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Direct applications:

* Product development
and improvement

» Strategic planning

» Public policy making

» Marketing

« Other

EC-JRC, 2010. ILCD Handbook
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Sala, S., et al. 2021. The evolution of life cycle assessment in
European policies over three decades. Int J Life Cycle
Assess. https://doi.org/10.1007/s11367-021-01893-2
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How can LCA support process developments?

Key process steps
Key inputs to the processes (e.g. energy, reagents), direct emissions to the environment

determination of the most favourable option
identification of potential trade-offs between
life cycle phases / process steps
Impact categories

s pour une Terre durable
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Focus of this presentation

Larger and larger implementation in the last Not that much implemented in binding policies
decades, e.g. in EU policies

A standardized approach

Standards shall be applied... and best

LCA classically aimed at supporting the practices can/should be improved

ecodesign of processes (e.g. H2020, Horizon
Europe)

... So what?

Building on published articles on case studies, method development,

literature review

Focus: metals from primary ores / tailings management

A non-exhaustive vision here... probably completed today! o

@ Géoscience:
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Challenges in the LCA of metals production

Life cycle assessment framework
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Goal and scope definition: multi-functionality

Metals production processes are classically multi-functional

* co-production of several metals - secondary resources: waste treatment and
R1tCu E6tZn B 0.045t Ag [02.65tPb metal pl’OdUCtiOﬂ
100,000 - E.g.: classically disregarded in the LCA of
20,000 1 - tailings reprocessing
— 80,000 |
8 70,000 Tallings reprocessing
2 60,000 | for metals recovery
Y o000 | Calls for transparency,
c ! . g -
£ 40000 | following LCA standards/guidelines / \
a
@ 30,000 | . :
E Function A Function B
© 20,000 }
10,000 | . N - Tailings Metals production
0 N management
Partial Mass  Market Production Beviot et al.. 2021 How t (f . al and
e . . eylot et al., . How to account for environmental and resource
SUdeVISlqn * Allocation Prlce_s COSt_S issues of tailings management in LCA ? A critical review and
Lai, F., et al. 2021. Solving multifunctionality in the carbon footprint assessment @ peosclences pourune et durable
of primary metals production: Comparison of different approaches, Minerals rgm

Engineering, https://doi.org/10.1016/j.mineng.2021.107053.



https://doi.org/10.1016/j.mineng.2021.107053

Goal and scope definition: other issues

System boundaries Considered in the LCA of metals production?
Temporal scope And if yes, how complete?
Choice of impact categories Long-term vs short-term emissions: crucial

for some impact categories
Climate change is one impact category

Calls for tranSpal‘en Cy, Beylot et al., 2021. How to account for environmental and resource
. - . issues of tailings management in LCA ? A critical review and
fO”OWIﬂg LCA StandardS/g uidelines potential way forward. To be submitted

Decision-making context, e.g.:

Policy: e.g. metal supply chain Has implications on the next LCA steps:
Company scale | data collection,
Process development: sensitivity/uncertainty analysis, etc.

at a lab-scale?
at a pilot-scale?

@ hﬁénscientes pour une Terre durable
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Inventory analysis

Challenges in LCA? Data, data, data!

JRC TECHNICAL REPORT

Data is (one of) the most crucial issue in LCA of metals production
- Representativeness

- Geographical Abiotic and biotic resources impact
- Process/technological (e.g. tailings final disposal) categories in LCA: development of new
approaches

- Temporal (no obsolete data from the past)
» Level of disaggregation (“black-box” issue) By oy .
° . . and biotic resources

Completeness ~ Incomplete, inconsistent i —————.
- Consistency mineral resource S

balances in LCI datasets -

Coping with data challenges

- Extensive data collection

+ Use of complementary models (particularly relevant
in context of process development)

And:

Beylot, A., et al. 2021. Mineral resource dissipation in life
11 cycle inventories. Int J Life Cycle Assess 26, 497-510.

https://doi.org/10.1007/s11367-021-01875-4
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Example of extensive data collection

Case of an operating mine: Lujar fluorspar
underground mine (Spain)

Mining
Mydroulic breaking
R Dinilling
: L Blasting y,

Foud55 ( Loading/hauling h
L o Trucks

Articuloted hawl trucks S

. Low profile loaders J i

" Comminution
Jaw crushing 4
- Vibratony screening
é L Hopper storage Y,
]

45.5 i

Beneficiation
s  Dense medio separation
Vibratory screening i

\ Growty concentration Cor;centrale :
Drying - -
. j
-
. Backfill } )
\ U, S,

Concentrate

Graode: % Caf 79.2 !
mrmimimem m i me

Lai, F. et al. 2021. The environmental performance of mining
operations: Comparison of alternative mining solutions in a life
cycle perspective, Journal of Cleaner Production,
https://doi.org/10.1016/].jclepro.2021.128030.
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Table 1

[ ]
sum

https://www.slim-project.eu/

Overview of the data inventory relative to the Lujar mining operations.

