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FineFuture

flotation needs to be
entirely re-engineered
for the separation of
very fine particles of
multiple mineral
resources (e.g. copper,
manganese, and
magnesite) at large
scale through cutting-
edge technological
Investigations guided
by industrial partners
(TRL: 3-5)
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| FineFuture
Sustainability assessment

Life Cycle Sustainability Assessment (LCSA) refers to the evaluation of all environmental, social and economic
impacts and benefits in decision-making processes towards more sustainable products throughout their life

cycle.

The analysis deals with the development of Environmental Life Cycle Assessment (E-LCA), Social Life Cycle
Assessment (S-LCA) and Life cycle costing (LCC) studies for the different applications of the FineFuture emerging

flotation technology.
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| FineFuture
Structure of WP7

Task 7.1 LCA goal and scope definition & life cycle inventory (PDM) (M4-M30)

Task 7.2 Task 7.3 Task 7.4
Life Cycle Impact Preliminary LCC and Preliminary business plan
Assessment and preliminary social-LCA (HZDR)
interpretation of the (PDM) (M17-M34) (M24-M36)

results (PDM) (M9-M36)
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l FineFuture
Setting up the sustainability assessment

—— MATERIALS AND METHODS
. CHALLENGES POSSIBLE SOLUTIONS OUR ANSWERS
* One or more technologies will be developed a) Identification of an average case Representative case studies: comparative LCAs

z - Technologies not yet defined of the system before and after the
£ =+ Application of the technology to a broad b) Selection of representative case studies implementation DT the technology/ies
é spectrum of sources, materials and Exemplary materials and processes selected:
o beneficiation processes (processes that v" Copper ore extracted with flotation
s already include flotation either not) v Magnesite ore extracted with flotation
% = To be applied to a site/material dependent v" Magnesite ore extracted without flotation
n B v Manganese from tailings

v Copper from tailings

6 - Funded by the European Union Horizon 2020 research and innowvation
programme wnder grant agreement Mo 321285
e




o FineFuture
Case studies

4 case studies were established by involving all industrial partners

flotation is in use at the current KGHM production with traditional flotation Feasibility is under study
beneficiation plant; FineFuture VS.
flotation will complement the M : production with traditional + FineFuture
" : agnesitas : ) G
traditional one to treat the fines N flotation technologies Feasibility is under study
avarras
the current beneficiation does not current beneficiation without flotation
5 include flotation; FineFuture Grecian VS. Feasibility is under stud
flotation will be implemented to Magnesite current beneficiation + FineFuture y y
treat fines flotation technology
the current beneficiation does not ;[lemgs Feie
3 include flotation; FineFuture Eramet - Feasibility is under study
: : : - tailings processed with FineFuture
flotation will be applied to tailings
technology
the flotation is in use at the tailings disposal
current beneficiation plant; VS. L
4 FineFuture flotation will be applied KGHM tailings processed with FineFuture FEEBIEI B ey siley
to tailings technology
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. FineFut:t
Case studies

4 case studies were established by involving all industrial partners

System boundary On-going:

flotation is in use at the current KGHM production with traditional flotation Feasibility is under study S-LCA
beneficiation plant; FineFuture VS.
flotation will complement the production with traditional + FineFuture

" : Magnesitas : : Qo
traditional one to treat the fines N J flotation technologies Feasibility is under study
avarras
L current beneficiation without flotation
the current beneficiation does not Grecian Vs
2 include flotation; flotation will be Magnesite current beneficiation + FineFuture Feasibility is under study LCA + LCC
implemented to treat fines :
flotation technology
the current beneficiation does not :lelngs Eels
3 include flotation; FineFuture Eramet TS e ) e Feasibility is under study LCA
flotation will be applied to tailings
technology
the flotation is in use at the tailings disposal
current beneficiation plant; VS. Qo
4 FineFuture flotation will be applied KGHM tailings processed with FineFuture Feeslalliyy i Umeier el
to tailings technology
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| FineFuture
Setting up the sustainability assessment

a) Input based functional unit

=) a) Input based functional unit (the ore Effects downstream are not an issue

= Defining the functional unit of a system minerals/tailings rather than the concentrate) 3 It is not the function of the system

g producing an intermediate pr‘DFlUIGt {th_e X It creates a multi-functionality in the system

— concentrate) whose characteristics might b) Including the downstream processes until the (the concentrate)

% Change after the implementation of the refined mineral/metal is obtained c] Gnmmudﬁy oriented functional unit

g technology (first of all the concentration, but also \/It represents the real function of the system

g LA L c) Commodity oriented Functional Unit (i.e. the it disregards the effects that other

- valuable content in the concentrate) characteristics of the product might have
downstream

Review paper submitted to the International Journal of LCA:
“Life Cycle Assessment of flotation for raw material production: A review”
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- FineF
Setting up the LCA of Case Study 3 - ERAMET

To compare the environmental performance of tailings disposal in ponds vs tailings processed with FineFuture technology

Functional unit = management of 1 t slurry (slimes + water)

