethe

Crushed orz ismilled toa particle size =< 500um Vaalue mineralfrom the tailings (zwaste).

Finally the concentrate is transported to the smelter in
Skellefteahamn

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 54
Framework Programme for Research and Innovation
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Waste rock

Approx. 50000 tons of ore is
extracted every day.

The same amount of waste rock is
also minedin orderto accessthe
Ore.

Waste rock does not contain
enough valuable metals for being
econimically bearable to extract.

N
&
%

= Covers 12 km? (1200 hectares).

‘BOLIDEN
W

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 55
Framework Programme for Research and Innovation
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CO, Aitik (Mine and Mill)

Direct and indirect Emissions of CO2

FOSSIL CO2 SOURCE LINIT AITIK MILL  AITIK MINE

zzealne - -
fom O02 =

piesal — 151 76259
Eapishes - -
i hon CO2 =

(Sum Direct Energy use ton CO2 153 76 639
ndirect CO2 emissions® ton CO2 8 S M9

“ Purcnased electrichy= and nest
“}12 g COZMAN of alectric power I Sweden

Water emissions 2015

= Nitrogen saltemissions (as N): 50480 kg

= Metal emissions® 307 kg (plus 376 kg Sh)

*| As Cu+Pb+Zn+ Hgt+ Cd+ Ni+As
Sb:376 kgt Since 2016Antimon [5b) isincuded in metal emissions summary.

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 56

Framework Programme for Research and Innovation
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Data to berecalculated to kKWhH/ ton Cu

Summary of energy use in Aitik

ENERGY CATEGORY NI AITIH MILL AITIK MINE AITIIJ
[Direct Energy wse MR B2 N 515 312 141
Purcnzsed skeorily M 535 752 T4 M T62 391
Furchzsed nest MiVh 2441 2200 4 641
ey data Aitik UNIT Al MILL Ak MBE Torsl Ak
[Gasoline / ton Cu it Cu 0.4 0.4 0.4
D=2l fton Cu it Cu 23 16874 16707
Explosives ton Cu Liton Cu - 0,387 0, {060
kKWhitoin Cu
Emissions T Toeal Azk -;nmmnmn
-=missions to recipient g EDdad 0,751
=tsl emissions t recipient g 306,79 P
Eb to recipient ) 757 0,008
This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 57

Framework Programme for Research and Innovation
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Ronnskar

+ One ofthe world's largest electronicrecycling units

+ Copper, gold, silver, lead, sulphuric acid andzinc
clinker

+ Production— copper: 207 ktonnes
« Operating profit: SEK 852 m
+ Employees: 775

W Mey 2017 © 2017 Bolsen Groud EBDUDEN

Smelter process Rénnskar

A .

) o
Secomdary
materisis Oryer " "\ L Suipnur plant H:30:
- Smetter oven . i Precious metaisy, Gola, Siver
- Conwerter unit plant e Seacon
Sowstes o % Pa, Pt —shudge

Coconcentrate Ml Flasn I g cusoy
~e Drrer oren ‘% / Anoce Sactronysis NSOz
- ¥ / casting plant

Waste fr electronics — pient Ges fow
- —_—
e CoDDRT
N
‘d ~————w  stresm
- g ——— G —@P—
Lead stream
concentrate
Kaigo plant Lasg
refinery
This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 58
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Block flow diagram for Aitik concentrate path through Ronnskar

—= smelter
S crchury o
0z
200000 tan —~n i
—_— . Ao
In Peccouing
Scandiey TackaE a7 B omE
173000 £ 00w l Tran mnd Femzoaa —P: “'-“_
—-L TS =caly = =
[ Ty —— [
s LT T P,
ey 1
o i "z 1
sSE= w1z - w1E mmde L 1 23s0m een
_— | . e e T T .
sl | &=
1
1 +cumos,
| smmos
1
1
1
1
Fe——m e [
|
|
1
i_ g il
| I
i
[ Sulphr oeios
Frotey
- —I" IELID mme
- w22 b e

Total Cu
production (100%)

Aitik share of Cu
production:

Ronnskdr Energy consumption Cu -part

206 059 ton 100%

67259 ton 32,6%

Ihitik share of Cu production

El Power Fuel ail LPG Steam
MWh,ton
MWh/ton Cu MWhjton Cu Cu MWh/ton Cu
1,488 0,345 0,018 3,001
Gt Cu GlftCu  Glftcu Gljt Cu
5,353 1,242 0,064 10,203

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 59
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Ronnskar Smelter Emissions to Air and Water
Aitik’s share

Component Air emissions Water Emissions
(kg) L]

Metals [85,Cd, Cu, Hg, 3240 739
i, Ph, Zn}

N-components [zs N} 26030 =
02 081 180 =
CO2 [fossile crigin} 91 920 400

F 12400
N B5519

Electric Power consumption

1000
100000

LR

|APWH]

B0

s

]

]

N ‘IIIII'...I---
s o P "'*;“f’?g
\ﬂ*fi#‘ "\"’"‘ J‘f,\‘:‘i‘f :_:_,c!“ 1.':‘7'\ ".‘*J:\‘\r'ofr Q':’ L‘}é‘t‘&j “\‘—“.f

* &

n
.

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 60
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Energy consumptionin Boliden Mines 2015

98% of the energy consumedis electric power and diesel fuel.

S EL Powar T2% (1330 GWh)
= Diemel 26 (477 GWWR)

= Gas 0.9% {16 GWh)

uOE 0% DGRy

Doistr. Heat 0.3% (3GWh)

‘BOLIDEN

Our business model
— part of a circular economy

We take responsibility for the
entire value chain—from
exploration and miningto
production and recycling of
metals.

41 May 2017 £ 2017 Eolihan Groun :EDUDEH

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 6 1
Framework Programme for Research and Innovation
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Thank You!

‘BOLIDEN
—

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 62

Framework Programme for Research and Innovation



eit ) RawMaterials

Connecting matters

@ Las Cruces Deposit Overview

FIRST QUANTUM

Reserves (as of end of 2016):

5.9 Mt @ 5.01% Cu

75.6 ppm Ag, 3.32% Pb) |

| - Primary Massive Suiphidesand

g Stockwork i

| (36.0Mt@1.11% Cu,2.7% Zn, |

[ 1.25% Pb, 30 ppmAg) |

| |
“VMS type deposit.

r————r—-—._zﬁ
«Ore Mineralization: Secondary Sulphides
from Supergene Enrichment.
«Covered by Tertiary materials (Miocene).

s ; 3
Y Geographical Location
FIRST QUANTUM
Metallogenic
Province.
More than 250
discovered sulfides
deposits (giants
included).
C Faro Atlanté — —
Xeano . thntxo < -
y Being minedfrom
re-romans stages
§ Oceanic Sedmentary Sequence P
Post-Paleazoic Coverage | | Cum Growp | Pt de Lodo) (>4.500 years)

{3{? Infrusive rocks @ Wolcancaadermntary compiex .O:Mib: SOqUence

[ | Sandstors, Ste, kmesine [ | pa Group

' (Upper Dovonian) —

This activity has received funding from the European Institute of Innovation and
- Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 63
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@

FIRST QUANTUM

HImEEALY LR

Las Cruces Timeline

=Exploration commences 1992
~Depaosit discovered 15904
~Feasibility study & EIA 1996-2000

~Fermit, land acquisition, funding 2001-2005

=INMET 70% acquisition 2005
~Construction 006-2008
=Initial Production June 2009
=INMET 100% acquisition Now 2010

FQM 100% acquisition Mar 2013

‘@ cal Profile

FIRST QUANTUM

EiEEEALL LAE

Muarls and glauconis sands | 1 40m)