Data Value for 1 ton Unit Corresponding unit
concentrate (FU) operation(s)
Inputs
Diesel for 338 ML Mining
machinery 448 M. Loading/hauling
Electricity 116 kWh  Mining
consumption 57.2 kwh  Comminution
53.4 kWh  Beneficiation
16.6 kwh  Drying
Explosives (ANFO) 0.6 ke Mining
Explosives 0.2 ke Mining
(Dynamite)
Ferrosilicon (FeS5i) 1.4 ke Beneficiation
Steel 0.08 ke Mining
0.6 ke Comminution
0.2 ke Beneficiation
Water 123 L Mining
113 L Beneficiation
Outputs
Diesel losses (to 0.06 kg Loading/hauling

soil)

+ measurements on NOx, CO, @

etc. emissions from blasting

Géosciences pour une Terre durable
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Complementing data collection with models: mineral processing
simulation (1)

SOSO Mining
 Integrated modular and mobile plant

» For rapid start-up and cessation of production LIMP@CT

H2020 IMP@CT

- Pilot-scale implementation on a high-grade lead deposit,
Bosnia-Herzegovina

Cerrusite ore [ Selective J

(@5.47% Pb). Miner

http://blogs.exeter.ac.uk/impactmine/

Comminution
Module

Inputs: energy,

ancillary 1 tonne of

terials. et Gravity "
materials, etc. separation cerrusite

module concentrate

(@58.7% Pb)
Tailings
management

BRGM — SERVICE GEOLOGIQUE NATIONAL — WWW.BRGM.FR 13 g
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http://blogs.exeter.ac.uk/impactmine/

Complementing data collection with models: mineral processing
simulation (2)

| IMP@CT
\

ki
dl

Process simulation
(material and water
balances, reagents)

L/

Data collection
on-site pilot scale implementation
+ secondary data (e.g. scenarios)

e - e

Fdi % Tl
SiM PAC

L)

Improved
data quality

(completeness,
consistency)

LCA

ec/dnvegg SimaPro calculations

BRGM — SERVICE GEOLOGIQUE NATIONAL — WWW.BRGM.FR

Identification of environmental hotspots

In the process chain

Resource use, mineral and metals
Resource use, energy carriers
Water scarcity

Ecotoxicity freshwater
Eutrophication terrestrial
Eutrophication marine
Eutrophication freshwater
Acidification terrestrial and freshwater
Cancer human health effects
Non-cancer human health effects
Respiratory inorganics
Photochemical ozone formation

Climate change

ODiesel generator

OEquipment
mWater supply

70% 80% 90%  100%

O Other direct exchanges with environment

Beylot, A. et al. 2021.Switch on-switch off small-scale mining:
Environmental performance in a life cycle perspective,

14 Journal of Cleaner Production,
https://doi.org/10.1016/].jclepro.2021.127647



https://doi.org/10.1016/j.jclepro.2021.127647

Complementing data collection with models: reactive transport

modelling

LCA of tailings final disposal
- Emissions to groundwater: hotspots for some

impact categories

* Yet few case studies; often based on uncertain and
incomplete data collected on-site
« High-quality data required for sound decision-making
also on reprocessing techniques

Mineral, fossil
and water
resources

Emissions to air,
-

water and soil

Ecosphere
Technosphere Emissions
_— to air (dust)
—1 Energy

Material ——
Machinery —

~_, Emissions to
surface water

S
T

Water resources

Beylot et al., 2021. How to account for environmental and

resource issues of tailings management in LCA ? A critical review

and potential way forward. To be submitted
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Complementing data collection with models: reactive transport

modelling
LCA of tailings final disposal Reactive transport modelling to feed the LCI
- Emissions to groundwater: hotspots for some - Determining the concentration of chemical species
impact categories at the outlet of the system
* Yet few case studies; often based on uncertain and * Resulting in mass of chemical species emitted
incomplete data collected on-site to groundwater over time
’ ngh_qua“ty data _requ”ed TOI’ sound deC|S|on-mak|ng Muller, S., et al. 2019. Taking into account final mining wastes in LCA:
also on reprocessing technlques How to quantify the impacts of tailings? In: LCM. Poznan, Poland
EC 0S p h ere https://hal-brgm.archives-ouvertes.fr/hal-02154855/document
Technosphere
— Energy
Material
“— 1 | Machinery
Beylot et al., 2021. How to account for environmental and K \ @ hﬁFimsﬁ:iﬂmm
resource issues of tailings management in LCA ? Acritical review  Emissions to grou ndwater 16 g

and potential way forward. To be submitted
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Impact assessment

A number of relevant impact categories: e.g. climate change, toxicity, fossil and
mineral resources

e.g. climate change more robust than toxicity indicators
Recent intense debates in the LCA community regarding mineral resource use:

) R 9 SH The focus in the
depletion-based versus dissipation-based (or accessibility-based) indicators

following

s pour une Terre durable
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Resource dissipation at the LCI level

JRC approach to resource dissipation accounting g

» Suggestion to account for dissipative resource flows at the unit .
process level

- Considering a set of dissipative flows (e.g. metals to tailings)

