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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

Matsusaka Refinery /,/,
Pyrometallurgy o
‘*' Products: g

TM Briquettes,

North Atlantic Operations Intermediate NOS

Headquarters: Sudbury

2 Open Pit Mines + 1 Mill (Ni & Cu conc.)

VBME transitioning mining to
underground

Long Harbour & St John’s

Hydrometallurgy
Products:

Nickel Rounds, Cobalt
Rounds, Copper Cathodes

9 Thompson

1 Underground Mine + 1 Mill
(Ni Conc.)

Sudbury

Sudbury Smelter & Refinery

5 Underground Mines + 1 Mill (Ni Flash Furnace Smelter (Matte
Production) Carbonyl Nickel Refinery

& Cu conc) & PGMs
o Mines & Mills Carbonyl Nickel Refinery Products:

_ Port Colborne Refinery Products: Pellets & Powders
Smelter & Refineries Nickel Pellets & Powders, Copper

Hydrometallurgy (Cobalt, MK Intermediate, Copper Cathode
Gold, Palladium, Platinum)

Clydach Refinery




What’s our journey ...



ergy Vehicles underground
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. 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 0 N and corporate sustainability goals which prioritize 7

environmental stewardship and zero harm

operations.
& @ ¥
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




Vale’s journey to Green Energy Vehicle

A multi-step process underway to guide BEVs future adoption

0000

2016 2018 2019- 2023 2023

2024+

Scout Demo Pilot Assess and
consolidate
Establish current and forward- Enter the market and gain Test equipment, charging Establish guideline for green
looking view for Battery experience. designs and fleet philosophies. field and brownfield
equipment and charging Demo 1%t electric equipment Obtain performance at Vale's operation related to BEVs
technologies. prior to broader testing. operation and measure the selection and design for
benefits. implementation.

Scale

Embed BEV into future projects
and Life of Mine plans and start

full scale execution.



Vale’s journey to Green Energy Vehicle

Vehicles Purchase History and Timeline

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.

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



Vale’s journey to Green Energy Vehicle

Vehicles Purchase History and Timeline

Kiruna Trolley electric truck haulage initiated
at Coleman




Vale’s journey to Green Energy Vehicle

Vehicles Purchase History and Timeline

2017

1st battery electric LHD underground at
Ontario Operations (Coleman)




Vale’s journey to Green Energy Vehicle

Vehicles Purchase History and Timeline

2023

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.



Vale’s journey to Green Energy Vehicle

North Atlantic U/G BEV Portfolio

= BEV Fleet Location and Status
. m Haul Truck
m Loader
- m Drills and Bolters
5 m Person Carrier
5 0 m Utility
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Coleman Copper Cliff Garson Thompson Creighton



Vale’s Green Energy
Vehicle Playbook



Vale’s journey to Green Energy Vehicle

Green Energy Vehicle Playbook

4
VALE

Green Energy Vehicle

Playbook
2016 2018 2019- 2023 2023
: Assess and
Scout Demo Pilot )
consolidate
Establish current and forward- Enter the market and gain Test equipment, charging Establish guideline for
looking view for Battery experience. designs and fleet green field and brownfield
equipment and charging Demo 1%t electric equipment philosophies. Obtain operation related to BEVs
technologies. prior to broader testing. performance at Vale’s selection and design for
operation and measure the implementation.
benefits.

Worley V¥ .

energy | chemicals | res:



Vale’s journey to Green Energy Vehicle

Green Energy Vehicle Playbook

Intent

Assess and consolidate: Enabler of

Vale’s GEV vision and guideline for

future greenfield and brownfield
electric vehicle investment decisions.

O

k] Worle

1
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Subject Matter Experts
Vale Provided Data Global Data

& &
SR

Stakeholder Engagement ‘:

If/ OEM Engagement

A(AA 1
Ol +—
Trial Results |

Technology Scan % Busi Recommendations

Mine Design Guidelines Equipment Specifications

Next Steps

Continued stakeholder engagement, mine data
review and market scan to further evolve
dimensions such as Ops Readiness, trade-offs,
support for technology validation &
development, and budget planning & investment.

