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Who is Minviro?

We guide businesses in the raw material, clean technologies,
and battery value chains globally with life cycle assessment

(LCA) consultancy and software. ‘:}iv‘};}'.. v
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Our award-winning consultancy offers advanced sustainability WV SO R SR e e :
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Successful Global LCA offices in the UK, compliant vance Industry
consultancy projects XYCLE AUS and CN Tech no|ogy Partners v

Minviro Ltd | FPC WWW.minviro.com



Some of our clients

Businesses we have worked with
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MEASURING THE
ENVIRONMENTAL

I M PACT

of Battery Supply Chains
with Life Cycle Analysis

Our intelligence

Explore our white papers
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Nickel’s

Carbon Challenge
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CIRCULAR
ECONOMY

SHAPING THE FUTURE OF
LTHIUM-ION BATTERIES

Linking Sysem Dynamics Madeling with
prospective Lis Cycle Assesament fo
model htuee botery cecular economy
potential in the UK
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What is a Life Cycle Assessment?

Life Cycle Assessment (LCA) is an analysis
technique to assess environmental impacts
associated with all the stages of a products life,
from raw material extraction through
processing, manufacturing, distribution, use and
disposal/recycling.
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LCA Methodology

What it is and how it serves you

LCA has been around for 50 years with the first
studies dating back to the early 1970s.

One of the most standardised, scientific and well
regarded methodologies for quantifying impact

Beyond just CO, impact, quantify acidification,
water scarcity, eutrophication, particulates and
more.

This is the only way to ensure that the raw

materials for the low-carbon economy are sourced
at minimum environmental impact.
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The Value LCA Can Bring You

Realise the opportunities with Minviro

Regulations Compliance Gaoo Cf)r;p;)ango: Scenarios
Quantify your environmental C02 Find the right region

impact to focus on

Investor Attraction &
Confidence
Find your hotspots

e Decarbonisation Opportunity
. Flowsheet optimisation
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Sustainability Landscape
Drivers and focuses
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Supplier Engagement
Operational cost savings

Design for Environment

INTERNAL

LEADERSHIP: Comparative Assess
LONG-TERM VIABILITY

LCA, EPD, PEF

Carbon Footprint
(CDP)

Environmental process optimization ;

Sustainability

Benchmarking & Gap Report
Analysis
., Shadow PEF, PEFCR
@ compuance: musToo Z
Reduce operational risk, reduce compliance risk =
@ DisrEGARD: IGNORE
A A ]
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Fair Project Comparisons
Standardised Carbon Footprint Method

Development of standards :

ISO Standards (Minviro involved in lithium and REE TC)
PEFCR (Minviro involved through RECHARGE)
Global Battery Alliance (GBA)
Product Category Rules (PCR)
O  Graphite - Minviro leading
o  Rare earth elements - Minviro leading
O  Lithium - With International Li Association
e Upcoming- Delegated Act

Approaches within LCA

° Consistent system boundary
e Consistent functional units

When data quality is inconsistent

e Sensitivity and uncertainty analysis
® Independent third-party review - avoid

Minviro Ltd | FPC
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Europe leading the change
LCA as the “go-to” methodology

LCA methodology being integrated in legislation:

e EU Battery Regulation

®  EU Critical Raw Materials (CRMA)
® EU Green Claims Directive

® EU Net Zero industry Act

®  Eco-design (ESPR)

* X %

Life-cycle thinking considerations in legislation:
* Corporate *
| A _ * Sustainability *
e  EU Carbon Border Adjustment Mechanism (CBAM) -» B = : Beporting

N\ * Directive *
® GHG Avoidance Methodologies AN N

e  Corporate Sustainability Reporting Directive (CSRD)
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LCA as a Foundational Methodology

Most relevant European legislation

MID/DOWNSTREAM

Foundational Basis of
ISO14040/44/67 LCA Principals
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Key Powertrain Materials

From from Mine to Motor!

