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VASILIKI ALEXIOU

* MSc. in Physics & Materials Science, PhD (c) in Life Cycle
Assessment (LCA).

* Head of Sustainability/General Manager at MNLT Innovations.

nnovatior @ MNLT INNOVATIONS PC

* Founded in 2018 as a spin-off of MONOLITHOS
Funded Project

Catalysts & Recycling Ltd., Athens, Greece.
Proposal Writing * Engineering consultancy, specializing in Business
Planning and Sustainability Assessments.

Life Cycle * Focus on Novel and Innovative technologies, facilitating
(Cost) Analysis L ]
the Green and Digital Transitions.
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- Introduction to LCA

LCA in Mining: Challenges & Solutions

Case Studies

Broader Sustainability Links

Key Takeaways

Discussion, Q&A



BUILDING SUSTAINABLE VALUE CHAINS:
WHY MINING AND LCA MATTER

The EU's Climate Neutrality Goal )( Did you know that the mining sector
demands a 55% emissions cut by 2030. accounts for ~8% of global energy use?

* <
EUROPEAN GREEN DEAL Mining Sector Global Energy Use Breakdown
Transportation

- requiring massive
deployment of clean
tech (wind turbines,
EVs, batteries)

—> depend on mining
(Li, Co, REEs), which
often has high
environmental/
social costs

oo
As the EU pushes for climate neutrality, how can we ensure raw material supply chains

don’t undermine sustainability goals?
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WHAT IS LIFE CYCLE ASSESSMENT (LCA)?

Life Cycle Assessment is an environmental management tool.
The international Organization for Standardisation (ISO, ISO 14040) defines

LCA as — A collection and evaluation of the inputs, outputs and potential

environmental impacts of a product through its Lifecyle :

Manufacturing

Transportation & Distribution
Use, maintenance & Retail

Final waste disposal or Recycling

uhwn =

LCA is a valuable tool that:

Extraction and processing of raw materials, also called the “cradle”

v' Let to compare technologies and process.

v' Find innovative and sustainable solutions for product and behaviour

improvement.

v' Stimulates researchers, businesses
weaknesses, strengths & opportunities.

and governments to /identify

L' 4

Resources

Life Cycle
Assessment

Manufacturing
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WHAT IS LIFE CYCLE ASSESSMENT (LCA)?
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TOOLS FOR HOLISTIC SUSTAINABILITY
ASSESSMENT

SLCA guaranteed that the :
LCA identifies areas where social impacts are positive, Life ,Cyc!":
environmental ensuring ethical treatment ) Sustainability.
improvements are needed.

of people and communities Assessment
involved.
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WHAT IS LIFE CYCLE COSTING (LCC)?

O Life Cycle Costing (LCC) is an approach to evaluating
the total cost of a product, process, or project over its

entire life.

Key Objective: To assess and minimize costs not only during
production but throughout the entire lifecycle of a product

T .ﬁ {/ _____ ._\
1 0

To identify areas in To estimate the cost
which cost reduction imp[act of various

smartly manage total
cost throughout the efforts are likely to designs & support
product's life cycle. be more effective. options.

/ Lifetime \ / Lifetime \—/ disposal \_ residual

< . maintenance

Capital -+ operating costs value
/ — \\ costs  / _\ costs / _ \ / \
I

[
|
I
|
|

Assists management to

WHOLE LIFE
COST(WLC)
Non-Construction Life cycle
[

Construction

Environment Cost

LCC components can be broadly classified into design &
development costs, acquisition costs, operating costs and
disposal costs.

LCC approach emphasizes the consideration of total cost for
the operation of the equipment from the initial cost.

Identifying the main economic drivers of a product/process/technology involves analyzing key cost components

throughout its lifecycle to understand their impact on overall economic performance.
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WHAT IS SOCAIAL LIFE CYCLE ANALYSIS (S-LCA)?
-----

= An emerging branch of LCA that evaluates the social
and socio-economic impacts of a product or process
throughout its life cycle.

Workers Human rights
= |t considers aspects like labor conditions, human rights,
community well-being, and social equity. Local community | Working conditions [ll < —_—
= S-LCA is important for assessing the broader societal Society Heathend safety [l <<

implications of production and consumption choices, —

complementing the traditional environmental focus of e Cutural hertage ||l .