Tartiary

Sanch snd calcandut congiomanite (B

Rbydin (>4 50m). localy developed

Shales wit sitin bands [ M0m] Ei
L Gossan (~20m)
' Secorsdary copper (enrichod sulshicdes)
=50
Tuffs - scwd B rrlermeduls
S800ndary CODDEr [#vichad malmcks|
- s Primary Zn
4 =50
Maswvg sulphados {30-130m) Primary Cu
Ehalet Stesskwerk (=100}
Tulfs and shabes [>200m)
This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 64
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FIRST QUANTUM

@ Geological Model

SECONDARY !
MASSIVE SULPHIDE 4

e
T~STOCKWORK

FIRST

oz

100 7

200 7

@ Geological Cross Section

QUANTUM
N TFETIO0OE s
- - q.-c.o...“““b- > . - - ..
\ \
‘ ! l
! l
) \ 3 \
{ \ | &
\ } | &
{ b W S &
{ -
s
e
4154500 N 4154800N

from the European Ir
opean Union, under t
rch and Innovation

65




eit ) RawMaterials

Connecting matters

@ Water Management

FIRST QUALTIUM
Water Management
Reinjection — Drainage System (SDR)
Reinjecticn Drainams i o
el } el Water treaument Plant o, © EET =

In Pit Dirainame
Wiell

[0 Mards Pushbacks [ Acuifer [sandstone)

Maris Paleczoic materials

@ Hydrometallurgical Plant

FIRST QUANTUM

Hydrometallurgical Plant

«Atmospheric leach of secondary Cu minerals
«Annual production capacity > 72,000t of Cu cathode
*Cathode quality +95% of cathode > 99.999% Cu

*Expected mine life > 2022

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 66
Framework Programme for Research and Innovation
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@ Environmental Management

FIRST QUANTUM

Tailings facilities

+80% pyrite composition > Dry residue

@ Environmental Management

FIRST QUANTUM

1 DUMP: ALTERNATIVE INSTALLATION OF DRY ENCAPSULSTION OF WASTE ]
_—‘—ﬁ —

Cosing exheusted calis Active cell of waste rock Impermesbie geomembrane

CLCIMAGE, NORTH DUMP. INSTALATION OF WASTE 2017

Lay out of Environmental Rehabilitation Plan
Las Cruces Project

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 67
Framework Programme for Research and Innovation
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euromines

When is rock a naturalr
Economics of the mi

OUTLINE euronén‘es

Health Warning: no single minerals economy — all variations exist

Fecommended References

Minerals Demand

= Minerals Supply

Conclusions

Buropacn Assodofon of Mning Indusrias, Malol O B indhusiriol Adnarck Wit RO TING 5.0 '

Technology (EIT), a body of the European Union, under the Horizon 2020, the EU

- This activity has received funding from the European Institute of Innovation and 6 8
Framework Programme for Research and Innovation
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Crowson P CF (201 1) Economics of the Minerals Industy in SME Mining Engineering
Handbock 3rd Editicn, Peter Dariing (ed), Scciety for Mining, Metallwgy, and
Exploration, Inc. htips-f fanasaesmenet org/store fmining-books cfmy/ S MERINING-
Engineering-Hondbook -Third-Edifion f244-2E

Eurcpean Asscciaticn of Mining Industries, Metal Ores & Industrial Minerals (2011)
Mineral Rescurcesin Lond Use Planning: Why Consider Mineralsin LUP 2 Euromines
http:f fannaeeromines.orgfilesfpublicaticns/mineralrescurces-land-use-

planning. pdf

Humphreys, & {2011) Pricing and Trading in Metals and Mineralsin SME Mining
Engineering Handbook 3rd Editicn, Edited by Peter Darling, Society for Mining,
Metallurgy, and Exploration, Inc. https:f A smenet crgfstore/mining-
bocks.cfm/SME-Mining-Enginesring-Handbock -Third-Edificn f244-2F

Internaticnal Council on Mining & Metals [2008) Resource Endowment Guide. The
Challenge of Mineral Wealth: using rescurce endowments to foster sustainable
dewvelopment. [ICMM it o/ fenaricmm.comfdecument /312

IED {2002) Breaking new ground: thereport of the Mining, Minerak, and Sustainalbe
Dewvelopment Project. Earthscan hitp:/fpubs lied .org FE00F00. Nimi

urepsaon Assocodon of Mning Indusiias, Maizl Ones B inciusincl vinercks SHLACTING S oD .

#

MINERAL DEMA ,{.n@s

Cemand mostly driven by demand for finished products
= Typically most volatie segments of owverall expenditure
= Income elostic: demand more velatile than economic activity
= ‘olatile prices are afact of life: hard for policy toinfluence

In turn, demand responds to relative prices
= Big shiftsin relative prices trigger processtechnology changes
= Chonges in relative prices often drive irreversible substitution
= Technological change is almost impossible to predict/prewvent

Cnce the basics are in place, demand per capita eases
= Emerging economies will not follow the old path that we did

Buropacn Assodofon of AMning Indugias, Malol Ones B inciusiod narok aUrormings.og .

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 69
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Price follo i ém A
Supply foll
Copper price (LME cash settlement, weekly averages)
(=] Thvmriaad mivh el wecd mana proshesion (sl oeemerd | "
PRICES REFLECT SHORT-TERM (ELASTIC) DEMAND -'I'|
b | —
e [ i 'J'II f N LA
il LI
_ iy [ W e
- fA VY ‘||r LT
o [ \ s

e I THEREFORE
- FRICES ARE
VOLATILE
-IUI.' PR IR P T TUER LD 1V 1 a0 NG U MDA A arh MR 0T M X a0 Ky Xng goeh Al

Somre Barw Bhanarish Dot Copyeight SM0 beletaly & Wlining thocinhade, Hi1S

FAV EXCHANGE RATE INFLATION
ACCESS TOINPUTS INPUT PRICES

LOW ENV / SOCIAL RISK COMFPUANCE COSTS
EFFICIENT TRANSPORT NEARBY NATURE
MEARBY MARKETS NEARBY PEOPLE
-+ PROCESSING +/- FREIGHT
+/- PRODUCTIVITY +/- WASTE ROCK

ABUNDANCE DISTRIBUTION
HIGH LONG-TERM DEMAND LOW SHORT-TERM DEMAND

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 70
Framework Programme for Research and Innovation
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BASE OF MINERA )
Increases when

Total Crustal Content = well known Exploration
Undiscovered Resource = unknowakbls / Resull

[e——pr— )

Importance of ‘ euronéh‘gs

16,000
15,000
14,000 The World Copper Facthook 2010
:3-‘”” | World Copper Mine Production, 1900-2009
1:3 (thousand metric tonnes)
m:mn | Source: IC50G
9,000 { il
8000 % r
7,000 Total secondary resource base 1:::'-;-{‘3’?:-& Ef
6:000 1 ~60% of demand in 2010 e
5,000 . 257yrs
2000 maybe less in 2050
3,000 -
2,000
1,000
a
Kﬂﬂ?@ﬂd‘?\n{q’ﬁﬁ{q‘{nﬁq“idp.\q“iﬂﬁgwﬁ’tﬁﬁﬂ‘?\d&xﬁéﬁ@'ﬁ*‘n@\@":‘n@;@tq*@w.ﬁﬁ

O Concentrates W S¥-EW

Source: International Copper Study Group

Europaon Assadodon of Mning Indusias, Maiol On B iInciusinio narok SURMTiIne s g -

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 7 1
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#

curomines

Assumptions,

parameters and ba

Without DEMAND, ores do not exist—only rocks
- When DEMAND shifts, rocks become ores & ores become rocks

SUPPLY requires finding mineable deposits through exploration
- Pciitical change cpens & closes opportunities for minerals explorafion
- Guaranteed property ights that can be legaly enforced are essential

= Efficient SUPPLY depends on neutralsocial and political conditions
- If conditions change, sunk capital cannct be transfered
- Economically sensible asfar as possible to awoidsterilising rescurces

= Resourceszare of little orno value to anyone if left underground
- Infuture, they can be a treasure chest orjust a lost opportunity

European Assodoion of Mning Inchusias. Maiel Ores & indiusnol vMnarck FUNCMINRs.ong .