Lithium, Cobalt, Nickel, Manganese
Found in batteries, varies depending on
chemistry

E.g., NMC, LFP, or NCA

Iron & Steel

Structural components,
gears, and reinforcement, ICE : N
engines and transmission — 1\ N
components .

= e Aluminum

= EV motor housings and
battery enclosures, for ICE
used in cylinder heads,
pistons

Copper 5 R e ilp
Wiring, busbars, EV electric . < 2
. - YA\
motor windings, and power n»
electronics. ~

Rare Earth Metals (Nd, Dy, etc.)
permanent magnets for electric
motors
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Key Powertrain Materials

From from Mine to Motor!

Lithium

Iron & Steel

Copper
Rare Earth Metals (Nd,

Dy, etc.)
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LCA Data and Database

Minviro’s Copper Supply Chain Data

Task: Assessing the environmental impact of Functional unit:

Copper 1kgCu

Key points!
The impact varies depending on the
deposit type and processing
technologies

Sulfide
Ore

Copper
concentr
ate

Crushing, grinding, and
froth flotation process

Oxide ore Crushing and grinding

Minviro Ltd | SMM

Pyrometallurgy,
Reduction, smelting

Hydrometallurgy
Leaching, SX-EW circuit

Refining
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LCA Data and Database e

------

Minviro’s Steel Supply Chain Data

Task: Assessing the environmental impact of Functional unit:
Steel 1 kg Steel
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Blast Furnace-Basic Oxygen
Iron Ore Furnace (BF- BOF) route

Primarily Crushing, Iron

hematite flotation Fines or
(Fe203) and process Lump

magnetite

(Fe304),

Molten Steel

Directly Electric Arc
Reduced Iron Furnace (EAF)
(DRI) route

~25-30% of global steel production
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LCA Data and Database

Minviro’s Lithium Supply Chain Data

Task: Assessing the environmental impact of Functional unit:
Lithium Hydroxide Monohydrate 1 kg battery-grade LiOH.H20

Key points!

The impact varies depending on the

deposit type and processing
technologies

. . Evaporation Pond, Carbonation, Causticization,
Chilean Brine o
Crystallization

Argentinian Direct Lithium Extraction (DLE), Evaporation Pond,

Brine Carbonation, Causticization, Crystallization

Ore upgrading, roasting, leaching, causticization,
Spodumene Pe & - o .
crystallization

Minviro Ltd | FPC

Lithium
Hydroxide
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Lithium LCA

Same functional material, different
environmental impacts

=  Battery raw materials can have a range of
impacts across all impact categories

=  For example lithium hydroxide can vary from
less than 5 to over 16 kg CO, eq.

= Thevariation in impact can be due to a number
of factors including material and energy intensity
of processes

= Thisincludes reagents and consumables (these
have embodied impacts)

=  Background infrastructure such as grid mix CO,
intensity

References

The CO2 Impact of Lithium Hydroxide, Minviro
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Cradle-to-gate
Lithium hydroxide production

kg CO2eq.

Chilean Brine

~5 kg CO, per kg LiOH

kg CO2eq

Argentine Brine

~7 kg CO; per kg LiOH

Australian Spodumene
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~ 16 kg CO; per kg LiOH
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Raw Material Database
Global Raw Material Supply Chain

There has been limited progress in terms of diversification over the past three years;
concentration of supply has even intensified in some cases

Share of top three producing countries in total pro

Extraction

Copper

Copper 318

Nickel |

Mickel

cout [ o

25% S0% 75% 100%

Lithium | Lithium

Graphite

Rare earths
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selected resources and minerals, 2022
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wChina
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Canada
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Climate Change Impacts of Battery

Component breakdown

Sankey Diagram produced via Minviro’s Battery

o i Lithium Hydroxide Monohydrate £
LCA software for an NMC811 Battery Cell mmm B Electricity - Cathode e Lithium
LithiumMexafluorphosphate (LIPFS) ... APoe-rde synthectic graphite in nner [N
Minviro Ltd | FPC Electricity - Electrodyte
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Climate Change Impacts of Battery

System Boundary

Task: Evaluate the climate change impact of producing 1 kWh
NMC-811 battery pack.