LCA. )
= Data Collection: Data for S-LCA may include velue chanedtars | Gavemence = ) —
information on worker conditions, health and safety, — = —

labor rights, local community engagement, and other repercussions
social indicators.
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WHAT IS SOCAIAL LIFE CYCLE ANALYSIS (S-LCA)?

Employment : Health and Community Human Societal Access to
" Labor Rights . : :
Conditions Safety Well-being Rights Equity Resources
: r \ 4 \
g YI( ) | [ Risksofaccidents, | | [ Education, ) Land rich (AR )| | Access to natural
Wages, working Freedom of exposure to healthcare, ~ Landrights, Distribution of resOUrCes
hours, job security, association, collective hazardous sanitation, social indigenous rights, social impacts and P
benefits, and | bargaining rights, substances, cohesion, cultural right to livelihood, benefits across i e
opportunities for non-discrimination, | | sccupational — heritage and access to different services. and
career and prohibition of diseases, and access preservation, and Justice. | stakeholders, evallates
advancement. forced or child labor. to healthcare community \ / including workers, )
\ ] ) services development communities, Bl d‘pote‘n‘tlald
\. J | opportunities.. marginalized Heelutaliy
groups, and future I resource q
generations. d ocat|or? an
\ ) access within
and between
communities.

|\ /




B v
LCA METHODOLOGY — PHASES

,Goal and Scope Definition: Define the objectives of the study &
" Determine the boundaries in which the assessment is to be made. \
Goal and

* What is the aim of the study? % Scope 1
« What reference system/technology will we compare our system against? L tasen

* What are the system boundaries of the analyzed product? .

* What is the data availability for the study?

MNLT,

A number of crucial elements shall be determined at this point:

o The function of the system
o The functional unit - emissions & the extractions will be based on e Cle

o The system boundaries 03  Impact il
Assessment

o The intended application
o The reasons for carrying out the study
o The intended audience
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LCA METHODOLOGY — PHASES

-Inve{\tgrv\ Life Cycle Inventory (LCI) Analysis: Collect and quantify the data on the
it inputs and outputs associated with each stage of the product's life cycle.

MNLT,

*SINK

Data requirements: INPUTS System Boundary OUTPUTS

Raw Materials Acquisition
Useable Products

Manufacturing, Processing, and
Formulation

¥

* Description of the process and process flow diagrams

* Mass and energy balance :>
* Equipment used and related dimensions

Water Effluents
What'’s Included:
[:> Airborne Emissions
* |nputs: Raw materials, energy, water. ) ‘
Solid Wastes

»= Qutputs: Emissions to air, water, soil, as well as

waste.
Raw Materials || >

Challenges: Ensuring data accuracy & completeness is
critical for reliable LCI results.

( Other Environmental )
Releases

Sources: Can be obtained from direct measurements,
databases, industry standards or supplier
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LCA METHODOLOGY — PHASES

warming potential,

toxicity).

Depending on the goal and scope of your analysis, different impact

categories might apply.

* Climate Change (CO, footprint)

* Human toxicity
* Resource use
* Water use

* Land use

* Ecotoxicity

* Acidification

* Eutrophication

LCI Results

Elementary Pt

flows

Midpoint

: ‘”ﬁﬁm@—SIma Pro

Fimpa , Life Cycle Impact Assessment (LCIA): Assess and quantify the =
~ potential environmental impacts identified in the LCl stage (global
resource depletion, acidification and human

,,,,,,

M;:‘m ] Beoet  Um Qamy  AcrorWenys Gy

o

Intastrusture. (I N 5 |Mm WY et | A ban
@ Transtormation i

Dt i hnided podes
® Food ]
# Intermediate products

becut ot abiion QoD W L (ommet

E 1 Wv«-h--m.—u.,
# Plant seeds 3 g > R YSL Y

ot et
i it et ol
} Coricie L FlEp F:uo.J | a5

islvalsisolo)

i

\\\\\\\\

Climate change Environmental

mechanisms
Acidification
Endpoint

Human health

Ecosystem health Damage

Smog formation e
Resource availability

Ecotoxicity

lonizing radiation

Resource depletion

climate change | L.
Ozone depletion —
Human toxicity _
Photochemical oxidant formation |
particulate matter formation |
Terrestrial acidification r
Freshwater eutrophication —
Marine eutrophication | I —
Terrestrial ecotoxicity -
Freshwater ecotoxicity | m—
Marine ecotoxicity | T ——