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 7 2
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5. Annex 2 -Slides from Day 2

SUPRIM

WORKSHOP LEIDEN
DECEMBER 8 2017

Coordinator: Prof. Jo Dewulf, Ghent University, Belgium

e

UNIVERSITEIT
GENT

SUPRIM: PROJECT HISTORY:

Bringing LCA and raw materials specialists together (1st time)
Proposal submitted for EIT Raw Materials KAVA call, approved on 1/9/2016
Start was April 2017, end at end of 2019
Considered as strategically important for the raw materials sector
- will be followed closely by EIT Raw Materials

SUPRIM: PROJECT WORK PACKAGES

- WPO: Feasibility study: SoA and value proposition/business model (UGent)
- WP1: Project management (UGent)

- WP2: Depletion model (Leiden)

- WP3: Data inventory (Lulea)

- WP4: Dissemination (Euromines)

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 73
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LCA: Cause-and-effect chain thinking:

SUPRIM: WP 2

Product production and consumption

o)) !

'S E Exchanges with the environment: resource & emissions

o @ l

2 3

£ = Exchanges result in various mechanisms

gt l

> g Mechanisms result in various impacts at “Midpoint” level

° 2 i

E g Various ‘impacts’ are contributing to impact at “endpoint” level:
g Area’s of Protection or Safeguard objects:

Need for problem
i [ Ecosystem quality] [ Human Health ] [Natural Resources]

definition:

FOCUS OF THIS WORKSHOP:

Agreement on the Cl dataset based on |
roblem definitig case studies and | Bring the service to
and deveropment of validation of the a broader audience
an LCIA method LCIA method |

1. What, in your opinion, are the key issues of concern to be addressed when
managing abiotic resources (minerals, metals, natural stone)?

2. Can and should these issues be addressed by life cycle impact assessment
methods, or would other tools be better suited?

Key elements:
- Focus limited to abiotic resources (minerals, metals, natural stone)
- ‘Agreement’ is important. common understanding of the ‘resource problem’ among:
- Research institutes and academia
_—
L - Industry 4

g?ﬁmmm - Policy makers/public authorities
- International bodies
This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 74
Framework Programme for Research and Innovation
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AGENDA OF TODAY:

Morning:
- Need to understand how the raw materials sector work
for LCA experts: Johannes
- Presentation of discussion paper: Rita
- Comments by institutes on the discussion paper:
- Public authority: EC-JRC: Gian Andrea
- International organisation. UNEP-SETAC: Markus/Thomas
- Industry: Primary Metals: llse

Afternoon: in hands of Andrea and Ester:
- Further discussion of the paper with all participants
- Can we find a common understanding of the problem/on what to be protected?

PROJECT PROPOSAL OBJECTIVES ON RESOURCES:

Agreement on the LCI dataset based on

problem definition case studies and Bring the service to
and development of validation of the a broader audience
an LCIA method LCIA method

v 5 vy

1. Develop a Life Cycle Impact Assessment (LCIA) method to address
resource availability (‘depletion’) in sustainability assessment - [ead to a
consensus regarding the problem definition related to resource availability
(‘depletion’) in life cycle assessment.

2. Develop a Life Cycle Inventory (LCI) dataset through case studies in
collaboration with the industrial partners from the mining sector — to validate
LCIA in the sustainable primary production sector with best quality data available

3. Bring the service to a broader audience — E.g. the mining sector, policy
makers, KIC partners, academic community and LCA community (Development
of business model)

75
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NEXT STEPS:

- Acquiring additional comments on our paper (mainly from industry)

- Processing all insights to define ‘the problem’ with resources:
- Meeting in February with SUPRIM partners
- Second workshop in Spring to conclude ‘the problem’

- Next steps later in 2018:
- Developing a model to characterize the problem
- Testing the model

- Dissemination of the model, mainly 2019

—

UNIVERSITEIT
GENT

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 76
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Metal and Mineral
Resources in LCIA: What’s
the problem?

Rita Schulze, Jeroen Guinée

w w‘.:"*, Department of Industrial Ecology
|: Institute of Environmental Sciences
.: Universiteit Leiden
‘The Netherlands

Ledden Unihversiy. The unhversiy fo disoower

Overview

1. Subject of discussion

= What is the problem with resource use?
2. Suggested framework for discussion

- How do we best discuss this question?

3. Role of LCA in the context of abiotic
resources

- Which ofthose problems are relevant to
LCA?

Ledden Unihversiy. The unhversiy fo disoover

has received funding from the European Institute of Innovation and
EIT), a body of the European Union, under the Horizon 2020, the EU 77
rogramme for Research and Innovation
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1. Subject of discussion

key questions for this workshop

* What, in your opinion, are the key issues of concemn to
be addressed when managing abiofic resources
(minerals, metals, natural stone)?

* Can and should these issues be addressed by life cycle
impact assessment methods, or would other tools be
better suited?

1._Sub|sct of discussion - 2 Suggestsd framework for discussion - 3. Rods of LCA In the conteat of ablotic resources

Ledden Unihversiy. The unhversiy fo disoower

1. Subject of discussion

Key issues

+ What exactly are we talking about (role of resources)?
+ What is the goal/ scope?
* What is the problem (impact)?

1. Sub|sct of discussion - 2 Supgpested framework for discussion - 3. Rods of LCA In the conteat of ablotic rasources

Ledden Unhversiy. The unhversiy fo disoover.

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 78
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Different perspectives on
resource use (Dewulf et al, 2015)

- nane e me—

i

——— |

[ —— -

et 4 s f

-

Lawas UsCertanty Higher uscertainty
L il Lrdpoet

1. Subject of discussion - 2 Sugpestsd framework for discussion - 3. Ro# of LCA In the context of ablotic resourcas

Leiden Universty. The universiy fo disoover

Suggested framework

Role of

G I .
rESOUrces Goal / Scope Froblem 1) Perspective on resources

Basis for impact Z) Modelling concept
assessment (qual)

Category Equation Data for - )
indicator for CF %) Practical implementation
LCI data 4) Data collection in line w. method

1. Sublect of discussion - 2 2w ted framewors for discussion — 3 Rode of LCA In the context of ablotic resourcas

Lasdden Unhversly. The unhversty fo disooer

System model
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Which aspects of abiotic resource use are
we concerned with? Role of resources

= ..is defined in relation to__
- Who is
- interested ¥

— the stakeholder interested in/ benefiting from the
resources (humans, nature, or the resource itself]

= Where are the

~ resources valued 7

— system (area)of concern, in which the resources
are valued (nature, technosphere, or both)

| Wnereare
they sourced
from?