Functional unit: 1 kWh NCM-811 battery pack

System boundary: cradle-to-gate

Key points

° In LCA, most of the time need to be made
° Battery manufacturing location is kept fixed
° Total raw materials input for battery pack is constant

Variable factors are the raw material sources, considering high carbon
footprint routes of:

Nickel sulfate

Lithium hydroxide

Cobalt sulfate

Manganese sulfate

Anode-grade graphite (synthetic and natural)

Minviro Ltd | FPC

Nickel
sulfate

Cobalt

sulfate Cathode

Manganese proxiiction

sulfate
Cell, module,
pack
production

Lithium
hydroxide

Ancde grade Anode )
graphite production

Electrolyte,
seperator,
other inputs

¥

Emissions to land, air and water

Koy
va.rlabla M n
input

NMC 8N
battery pack
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Climate Change Impacts of Battery

Comparing different scenarios

This figure shows the carbon footprint per kWh of a
battery assuming:

Raw material averages in databases: 82 kg CO,
eq. per kWh

Low impact raw materials (Minviro’s database): 70
kg CO, eq. per kWh

High impact raw materials (Minviro’s database):
135 kg CO, eq. per kWh

Perspective of Customer

Minviro Ltd | FPC

Contribution of cathode per kWh can increase
significantly depending on where the raw material
is sourced from.

Why would they buy your high CO, material if this
could damage their access to the EU market and
thus penalise their investors? (i.e EU Battery
Regulation)

Climate Change Impact of NMC-811 Battery Pack

kg CO2 &g, par kKWh

WWW.minviro.com



Life Cycle Assessment

In Action

WWw.minviro.com

Minviro Ltd | FPC



Livent’s Lithium Products

Lithium Carbonate and Hydroxide for Downstream Propulsion

Life Cycle Assessment of Livent’s Lithium Carbonate and Lithium Hydroxide

B ~ Livent

GLOBAL WARMING POTENTIAL (SCOPE 1, 2 AND 3)

MIMVIRD

Minviro Ltd | FPC
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Lithium Decarbonisation
Impact reduction pathways

For battery-grade lithium hydroxide
monohydrate produced from spodumene in
Australia, some initiatives that help reduce the
impact of the current process are evaluated.

Examples are:
e Solar electricity, UG mine
Solar electricity, chemical refining
Electric fleet
Hypex emulsion (nitrate free)

[ J
[}
[ J
e Hydrogen for roasting

Minviro Ltd | FPC

kg CO2 eq. per kg LiOH=H20

Global Warming Potential by Stage - Decarbonized LiOH«Hz0 Production

20.0

15.0

10.0

5.0
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Eﬂ?- Eu;#mf Mg et Eion  UStine "Mowbng
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B Positive [l MNegative ([l Subtotal
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lonic Technologies’ REE Circularity technologies

Circular REEs in the Powertrain Market, for Magnets

Climate Change Impact
Py Re cyc | | ng Of EOL magnets from WI nd Equivalent needed for a MW Direct Drive - Permanent Magnet Generator
. 14,776.1
turbine generators, to create NdPr
oxide and Dy oxide products, sold back 114128
to the magnet market

e This study shows significant reductions
in CO, emissions when compared with
primary REE extraction

Q
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X

e Exciting implications and opportunities

for powertrain supply chain lonic Technologies  Inner Mongolia  Australia/Malaysia  lon Adsorption
. . 1 Global Average Global Average Clays / Global
decarbonisation! Average

Dy oxide NdPr oxide
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Electric Vehicles - Battery Case Study