Agricultural land —
Urban land occupation - & product A
Natural land transformation | ® product B

Water depletion E
Mineral resource depletion | ——

Fossil resource depletion | ————
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LCA METHODOLOGY — PHASES

Interpretation: Analyze and evaluate the LCl and LCIA results to y o
= draw conclusions and make recommendations and informed oo\ @  scope

o 04 § ™ Definition
decisions: |

 Evaluate the environmental performance of the product/process; Rg:‘gfs

« Compare technologies/processes; [k

* Identify areas of improvement;

* Explore opportunities for reducing environmental impacts. lre Crele

Comparative LCIA results 03 Impact

] ] Assessment
The results obtained from LCA studies can: 200 aer 63

v inform decision-making, -
v’ guide efforts to reduce the environmental impact of
a product/process and
oo 4922,66 4700

v support the transition to more sustainable practices.

0,20 0,16

v align with EU policies (Circular Economy Action Plan, R e sitoptication
CRMA). (kg cOZ eq) (kg il ) (ke N ea)

W This study ™ Literature
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LCA METHODOLOGY — PHASES

m\ Key Activities in LCA Interpretation:
v Quality control: Ensure that the data and results obtained in

previous stages are reliable and meet the desired quality
standards.

MNLT,

v" Sensitivity analysis: ldentify which variables have the most
significant impact on the results. Adjust key input parameters to 0

see how they influence the LCA outcomes. IR
and Analysis

v" Uncertainty analysis: Assess the uncertainties inherent in data
and assumptions used throughout the LCA.

v" Critical analysis: Evaluate the influence of chosen boundaries and
hypotheses on the LCA outcomes & Ensure that the LCA is
transparent and comprehensive.

v Comparison of the environmental impacts with economic or social
impacts: to provide a balanced view of the product lifecycle.



MNLT EXPERTISE IN THE SECTOR

MNLT SUSTAINABLITY TOOLS
a 0N ' ) & )
SIMaPrO irfecsionas SIMAaPYO irfecsionas SIMAaPYO irfecsionas
eCOinvent Excel tools PS".ca @
— database

database

' . Social Life Cycle ——
A v 9 ‘I LCA)
LCA S N\,
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ENVIRONMENTAL HOTSPOTS IN THE MINING INDUSTRY

WHY APPLY LCA IN MINING?

Identifies Hotspots: Where are the biggest impacts? Extraction? Processing? Transport?
Supports EU Policies: Achieve EU climate targets and circular economy objectives.

Aspect Conventional Mining Sustainable Mining
A High (~8% of global energy; 3% global electricity 4 Solar-powered processing, efficient
Energy Use ) )
for crushing) technologies
A Very High (2 tons radioactive waste per ton of rare [4Waste management, recycling tailings,
Waste
earths; 99 tons waste rock per ton of copper) secondary recovery
| v i i
Water Use A Heavy (lithium extraction consumes 2.2M liters/ton) &4 Water  recycling, reduced consumption,
closed-loop systems
Biodiversity A Major land disturbance and habitat destruction Land rehabilitation
Supply Chain /A Materials essential for EVs, renewables, electronics Promote circular economy, substitute
Dependency (Li, Co, REEs) critical raw materials (CRM)

LCA helps quantify these trade-offs, identify hotspots and guide improvements.
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BARRIERS: OVERCOMING CHALLENGES TO LCA ADOPTION

; Data Gaps & Quality (5% Collaborative Data Platforms

*Lack of standardlized datasets for mining-specific processes | « £l)funded databases (ELCD) for mining LCl data

Difficulty tracking complex global supply chains *Blockchain for transparent supply chain tracking

; Cost & Resources (%)) Cost-Sharing Models

*High upfront investment for LCA software/training « Joint industry-academia LCA tool development
*Limited in-house expertise in emerging markets *Phased adoption: Start with hotspot analysis