— the relevant resource production system (origin)
(primary, or primary and secondary production)
1. Subject of discussion - I Suggestsd framewors for discussion - 3. Rods of LCA In the conteat of ablotic resources

Ledden Unihversiy. The unhversiy fo disoower

Role of resources - applying the criteria

=g deplatin

A.  abiotic rezources are valued by humans for their functicnsused tt:-y
humans} in the technosphere, am

B. abiotic rezources are valued by humans for their functions used (by
humans} in the technosphere,

C. abiotic resources are valued by humans for their in-situ functicns in the
environment, ———

[ abiotic resources are valued by humans for their functionsin the rousanig
technosphere and their in-situ functions in the environment considered o
usefulto humans, T compinen

L

E. abiotic resources are valued for their own sake in the environment,
regardless oftheir usefulnessin nature ortechnosphere, —
Inriresic
i

1. Subject of discussion - 2 Sugossted framewors for discussion - 3. Rods of LCA In the context of ablotic resources

Ledden Unhversly. The unhversiy fo disoover.
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"
Role of resources — possible
L L
combinations
St lder [5ystem of Cono=m Prosda chion sysiem Perspective types,
bezed on wie of
Combingtion | i ienemses? ISylom wllere Thoy mve wnloed Secros fme meadoelion PS50 WS
1 Humn Enwiranmsent Primary o”
H Human [Techino sphers Primary A
2 Hummn Enwiranment B Tedhnasph e Primary -
= Hurms [Tecting sphers Primsry B Second sry B
s Human Erreronment B Tachmo sofene Primary & Sscondan z
7 REsouEE Enwiranmsent Primiary E
E Emsouros [Tz e H
E oo Erraronment & Tadhno sonene r
0 Fi=s0 uros Ervairorment In
E| Resouros [Tk sphere E
12 Resoiuros Ervairorimesnit B Tadhino spiners -
=2 Kb Erveinonment W~
. Natum [Tzt sonene y
i Natum Erraronment B Tachno soiene o~
35 Nt Ervaironment =
17 Natum [Tz e Pimary & Sacondary o
ie Natum Erraronment & Tadhno sonene Primary & Sscondary m
1. Subject of discussion — 2 Zugoested framewors for discussion - 3 Rode of LCA In the conteat of ablotic resourcas

Ledden Unhversly. The unhrersily fo disoover

The perspective (top level)

PROBLEM-
DEFINITICN(S)
e [

- Which aspects o - Formulate a - What prevents
TESOUICES 318 We resourne us from
cancemsed with ? managemeant achizving the

goal’ specify goal?
scops

1. Subjsct of discussion - 2 Supgestsd Tramework for discussion - 3 Aok of LCAIn the contsxt of ablotic resourcas
Ladden Uinhrarsly. The unbversiy fo disooesr
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Definition of goal/ scope

+ goal builds on role of resources, but is more specific.
— Example: Perspective A (What is the goal here?)

» to be defined in scope
— time frame (next 20, 100, 500 years, etc.)
— geographical scope (global, Europe, etc.)

— types of resources assessed (e.g. elements, minerals and/ or
natural stone/ only currently used elements or all...etc.)

* Which value perspective is relevant to the goal? (see
next slide)

1. Subjsct of discussion - 2 Suppested framewors for discussion - 3 Rodes of LCA In the context of ablotic resounces
Ladden Uinhvarsly. The unbvarsiy fo disoovsr.

The perspective (top level)

PROBLEM-
_ DEFINITION([S)

- Which aspects of - Formulate a | - What prevents
IESOUMCES 38 W rEsource us from
concemed with? management achieving the

goal’ specify goal?
soope

1. Subjsct of discussion - 2 Supgestsd Tramework Tor discussion - 3 Rode of LCA Inthe contsxt of ablotic resourcas
Ladgden Uinharslp. The unhrersiy fo disoomesr

This activity has received funding from the European Institute of Innovation and
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Discussions around resource use —
LCA community

20 14042 requesis fhai sssigning =n smisskon or
resourss fo =0 bmipssd csdsgory 15 msde on soksndo
grounds, bui fhe sssignment s reverineless doos large
aadent & valusdsden ofoloe | Bsen 1555

r futurs ues

(“limited rate for replenishmeant”
(Frischknecht2013).

“Therefone, there ane indicstions hat the one gade s of mons
mmediste concem han the abundance of the metal In berms of
mEss “(Swart and Dewal, (2013))

1. Subjsct of discussion - 2 Suppested framewors for discussion - 3 Rodes of LCA In the context of ablotic resounces
Ladden Uinhvarsly. The unbvarsiy fo disoovsr.

Adopting a certain perspective, goal and scope, what is
the problem (impact) related to the use of resources?

* use of resource in product system implies that the resource
Is not available for something else (opportunity cost)

+ temporary or permanent loss (depending on problem
definition)

impact related to resource use less desirable state

current state ‘

How do we define this state??

Ledden Unhversiy. The unheersiy fo discover.

Sulyject of discussion - 2 Sugossted framewors for discussion - 3 Rods of LCA In the context of ablotic resources
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Starting points for the “problem discussion”
The problems could concern. ..

* an absolute loss in availability of the resources. ..
— of potential fcurrently used functions, or the resource itself
— related to physical stocks, defined through

presence In production system (wherne resources are sounced)
presence of useful properies (2.g. exergy, concemtration of target metal In ore)

+ achange in accessibility of the resource

— measured through changes in flow properties — physical or
other

1. Subjsct of discussion - 2 3uggested framewors for discussion - 3. Rods of LCA In the context of ablotic resounces
Leiden Uinhrersiy. The unhrersiy fo disoower.

Summary — Suggested criteria for
discussion on perspectives

PROBLEM-
DEFINITION{S}

v \What are we . * Can youname the

Can vou formulate a specific

: specific changes!

cuncerned_wrth - resource management goal? inFt:'er'.fentiuns g
resources in nature, or What is the relevant scope hich t
in the technosphere? ! i el which prevent us
systam chmfcem associated with this goal? fromreaching the
. P . - i E E i

*  Who i= interested in/ time pers .ectnfe gual'?rflzlud?
benefits fromthe — geographical scope specified:
resources? — scope of resource +  Arethose
stakeholder types (elements, changes related to

. i i stocks or flows
+ Do we consider ."nJ.I:IE'.I'?.rS_. natfursl matenzls

: ofresources, to
rimary or seconda ! i
Eruduré;iun. ar both ?ry *  Which value perspective & the availability’

production system relevant to your goal accessibility, or
(intrinsic or instrumental certain propertiss
value) ofresources?

1. Subjsct of discussion - 2 Supgestsd Tramework for discussion - 3 Aok of LCAIn the contsxt of ablotic resourcas
Ledden Unhversly. The unhrersiy fo disoowsr.
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3.Role of LCA in assessing the impact
of using abiotic resources

What issues are typically of concern in LCA?

*  AoPs: natural environment, human health, and natural resources

+  Alternative categorization (Udo de Haes et al., 1999): natural environment, human health,
natural rezources andthe man-made envirenment

* Dizcuss—which AoP are relevantto SUPRIN?

AoP In Dewull of sl (2016 U= rnadhve SoP
l:l.ldt' s Hass, 186869)
FASTHTAGE ATNIROIETITT

Ao resources valued oy bamans for e Ratural resources (nsTumental provisbning
funcions In the ischmosphens. Fooss & on -]

B Aol resources, valued by bamans for el Blatural resources (par of supply chaln Marrmade anuironment
funcTions In The isohnosphars. pearspacTive)

C ailofic resources ane valsed by Bamans for Matural rescurces (part of global funcions: Biatural ersiroremient
el st fanciions in ihe smvironment, perspecive)

onily

E Matural resources walued for Temsaies in ROt represemedl. Al parspecTses ane Biatural resounces

heir natural snvironment. Foous on concemed with Fuman wellane (stsioshobr =
Framans)

1. Subjsct of discussion - 2. Supgestsd framswork for discussion - 3 Rods of LCA In the context of sbotic resources
Leiden Uinhrersiy. The unhrersiy fo disoower.

