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Vale’s journey to Green Energy Vehicle

North Atlantic Operates 7 Mines, 3 Mills, 1 Smelter and 5 Refineries in Canada, UK and Japan
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ergy Vehicles underground

o To successfully implement low carbon mining vehicles
2 O 3 O that reduce GHG emissions and improve
_ health and safety in the workplace, driven
by challenging mine conditions at depth
VI S I O N and corporate sustainability goals which prioritize 9

environmental stewardship and zero harm

operations.
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SUSTAINABLE HEALTH-FOCUSED RESULTS-DRIVEN

Initiatives are in-line with Vale’s Air quality and ventilation is With innovative technologies, GEVs
targets of a 33% reduction in GHG improved in underground meet or exceed diesel equivalents
emissions by 2030, and net-zero by operations to better working in performance. Enabling mining at

2050 conditions Depth
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Vale’s journey to Green Energy Vehicle

Vehicles Purchase History and Timeline

1976

Tethered 2-yard electric LHD at Creighton
Mine (6600 Level)

That's the new 2-yard electric scooptram, now in operation at Creighton mine. A new con-
cept in load-haul-dump operation, the unit is operating in a cut-and-fill stoping complex on
the 6600 level.
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Vale’s journey to Green Energy Vehicle

Vehicles Purchase History and Timeline

Vale is currently trialing ~50 BEV’s within North
Atlantic Base Metal mines

Leveraging the investment made is top of mind. Operational feedback, vehicle data and telemetry, environmental monitoring and
vehicle performance are key indicators that are determining the future viability of these technologies.
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Vale’s journey to Green Energy Vehicle

North Atlantic U/G BEV Portfolio

35 BEV Fleet Location and Status
-0 W Haul Truck
m Loader
- Hm Drills and Bolters
~ B Person Carrier
5 20 m Utility
@)
>
10
5
0

Coleman Copper Cliff Garson Thompson Creighton



UNCLASSIFIED - NON CLASSIFIE
Vale’s journey to Green Energy Vehicle

Few Lesson Learned along
the way ...



Vale’s journey to Green Energy Vehicle
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Lesson Learned (1/2)

w0
=
S
o
o
(S
Ll

Performance

Increased Capex per unit and infrastructure cost

Increased Opex with Baas vs fuel

Savings can be made on Ventilation requirement (40% to 60% in
greenfield) or allowing access to constrained OBs

Higher Performance is observed with higher torque in muck pile
and speed for trucking

Improved working conditions & morale
(Cooler air temperatures, Less noise, Cleaner air, Improved vehicle
performance, Effective working hours per shift)

O OO0 O O

Wholistic business case is required

Look at both saving ventilation cost
or increasing mining intensity

Not one solution works for all

Consider Electrification as part of
your transformation journey
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Vale’s journey to Green Energy Vehicle

Lesson Learned (2/2)

Work closely with OEMs as
partners, build platform for ease of
transformation

Technology is rapidly evolving with new generation of
equipment and chemistry

Technology

Knowledge is limited inside and outside the company

Build flexibility into design

Training operational and maintenance personal is critical for

Advance strategical planning
success

Build your own internal
specifications, education, safety
protocols, training, mock-up

Operational
Readiness

Safety is a key concern for many

©O O O O
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Vale’s journey to Green Energy Vehicle

There is still tremendous work to embed BEV equipment within our mines

Execute current plan Assess the remaining uncertainty Develop Technology
Implement where we know there is Trade-offs Perform remaining Trade- Continue to work on Technology
Value off studies where path is unclear development to offset current
shortcomings

(Dynamic charging, range anxiety e.g)

O O O

FIGURE 50 CCM - Proposed Scenario for BEV Implementation
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Vale’s journey to Green Energy Vehicle

Many questions are still to be answered...

Technology Risk Implementation risk Market and supply
- Technology development * Power Grid: - Market Supply
Wait for the next generation Can we handle the draw for a Does it aligh with our needs ?
or implement now? full fleet? How to manage
charging sequence as a new - Sustainability
- Charging Strategy constraints for operations? Manufacturing location and

its carbon footprint?

* Adjacent Technologies Change Management:
How do EV’s align with How do we ensure success at

automation? the operation? Slow or fast
implementation?