; Stakeholder Alignment (Sop Policy Incentives

-D/'ve/rgent priorities between miners, processors & « Tax breaks for LCA-compliant mines (EU Taxonomy)
regulators

*Mandatory LCA for mine permits (pilot in Sweden)

*Short-term profit vs. long-term sustainability trade-offs
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MNLT EXPERTISE IN THE SECTOR

10+ Sustainability Projects | WP Leader in LCA ¢ LCC « SLCA

MNLT Innovations
oo Jlow

=chy, @VOTD DEXPLOTE Vo

MNLT,

P=RMA %) % zerosTeEEL GeoPCM
N=T MEE :

@ PASSENGER

Hammering Ventilation Er:(ka)raFionf Sustain.ability Ree-FREEPM PM development  Battery recycling Metal Geopolymer
operators technologies t:C no dogles. or evaluatlo.n of production ~aiming at reducing  and recovery of  production and Composite

eep deposits  exploration REE content CRMs recycling Materials

activities
i
5
' J | Y J J
Mining sector Permanent magnets Lithium Batteries  Innovative Processes
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DIGITAL INNOVATION & SUSTAINABILITY

VOT3D project: Ventilation Optimizing Technology based on 3D-scanning

Objective: Robotize the RM sector by introducing modern methods and
innovative solutions for the optimization of underground ventilation.

UAV/UGV 3D scanning + cloud-based Al

to reduce ventilation energy by 30-50%

Replaces manual airflow measurements

(error-prone, time-consuming)

UAV/UGV platform [555
utilization

‘ 3D modelling
vl

Data cloud server __
e ‘I]l' Advanced Algorithms
TR 0 development
L

ARIODID T

. FONDAZIONE —
D( ssnokessier  [KGHM CUPRUM ‘gg Wroctaw University
NESEARGH & DEVELOPMENT CENTRE of Science and Technology

HOVERING GKGHM. MNLT

ppppppppp

MNLT’s SUSTAINABILITY ASSESSMENT

Lifecycle Savings (Per Mine)

Environmental:
| 1,200 tons CO,/year (equal to 300 cars)

| 15% water use (optimized air cooling)
Economic:
€2.1M saved over 5 years (energy +

maintenance)

Social:
80% fewer hazardous manual inspections

3D

Ventilation Optimizing Technology based on 3D-scanning
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THE ELECTRIC REVOLUTION IN MINING

ECHO project: Electrical Computerized Hammering Operator
Objective: A fully electrical breaker hammer (LEH) Vs hydraulic breaker hammers (HBHs) > ¢

electric transformation, digitalization, data-based business in the mining industry B2 e,
Replacing Hydraulic Breakers with Electric . -
p g y Holistic, comparative Cllma:: :::ir;gne (kg CO2 eq) for 5,000 h of Llfe (Ncle Costs fOI’ 5’000 hOUI’S
MNLT’s SUSTAINABILITY ASSESSMENT

157,996.6 kg CO2 eq.

A Environmental Impact Assessment - 118,179¢€
0/ %\Q * 98% less Carbon Footprint (Raw 7
O @ J extraction phase) l 65.900¢ B3 82900€ _ .
/= * 91% less Carbon Footprint (Use T “ g g
phase)
13,974.1kg CO2 eq. l T T

Baseline LCC scenario Combined extreme price scenario

Economiclmpact Assessment

* 53% more cost-efficient \ HBH LEH wHBH = LEH

-~

. * 300-ton electric trucks cut CO, by 80% vs. diesel.
Diesel-to- TCO Savings: $500K/ ruck el 4 i
Electric Trucks avings: year per truck (lower fuel + maintenance)

* Challenges: Upfront cost: 2x diesel price &

Social Impact Assessment

* Health and Safety improvement . . . . .
o LR T m—— Infrastructure: Requires on-site charging statlon-s/\‘

Benefits echo
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CZ Benchmarking LCA — NdFeB Magnet Production

Cradle-to-gate: Raw Materials Extraction, processing stages up to the
manufacturing of the Magnet