Role of LCA in assessing the impact of
using of abiotic resources

Which flows are typically characterized in {env.) LCA?

+ LCI flows from nature to technosphere (primary extraction) for resource
availability! accessibility

* flows fromtechnosphere to nature (emizsions) for impacts concerning human or
environmental health

+  flowsgeneralty repre=ent physical movement of mass (exception: LUC)
*  flows within the technosphere are not currently characterized

How does LCA consider positive and negative impacts?

*  positive impacts which the consumer experiences from owning! using a product or
service are captured by the functional unit

* negative impacts/ externalities (on environment, human health and natural resources)
are captured in (envircnmental) life cycle impact assessment

*  positive impacts dont currently play a role in envirenmental LCL&, but play a role in S-
LCA and LCSA (zeee.g. Udo de Haes et al., 19599, Sala et al. 2013, Neugebauer et
al. 2018}

1. Subjsct of discussion - 2 Suggestsd framework for discussion - 3 Roks of LCA In the contsxt of ablotic resources
Ladden Uinhrarsly. The unbversiy fo disooesr
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The European Commission’s
science and knowledge service

4 - Joint Research Centre

Contribution from
JRC activities on CRMs and LCA

Authors: J1RC Units D1 and D3
Presenter: Gian Andres Blengini (JRC.03)

Workshop Metal and Mineral Resourcesin LCIA:
~ B "What's the problem'?
i SUPRIM workshop
December 87, 2017
Leiden, ML

DG JRC's Vision:

"To play a central role in creating, managing and making sense of
the collective scientific knowledge for better EU policy.”

DG JRC's Mission:

"As the science and knowledge service of the Commission our
mission is to support EU policies with independent evidence
throughout the whole policy cycle.”

This activity has received funding from the European Institute of Innovation and
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Comareeses.

DG JRC Role: facts & figures

Established in Around
1957 3000
Staff

& >1000
a@a E}rgorates g‘ U@ ggltflilcea;ions

‘?/ Locationsin Qg \ 2
- 5 Member Large scale
States facilities

JOINT SESTARCH CINTRE

JRC.D1:
BIO ECONOMY
- EU Platformon LCA

EU SCIENCE WUS

JRC.D3: g
LAND RESOURCES
->RMIS/CRMs
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Questions to the workshops participants:

1.What, in your opinion, are the key issues of
concern to be addressed when managing
abiotic resources? (Q1)

2.Can and should these issues be addressed by
life cyde impact assessment methods, or
would other tools be better suited? (Q2)

Critical Raw Materials

- what are CRMs (Q1)
- role of JRC

- can criticality inform LCA? (Q2)
- can LCA inform criticality? (Q2)

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 89
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Critical Raw Materials (CRMs) for the EU

- Cornerstone in EU RM Policy

= Secure and sustainable supply
i

L

Economic importance

* Importance of raw material per economic sector
& importance of the sectorin the EU economy

- Supply risk

+ Political and economicstahbility

* Level of produdtion concentration
* Potential for substitution ]
* Recycling rate |

European |
Comemission

METHODOLOGY FOR ESTABLIS HIG
THE EU LIST OF
CRITICAL RAW MATERIALS

= bl -

F
® O
e Ll

EU list
of CRMs

JRC’s role ,

Revised methodology
- December 2015

- External Contractor
implemented 2016-2017

Available via
htlps:f;‘ptbicaﬁm.a.mpa.etﬂ

Background Report

- Complements and
expands Guidelines

- Published with
Guidelines in July2017

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU
Framework Programme for Research and Innovation
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furugmar
[ttty

Revised methodology (Approach)

- Ensure highest possible level of comparability with
the 2010 and 2014 lists

- Intense and active dialogue with stakeholders
since an early-stage in the revision

- Non-forward looking approach in the assessment,
i.e. criticality as a "snapshot in time”

- Best quality data / average of last 5 years

Focus on:

Supply Risk

JRC started from
TERP Concept...

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 9 1
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Revised method to calculate the SUPPLY RISK

IR IR
SR = | (HHIw1-as =+ (HH g1 gusorcing (1 ?)l-u EoLgg)  Slse

Bk reduieg Piah g
e (.

[Fomcyciing | [Ecbstitution]

T - Import - — —
- -Trade
-Supply chain
B e A - Substitution
T R

2017 List of Critical Raw Materials
for the EU
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2017 criticality

EU critical raw materials

assessment
[——— P Ey—— Study on the review of the list of
:‘r:'"'-" ;"Z'"“ Szl critical raw materials 2017 [ published
— - [ = har 701
Frp—s = [ in September 30177
Sauxile Road Pzl
Scrlcnilc Urmcalone il e
Seregl 1= celd Hlimmem Wiztal
T o Elvzr
Serze [Seeaizal -~ Tzlz 78 raw materials under evaluation
[= Mzgremis Tarkalo= o R
- Mzgmzm - — {58 individual + 2 grow materials:
sekals metpamia = HREEs, LREEs and PGMs
Colieng ooal Wiy B raar Tl mive= -
Czpmer Mool Groziiz Tomgaz
Tialormile e W e i
mzlzmzar izl Zimz
Ep— ERN. .
Sl ezazezea both BIOTIC and ABIOTIC included
EErEa i et reck
Iridiaem Mz Rimea—m Pl riL—
R ez
ff,:f;-':" EET e dzavy rars s clomarta (4 TRm]
Czria— SimzImL— A
I - e
Mozdp—a— Bzma— ThRedva— Lagend:
[Foncnc ol plea Gatzlime— TRk | Grasn Haterialk coverad in 2014 Dt nat in
Sarnariuem H el Filriuem [— P —
Matora! SolEkes Matoral mmee Orangs ks materisls covenad bn the 2017
P — Satomzl Toak weed [boems = | zgzagsment

2017 list of CRMs

EU critical raw materials for the EU

Commission's Communication on the 2017 list of Critical Raw Materials
for the EU, COM(2017)490, 13 September 2017

2017 CRMs (27)

Antimony Fluorspar LREEs Phosphorus
Baryte Gallium Magnesium Scandium
Beryllium Germanium Natural graphite  Silicon metal
Bismuth Hafrium Matural Rubber Tantalum
Borate Helium Miobium Tungsten
Cobalt HREEs PGM = Vanadium
Coking coal Indium Phosphate rock

*HREEs=h=avy rarz =arth =l=ments, LREEs=light rar= =arth =l=ments, PGMs=platinum group metals

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 93
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2017 list of CRMs
for the EU

EU critical raw materials =

. . Study on tha raview of the list
of critical raw materias 2017

F—
-

Why future generations only?
—=Current generation + short term

Criticality is different for EU, Japan, U5, China...
->Criticality in EU is centered on consumption of EU industry

Primary and Recycled (5RMs) provide the same function
> import of final products considered for SRMs

Large number of candidate RMs (78)
=27 CRMs in 2017
> Large number of Criticality parameters (available for 78 RMs)

Environment / Sustainability not explicitly in the EU list of CRMs
=>LCA not in the EU list of CRMs (but e.g.inU5...7)

Extraction not in the EU list of CRMs
>reserves disregarded?

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 94
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Life cyde impact assessment - updates for

Environmental Footprint
Inthe context of the Environmental

Footprint (EF), DG JRC isupdating by
L - early 2018 the LCIA recommendations

that are based onthe International
Reference LifeCycle Data System | ILCD)
Handbook, amongst othersforthe
impact categories, resource use, water

use, andlanduse.