Operational Benefit
Will we realize the savings we
expect?

And Many others...
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Vale’s journey to Green Energy Vehicle

Asset acquisition process
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VBM |ASSET MGNT SYSTEM | AMSys | 3. ASSET CREATION | LIFECYCLE GOVERNANCE & ASSET ACQUISITION STRATEGY

AMSys — Asset Management System Model (elements)

ELEMENTS
OF ASSET
MANAGEMENT

ELEMENT
GROUP

Asset

Creation

AAASYS
ST op

Leadership & Operational Asset
Organization Asset Risk Creation

05

Gv

Governance & Qualitative Strategic Master Integrated Supply Chain Lubrication & Asset
Framework Reliability Planning Data Reliability Management Maintenance

3 06 10 13 17 19
Sm Si Ca Td Am Wm Ar
Standards & Structural Capital Technology Asset Health & Asset Work Asset
Methods Integrity Allocation & Data Monitoring Operation Management Repurposing

or Disposal

CONTEXT, ASSET ASSET
LEADERSHIP &

GOVERNANCE

MANAGEMENT INFORMATION LIFE CYCLE DELIVERY
PLANNING MANAGEMENT

11. ASSET CREATION

Este elemento tem como proposito estabelecer, governar e assegurar o processo de criagdo de ativos, desde a definigdo da necessidade até concepgdo, projeto, aquisi¢do, construgdo, instalagdo,
comissionamento, prontiddo operacional, handover e estabilizagdo inicial, garantindo que novos ativos, substituigdes ou modificages atendam aos requisitos operacionais, de confiabilidade,
mantenabilidade, integridade, seguranga, riscos, requisitos regulatérios, tecnologia, padronizagdo, benchmarking, inovagao e eletrificagdo, sempre conectadas ao LoBP, ao SAMP e a geragdo de valor
para o negdcio.

O elemento é subdividido em duas especialidades: Asset Acquisition Strategy e Operationa Readiness.
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VBM | ASSET CREATION GLOBAL PROCESS & STRATEGY | TURNING INVESTMENT DEMAND INTO SUSTAINABLE OPERATIONAL VALUE

The Asset Creation Global Process & Strategy ensures that every investment is consistently transformed into sustainable operational value, through integrated governance, lifecycle focus, disciplined
decision-making and operational readiness.

ASSET CREATION PROCESS

TOOLS

STAKEHOLDERS

MANAGEMENT

NEWI;':xlE:L:;WENT » ASSET ACQUISITION ~ OPERATIONAL - Oi(:::.’rll\lloENszI#H
>
CAPEX Budget STRATEGY READINESS STRATEGY
e BT |
o) DEMAND ANALYSIS ASSET STRATEGY OPERATION
INVESTIMENT DEMAND Consolidate, validate and prioritize investment demands based on value, risk Define and implement the asset strategy to ensure long-term performance, Ensure that assets operate safely,
Capture, structure and validate investment and lifecycle impact. reliability and maintainability. reliably and efficiently, delivering the
needs aligned with business strategy, risk, . - expected operational performance and
performance and lifecycle requirements. sustainable value throughout their
DESIGN & RISK CHANGE MANAGEMENT COMMISSIONING lifecycle.
Develop and select the best asset solution while managing technical Validate asset performance and ensure structured transition to operations
uncertainties, risks and changes with full readiness and control.
CAPTURE TOOL TOOL MATURITY o
CAPEX BUDGET CAPEX BUDGET PURCHASE AND SUPPLIES ‘Ehw(oupa
Ensure that asset requirements are preserved and delivered through the
sourcing and procurement process.
INTEGRATED DIGITAL PLATFORMS
N
frcoupa SAP
INTEGRATED GOVERNANCE
CONTROLLERSHIP & FP&A | GLOBAL ASSET ACQUISITION STRATEGY GLOBAL SOURCE OPERATIONAL READINESS coo
FP&A | LOCAL ASSET MANAGEMENT | CTO SUPPLIES ASSET MANAGEMENT | CTO OPERATIONS
ASSET MANAGEMENT | LOCAL ASSET MANAGEMENT | LOCAL
DECISION INTELLIGENCE & ASSET ANALYTICS
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GLOBAL ASSET PORTFOLIO ASSET LIFECYCLE PRIORITY ASSET STANDARDIZATION TOTEX/LCC ANALYSIS GLOBAL ACQUISITION STATUS GAMA SYSTEM PLATFORM WORKZFA':AZH;AY?;::ATAC'AO