Environmental impact of producing 1 kg of sintered NdFeB magnets

C O Denee 10%
AlignigPress m\llll lI|I|I|I‘|I|
& &

I @,@" @*“, S
f@ﬁf S

ss- &
Sintering \‘*’ “" *‘& *“’ 6“" -e‘" ‘f‘ qp‘"# § ef & ,«""é’ fo
f\ v J’& S &
& \ ? e & &«
c,ns* o"@ @aq’ v“ﬁ * f»“
& &
c>”°(sp

u Praseodymium u Dysprosium Iron

u Gallium u Boron carbide uCobalt u Copper

u Aluminium oxide u Hydrogen, liquid u Chemical, organic u Sulfuric acid

u Sodium phosphate

Sodium hydroxide u Soda ash u Nickel
8 Electricity (production) m Wastes (production)

. M o
H O:=Qo—|r=—] = Qwilofecn Ry

Global warming (kg CO2 eq)

24,77
: B o B ..
0 49 0 26
Total impact Nd Pr Dy Other raw Electricity Wastes
of NdFeB materials for (production) (production)
magnets magnets
production production

Among REEs, Nd accounts for the highest contribution
across most impact categories, specifically 24.77 kg CO,eq.

Electricity is another significant contributor, responsible for
36.02 kg CO.eq, largely due to China's coal-dominated
energy grid.
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REDUCING MINING IMPACT THROUGH SUBSTITUTION

PASSENGER project: Sustainable REE-free permanent magnet production &> PASSENGER
C PASSENGER MnAIC & Ferrite Magnet Production

*Sr-Ferrite Magnets Composed of
Comperative LCA results (PASSENGER solution vs. benchmark study) Comperative LCA results (PASSENGER solution vs. benchmark study) strontium carbonate and iron oxide,
450 423,32 450 423,32 readily available & less energy-
400 . o . 400 . . . intensive to process.
1F;ncﬁ||onATICumt. Production of Functional unit: Production of P
350 g MnAIC magnets 350 1 Kg Ferrite magnets *Ferrites have a lower raw material
300 300 and electricity burden. Sr-Ferrite
50 250 Magnets:
200 .
200 o Carbon footprint: 10-20 kg
150
100 76,41 o COz2qfkg.
, 100 76,41 .
1492 16,35 24,23 3971 333 1748 50 17,9 10,04 — 17,48 0 Repra = uctlon
0  — — — 77— . 6,11 am— andl | L7 compared to NdFeB magnets due to
kg CO2eq kg 1,4-DCB kg 1,4-DCB kg oil eq kg CO2 eq kg 1,4-DCB kg 1,4-DCB kg oll oq substitution of REEs with lower
Global warming Terrestrial ecotoxicity Human toxicity Fossil resource scarcity Global warming Terrestrial ecotoxicity Human toxicity Fossil resource scarcity energy requirements -> both material
\\\. ) .l PASSENGER bonded MnAIC magnets  ® NdFeB magnets (Benchmark study) B PASSENGER bonded Sr Ferrite magnets & NdFeB magnets (Benchmark study) processing and magnet production_
* Mn, Al, and C are more abundant and require less energy-intensive processing compared to REEs.
* MnAIC magnets do not rely on energy-intensive processes, reduced environmental footprint. Y
= MnAIC Magnets: Carbon footprint: 15-25 kg CO.eq/kg. \@
o Represents a 70-80% reduction compared to NdFeB, due to substitution of REEs with less energy- | . ccoorers e pume morone  £-MoTORBIKES Ease
. . o E-BIKES
intensive materials.
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LCA — SUPPORTING THE GREEN TRANSITION

Regulatory Alignment, Green Deal and Critical Raw Materials Act, emphasize reducing
environmental impact & securing raw material supplies.

The Corporate Sustainability

Ecodesign for Sustainable

Products Regulation world's cobalt, st W 100% of the rare Reporting Directive (CSRD),
magnesium is bl b | ¥ reqUireS com panies to

sourced from China

permanent magnets

are refined in China E disclose/report their
Environmental, Social, and

: Governance (ESG) metrics of
Circular Economy Development i i A g
Pl y P = Sogtlh o/oAirf'c; :r&qges Tiirkiye provides 98% the activities across their

needs for platinum of the EU's supply of T
group metals borate .