Temporal coverage = period 2016-2020 — 2030-2035 (FineFuture implementation)
Technical and Geographical coverage = beneficiation plant in Gabon

Baseline scenario: tailings disposal in ponds

____________ , System boundaries

Collection of primary data through questionnaires e
sent to ERAMET: e
« Main data of the Mn-ore beneficiation plant s < i form of sty Energy Mater N e
« Data on tailings management, in terms of - N i I 1
equipment and energy/materials requirements v {} % & e
« Data on tailings characteristics g's;tggkgi};:};;(u};g;; Puing (——>{Tansporato o onds [ ——p{ TSIl s _pf Opratr o i
slurry slurry

Dotted boxes= processes not included in the LCA system boundaries
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Setting the LCA of Case Study 3 - ERAMET

Future scenario: tailings treated with FF flotation (to recover Mn) before disposal in ponds

System boundaries: set a range of predictive scenarios to tackle uncertainties about the industrial implementation of the
FineFuture technology

Lower scenario Possible future plant lay-out (pre-treatments):
Minimum equipment 1. No pre-treatment: suitable particle size (no coarse particles)

2. Microcycloning before FF flotation (no chemicals): low pulp density not
suitable for FF flotation

RANGE MOST LIKELY 3. Settling + Thickening before FF flotation (flocculants): low pulp density
OF SCENARIO not suitable for FF flotation
IMPACTS

Possible future plant lay-out (for the recovered flow):

1. (cold) Pelletizing + (pyrometallurgy): fine Mn product, adequate quality

Upper scenario (>40%Mn), good mechanical properties

Maximum equipment < 2. Pelletizing + sintering+ (pyrometallurgy): fine Mn product, adequate or

low quality (<40%Mn), poor mechanical properties

1 Funded by the European Union Horizon 2020 research and innowvation
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_ FineF
Setting the LCA of Case Study 3 - ERAMET

Future scenario: tailings treated with FF flotation (to recover Mn) before disposal in ponds

Data sources

« Data related to the future full-scale implementation of the FineFuture technology should derived from the results of
WPS5 (mini-pilot plant) and WP6 (numerical simulations)

* Inventory data related to the background system (e.g. electricity production) will be secondary data (databases,
literature) or proxy data

Data up-scaling
Scaling effects can significantly affect the LCA outcome (changes in energy and materials yields)

— will be included in the assessment of environmental impacts by applying a scale-up procedure

Data availability and data quality can become a critical issue
— results from laboratory tests shall be available compatibly with the time scheduling of WP7 activities.
Industrial partners will be involved in validating the results from scale-up calculations

Data uncertainties related to the up-scaling of an emerging technology

— will be identified and communicated; their effects on the LCA results will be quantified by building a range of
predictive scenarios and by running sensitivity analyses for the up-scaled systems
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| FineFuture
Social - LCA

The UNEP Guidelines for Social Life Cycle Assessment of Products proposes a methodology to develop life
cycle inventories. A life cycle inventory is elaborated for indicators linked to impact categories which are
related to stakeholder groups.

Value chain
Stakeholder . actors .
Stakeholder .
Ao Subcategories cat : Local commumnity (ot including Society
CONSUMETS)
1
Workers

Subcatego- 1. Freedom of ACTEES 10 1. Failr competi- 1. 1iealth and 1. Public com- 1. Education

Human rights

ries association maberial re- tion safety mitmmients to provided in the
and collective SoUrces 2. Promaoting so- 2. Feedback sustainability lecal commu-
barganing 7 Access o cial responsi- miescha- issues mity
Local Working 2 child Ibor immaterial bility nism ? Contribution to Z. liealth issues
ml'l'll'l'll.ll'lt? conditions 3 Foir salory resources 3. supplier rela- 3. Consumer economic de- for children as
4 Working 3. Delocalization tionships privacy velopment COEEETIETS
hours and migra- 4 Respect of 4. Transparsn- 3. Prevention 2. Children
Smﬁ_lh’l Health and & Forced tion imtellectsal oy and mitigation T RIS
saﬁEt? labor 4. Cublural heri- property 5. End-of-hfe res- of armed regarding
& Egual opportu- tage rights ponsibility conflicts marketing
Cultural mities fdiscri- 5. Safe and 5 wealth distri- 4. Technology de- practices
Consumers S— - -
hEI'I"‘ZgE meination healthy liwing Buticn velopment
7. Nkealth and conditions 5. Cormupticn
safety G Respect of L. Ethical
Value chain Governance & Sacial bene- indigenous trestment of
actors fits fsocial rights= animals
sECUrity 7. Community en- 7. Poverty allewia-
. . T Employment ‘gagement tion
S:);D—Bﬂﬂl‘ﬂ::;: rela- 2. Local employ-
tionship mient
10, Sexuwal haras- 2. Secuwre living
sment ‘conditions
“‘ 11 Smallhalders
' f\ incheding
“ farmers
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. FineFuture
Social - LCA

Choice of the approach for the Social-LCA (i.e. Reference Scale approach)