Tesla’s NCA and LFP Batteries

X

f ‘,;,'Im Hotspot analyses help

prioritize Tesla's GHG efforts

NCA Cell—Global Warming Potential Contribution Analysis

IMPACT REPORT
2022

Minviro Ltd | FPC

Contribution to CO: Impact per kg
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Looking Beyond Climate Change

Looking beyond CO, emissions, for further environmental impact reductions

Climate Change

ghB) (A

Eutrophication

Ozone Depletion

Ecotoxicity
Freshwater

Minviro Ltd | FPC
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Particulate Matter,
Respiratory

Photochemical Acidification

Ozone Formation

Human Toxicity lonising Radiation,

Human Health

©®

Land Use Water Scarcity Resource Use
Footprint Minerals & Metals

Resource Use,
Energy carriers
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Looking Beyond Climate Change

Looking beyond CO, emissions, for further environmental impact reductions

Minviro Ltd | FPC

% Contribution by Stage

dgé?

Impact Contribution Across Multiple Impact Categories
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Scenario

B Use Phase
Transport to site

B Structural Materials

B Manufacturing Precess

B Functional Components
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Join our LCA community for more

An active community with industry thought leaders, dedicated to the LCA conversation

Trending Posts

A

£ A Green premiums and economic
‘&P 2llocation

Cimmrars | b £, prom Sl

Why Physically Connected
Renewable Energy is Crucial for
Accurate LCAs

Robert Pe

Feed into change.

Welcome to the LCA community!

etings from Bangalore

athkumar Subramanian

Greetings!

Nabil Ahmed

»© D0
PO
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MINVIRO

Thank you

Questions?

10,
tara@minviro.com
"
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Delegated Act: Carbon
Footprint

10 LCA aspects to consider for accuracy and
compliance with standards:

1.

2.

10.

Minviro Ltd | FPC

Cut-off criteria

Functional unit

Allocation hierarchy

Mandatory company-specific data
Non-mandatory most relevant processes
Representative EF-compliant datasets
Secondary data from commercial databases
Electricity modeling

Data quality

Declarations & verification

FAIRVIRD

Carbon Footprint Compliance:
EU Battery Regulations Guide

30T AT FI
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LCA Data and Database

Minviro’s Nickel Supply Chain Data

. . . . . Key points!
Ta}sk: Assessing the environmental impact of iuknCE:trlzlru_m;de NSO 6.0 The impact varies depending on the
Nickel Sulfate Hexahydrate g Y-8 4.0, deposit type and processing

technologies

Limonite
ore

Saprolite
Ore

Minviro Ltd | FPC

Hydrometallurgy route,
Leaching, neutralisation, purification, recovery

Pyrometallurgy route,
Smelting, conversion, electrorefining/carbonyl refining/leaching

Hydrometallurgy route, . .
Leaching, purification,
HPAL, neutralization, metal &P
recovery
recovery

Pyrometallurgy, S
. . o to Nickel Refining
Drying, reduction, smelting
Matte

Nickel
Sulfate
Hexahydrate
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Nickel LCA

Nickel Sulfate Hexahydrate — Climate Change Impact By Stage

100 _

kg CO2 eq. per kg Ni in NiS04 6H20

Minviro Ltd | FPC

Nickel Sulfide pyrometallurgy in Canada

Nickel Laterite
HPAL in Indonesia

Nickel Laterite pyrometallurgy in
Indonesia and refining in China

VDA 2023 Nickel Sulfate Hexahydrate LCA Report

German Association of the
Automotive Industry (VDA)
commissioned Minviro to
develop a climate change report
on the climate change impact of
three existing and emerging
nickel sulfate  hexahydrate
production pathways.

Primary Extraction

Upgrading
Transportation
B Chemical Processing

WWW.minviro.com


https://www.minviro.com/resources/guides/vda-results-nickel-sulfate-hexahydrate?utm_campaign=Case%20Studies%20%7C%20Downloads&utm_content=171732196&utm_medium=social&utm_source=linkedin&hss_channel=lcp-13051023
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