California Title 20

N Greenhouse and Energy

Minimum Standards Act

European Critical Raw Materials Act

Plastic Waste Management 2030 benchmarks for strategic raw materials:

N Rules
L - Diversifying the Union's imports of raw materials.

. Chemical Substances Control
Law

—>Enhance the EU's resilience and autonomy in CRMs

. EU EXTRACTION EU PROCESSING EU RECYCLING EXTERNAL SOURCES
Supply Chal ns by 2030. At least 10% of At least 40% of At least 15% of Not more than 65%
the EU’s annual the EU’s annual the EU’s annual of the EU’s annual
9' . . b,l, d . I N f CRM consumption for consumption for consumption for consumption of each
extraction processing recycling strategic raw material
mproving sustainability and circularity o S on & Ay retevan e
of processing from a
the EU market. single third country

“ European
Commission
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LCA — SUPPORTING THE GREEN TRANSITION

L. What is the EU Battery Passport?

« EV BATTERY

 Effective from February 1, 2027, all EV & industrial batteries must have a unique Circularise Battery Passport
Battery Passport linked to a QR code, ensuring traceability, safety, and sustainability. ki
200 kg
LJ Why is it Important? Batch traceability CIRCULARISE
* Tracks the entire battery lifecycle (production — use — recycling). ACCESSED Vi
* Ensures compliance with EU environmental & recycling standards. Required information

Battery type Durability

* Helps reduce hazardous materials in batteries.
* Provides transparency for consumers and manufacturers.

Battery model Performance

Additional information

fuROPE
REGULATIONS

Product name End of life collection information

o [_J What information needs to be included? Manufacturing site Supply chain due dilligence policy
Recycled content Declaration of conformity

* Identification: Unique serial number, visible &
unalterable on the battery.

Battery health Hazardous substances

GHG emissions Certifications

* Basic Characteristics: Production date, type, model,

Chain of custody

o -l chemical composition, intended use &
(o o) manufacturer/importer details.

* Performance & Durability Data: Lifecycle statistics &
Tracking of updated by repair/repurposing parties.

=i Q

DL

I e L
| ACTION PLAN

3343 3

s
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SOCIAL ACCEPTANCE: THE HIDDEN KEY TO MINING’S FUTURE

Social License to Operate

* 60% of mining projects TECHNOLOGY * Digital transparency:
face delays due to local Live air/water data shared
opposition* (ICMM- via public dashboards

International Council on

Mining and Metals, SOCIAL * Jobs in tech: Training

2023) LICENSE locals to operate
TO OPERATE drones/Al  tools (e.g.

* Top concerns: Water Chile’s ‘DigiMine’

pollution (45%), land use TRUST COMMUNITY program)

(30%), job promises Tran<parency ENGAGEMENT

Co-development

unmet (25%)

When trust and inclusion go hand in hand with technology, we don't just follow the rules

— we create real value for people, the industry and the planet.
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FINAL TAKEAWAYS

MNLT,

Mining is essential, but energy- and resource-intensive.
LCA as a Tool

* Life Cycle Assessment (LCA) identifies environmental hotspots
and supports better decisions.

* LCA pinpoints where to act in mining supply chains.

Sustainability Strategies

* Digital transition, Electrification, Substitution strategies (like
CRM reduction) lower mining impacts.

* LCA is a cross-sector tool — critical for achieving EU climate
and sustainability goals.

Action & Trust
* Policy and tools exist—start small, scale fast.

» Transparent, science-based assessments drive responsible
innovation.

Sustainability is no longer optional.
It's expected, measured, and rewarded.
LCA helps make it real — and trusted.

9%

of investors say that ESG risks
are an important factor in
investment decision making

79%

of investors place more trust in
ESG information reported by
companies if it has been assured

82% W

of investors agree that
companies should embed ESG
directly into their corporate
strategy

68%

of investors agree that ESG
performance measures and
targets should be included in
executive pay arrangements

86% A

of employees prefer to support
or work for companies that care
about the same issues they do.




THANK YOU
FOR YOUR ATTENTION!

Vasiliki Alexiou | alexiou@mnlt.eu
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