JLCD nanasoet

The perspective taken on resources has|
a significant impact on the entire:
processandthe outcome.

s e Ly (e m
s = g—
|

FERA TG PO MO MRS
SO A WS
-y p——— gy e te & v
oo
Moo W ok & ssn WL
Perspective 1
— — .
= =
AT At
AT AT DR OV
A -
Rl
CHECNIG NSNS FOR
pan ‘ Sreteot mtmmnan
a——
[ R g
Rt
,¥_‘.-.._”‘ '
- BT T
vt e l
| Snping vewne
L -
Lt o — |
. |
SR ]
Human weifare i
18
Source: Dewulf ot al., ES&T, 2015
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Reasoning on perspectives for the EF

Perspectives 4 and 5 have a clear sodo-economic scope

Perspective 3 would be the most favorable one, because it refers to the
global functions of {abiotic and bictic) natural resources (induding the
provisioning function). Howewver, none of the models curmrently available
for use in LCA is able to fully coverthis perspective.

Perspective 2 is chosen asthe reference one, because it partially covers
the scope of perspedive 3.

Looking at the available methods for covering perspective 2, it became
necesszary to revert in parts to methods between perspective 1 and
perspective 2 (e.g. for biotic resources)

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 9 6
Framework Programme for Research and Innovation
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JRC is further exploring resource assessment in
LCA - from depletion to dissipation - I

Non-tissipative ue

Eoundory ecosphare-technosghare

e
-

JRC is further exploring resource assessment in
LCA - from depletion to dissipation - II

Boundory ecosphere-technosghere

Looking at the interface between nature (litosphere) andtechnosphere is not
enough to identify where dissipation ofresourcestakes place.

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 9 7
Framework Programme for Research and Innovation
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1.What, in your opinion, are the key issues of concern to be
addressed when managing abiotic resources?

* Anthropocentric view: The issue of resources seems linked to
maintaining current and future availability.

* Beyond Anthropocentric view: In some cases, the links to the
health of the natural environment are very close, e.qg. for biotic
resources but also for abiotic “nutrients” like phosphorous

* Need to cover all resources: the links to fossil resources and
biotic resources need to be considered and elaborated from the
start as in real life — e.q. for decision support - you often will
need to look into all resource aspects, not only into minerals
and metals.

- R,

2. Can and should these issué;b_e addressed by life cycle
impact assessment methods, or would other tools be

better suited?

* From a policy perspective: Resource efficiency is a key policy area that
refers toresources invery broad terms (e.g. in COM{2011) 571).

» The Matural Resources Area of Protection (AoP) in LCA has an
anthropocentric approach, and tries to address also aspects of human
wellbeing (in that case availability of resources) but this is within the scope
of LCA and similar to the Human Health AoPF that tries to address other
aspects of human wellbeing (in that case human health).

* To sum up: LCA as a comprehensive assessment method can and should
cover resource aspects, also abiotic ones, to provide a comprehensive

picture.

+ IS0 14040 (2006) states: "LCA considers all attributes or aspedts of natural
environment, human health and resources. By considering all attributes and
aspects within one studyin a cross-media perspedive, potential trade-offs can
be identified and assessed.” (chapter 4.1.7 Comprehensiveness)

e
= G

This activity has received funding from the European Institute of Innovation and
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Thank you!

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU
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Task Force Natural Resources

Overview & Paper Feedback

Background

@ Life Cycle Initiative

annironmEnt

(a)
r-s\ Life Cycle Initiative U N i
@ Flagship activity “Global Guidance for LCIA Indicators” - I —_—

@ Phase 1 (2013-2015):

@ Global warming

# Phase 2 (2016-2018):
@ Crosscutting issues
& Acidification-Eutrophication
& Ecotoxicity
# Human toxicity
@ Ecosystem services

@ Fine particulate matter

& Water use

® |and use

#® Crosscuttingissues

@ Matural resources
[primary, mineral)

Tes = Fasouroes z
This activity has received funding from the European Institute of Innovation and
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Background

BB T T TR T Y T e S R I

@ (Mineral) natural resources are of great relevance for industry, society and
future generations

@ Environmental impacts caused by emissions from mining and refining are
considered in various impact categories (e.g. acidification or ecotoxicity)

Resource user g ’ 4

Environmental impacts

& However, consensus on how the use of resources as such should be considered
in LCIA is currently lacking

Methods to assess resource use in LCA

B B L A TR T TR T R

@ The choice is yours...

FeciPe 00 -
c=m || momsstan ADP feserel | EPs copoais— Cregrace | = | oA
! deceme | | UME/LMEZ | !
s |
oRl H === SCF (Sumies
==} I: L= L=
T 1| mPACT 2002+ | | |
|

|
e I e —— || ADP [uEimae | ME { LIME 2
|

=
(==
=]

@ Different methods are available describing different impact pathways
@ QOften the “wrong method” is used to answer the “right question”

@ Even the understanding of the Area of Protection “Natural Resources”
is controversial

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 101
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Goals
R 2 LTS TR T AETY R R R A T
Overview of existing methods
Discussion of safeguard subjects
Description of impact pathways addressed

Categorize methods

Describe characteristics and key axioms of methods

Analyse and compare methods based on evaluation scheme
Recommend methods

Harmonize terminclogy

Identify research gaps

The Task Force

Tl o L TR T ey T T A ETY AT T e W ™I
# The task force consists of currently 56 members, representing:
& Academia
& Geology
& Mining industry
& OEMs
& Consulting
@ | C| database providers
& Palicy

& Members represent 14 countries around the globe

This activity has received funding from the European Institute of Innovation and
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The Task Force - Structure

e
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Immctire b ety Sy Chmy
- - £ smwmn e i g et
'ﬁq:—dmm_!.hbﬂdﬂuwaﬁd_mwﬂwﬂm g R Mt s 3 M o 1
evaluation scheme, terminclogye Lengummn o et n L grasa

Comments on workshop paper 1.1

e R
@ Whatarethe key issues of concern to be addressed when

managing abiotic resources (minerals, metals, natural stone)?

T Force Matural Resources
This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 103
Framework Programme for Research and Innovation



eit ) RawMaterials

Connecting matters

Comments on workshop paper 1.2

@ In our opinion, the main issue is the availability (in a general sense) of
resources for economic use.

@ “That the streams of benefits from resource use are equally distributed
over the current and future generations (also known as “sustainable
development”)”

@ “Inter-generational equity (i.e., welfare of future generations)
Intra-generational equity (i.e., distribution of welfare within
generations)

Resource accessibility — in both the environment (lithosphere) and
technosphere”

Comments on workshop paper 1.4

Tt B T T oy R T T

@ “Avoid negative ecosystem and health effects during production
(mining, smelting, refining), use and due to dissipative losses.”

“Increase average time until material leaves technosphere.”

“Avoid quality losses of material stocks in terms of dissipative
losses, dilution, concentration decreases, and entropy generation

[.]”

@ “Avoid increasesin criticality of abiotic resources in terms of

supply risk [...].”

This activity has received funding from the European Institute of Innovation and
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Comments on workshop paper 1.6

L T RS TR Ty TR T A ANETY ST e T W 0TI

Which role of resources best represents your views?

Stakeholder System of Concern Production system Perspective types,
based on robe of
Combination |Whe is interested? | System where they are valued Source for production MESOUFCEs
1 Hurman Environment Primary o
2 Human Technosphere Primary Ly
3 Human Environment & Technosphere Primary "
5 Human Technosphere Primary & Secondary 8"
& Emvironment & Technosphere Primary & Secondary G"
7 Environment Primary E"
Comments on workshop paper 1.6
R W - A TR Ty T U ATV T e T R ™I TN

Can you formulate an explicit goal to specify your views, and define the scope
(time horizon, geographical scope, and types of resources) relevant to your views?
& Explicit goals:

® Accessto resources for future generations (for economic use)

®  Availability of materials for presenteconomic use

@ Time horizon:
& |ong-term (future generations)

® Short-term (present use)
@ Geographical scope: global

@ Type of resources: all (?)