- With application to case studies

JRC TECHNICAL REPORT

Resources dissi pa ted Abiotic and biotic resources impact
B categories in LCA: development of new
Emissions approaches
R S
! ! Lo/ Accounting for abiotic
/ \ resources dissipation
Input products —— and biotic resources
(QOOdS and - —* ProductA Byt A, Arderts F, Margues A, Matdeux F
services) — Pant &, Saa S, Zarpor L ;
Process
— Product B
Resources --- *-\ / 2000

RN

Resources dissipated

Beylot, A., et al. 2021. Mineral resource dissipation in life cycle inventories. Int J Life Cycle Assess 26,
497-510. https://doi.org/10.1007/s11367-021-01875-4 Béosciences pourune Tere durable
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https://doi.org/10.1007/s11367-021-01875-4

Implication for the LCA of a concentrate production

— = o =
- o

( .
\\from ground _’

-

—
‘-— __—

Ecosphere
Technosphere
Mineral resources
) Mining + ~embodied in
'| Concentration - concentrate
\ /”’_ _ _ B N
| __T: Emissions of mineral
/ \‘IPSOUrCeS to air

s L. S
+" Emissions
I of mineral

|
v resources

\
s to water .

v

Resource depletion
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Example: mineral resource indicator in SOSO mining

Ve

Cerrusite ore Selective
(@5.47% PDb). Miner
Comminution |
Module

Inputs: energy,

ancillary

materials, etc. Gravity

separation
module

J

[ Tailings

management J

Ve

789 kg Pb in tailings

N

— o N EEE EIN SN M BN RS EE Em D e E o
- _—

.

Contribution to
dissipation

Further questions at the interface with the mineral processing community

1376 kg Pb o == ~ -
# Resource use, mineral and metals | 1
~ - - -~

extracted from Restures use, ane[qy cartiers I —= T

Water scarci || | .|

ground i

. . Ecotoxicity freshwater | [
CO ntrIbUtIOH to Eutrophication terrestrial | B
d ep I etl on (A D P) Eutrophication marine | B
Eutrophication freshwater | | ]
Acidification terrestrial and freshwater | ]
Cancer human health effects | |
1 tonne Of Non-cancer human health effects | ]
CerrUS|te Respiratory inorganics I | 0l
Photochemical ozone formation | I
Concentrate Climate change | 1]
(@587% Pb) 0% 20% 30% 40% 50% 60% 70% 80% 90% 100%
ODiesel generator EReagents
OEquipment E Transport

585 kg Pb per tonne
concentrate
Higher accessibility

mWater supply

- How far are metals in tailings (technologically/economically) accessible?
« Oronthe contrary « lost »/dissipated?

BRGM — SERVICE GEOLOGIQUE NATIONAL — WWW.BRGM.FR
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O Other direct exchanges with environment

Beylot, A. et al. 2021.Switch on-switch off small-
scale mining: Environmental performance in a
life cycle perspective,

Journal of Cleaner Production,
https://doi.org/10.1016/j.jclepro.2021.127647
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Challenges in the LCA of metals production
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Established process

WEEE
. (Computers)
Interpretation T
——
. P . Manual sorting = pard Disc Drives
Uncertainty and sensitivity are key but still often Ny —
not adressed —ﬂ:‘}"‘—g—
- “key”: especially at the process development PV e Othr metals m S
level: lowest knowledge on the process, largest :
. = agnetic ron Scra
capacity to change its performances separation S
Eddy current Non ferrous
) ) ) Separation metals
Application to the carbon footprint assessment Mol otng iy Pisicss
i anual sorting Athore
of the EXTRADE Rare Earths recycling process -
- Development at the lab-scale RECE T e
- Incomplete and imprecise data from . S
measurements: use of expert opinions through L .'
possibility theory (with ranges of “most likely” 08 4 N ;
values rather than single values) 5 :' ! - -Necessity
S 061 ' !
. e : ! «+ Confidence
Beylot, A., et al., 2020. Economic 2 . ' Index
assessment and carbon footprint of 5 o049 ! i - = Possibil
recycling rare earths from magnets: = h ! ossibility
SN~ evaluation at lab scale paving the way © 02 4 | !
- toward industrialization. J. Ind. Ecol. 24, ' ! !
"R Q) 128¢137. https://doi.org/10.1111 /jiec.12943. ; !
0 4 ' —+ — 4 i
0.0E+00 5.0E+05 1.0E+06 1.5E+06 2.0E+06 2.5E+06

Benefits in Climate Change (kg COz2-eq)
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Conclusions

Larger and larger implementation in EU
Hotspots and trade-offs identification, comparison of alternatives

At each step of a LCA study

Data is key... but also: goal and scope definition, impact assessment, and interpretation are challenging
Different levels of complexity

From guidelines implementation...

... to still open research questions (e.g. resource indicators, modelling of tailings management)
Probably just a sample of challenges presented here

Social LCA, prospective LCA, etc. (to be completed!) are also challenging

Y@
Reactive transport modelling

Economy (prices of resources) %
s pour une Terre durable
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Collaboration is the key!
Process simulation




Thank you for your attention!
a.bevlot@brgm.fr
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