A

Review of enterprise-spedific
reports

Interviews with human
resources and management

Presence of policies on

equalopportunities

.1. Total numbers of

Impact Assessment
method

ay
"

Human
Rights

Sustainabilityreports
Review of violation records Ideal performance
Interviews with human e

resources and management ° Progress beyond
’ compliance

Compliance with
local laws

inciderts of
Equal discriminationand actions

opportunities taken
discrimination

Workers

. - Non-compliant
Sustainability reports situation, improving

Interviews with Human
d : No data, or Non-
resources and managemen compliant situation

Composition of
Sub category governance
bodies and employees

Stakeholder Impact
category category (i.e.
social theme)

Publicly available information

IS | " Reference
atio of basic salary nterviews with Human

of mento resources and scale
women by employee management approach

Reviewof enterprise-
spedficreports

category

Indicators Data sources
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N FineFuture
Social - LCA

Choice of stakeholder categories and social themes to be analysed in the S-LCA - survey administrated to the
FineFuture consortium

AlIM: identify the social
sub-categories for each
stakeholder category
that may be influenced
by the industrial
application of the

social sub-categories that may be FineFuture technology

mostly influenced by the industrial RESULT: 13 (out of 30)
application of the FF technology most selected sub-

categories (>40%)

Technology Development

Contribution to Economic Development
End-of-Life Responsibility

Local Employment

Access to Material Resources

Public Commitment to Sustainability Issues
Safe and Healthy Living Conditions
Respect of Intellectual Property Rights
Community Engagement

Health and Safety (consumers)
Transparency

Feedback Mechanism

Health and safety

Fair Competition

Supplier Relationships

Access to Immaterial Resources

Equal Opportunities

Fair Salary

Cultural Heritage

Promoting Social Responsibility

Privacy Stakeholder categories:
Corruption
Delocalization and Migration Workers ]
Respect of Indigenous Rights . .
Haurs of wark Local Community Evaluation of the
Freedom of Association Value Chain Actors mmmmam H
Prevention and Mitigation of Conflicts Consumers ] Correspondlng
Secure Living Conditions Societ |nd|Cat0rS
Forced Labour y ——
Child Labour
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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Life Cycle Costing

* Labour
* Transport
* Depreciation

* Raw materials
* Energy

Material System
Cost Cost

MFCA

management
cost * Emissions
* Solid Waste
* Waste Water

Material Flow
Cost Accounting

FineFuture

Relation between
Commodity, Financial and
Full LCC methodologies

Adaptation of BS ISO
15686:2017 -

- Financial '
'l.nternat . -LcC
COS!S

Commodity-
LCC
Material &

B cnergycosts . B Literature study
: > from Mela et al. 2020

Few methodologies are being explored to carry out the LCC. MFCA accounts for direct costs
associated to any material and energy flows and stocks within an organization. Commodity-LCC
accounts for costs of raw materials for the whole life cycle of a product from the viewpoint of one
specific actor, whereas Financial-LCC includes all internal costs for the whole life cycle of a product
covered by all actors; if accompanied with external costs, a Full-LCC is achieved.
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Life Cycle Costing

Input
Material (95kg)

Material costs $ 950

ﬁ

Quantity centre

Energy costs
System costs

$50
$ 800

Waste management costs $ 80

Initial
inventory of
material (15 kg)
$ 150

Final
inventory of
material (10 kg)
$ 100

Output
»  Product (70kg)
Material costs $700
Energy costs $35
System costs $ 560
Total costs $1295

—p Material loss (30kg)

FineFuture

2-STEP PROCEDURE:

Material costs $ 300
Energy costs $ 15
System costs $ 240
Waste management costs $ 80
Total costs $ 635

Figure 2 — Cost calculation in a quantity centre

MFCA: BS EN I1SO 14051:2011

D ——— Bl

Material flow model
+

Association of costs
to any material and
energy flows
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Conclusions

The application of Life Cycle Thinking methodologies to emerging
technologies involve several complications due to the assumptions needed
to develop future scenarios.

Data collection is the most time-consuming phase. The correct | )
identification of all the indicators to be taken into consideration, together \ «d
0 oge o 0 0 . 4
with the sensitivity of the data required, are a central issue of the analysis. \ \} Q "
. . - . [ 14 ) i
The application of the impact assessment methods for the three different >e h
analyses will provide the first results, which will help to assess the - Jll ‘AL
- 2

sustainability of the technological development linked to the FineFuture.
The sustainability analysis (E-LCA, S-LCA and LCC) developed for the

different case studies will produce a significant added value for the
technology developed within the project.
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i FineFuture
THANK YOU!

Contacts:

Eng. Lucia Rigamonti, PhD
lucia.rigamonti@polimi.it

MILANO 1863 Eng. Giuseppe Cecere
giuseppe.cecere@polimi.it
e
-
IR -
A g Eng. Hazem Eltohami
e REsouces S hazemtalaat.eltohamy@polimi.it
Lok

We are grateful to the
European Union’s Horizon 2020 research and innovation programme
for funding our works under grant agreement No 821265.
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