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 105
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Comments on workshop paper 1.3

What are the main barriers to achieving this goal/whatis the key
problem with resource use, according to your perspective?

@ |nouropinion, there are differentissues of concern related to the
use of abiotic resources and several of them are relevant:
Depletion of geologic stocks that can be mined economically
Quality degradation in the technosphere

Dissipative losses (in technosphere and environment}

(Short-term/present: supply risks ® “Criticality” methods)

Tt B T T oy R T A ANETY ST e T W 0TI

Comments on workshop paper 2.1

@ (Canandshould these issues be addressed by life cycle impact
assessment methods, or would other tools be better suited?

Tt B T T oy R T A ANETY ST e T W 0TI
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Comments on workshop paper 2.3

Tt B T T oy R

T ATV RS e T R W T |
In our opinion, it is useful to consider resource use in combination
with other impact categories in order to assess trade-offs between

e.g. carbon footprint and use of (scarce/critical) resources in case
of electric vehicles.

@ Depletion of geologic stocks that can be mined economically.
®»  Yes, depletion and future efforts methods both try to do this.

@ Dissipative losses (in technosphere and environment) .

®  Should be recorded in Life Cycle Inventory.

Comments on workshop paper 2.2

T ATy N R T
“Avoid negative ecosystem and health effects during production (mining,
smelting, refining}, use and due to dissipative losses.”

®»  Yes, “traditional” LCA ecosystem and health impacts.

“Increase average time until material leaves technosphere.”

=» Mo, MFA for analysisand “material stewardship”.

“Avoid quality losses of material stocks in terms of dissipative losses, dilution,
concentration decreases, and entropy generation [...]."
®»  Yes, mainly exergy methods seem to have potential.

@ “Avoid increases in criticality of abiotic resources in terms of supply risk [...]."

= Mot really, BUT “knowing the marginal effect of a life cycle inventary anto criticality and

the included aspects of criticality within a life cycle inventoryis [L.] very important”.

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU 107
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Thanks for your attention!
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Comments on ‘workshop paper’ / stakeholder
visions

Some perspectives. ..

Perspective 1

Role of Abiotic Resources: support sustainable development.

Thisis: ensurewellbeing of people, while the population is growing. This
means: urbanization, infrastructure, technology developments.

Eqg steel, aluminium, cancrete, glass, zinc, copper.
- Ensure supply meets demand on minerals/metals.

+ |nterested stakeholder: people

«  SBystemin whichthey are valued: technosphere

» Origin/sources: environment (primary) and technosphere (secondary)
* Protection goal: supply meets demand

» |Indicator?

109




et ) RawMaterials

Connecting matters

Perspective 2

Role of Abiotic Resources: support sustainable development.
Securing reliable and undistorted accessto abiotic raw materials
-inthe nex 5 years.
-inthe next 50years

* |nterested stakeholder people
« Government
« Mining company
« Product manufacturer
+ Systemin whichthey are valued: technosphere
« Origin/sources: environment (primary) and technosphere (secondary)
« Protection goal: undisturbed access
« Indicator?

Perspective 3

Role of Abiotic Resources: support sustainable development.

Minimum extraction (primary production}in orderto safe abioticresources for
future generations andto protect the environment.

« |nterested stakeholder: people

« Systemin whichthey are valued: technosphere

« Originfsources: environment (primary) andtechnosphere (secondary)
« Protection goal: minimum extraction

« |ndicator?
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Conclusion

Crepending the stakeholder, there will be different problems and goals.

LCAis atoolto assessthe size of the problem (impact), andto help decision
makers to make the right decision.

FProblem & goals should be clearly defined sothat
-relevant data are collected

-relevant methodis developed

- tool can accurately assessthe problem.

Lincertainty assessment! Especially when making predictions overa long
time.
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Annex 3 — Workshop-related comments from
non-attendees

SUPRIM workshop commenting template - Anita Alajoutsijarvi

Name of workshop participant: Anita Alajoutsijarvi
Organisation represented by participant: Agnico Eagle
Date: Nov 30, 2017

1. What are the key issues of concern to be addressed when managing abiotic resources (minerals,
metals, natural stone)? (See Discussion paper Chapter 5 for further guidance)

- price fluctuation -> economical aspect

- increasing societal aspects to be considered vs. increasing needs for abiotic recourses

- BAT - level technology (process, environmental mgt etc.), developing of new innovative
technologies

- increasing demand for replacing materials and reuse/recycling

2. Can and should these issues be addressed by life cycle impact assessment methods, or would
other tools be better suited? (See Discussion paper Chapter 5 for further guidance)

LCIA could be a good tool for addressing these issues

- +tool for every phase with related indicators at least with relatively short period of time

- -challenges with long period of time: predictability regarding impacts, future availability;
criticality in terms of environmental, economic and social aspects

- whatis /how to find and apply ‘the reliable and best model’ to be applied?
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SUPRIM workshop commenting template: Jacques Villeneuve,
Stéphanie Muller

Name of workshop participant: Jacques Villeneuve, Stéphanie Muller
Organisation represented by participant: BRGM
Date: 14 December 2017

1. What are the key issues of concern to be addressed when managing abiotic resources (minerals,
metals, natural stone)? (See Discussion paper Chapter 5 for further guidance)

First thanks for the discussion paper and the initiative to come back to the fundamental questions
concerning abiotic resources.

The existence of minerals, metals, and natural stone come from a long and energy intensive work done
by nature, and this involves all natural forces and resources, including magmatic movements, chemical
energy, water, oxygen, sun... The mineral resources, as other resources, are “given” to man. They are
“common goods” and have the intrinsic (non-economic) value of a heritage, ie no efforts have been
spent to get them. Now the question is: do we use them or not?

If No, the resource is kept and transmitted as such to future generations. The impact of not using the
resource is that the resource is preserved for potential future use. Some try to value this impact as the
preservation of a “natural capital”. This notion of “natural capital” is some kind of an extension of
economy that has no meaning in the case of nature. There is no intention from nature to make resources
available. They just exist in the state they are given. The mineral resources cannot be used in their
natural state. Their use requires work (different physical and organizational energy inputs from man,
primary energies) and other resources to obtain a useful function (the function of a metal from the
resource of a mineral). So, if any, the value of the “natural capital” is negative and can only be estimated
by the amount of “work” necessary to get from it something useful. This is possible to estimate in the
present and rather difficult in the future. So | agree with the comments of Type E perspectives in the
discussion paper: it seems difficult to develop an indicator on the intrinsic value of not using the abiotic
resources (preserving this value for future generations), even if the indicator could be used for example
to assess the impact of avoiding “not using” the resource.

If Yes (the resource is used), several questions arise.

On the consumption of resources.

The resources are not evenly distributed and are owned, generally as common goods, at the level of a
community, generally a country. The community (its representatives, be it a dictator), generally give
“rights” to exploit the resource, often under conditions that the exploitation supplies a “return” to the
community: rent, tax on benefits,... The notion of “common goods” speaking about mineral resources
is in fact geographically focused: why should Europeans care about mineral resources that in fact, they
have no way to manage. These resources do not belong to “humanity”, just a part of it. So it is a bit of
an appropriation of the problems of the communities to think about a global indicator. There is perhaps
a field of social knowledge to integrate: what should prevent me to spend my money as | wish, except
having my money managed by others, ... so not having MY money ?