O

FIGURE 66. A multi-step process to guide BEVs future adoption

Trial and study review

BEV technology scan

Mine design guidelines

BEV equipment data and specs
Business recommendations
Operational readiness

» Life Of Mine Plans | « BEV strateq)
+ Project studies
+ S&D plan
» Technology scan  * -F='
and design guide-  *'® t
lines :

y v "
energy | chemicals | resources



Vale’s journey to Green Energy Vehicle

Green Energy Vehicle Playbook

Who Can Use It?

How Can It Be Used?

What Makes It Different?

* Internal Departments
Mine planning, NAPG and
studies, mobile, procurement
etc.

« External Collaboration
Groups
Engineering firms, OEMs.

 Business and Operations
Leadership and management,
as well as site-level
leadership.

Stop and Assess
First alignment tool for ever-
evolving BEV technology. Past,
present, & future.

Education
Intended to educate its reader
and drive further thought.

Cooperation
Not intended to be a final
version, but a starting point to be
continually expanded upon with
all partners involved.

Vale’s Approach
Adapted to suit Vale’s mine
design process and
considerations.

Technical Review
Tailored approach to consolidating
and reviewing site-specific and
vehicle performance data.

Guidance
Considers LoMP and provides
guidance on next steps and where
to focus efforts.

A collaborative effort to provide a starting point for education, guidance, and future work...

energy | chemicals | resources



Few Lesson Learned along
the way ...



Vale’s journey to Green Energy Vehicle

Lesson Learned (1/2)
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Performance

Increased Capex per unit and infrastructure cost

Increased Opex with Baa$ 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 O 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




Vale’s journey to Green Energy Vehicle

Lesson Learned (2/2)

Operational

Technology

Readiness

Technology is rapidly evolving with new generation of
equipment and chemistry

Knowledge is limited inside and outside the company

Training operational and maintenance personal is critical for
success

Safety is a key concern for many

O 0 O O©O

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

Build flexibility into design

Advance strategical planning

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



Where are we going next?



Vale’s journey to Green Energy Vehicle

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

Execute current plan

Implement where we know there is
Value

O

VALE NA - MOBILE EQUIPMENT REPURCHASE - FLEET COMPOSITION

BEEVInPlan WBEVInSdy WBEVPotentid WDiel
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Assess the remaining
uncertainty

Trade-offs Perform remaining Trade-
off studies where path is unclear

O

FIGURE 54. CCM - Proposed Scenario for BEV Implementation

: 2026 | 2027 | 2028 | 2029 ‘ 2030 ‘ 203

Trade-  Procurement |
offs Infra. preparation
41008
i I I
PHASE#3 | Brownfield Works UG Construction Al Diesel LHDBEV AlBEV, Trucks - Year 3
i i i
S
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PHASE #4 Advanced Development miDiesel P& unge
co0 DEVEIP Trucks BEV
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BEV implementation

Develop Technology

Continue to work on Technology
development to offset current
shortcomings
(Dynamic charging, range anxiety e.g)

O

FIGURE 3. k Used for
Technology Readiness Level (TRL)
ssssssss D T
Basic Technology  Experimental  Technology
ncept proaf of alidated in
ulatect
Main T
RRRRRRRR DEVELOPMENT DEPLOYMENT
Li-lon Batt A Mactear
I-lon Batteries ok
4R MacLean
@Epiroc
care northvolt
@Epiroc
e
4R MacLean
@Epiroc
,,,,,,, ABB
ARMacLean @ Epiroc
CATERPILLAR
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Vale’s journey to Green Energy Vehicle

Many questions are still to be answered...

Market and supply

Technology Risk Implementation risk
 Technology development * Power Grid:
Wait for the next generation Can we handle the draw for a
or implement now? full fleet? How to manage
charging sequence as a new
 Charging Strategy constraints for operations?

 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...

Market Supply

Does it align with our needs
?

Sustainability
Manufacturing location and
its carbon footprint?



Vale’s journey to Green Energy Vehicle
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