031_Asset_Creation_Platform (1) - Power Bl


https://app.powerbi.com/groups/me/reports/20272d11-6fc2-49c5-93d8-4bec5536ec9e/375bc556350e032dd650?ctid=7893571b-6c2c-4cef-b4da-7d4b266a0626&experience=power-bi
https://app.powerbi.com/groups/me/reports/20272d11-6fc2-49c5-93d8-4bec5536ec9e/375bc556350e032dd650?ctid=7893571b-6c2c-4cef-b4da-7d4b266a0626&experience=power-bi
https://app.powerbi.com/groups/me/reports/20272d11-6fc2-49c5-93d8-4bec5536ec9e/375bc556350e032dd650?ctid=7893571b-6c2c-4cef-b4da-7d4b266a0626&experience=power-bi
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VBM |ASSET MGNT SYSTEM | AMSys | 3. ASSET CREATION | ACQUISITION OF ASSETS + OPERATIONAL READINESS

ASSET CREATION FRAMEWORK | GAMA SYSTEM BASE

‘ NEW DEMAND FOR ASSETS

KEY REQUIREMENT: CONNECTIO!
OF GOVERNANCE SYSTEM D'

i | ASSET CREATION |

DESIGN & RISK CHANGE MANAGEMENT
Design stage, risk assessment, case study and
change management

DEMAND ANALYSIS
Process that relates the performance of the

assets to comply with the plan.

.2~ ASSET HEALTH & LIFE
CYCLE MONITORING

asset life cycle and analysis of the demand of ‘t

operational plans as well as the adherence of

.\..
] 3.3 ESIGN & RISK ¥
" CHANGE MANAGEMENT "

] / B STANDARDIZATION OF ASSETS
AND PROCESS
i l
B
&

— r RISK & CHANGE MANAGEMENT
2

VEM-NOR-0002-G

PURCHASE AND SUPPLIES

Negotiation process evaluating,
standardization, TCO (Total Cost of Ownership),
with risk assessment of stage 3.

TECHNICAL DETAILS
PECIFICATIONS

LIST OF TECHI
REQUIREMENTS
PROPOSAL EQUALIZATION AND
VALIDATION
L PURCHASE ORDER AND
| CONTRACT

B!

ASSET STRATEGY
Designing the best strategy for the asset's
lifecycle, ensuring maintenance, operational,
spare parts, and qualified teams plans.

TECHNICAL DOCUMENTATION

--
=}

SAP - ASSET STRATEGY
[OPE & MAINT.|

SAP - ASSET STRATEGY |
COMPOMNENT LIST]

COMMISSIONING
Operational readiness for the asset, with guarantees of
a technical process deli 1 by the i teams
to the operations and maintenance teams.

- S

3 LOGISTICS AND ASSISTED
ASSEMBLY
— EY INITIAL PERFORMANCE
ASSISTED OPERATION

STAKEHOLDER AFFROVAL &
RELEASING

= UFECYCLE & OPERATIONAL
ASSURANCE

Define how to operate the asset monitoring process, its main actors and their responsibilities, and how to build an appropriate structure and team aligned with the needs of each operation.

l KNOWLEDGE & SHILLS MANAGEMENT

ml FUNCTIONAL GOVERNANCE

LEADERSHIP & PEOPLE

METHOD B CONTINUOUS

MPROVEMENT

RAV | CUSTO DE REPOSIGAQ DO ATIVD

LCC | CUSTO DO CICLO DEVIDA

CRITICAL ASSET RANKING

1-LEADERSH ‘ ASSET ACQUISITION FLOW | COMPETENCY MAPPING lamvm >
& PEOPLE . -4 L % - 4
| ESTABLISHED RESPONSIBILITIES | TRAINNING > Jsmummnm ~
| PERFORMANCE KPis
GOVERNANCE

MAPA DE INVESTIMENTOS VBM
CAPEX vs OPEX

% OPERATIONAL READINESS

% ADHERENCE TO THE DESIGNED LCC
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