Overall, the exploitation of the resource happens once, which means that all extracted matter cannot
be extracted another time. So the natural resource “disappears”. From an accounting point of view, it
is useful to register the quantities of extracted resources at the level of the community for the above
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reasons of rights. From an environmental perspective, it is also useful to keep track of the extraction of
natural resources when trying to figure out the comparative advantages of products. Nevertheless, this
relates to the inherent property of resources that only a part of them is really exploited. The extraction
and further exploitation lead to a potentially important part of the extraction being “unused” and
remaining at several locations as waste with their specific burdens out of scope here. So when using 1
kg of copper, 100 kg of resource has been extracted. The problem is: what is the problem? Speaking
strictly about resources and the way they are exploited, one aspect to consider perhaps is the aspect of
co and remaining resources. The mining waste, mineral processing waste, metallurgical waste may be
revisited for different reasons linked to their remaining content of valuable resources, being the original
for which it was extracted or the accompanying resources not exploited. The impact of the extraction
can be the creation of a new resource.

As stated, if only a part of the natural resource is finally used (small part in the case of metals), this part
represent the functional part of the resource, its value depending on the quality of the functions made
available for the applications. This functional part is being used by different sectors (construction,
manufacturing, chemistry,...) to make products that can be stored in the technosphere (like building
materials in buildings, metals in infrastructure,...) or dissipated (like paints, chemical products,...).

The part which is stored correspond to a stock of the (functional part of) the natural resources, and is
in fact just a displacement from natural resource (of low quality) to anthropogenic resource (of high
quality). With other words, the natural resources in this case have not been “consumed”, just displaced.
The part which is dissipated corresponds to a real, net, depletion. This could be considered in the first
approach of impact assessment in the ILCD (quantity extracted). One part of the resource extracted has
really “disappeared” while the other part has been stored.

Nevertheless, the part stored has a lifetime in the technosphere (short compared to the lifetime of
mineral deposits). Only one part of the stock can be recycled in a way that the stock is preserved, ie,
without altering the quality. Unfortunately, the quality tend to decrease (depending on resource
function, applications, mixing and alloying, collection of waste, recycling markets and technologies,
etc...) along the successive lifecycles of the resources. One part also disappear during the use of
resources (corrosion, breaking,...). On a (very) long term, we could tend to consider that all resources
will be consumed (dispersed in the environment). At that point, it appears that the question of TIME
seems very important in the appreciation of the depletion. The time during which a resource in the
technosphere preserves its “quality”, or a quality compatible with a storage in the technosphere, is the
time during which resource extraction has no impact (at least for the part of the resource concerned).

Of course, these considerations must be examined case by case, considering for example the “ultimate
quality limit” of Weidema (2004) for each resource/substance.

On the reserves of resources

As long as humanity has lived, there has never appeared a problem of total use of specific geological
resources. Problems arise when the exploitation costs are too high, which is the definition of “reserve”.
These aspects may be better suited in criticality assessments than in environmental impact assessments
(case of co-products for example, even if, as already mentioned, co-products not exploited may still
exist as a resource in wastes).

So, as a conclusion, strictly speaking about mineral resources and excluding soils and biomass, water,
fossil energies, one aspect potentially useful in environmental impacts assessment and which is not
covered in present methods, could be some kind of “time before dissipation”, all other impacts due to

dissipation being captured by other impact categories. This impact category could have a strong effect
for industries and governments in their eco-design and sustainability policies...

The attempt of scheme hereunder sumarises the above ideas.
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DISSIPATION AND

ANTRHOPOGENIC LOSSES
STOCK

GEOLOGICAL STOCK

Different level of
material quality RECYCLED MATERIAL

Different level of

GEOLOGICAL STOCK material quality

NON USED EXTRACTED
MATERIAL

GEOLOGICAL STOCK

2. Canand should these issues be addressed by life cycle impact assessment methods, or would other
tools be better suited? (See Discussion paper Chapter 5 for further guidance)

Sorry for not strictly following the guidance... There are important economic and social issues in the
exploitation (or not) of mineral resources. These could probably fit well in a regionalized social life cycle
assessment and a criticality assessment more elaborated than presently practiced...???

The concepts here and their link with the resource environmental indicator should be elaborated
further.

Some economical thinking on the “real value” of resources tend to compare the earth to a spaceship
where all primary resources should come from “elsewhere”..What could be their cost then...
interesting?
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SUPRIM workshop commenting template: Damian Krol

Name of workshop participant: Damian Krol
Organisation represented by participant: Euromines - KGHM
Date: 7 December 2017

1. What are the key issues of concern to be addressed when managing abiotic resources (minerals,
metals, natural stone)? (See Discussion paper Chapter 5 for further guidance)

Presenting KGHM'’s point of view | would fill in the proposed standard phrase as below:
LCA should be motivated by human (future generations) concern for value in the Economy and seek to
protect it from impacts associated with use of Primary and Secondary resources.
Therefore from all of the proposed perspective in the Workshop Metal and Mineral Resources in LCIA
“What’s the problem” it corresponds with the perspective B, describing the impact as decreasing
availability of functional properties, which could be met by both primary and secondary resources.
However this approach has a specific limitation. At this point in time it is challenging to assess what
stocks of resources would be considered reserves for future generations - due to technological
advancement (lower cost of mining in difficult conditions and low-grade ores), discoveries of future
deposits etc. Furthermore this approach would have to adopt ‘importance factors’ for certain materials,
just assuming (if not guessing) what future technologies will drive the economy and what will be the
demand for specific resources.
We believe that recycling potential should also be addressed in this category, as 20kg of copper that
you find in a car isn’t gone forever. With smart policies (circular economy) and design-for-dismantling
solution could keep the materials within the economy as long as their functional properties are
maintained.
2. Can and should these issues be addressed by life cycle impact assessment methods, or would other
tools be better suited? (See Discussion paper Chapter 5 for further guidance)

Trying to answer the second question - Can and should these issues be addressed by life cycle impact
assessment methods, or would other tools be better suited? — we would like to first highlight that this
impact category is overwhelming when it comes to LCA studies of mining and processing activities. And
it doesn’t seem justified as there is no general consensus on what should it address...Maybe a way
forward would be trying to diminish it’s importance by developing new characterization models?

On the other hand most impact categories focus on environmental impact, as LCA is usually defined as
a tool to asses potential environmental impact of all stages of product’s life. This particular category
seems more as an economical or societal impact than an environmental one. So it could be reasonable
argued that abiotic resource depletion doesn’t necessarily belong in LCA.
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SUPRIM workshop commenting template: Rolf Frischknecht

Name of workshop participant: Rolf Frischknecht
Organisation represented by participant: treeze Ltd.
Date: 12.12.2017

1. What are the key issues of concern to be addressed when managing abiotic resources
(minerals, metals, natural stone)? (See Discussion paper Chapter 5 for further guidance)

The dissipative use of resources today compromises the ability of future generations to meet their
needs. Similar to greenhouse gas emissions today which compromise the ability of future
generations to meet their needs as they are forced to use (substantial) parts of their resources to
fight climate change impacts.

While the impact assessment of greenhouse gas emissions is rather straightforward, it is not when
dealing with primary mineral resources. Their production to availability ratio seems an appropriate
approach (similar to the AWARE indicator quantifying the water stress impact).

In addition to this, the value of a particular resource for society needs to be quantified somehow.
One might need to assess each resource individually or in groups of resources. The value of the
resources cannot be reflected by prices because the demand of future generations as well as the
ultimate availability of a resource is not reflected in current prices. Hence, the value of resources
needs to be assessed differently (suitable approaches to be identified).

2. Can and should these issues be addressed by life cycle impact assessment methods, or would
other tools be better suited? (See Discussion paper Chapter 5 for further guidance)

Yes, these issues match perfectly with the LCIA scheme of the ISO standards.
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